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1 Background

In 2012 the World Bank and the Government of Sri Lanka (GoSL) agreed upon a loan to support
the government to reduce flooding in the Colombo Water basin under project termed Metro
Colombo Urban Development Project (MCUDP). Flood control measures include construction
of two micro tunnels, establishment of three pumping stations to facilitate rapid discharge from
the Colombo drainage canal system, widening of existing drainage canals and construction
of control gates to flush canal water from the river discharge, which also could be used to
compartmentalize flood prone areas to reduce flood risk. Under the project, establishment
of an Integrated Flood Management System (IFMS) has been proposed to operate the flood
control facilities considering the rainfall conditions and the flooding potential. The physical
infrastructure and the unit to carry out this activity came to be referred to as Real Time
Control (RTC) within the project management unit.

For the preparation and development of the RTC system for Colombo, a consultant was
to be selected to develop the lay-out of the system, to study the institutional set-
ting, and to prepare the specifications for development, implementation, operation
and maintenance of the system. This will include the equipment, hardware, software and
recommendations on staffing and training needs.

During the development of Real Time Control Center (RTC) proposal, the scope of the
RTC was expanded in view of the need to assess short-term and long-term flood risks for the
Colombo Metropolitan to safeguard investments and to ensure sustainable urban development.
In addition to assisting and managing flood control, the center needs to provide environmental
services and information for integrated water management in the city.

1.1 Real Time Control Center Proposal

The proposal for the establishment of RTC was submitted by the consultant to MCUDP in
January 2017 and after review and modification in discussion with the World Bank Team the
RTC proposal was finalized in March, 2017 and adopted as RTC proposal in April 2017 (RTC
proposal, April 17, 2017, pp 80, [rtc-prop])

The objectives of the original Real Time Control Center were modified as ,

1. Develop an integrated flood control and water management information system

2. Provide Flood Early Warning support for the Metro Colombo.

3. Develop optimal operational rules for the flood control facilities such as pumps and storage
facilities considering also the potential storage and use of water to make a pleasant urban
environment.

4. Assess current and evolving future water related risks to Megapolis from urban develop-
ment as well as climate change.

With a full time consultant joining the MCUDP PMU, it was decided to set up the RTC
internally. Accordingly the above tasks have bene internalized and are implemented by the
MCUDP under PMU.
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1.2 The Scope and activities

The following is a description of scope and the activities planned to achieve the above objectives;

1. Development of a rainfall data integration system, using existing sources such as satellite
rainfall observations, numerical weather forecasts and observations from rain gauges

2. Setting up rainfall monitoring stations for the metro Colombo area

3. Setting up water level monitoring gauges in canals/rivers/ponds and establishment of
canal flow measurement system

4. Establishing communication links from the monitoring devices to the flood control and
water management center

5. Developing a flood forecasting system comprising of rainfall integration, hydrological fore-
cast model, hydro-dynamic model for inundation forecasting.

6. Developing a decision support system using all inputs to calculate the best operation of
gates and pumps and setting up a SCADA control system for real time operation of the
pumps

7. Establishment of a center for data integration, information dissemination and providing
water management services for Metro Colombo

8. Setting up a system for continuous research and development to assess evolving risks due
to urbanization and climate change and propose remedial measures.

1.3 Sustainability

Sustainability of the System is a major consideration addressed in the development stage. A
sustained capacity development programme with the collaboration of educational and research
institutions in the country, especially with the University of Moratuwa and the University of
Peradeniya , support for continuous R & D, fostering collaboration among of academia and the
line agency professionals are some of the key concerns addressed together with the development
of the RTC. A program to enable center staff to obtain M.Sc. (Eng) or M.Sc based on the work
done at the center will be implemented.

Maintenance of the System in the future require diversification of its activities beyond
disaster management. Integrating urban water management with flood control, Catering to
Megapolis development needs; Risk Assessment, Cost benefit analysis are some of the areas the
centre will be engaged in.

1.4 Inter-agency collaboration

Discussions were carried out with Irrigation Department, Sri Lanka Land Reclamation and De-
velopment Corporation , Meteorology Department, National Building Research Bureau, Survey
Department, World Bank team on climate resilience impact project, Disaster Management Cen-
tre, and International Water Management Institute to understand their role and challenges with
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regards to flood control and water management in the Kelani Basin and the Metro Colombo
area.

2 Implementation Strategy

2.1 Colombo System and Major Stakeholders

The Kelani River basin where Colombo City is located is the second largest river basin in Sri
Lanka and is located between Northern latitudes of 6 47’ - 7 05’ and Eastern longitudes of
79 52’ - 80 13’. The River originates about 2250 m above mean sea level and passes 192 km
through four districts of the country namely, Nuwara-Eliya, Kegalle, Gampaha, and Colombo
before it reaches to the Indian Ocean. The basin area is about 2230 km2. The basin can be
considered consisting of two distinct sub basins, the upper basin which is mountainous and the
lower basin which is below Hanwella, has plain features. The basin receives about 2400 mm
of annual average rainfall. The river flow, which mostly depends on the season, and the three
operational reservoirs, is an average of 25m3/s in dry periods and ranges between 800m3/s and
1,500 m3/s during rainy seasons ([mir2009]).

The Kelani River is fed by several tributaries. The Wak-Oya, Seethawaka River, Gatahatta
Oya, Kehelgamu Oya, Maskeliya Oya, and Gurugoda Oya drain the upper basin while Attana-
galu Oya, Maha Ela, and Pallewela Oya drain the lower basin. Moreover, the Kelani River is
utilized for producing hydropower, with the use of Mausakelle, Castlereigh, and Lakshapana
reservoirs.

Although Colombo City basin is part of the Kelani River Basin, but is protected from river
overflow from a series of bunds and gates. Thus the catchment for consideration in the RTC
design is limited to the Metro Colombo Drainage Basin shown in Figure(1). City flooding occur
due to high intensity rainfall within the catchment that cannot be drained adequately. There
are two major challenges in reducing risk in Colombo.

1. The City drainage depends on outfalls to Kelani River as well to the sea as shown in
Figure (2). The Kelani river outfalls cannot function when the Kelani river flows are
high. Of the 8 major extreme rainfall events during the past 32 years, 4 have coincided
with high Kelani River water levels. (s 2 and 3).

2. The terrain is extremely flat and flooding occurs locally before drainage even with pumps
become effective. Thus, high density rainfall measurements as well as rainfall forecasting
is extremely important to prepare for extreme events. Radar raingauges would be ideal
for such applications but are not available at present.

Considering the above following strategy is adopted for the RTC.

• Forecast Kelani River water levels using a hydrological model to anticipate in advance
river conditions that would affect discharge to Kelani

• Assess areal distribution of rainfall using a dense rain gauge network in the basin. Use
numerical weather forecast to anticipate rainfall in the Kelani basin 1-2 days in advance.
Verify models and forecasts using satellite based rainfall estimates.
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• Carry out extensive risk assessment case studies to improve preparedness for anticipated
rain events.

Fig. 1: Metro Colombo Drainage Basin

The schematic view of the three major components of the Colombo flood control system is
shown in figure (3). The major components related to monitoring, modelling and control in
the basin are shown in figure (4).

2.2 Functions of the System

The main functions of the system are identified as

1. Monitoring: Rainfall and river levels; street inundations

2. Collection: Integration of data from different sources; Point data and Gridded data

3. Simulation and forecasting
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Tab. 1: Colombo Floods Associated with Heavy Rains

Date Rainfall (mm)/d

17thMay 1981 194
4thJune 1992 494
20thApril 1999 285
21st November 2005 270
17thNovember 2009 207
12thto 18thof May 2010 503
10thNovember 2010 440
16thMay 2016 260

Tab. 2: Kelani High Water Level Events

Date Kelani Water Level at Northlock (m.MSL)

15th July 1984 1.60
6th July 1989 2.80
4th November 1990 1.52
1st June 1991 1.50
5th June 1992 1.55
15th October 1992 1.61
17th September 1997 1.70
22nd November 2005 1.72
1st June 2008 1.80
17th May 2010 1.60
19th May 2016 2.24
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Fig. 2: Colombo 1:50 yr flood risk map

4. Real time dissemination and RT Control

5. Short and long term risk assessment

Most of the above would need continuous Research and Development, thus a continuous inter-
action with research communities in the country as shown in figure (5).

2.3 System Services for Stakeholders

The system is designed to consist of three units that deal with data integration, needs assessment
and flood control and water management target identification related to rainfall, catchment
hydrology and urban water respectively. Based on this input information three types of analysis
and simulations would be carried out to provide

1. Real time forecasting to assist flood risk reduction

2. Operation of control structures
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Fig. 3: Schematic view of the Colombo Flood Control System

Fig. 4: Major components of the Colombo Flood Control and Water Management System
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Fig. 5: Provisions for R&D needs to be built in to the system
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3. Scenario analysis to develop optimal strategies for flood control. Short and long term risk
assessment to support development planning

The system will provide information to the following specific constituents:

1. Government Agencies involved in risk reduction

2. Local governments

3. Academia and Professionals in R&D

4. Civil Service Organizations

5. Private Sector

6. Public

Collaboration of stakeholder organizations involved in flood and water management in the
whole Kelani Basin, and in particular Metro Colombo Area is essential to address flood control
and water management successfully in the basin. Several meetings were organized to develop
this collaboration among the major stakeholder agencies. The system description and the
stakeholder involvement is shown in figure (6).

2.4 Inter agency collaboration

• First Inter-agency meeting held on August 30, 2016 at Irrigation Ministry. Second on
September 22nd at Meteorology Dept.

• Discussed and agreed on the background papers

• Set up a steering committee of senior management that would meet once in 2 months (10
agencies at present):

• Set up a working group with nominations from concerned agencies (20 nominated at
present).

• Identified agencies and major resource institutions for developing each of the major com-
ponents of the system

• Identified and calibrated available models and systems to start setting up the information
system

• Submitted a cabinet paper to setup a centre for flood forecasting and water management
on October 12, 2016. Cabinet approved the paper on October 25, 2016.
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Fig. 6: System Implementation
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2.5 Research Collaboration

• Established links with University of Moratuwa and University of Peradeniya to provide
MSc. enrollment for Centre engineers. The program was implemented by the University
of Moratuwa for the project.

• Established Graduate research projects implementation where the students worked for
their final year projects as well as group research as collaborative work at the center
as interns. Students from the University of Ruhuna, University of Moratuwa and the
University of Peradeniya participated in this program.

• A meeting with education and private sector institutions was organized on 2nd June,
2019. Representatives from University of Moratuwa, David Pieris Information Technol-
ogy (DPIT), Lanka Hydraulic Institute Limited (LHI), Dialog Axiata and University of
Ruhuna participated in the meeting and suggestions were made to extend their contribu-
tions in Measurement in Canals, Water quality monitoring, Economic aspects of disasters
and School program on weather monitoring.

2.6 International Collaboration

• International Flood Initiative (WMO, UNESCO, UNISDR, UNU) endorsed the RTC-
project as one of 7 demonstration projects to receive support from Integrated flood and
water management : (Seven countries are, Philippines, Sri Lanka, Pakistan, Indonesia,
Malaysia, Vietnam, Myanmar)

• Became a member of Global Alliance of Disaster Research Institutes (GADRI) of Disaster
Prevention Research Institute (DPRI),, Kyoto University.

• Researchers from the University of Kyoto, Japan, Tshinghua University, China, IHE-
Unesco, Netherlands visited and spent time at the center and carried out research works.

3 System Implementation - Current Status

In order to implement the activities within the scope defined above the Center is designed with
the following five components.

1. The physical infrastructure of the center where monitoring and forecasting information
is collected, analyzed and disseminated.

2. Modeling systems comprising of (a) Rainfall integration and forecasting system (b) Hy-
drologic and Hydro-dynamic forecasting for the observed and forecasted rainfall and (c)
Risk assessment and Operational procedures estimation.

3. Computational environment consisting of servers for modeling information archiving, and
dissemination through a web based content management system. The computational
environment is set up in a cloud platform.

July 30, 2020 11



CUrW Metro Colombo Urban Development Project

4. Monitoring and control system consisting of rain gauges, water level gauges and Scada
control units for facility operations which provide real time information to the center

5. Stakeholder collaboration mechanism and outreach mechanisms.

The components of the center is shown in Figure (7).

Fig. 7: Main Components of the system

The systems described above are already developed and are currently working smoothly.
The current staff are capable of maintaining and operating the system as expected. However,
they will not be able to make changes to the system architecture or carry out new development
work and it would be necessary to get a higher level of expertise to guide and direct them if
such a need arise. As of now the system automatically carry out the following tasks.

1. Collection of real time weather information (rainfall, temperature, wind speed, wind direc-
tion, humidity) monitored at 5 min intervals from 50 telemeter stations. 33 of the stations
are located in schools

2. Monitor and collect water levels in 45 locations (9 currently operating and others are
being installed)

3. Development of a weather forecasting system that use global GFS data to forecast rainfall
for next two days. We run four models with different parameterizations that run in cloud
servers 2 times a day.

4. Development of a data integration system that creates rainfall time series combining 1
and 3
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5. Setting up hydrological models to forecast river water levels and canal water levels using
2 hydrological and 3 hydrodynamic models with inputs from 4 for rainfall and 2 for
boundary and initial conditions. The hydrodynamic models provide the inundation extent
and duration when discharges exceed canal carrying capacity.

6. Development of a data archiving, retrieval and display system for the items 1, 2, 3 and 5
outputs.

7. Created digital footprint of all buildings in Colombo categorized in to 10 use classes with
methodologies developed to estimate structural and content damage to buildings as well
as commercial losses when a flood occur.

8. Estimated and prepared digital map of night time population distribution in the city
across the buildings.

9. Estimation of population at risk and potential economic loss from an anticipated extreme
event calculated from 5 , 7 and 8.

10. Dissemination of all above information to all stakeholders through WWW with different
user level access provision.

11. Operational sequences of pumps to reduce 9

12. Real time control of pumps and gates using a Central SCADA system. We have completed
items 1 to 10 completely and item 11 is ongoing. Last component, 12, will be implemented
once the pumping station installation is completed, expected in early next year to end of
next year.

3.1 System Overview and Major Workflow Flowcharts

The above processes are carried out automatically through coupled workflows components. The
workflows are actually designed as work-loops where each process is carried out continuously
by independent work-flow-loop. The linkage among independent processes is achieved by rule-
based work-flow connectors and the results are passed to downstream processes from upstream
processes through database population and retrieval. Fault tolerance, load balancing and scaling
in each process component is achieved through the services provided by Google Kubernetes and
each work flow and their rule based connections are orchestrated using Apache Airflow, which is
an open source platform created by Apache Software Foundation to programmatically author,
schedule and monitor workflows.

The major workflows that constitute the system is schematically shown in the following
sections. Once the system development is complete, it is envisaged to complete three documents
for each major components of the system as;

1. Process/Workflow Concepts

2. User manual

3. Technical specifications

which are currently being documented.
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Fig. 8: System Overview

Fig. 9: Rainfall Estimation from Satellite
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Fig. 10: Rainfall Observation from Weather Stations

Fig. 11: Rainfall Estimation from Numerical Weather Forecasts using WRF model
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Fig. 12: Bias correction of Numerical Weather Forecasts

Fig. 13: Data Integration for Creating Rain Field for Flow forecasts and Simulations
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Fig. 14: Hydrological Forecast for Kelani Basin

Fig. 15: Hydrodynamic Forecast for Colombo Basin
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Fig. 16: Water Level Forecast Dissemination

Fig. 17: Flood Alert Triggers
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Fig. 18: Flood Risk Assessment

Fig. 19: Pump Operational Strategy
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All of above development was carried out by local engineers, mostly fresh graduates who
were trained in the center. About half of the staff are enrolled in MSc.Eng programs at the
Moratuwa and Peradeniya Engineering faculties. The project accomplished all the above at very
high financial efficiency as we designed and implemented IoT devices communication protocol
and IoT platform at the center, thus removing the usually costly data processing component,
cloud based servers eliminating a costly data/server center and system development by engi-
neers directly recruited through a special service agreement with the University of Moratuwa.
We can be really proud of our young engineers who produced these commendable results. In
addition, during the last year (2019), 30 graduate students spent time in our center for their
research and projects work. A considerable portion of the resources allocated under the World
Bank Loan is set for education, research and development. The budget breakdown for this
project is attached herewith. As can be seen the current status of RTC was achieved with
only about 1.5 m USD which include all monitoring devices, consultancies and salaries over the
4 year period. The remaining amount of 3.17 m USD of the budget provided is mostly allo-
cated for the ITC infrastructure for the building, additional monitoring equipment and central
SCADA control system. In comparison the project to establish Hydro-meteorological Informa-
tion System (HMIS) set up in Sri Lanka for a number of government agencies implemented
over a period of 10 years covered only items 1, 2 and part of item 6 and did cost much more.
A comparison of the that project with CUrW system based on available information online is
provided in Table (??) and Table (??). This high efficiency is achieved due to the use of IoT
devices, Cloud computing systems and the use of open source public domain software.

The major proprietary software/models purchased for this project for forecasting is only the
FLO-2D software, while it is planned purchase MIKE 11, both of them to be used for hydro-
dynamic modeling. Mathematica, MATLAB and ArcGIS were purchased for data processing.
All these software are on perpetual licenses, meaning there are no additional annual payments
to be made. The two major open source software used for the forecasting are the Weather
Research and Forecast (WRF) for weather forecast and HEC-HMS for hydrology. The major
open source utility programs used are MQSQL and Mongo databases and Apache, Nginx, Flask
Platform and NodeJS web servers. Programing is done mainly in Python and Mathematica.
All components in the system including IoT platform, data integration routines, adaptors for
transferring upstream module outputs to downstream process module inputs, and workflow
automation were coded in house during this development period and are unique to the CUrW
system. Thus, the continuous mentoring of staff is essential for the regular maintenance of
system as well as for R&D to achieve the potential of the center and its sustainability.

The unique service agreement with the Moratuwa University helped to get excellent young
engineers through whom we could carry out the necessary R&D work as well. The university
collaboration has proved that if is possible to develop a productive eco-system among Govern-
ment, Academia and Industry to support national development programs providing a platform
for innovation and development using new technologies and IT services. The present type of
collaboration, without a doubt will support the advancement of the higher education sector
of the country. Details of some of these activities carried out are listed under the chapter
Collaboration with Local Universities
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CUrW Website (http://pub.curwsl.org) 
 
A website which is open for the stakeholders to view and download data from the CUrW is now 
available at http://pub.curwsl.org/.  

 
  
The website basically contains the following real-time information.  
 
Observed data 

1. Observed weather (precipitation, temperature, humidity, wind directions and velocities) at 
5 minutes interval at island-wide weather stations. Most of these weather stations are 
installed in schools, where a web link will be given to the schools to view data from the 
station on their schools.  

 
 
 



2. Observed water levels at canals and river - selected water level gauges based in Colombo 
(most of them covering the Kelani basin) 
 

 
 

3. Hourly Rainfall distribution and cumulative rainfall distribution static maps for the recent 
1, 3 and 6 and 24 hours 

 
 



4. Hourly Rainfall distribution and cumulative rainfall distribution dynamic maps (animated) 
for the recent 1, 3 and 6 and 24 hours 

5. Rainfall from Satellite Observations (JAXA) - dynamic maps for the regional rains and 
rainfall in Sri Lanka for the current date and yesterday.  

 
 
Forecasted data 

6. Water level forecast for 2 days at selected water level stations  

 
 

7. Rainfall forecast for the next day 



 
It should be noted that some of these data is accessible for the registered users (which will be made 
available through a data dissemination agreement) while some other data is publicly available.  
In addition, the website contains information about the interventions that are being carried by the 
MCUDP, for the flood management and flood controlling purposes.  
 
Center Activities 
 

  
Furthermore, the website contains information about the function of the CUrW, which include 8 
sections starting from Introduction, Flood Types Affecting Colombo, Monitoring Systems and 
Information Sharing, Modeling River and Canal Water Level, Forecasting Future Events, Risk 
Based Flood Management, New Focus Areas, Capacity Development and Sustainability.  
 
Furthermore, the website will contain information about the collaborations with the local 
universities, the school network and the industry partners, who may benefit from the data and the 
disseminations.  
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4 Other Services

The real time observations of rainfall and water levels are open and currently available to anyone
who register on the system through the interface provided. A detailed exposure database has
been compiled to rapidly evaluate potential flood damage to promote appropriate flood risk
reduction investment. This database also include commercial exposure to facilitate pre-disaster
damage and loss estimations as well.

In addition to the operational forecasts and observation data the center currently provide
computational and design support for other MCUDP activities such as assessment of effective-
ness of MCUDP interventions, economic justification of Pumping station at Ambathale, Micro
drainage design for urban flood control (Saunders place underground storage, Tertiary drains
for Torrington, Retention design using Diyasaru Uyana, etc.). In addition with the CMC we
carried out urban stormwater management facility implementation design including onsite re-
tention and infiltration systems for pilot studies. It will also provide environmental services for
wetland management and landuse planning support, etc., in the future. Some of the studies
carried out by the center and issued reports are on,

• Policy paper for actions to be taken to mitigate adverse impacts on water sector due to
climate change

• Analysis of rainfall data and deriving IDF curves for Metro Colombo (Appendix 03)

• Design Example of Infiltration/Retention system for Urban Water Retention (Appendix
04)

• Evacuation center planning with example (Appendix 05)

5 The Center Building

The establishment of the center was approved by cabinet paper no. 16/2143/724/085 on
the 2016-10-25. The construction of the building was approved on 2017/05/02 by the cabinet
decision on paper no. 17/0819/715/011. This approval was given after deliberation in a
parliamentary committee meeting and the name for the center Center for Urban Water was
adopted as a followup of this meeting outcome to separate the scope of activities from other
institutions, especially activities of the Irrigation Department that deal with flood control in
river basins.

The Center Building is an important component of the RTC design to ensure the sustain-
ability of the institution in the long run as well as to leverage the investment in the Real Time
Control Center to evolve in to an important R&D center for the country. It is very difficult
to make a Flood or Disaster Early Warning System sustainable by itself. This is because they
deal with high impact low frequency events, sustained support for system maintenance and
continuous research and upgrading is difficult the long unused period between extreme events
even though annual benefits would exceed annual required expenditure. This has been learnt
through numerous failed experiences from the early cyclone shelters in Bangladesh in the 90s
to Flood Early warning systems established in many Asian countries such as the Philippines,
Thailand, etc. Thus, tobe sustainable, these systems should have provisions and avenues to
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be used in the day to day operations in the city and expand and diversify as technological
centers supporting different needs of the society. CUrW was envisaged to address integrated
water management, following the successful operation and implementation of the systems such
as The Dutch Flood Protection Program (DFPP) which provides a framework for collaboration
and joint operation of flood protection and regional water authorities and the Surface Water
Modeling Centre (SWMC) of Bangladesh, etc. Its scope can expand from the current focus
on Colombo Urban Storm Water management to cover the urban storm water management
of the whole island. This approach has also been recommended in the chapter Road Map for
Disaster Risk Reduction in the 2017 JICA study report ([jica-rep-2017]). In addition, it is
very important to reduce the Awareness Gap about flood risks among citizens and the Center
can play a vital role in bridging this gap. The public awareness raising is very important to
achieve flood risk reduction in Colombo metropolitan area. The present flood control facilities
depend heavily on pumping water out of the city to the Kelani River and Sea. However, due
to very low gradient of the catchment the flow towards these outlet would not be adequate to
sustain sufficient water levels in canals to operate the pumps continuously. Thus it will become
necessary to retain storm runoff within the catchment for a short period of time to reduce the
peak discharges so that the limited conveyance can manage the storm drainage without causing
inundation. This storage would have to come from distributed local storages as described in
the infiltration facility design outlined in Appendix 04.

Another very important need for the country is to build an eco-system where higher educa-
tion and government institutions can work together in solving development challenges with the
participation of the Private Sector. Thus, the Center Building has been designed to address ed-
ucational needs on urban floods for citizens, educational resources for schools and as a resource
and research hub for higher education, in addition to its primary function as a control center for
the Colombo Flood management as a collaborative endeavor among the relevant stake holders.
The concepts and experiences of Disaster Management Center of Shanghai, China, the Emer-
gency Management Center of Queensland, Australia, the Hydro and Agro Informatics Institute
(HAII), of Thailand, the Public Information dissemination video wall design of Queensland
University Technology, etc., influenced the design of the Center building.

The structural and architectural designs were completed and the building is currently near-
ing completion. The IT components have been designed in RTC and will be funded by the
world bank loan component of the project. The construction was originally expected to be
completed by mid 2018, which had been continuously delayed and now the date is set up as
early 2021.

The following usage of the building is planned.

1. Ground floor: Will mainly serve as a public outreach area where public can visualize
current state of water in the basin, past flood mechanisms, spatial distribution of flood
risks and potential losses, educational information related to urban storm water manage-
ment though a video wall and other information outlets. This public utility space can
be used by the SLLDC for conducting seminars on its programs and awareness raising.
The concepts of video wall for dissemination is shown in Figure(20). Several potential
company proposals were evaluated in setting up the video wall. After consideration of the
available construction quality, options for customization and ease of future changes, it was
decided to carry out the construction and implementation as a direct supervision project
and necessary procurement to be carried out for the study through the University of
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Moratuwa, as was done for the real time monitoring equipment. The designs were carried
out and screens and software are under procurement through the University, Ground floor
will also provide facilities for emergency operation units, servicing areas for monitoring
equipment and other facilities.

Documentation for the proposed screens/video walls at RTC building

Figure 5: Content of the ground floor video wall

It should also be noted that the displays have to change automatically upon the importance
of each display frame. For examples:

if the water level of a particular water level gauge exceeded a predefined thrroshold value
(say 1.8 m), the content in the screen should be prioritised to show the iframe of the water
level gauge

if the 12 hour rainfall exceeds 50 mm, the relevant stations summary should be lined up
in the screen, to be seen prominently

However, provisions shall be made for manual overrides in order to control what to be displayed,
display proportions etc.

2.3.2 Interactive part of the video wall

Generally, the interactive part of the video wall shall be planned considering the availability of
the interactive screens, interacting methods and the ability to aethetically integrate with the
non interactive part of the video wall. The general public user will be able to interact with
the center website, through this interactive content. Since the website already contains a high
degree of interactivity, this setting will enable the users to view and gather di↵erent information
of their choice. The preferred method of interactivty would be touch screens. Depending on
the user experiences required, the interactive screens should have the capacity to run any video
game type simulators in the interactive environment.

2.4 Sample specification for the screens

A sample specification for the video wall screens is provided in Table 1.

October 2020 Ground floor video wall 7

Fig. 20: Ground Floor proposed Public Video Wall

2. The reception will be located in the 1st floor together with facilities to distributed data
obtained from monitoring stations for the public. The main component located in the 1st

floor will be a physical model that will shown a 3D rendering of historical floods, possible
future flood scenarios and impacts or effects of intervention measures. It is planned to
achieve this by projecting the simulated or reconstructed video streams on a 3D rendering
of the Colombo basin. The conceptual installation in the first floor is shown in Figure(21).
The Figure(22a) shows the close up of 3D model planned to be printed using 3D printers,
which also can be used to print maintenance components for the monitoring stations.
A trail print of part of the basin around the parliament lake was carried out using a
personal 3D printer as shown in Figure(22b)and testing of projection methodology has
been carried out. The floor is expected to be used by schools and public. Currently
33 weather stations are placed in school premises that will be connected with fiberoptic
lines that would also facilitate joint programs with the education sector as an important
segment of society to promote disaster awareness and a resilient community.

3. 2nd Floor will serve as the main control floor with data integration room, small precision
temperature controlled unit for central SCADA, backup system and data archiving, de-
cision making room and conferencing facilities. The main facilities of the floor are the
information dissemination and conferencing facilities to be used in emergency situations
or joint projects with stake holders. It will have two video walls, one for the information
generated within and another for streaming information such as from TV and other real
time monitoring with IP cameras as shown in Figure(23). The video wall frame design
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Figure 4: Expected view from the 1st floor reception

(a) Dynamic flood and other scenarios will be
projected to the mode

(b) Two short-pitch projectors handled by
3D-scan and reprojection software will be used for

this purpose

Figure 5: Two more views of the proposed setup

October 2020 Introduction 4

Fig. 21: 1st floor view of proposed 3D model for flood scenario projection

Documentation for the proposed 3D model at RTC building

Figure 2: Expected view of the 3D model

Figure 3: Expected view of the 3D model from the ground floor

October 2020 Introduction 3

(a) 3D model

Documentation for the proposed 3D model at RTC building

It is highly recommended to do a couple of trial prints with di↵erent vertical enhanced scales,
just so that a balance between the print accuracy and the visibility can be achieved easily. One
such sample done for Diyasaru Park is shown in Figure 6

Figure 6: Sample printed for Diyasaru Park

3 Projection system

For the projection system, rather than using the conventional projecting system, it was suggested
to use a projection mapping system. Projection mapping is a technology which uses the geomatry
(3D distance) of the projected surface to fine tune the projected image. This is acheived through
scanning/image processing the surface of the projected surface through a camera and then
by calibrating the projected image by the projectors. After initial calibrations are done, the
projection mapping system is capable to carry on the mapping task on its own.

As evident from the aforementioned, there are several components in the projection mapping
system that need to be assembled at the 3D model.

1. Projectors

2. Projection mapping software

3. Scanner camera

In order to select a compatible software for this task, many internationally recognised prod-
ucts were reviewed, and some selected software was tested using the local facilities. Some
captures during the testing of the projection mapping software is shown in Figure 7. Next, the
specifications of the individual components will be discussed.

October 2020 Projection system 6

(b) A sample 3D print
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has been carried out and is expected to be constructed at the Univeristy of Moratuwa,
mechanical engineering workshop.

The remaining are of the floor, which constitute about half of the area, will be occu-
pied by the Center staff and seconded officers from stakeholder communities engaged in
development, maintenance and management of the center. The floor also has high level
conferencing facilities for managing emergency situations. It is advised to get the services
of professional emergency management service providers to come and conduct a few ses-
sions on logistic management and effective information utilization in managing extremes.
The emergency management center of Queensland, Australia has expressed willingness to
conduct such training in Sri Lanka for the stakeholder organzations who would be using
the Center facilities for flood risk reduction.

Documentation for the proposed screens/video walls at RTC building

Figure 8: Content of the meeting room video wall

if the 12 hour rainfall exceeds 50 mm, the relevant stations summary should be lined up
in the screen, to be seen prominently

However, provisions shall be made for manual overrides in order to control what to be displayed,
display proportions etc.

October 2020 Video walls on the 2nd floor 19

Fig. 23: 2nd floor proposed video walls

4. 3rd floor will provide facilities for environmental services that can be provided by partner
institutions mainly focusing on dynamic real time data integration of weather/climate
and water sector with other information such as transportation sector, tourism, etc. Its
design was inspired by Innovation Centers established in various prefectures in Japan by
local and central government to promote innovation and trans disciplinary collaboration.
It is expected that private sector, universities both local and foreign would lease space
to set up either long term or short term offices in this floor. The center can also engage
in projects and programs utilizing its technical capacity and the information generated.
For example, the emergency management center in Queensland, Australia, successfully
bid and conducted organizational aspects of Commonwealth games held in Queensland.

A test was carried out on such outreach activities during the initial lockdown period due to
Covid-19 during the months of March and April 2020. Within the first week CUrW staff
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developed a real time Covid-19 situation tracker as shown in Figure(24) that was updated
with real time data every hour. It was extended to contain neighborhood information
a number of service categories as shown in Figures(25a, 25b and 25c). This database
covered whole island. We also discussed with our private sector partners if these services
can be extended to support back office analysis for essential services, but did not follow
as that would deviate from our current function. However, this exercise demonstrated
the numerous areas the center can rapidly mobilize resources and contribute technically
to address issues of national interest.

Fig. 24: Dashboard developed for realtime tracking of Covid-19 situation in Sri Lanka, March
20

(a) Neighborhood homedeliv-
ery services

(b) Neighborhood coopera-
tives

(c) Neighborhood treatment
services

5. 4th floor is reserved as a Research and Development floor, where researchers seconded
from government institutions, postgraduate students from Universities in Sri Lanka as
well as from abroad can study problems related to development and urban environment to
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propose sustainable solutions. This floor will also be utilized for administrative activities,
especially for enforcing policies related to urban drainage in partnership with Colombo
Municipal Council and other relevant stakeholder organizations.

The detailed description of the building components related related to real time control is
describe in the tender document of ITC services for the building. This is in tender at present.

6 Pending Major Works

Due to various disruptions in the country, elections and the Covid-19 situation, the project has
been extended beyond the original planned date of June 2019. Thus the completion of pumping
stations, gates are delayed and procurement related to CUrW has been delayed over more than
a year in many cases and the relevant work has not completed. Accordingly a modified work
schedule to complete CUrW program by December, 2020 has been submitted to the progress
review meeting held in 2019 October. Later this was modified to accommodate delays due
to Covid-19 situation to complete by 2021 June taking into consideration the delays expected
in the completion of the building and the pumping station. The period from June 2021 to
December 2021 was set aside as operational fine tuning and complete handover to SLLDC and
the team who would carry out future operations. This modified program was prepared for the
meeting held in the ministry in June, 2020. The main pending works are described below.

6.1 Pumping Strategies

�������
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Fig. 26: Distribution of night time population
estimated from census data and build-
ing footprint

There are two major components of the
project that need special attention. One of
them is the development of rules for the op-
eration of pumping stations. This because of
the low conveyance of the system, the pump-
ing operations based only on local water lev-
els would not be adequate to ensure the best
strategy to reduce flood risk. Furthermore
gravity discharge can be nearly as high as the
combined pumping strength of all the pumps,
thus it is important to let gravity discharge
continue till it become less than the pumping
capacity at which points the gates to the Ke-
lani river are to be closed and pumping can
start. The most effective pumping strategies
are determined as the scheme that result in
the least number of persons affected and the
highest economic damage reduction.

The population distribution map for the
project area is shown in figure(26). This dis-
tribution was made by developing an equation
to distribute each GN division population among 9 different types of buildings using the the
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building footprint for the city. Population at risk is estimated as the inundation area above 50
cm water level multiplied by the population distribution at 30 m grids. The index of 50 cm
was taken after comparing simulation results with past flood affected population figures from
the Disaster Management Center. Figure (27 ) shows the comparison of model estimation of
affected buildings compared to the affected population figures from DMC for the 2016 floods.

Fig. 27: Comparison of model estimation of affected population with DMC statistics for 2 dis-
tricts

The methodology adopted for economic impact assessment is described in Annex System
Development Process, section on Economic Exposure Assessment(Figures(4-6)).

The pumps in each station is grouped into low capacity, medium capacity and full capacity
and simulations are carried out for different design rainfall frequencies to derive the basic guiding
principles of pump operation. In real time operation, the most appropriate schemes from the
pre-configurations will be tested with the rain fields generated for the current conditions. The
impact assessment routines are already in operation to make this estimation within the hourly
work-loop of the operational hydrodynamic forecast. The system and methodologies also can
be used to estimate the economic benefits of any new intervention proposals including those
for local (micro-drainage) flood prevention measures. The system provides many additional
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information as shown in Figure(28) that can be used in flood risk reduction.
Also the annual benefit curve shows that SLPS can be as efficient as the NLPS at high

frequency, low magnitude events (Figure(28)). Therefore the pumping operations can be made
very effective by combining with the forecasting system that model the whole system and select
the best pumping strategy that minimize the impact on people and property. The framework
for this is done and now simulations need to be carried out for various scenarios to develop
pumping strategies that can be used for a given scenario. Currently three engineers are allocated
for this work. The actual operational conditions, such as time required to close gates, starting
up pumps, etc., needed to be included in the decision making process.

Fig. 28: Inundation area reduction and performance characteristics of individual measures

6.2 X-band Radar

X band radar is in tender stage at present. It has two main purposes.

1. Operation of small wetland storages to store storm water. If the storm water is stored from
the beginning of an event, the storages will be filled up and not be effective in holding
the peak discharge that cause inundation. Thus there has to be continuous pumping
of small storages to keep them empty and use it only to capture the peak discharges.
Simulating this has been done already using past data. To be effective the precipitable
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water quantity need to be estimated accurately in advance. X band radar is to be procured
for this purpose.

2. Recently there had been many occasions of torrential rainfalls occurring in a short period
of time that overwhelm urban communities. These are some times alled guerrilla rains
and cause injuries or even deaths in urban communities. It has been shown that x-band
radar can detect the evolution of these rain cells that lead to sudden downpours and can
be used for early warning purposes. This activity is also part of the original TOR of the
RTC and a X-band radar can support flood early warning to a much precise level than
that can be provided by corrected numerical models.

In addition, X-band radars are complimentary to C-band radar sets and will fit well with
the C-band radar that will be installed in Sri Lanka through a JICA project in the near future.

7 Future Directions

The current flood control approach to Colombo depends heavily on pumping out water from the
outlets or removing water through two tunnels to sea. However, given the extremely low surface
gradients the conveyance cannot be improved beyond a certain level as the storm water runoff
in the middle part of the basin cannot be sucked out from the outlets given the low hydraulic
gradient that can be achieved in the canal system. Thus, in the implementation of IFMS, much
emphasis was placed on orecasting rainfall in advance and emptying storages in central water
bodies so that they can store runoff till the peak rain intensities pass. Simulations has shown
that keeping water levels at 0.3 m can greatly reduce the flood peaks and inundation areas.
However, keeping water levels at a low elevation continuously may affect ecology in and around
wetlands and also would have implication on aesthetic appeal of river front environment. Thus
pumping may be carried out in advance to achieve low water levels in water bodies prior to
expected heavy rains forecasted from numerical simulations.

In the long term, in order to reduce flood risk from macro drainage system as well as
reduce local flooding it is necessary to enhance the storage capacity within the basin so that a
considerable portion of storm water runoff can be stored within the basin to support conveyance
based water removal. Optimal conjunctive use of both surface water retention within the
catchment and removal from conveyance improvement should be the guiding flood control
management policy.

In addition to operations during the extreme events, CUrW has an important role to play
in improving the quality of life in the city. Cleaning canals using flushing gates, water quality
management supporting the wetland strategy is one of the main objectives the center is working
on.

A third component of the center’s contribution to improving city life would be in providing
appropriate information to business sector so that quality of life can be improved is the third
area CUrW can work on. Food choices, traveling, outdoor activities and sports are greatly
affected by micro climate. Climatic information and forecasts are utilized by the business sector
in many developed countries to customize their services. The third floor of the Center building
was designed as an area for innovation and business application to promote use of environmental
information to analyze environmental conditions and improve services and develop projects
based on the environmental information generated by the center.
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Therefore the important future directions for the center, in addition to operation and man-
agement of flood control facilities would be,

1. Increasing surface retention storage in the catchment and use that for flood control

2. Improving water quality in the canal system and support wetland management and im-
proving water quality in the water bodies and canals

3. Provide information and support new environmental services and businesses

7.1 Increasing surface water retention capacity

Utilization of available surface storage capacities effectively as well as creating new storage
facilities should be considered. In the center three designs were carried out to demonstrate
the possibiltles. These storage facilities cover three different spacial scales as large, medium
and local. One important characteristic of such storage utilization is that nearly flat terrain
of low elevation, it is not possible to create large storage facilities for storm water runoff.
Thus the common characteristic of all these facilities is the utilization of the available storage
volumes to store only the storm discharges that exceed the capacity of existing conveyance
drainage capacity. The following designs were carried out in each category and the detailed
methodology and design reports are available in the center.

Macro Systems: Use of Wetlands It is proposed to use existing wetlands effectively to store
stormwater runoff using gates and pumps where necessary through Central SCADA con-
trol. A design study is carried out for the use of Diyasaru Uyana (above the Parliament
lake) as an emergency storage. In order to use the storage volume to capture only the
storm water drainage that exceed the canal conveyance capacity below the parliament
lake, the inflow into the Diyasaru Uyana is pumped out to the Palirament Lake. To
prevent water inflow to the wetland a gate is used and the gate and two pumps to be
provided will be operated through the Central SCADA system. The details are available
also in the Center Website page pub.curwsl.org/diyasaru.

Large Scale Storage Systems Underground storages are commonly used in many urbanized and
rapidly urbanizing major cities in Asia to temporarily store storm water drainage. The
peak discharges usually last only a short time period and if that discharge is to be ac-
commodated in micro drainage network, very large canal cross sections have to be used.
However if this peak volume can be retained for a short time usually, usually a few hours,
the existing drainage system can cope up with the drainage demand. An underground
storage device of 6000 m3 has been proposed under the Saunders soccer field to prevent
flooding near the bus stand. The proposal and its impacts are also available in the website
at pub.curwsl.org/saunders. A guiding design and ToR for the project were prepared and
funding secured, but could not be implemented due to opposition from the soccer team
for the request to temporarily close the soccer ground during the construction period.

Local Storage Systems The locations where Large Scale Storage systems can be established
under ground will be limited to a number of special cases only where the other drainage
solutions are not viable. This is mainly due to the high ground water levels in the city
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which would require water proofing of underground structures to prevent ground water
seeping in and filling up the storage space. On the other hand it would be more practical
to implement a policy of managing storm water drainage excess locally at the places of
new urban development. Following discussions with the CMC engineers, a proposal to
make local storm water management mandatory was developed. As per the guidelines
developed all medium to large scale developers are required to retain excess storm water
produced on site. They would be allowed to discharge storm water equivalent to the peak
runoff at 0.3 runoff coefficient corresponding to 1:5 year return rainfall. The capacity
to retain maximum discharge resulting from 1:5 year rainfall and this allowed discharge
should be built into the development system in order to receive CFC from CMC. A design
for such installation was developed for a 5 story residential complex in Edmonton place,
Colombo 5 as an example. This is attached as Annex 05

7.2 Improving water quality in the canal system

One of the functions of the center is to implement a program of cleaning canal system with
water pumped from Kelani River in to the canal system using the reverse pumping gates of
North Lock. A comprehensive program with three components was launched to achieve this
objective as follows;

Monitoring There had been a water quality monitoring program in Canal Network in Greater
Colombo basin at 20 locations covering 10 Parameters observed Monthly from 1997 by
SLLDC under ’Greater Colombo Flood Control & Environmental Improvement Project.
The parameters used in the previous program are BOD, COD, DO, Nitrate, Phosphate,
Ammonia, pH, Conductivity, Turbidity and Temperature. Under the CUrW program it
is planned to monitor the following parameters;

Physical: pH, EC, turbidity, conductivity, salinity, temperature

Chemical: Nitrate, Nitrite, ammonia, total phosphate, COD, BOD, total organic car-
bon, TDS, calcium, magnesium, sodium, potassium, chlorides, sulphates, fluorides, heavy
metals (Cd, Pb, Cu, As, Zn, Mn), pesticides, organic micro-pollutants, PAH

Microbiological: E.coli, plankton dynamics, coliforms, pathogens

Modeling A Volume and Concentration Based Analysis and Design program is set up at the
Center that will carry out water quality modeling carrying out continuous simulation
parallel to Hydrodynamic modeling. The model will update initial conditions from obser-
vations to optimize and calibrate using real time and historical data. These simulations
will also help to detect polluters when observations deviate from expected concentrations.
Thus real time data collection and archiving similar to water levels and rainfall monitoring
is a fundamental component of the program.

Under the present plan CUrW will initially start monitoring at 10 locations out of which
6 match with the previous monitoring stations. The selection of the monitoring sta-
tions have been decided based on the importance of locations, their inflow coverage by
existing monitoring and modeling tools and the ease of automated water quality moni-
toring using CUrW’s third communication network. This communication network, The
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Things Network use Long Range low power wireless communication platform that use
radio frequencies for communication. This is described more fully in the next section.

Colombo Canal System Cleaning Program This program consist of the following sub compo-
nents:

• Integrated Canal Monitoring, Modeling & Maintenance Program: Derive flushing
gate operation and scheme and program the central SCADA system to operate and
monitor flushing operations.

• Wetland Management: Lias with wetland management program providing it with
wetland water quality updates as well as on canal conditions to support canal trans-
port as well as city amenity.

• Pollution Control & Policy Making with related Authorities and detection of poten-
tial polluters based on deviation/changes to water quality

• Collaboration with Line Agencies / Organizations by exchanging information and
developing support service programs

7.3 Provide information and support new environmental services and
businesses

Supporting new services and businesses using environmental information is also one objective
of the center. The third floor of the new building is expected to serve as a venue for this
collaboration among academia, government and private sector evolving into a platform for
innovation and incubation of new projects.

In order to support collection of new and additional information a scalable third network is
being setup in addition to fiberoptic and cellular networks used for collection and transmission
of weather and water level data. This network, The Things Network (TTN), is planned as a
redundant network for The Center for Urban Water. It is an additional networking capability
which can be used in the event of failure to use the global internet due to unavoidable circum-
stances which would disrupt the fiber optic based information collection and dissemination and
also may affect the cellular network at such an occasion. The Things industries is a full-service
Internet of Things (IoT) network specializing in LoRaWAN M2M communication. Where, Lo-
RaWAN is the standard protocol for Wide Area Network (WAN) communications and LoRa
is used as a wide area network technology. Further, LoRa is a long range, low power wireless
platform where communication medium is based on radio frequency. There are 10 base stations
in the Things Network and each base station can handle up to around 1000 nodes on radio
wave communication.

7.3.1 Planned application overview

In the initial stage Center will be using TTN’s cloud host platform to route real time data to
Center’s servers, later it will be self-hosted locally. This is an independent network that will
relay a subset of following real time monitored data covered by the two regular networks,

• Rainfall
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• Water levels

In addition it will be the sole carrier for the following real time monitoring data

• Water Quality

• Traffic Monitoring

As the last step, TTN architecture will be further designed for ad-hoc communication.
Where, base station to base station communication will take place making the TTN a highly
disaster resilient communication network.
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Collaborations with local universities 
 
CUrW recruits fresh graduates from local universities for capacity development of the local 
professionals. Staff can get enrolled for Masters degrees in either University of Moratuwa or 
University of Peradeniya while following research work at CUrW. Also the Internship programs 
and collaborative research work with undergraduates help to improve the skills of future 
professionals.  

List of Staff members who are enrolled in a Master's Programme in University of Moratuwa or 
University of Peradeniya 

Present Members 

Staff Member Institution Department Master's thesis title 

Hasitha 
Adhikari 

University of 
Moratuwa 

Department of 
Computer Science 

An Automated Framework For 
Weather-Related Decision Making 

Shadhini 
Jayathilaka 

Department of 
Computer Science 

Information Collaboration Platform for 
Weather related Data 

Supun 
Kulathunga 

Department of 
Civil Engineering 

Water resources engineering and 
management (Course title) 

Chinthana 
Rajapaksha 

Department of 
Civil Engineering 

Water resources engineering and 
management (Course title) 

Muditha 
Dantanarayana 

University of 
Peradeniya 

Department of 
Civil Engineering 

Improving storm forecasting in the 
Kelani river basin using WRF 

Asanka 
Weerasinghe 

Department of 
Civil Engineering 

Flood early warning system for metro 
Colombo incorporating both macro 
drainage and micro drainage system 

  
Past Members 
Staff Member Institution Department 
Gihan Karunathilaka University of 

Moratuwa 
Department of Computer Science 

Niranda Perera Department of Computer Science 

Thilina Madumal Department of Computer Science 

Niluka Munasinghe Department of Civil Engineering 

Piyumi Weerasinghe University of 
Peradeniya 

Department of Civil Engineering 

Lahiru Lindamulla Department of Civil Engineering 

Thrishan Hettiarachchi Department of Civil Engineering 
 
 



Appendix 01: Collaboration with Local Universities Center for Urban Water (CUrW) 
 

Metro Colombo Urban Development Project 2 

Collaboration with University of Moratuwa 

Center for Urban Water has been collaborating with the University of Moratuwa for the following 
tasks, apart from the university's role in project administration. In the year of 2019, the Department 
of Earth Resource Engineering held a workshop for the CUrW staff, in the topic of 'Ground 
Penetrating Radar' (GPR) equipment. The workshop covered the fundamentals of the GPR 
working mechanism, working bandwidths and their respective responses, capabilities and 
limitations and the specifications of the existing GPR resources followed by the hand-in 
experiences in maneuvering a GPR equipment and its utilization to identify the objects underneath 
the ground. 

 

In addition, 5 internships from CUrW were offered to 5 interns from the Department of Earth 
Resource Engineering of the University of Moratuwa were placed in CUrW, for their industrial 
training which commenced on 24th June 2019 and continued until 6th December 2019. In the 
training period, the interns were able to gain experiences in Geographic Information Systems 
(GIS), on many aspects such as data insertion and validation, georeferencing, 3d modelling the 
buildings. In addition, they were able to gain experiences on water flow measurements using the 
state of the art equipment, developing an app to insert the collected date in-situ to update in to a 
database, finding correlations for the real time responses of the routine metro Colombo for the 
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utilization of water, roads, workplaces and schools etc. Furthermore, they played a major role in 
the formation of the display systems for the newly built Real-Time-Flood-Controlling center. 

Their major outputs in their time of internship, can be described as the web portals for the canal 
and cross section databases, verified building layer for the Colombo area, developed application 
for entering the measurement data to the database, proposals for the display systems of the RTC 
center and the earth/response simulators, which are meant to showcase the routine responses of 
the people in Colombo. In the end of the internship program, a workshop (short-course) was 
organized for the benefit of the interns alongside the staff of the CUrW, on the theme of "UAV 
advanced mapping and applications" which was held in the University of Peradeniya, on the very 
last 2 days of their internship. 
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Collaboration with University of Peradeniya  
 
Master’s program 
Civil Engineering Department of the Faculty of Engineering, University of Peradeniya hosts 
Masters programs, where eligible staff members at CUrW could enroll under the Environment and 
Water Engineering Master’s program. This adds value to the research based studies carried out 
at CUrW which can be published as the required research work to fulfill the Master’s degree. 
Upto now 5 staff members have enrolled in this program and 3 members have already completed 
their Master’s Degree. 

a. Lahiru Lindamula  
b. Thrishan Hettiarachchi 
c. Muditha Dantanarayana 
d. Asanka Weerasinghe 
e. Piyumi Weerasinghe 

 
2.2.2. Workshop on Hydrological modeling  
Center for Urban Water, Sri Lanka (CUrW) in partnership of NORAD WASO Asia Project at Civil 
Engineering Department, Faculty of Engineering, University of Peradeniya conducted a two-day 
workshop from 28th of February, 2019 to 1st of March, 2019 to promote discussion among 
Computer Science, Communication and Civil Engineering specialists on collaboration for Urban 
Water Management problems, which includes a seminar conducted by field professionals and 
researchers followed by a field visit to Polgolla Dam Safety Monitoring station and Victoria Dam 
SCADA control center which is under the Mahaweli Authority of Sri Lanka (MASL). 
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Short Course on UAV Advanced Mapping and Applications 
Postgraduate Institute of Science (PGIS), University of Peradeniya conducted a 2-day short 
course on UAV Advanced Mapping and Applications, for the staff members of CUrW and 
representatives from related organizations. Program included an Introduction for UAV, Advanced 
Flight Planning and Management, Image Acquisition and Data Processing, Global Navigation 
Satellite System and Internet of Things applications in Aerial Remote Sensing. Participants were 
able learn about the principles of UAV, its system components and different applications, 
establishing precise GCP's by DGPS, performing UAV Image acquisition, UAV data processing 
and products generation for earth observation and 3D mapping, designing the flight plan of UAV 
for different types of applications and integration of Aerial Remote Sensing, IoT and other sensor 
data for modelling and analytics. 

 

 
 
Collaboration with University of Ruhuna 
 
Internships 
 
14 interns from the Department of Civil Engineering, University of Ruhuna were placed in CUrW 
in the first quarter of 2019. In the first part of their internship period, they were trained to model 
local flooding situations in 10 m resolution models, which enabled them to identify the flooded 
building locations in Colombo. Next, with the aid of the modelled flood results of the 14 locations 
chosen, they were directed to do an economic exposure survey, by visiting the flood affected 
buildings and collecting the data on structural and content damages occurred for the past flood 
events. For the data collection purpose, inhouse customized Survery-123 app was used.  
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In this economic exposure survey, more than 400 places were visited to collect data, and data 
attributes such as GPS coordinates (using the mobile phones), name of the institution, address 
of the institution, type of the industry, name of the owner and contact details (telephone/email), 
number of employees, approximate floor area used by the institution etc. were attempted to 
collect.  
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Individual research projects and comprehensive design projects of the final year students of 
University of Ruhuna 
 
Below tabulated are the research topics and the respective individuals of the collaboration. CUrW 
team leader was a co-supervisor of each of the project, and center staff assistance alongside with 
other resources was made available for researchers whenever required.  
 

Name Title 

Harshana K.A.M. Study the management of wetland water storage in purview of 
flood mitigation; A case study at Diyasaru Park, Colombo. 

Kavindra Lewkebandara Kelani river basin water resources analysis to optimize 
hydropower reservoir operations. 

Kushan W.L.M. Establishment of flood damage estimation model to evaluate 
economic and lifeline losses. 

Samarakoon K.R.M.R.A. Study on onsite water management in urban areas to mitigate 
flash floods 

Tharika J.A.D.S. Evaluation of storm water drainage options with respect to 
national policy making; case study for Galle municipal area 

 
 
In addition, a Comprehensive Design Project (CDP) was assisted by the SLLDC and CUrW, of 
which the intention was to obtain the bathymetric profiles of the Diyasaru Wetland park, in order 
to propose a multi-purpose development for the park. Explicitly, the CDP title was ‘Development 
of a master plan to convert Diyasaru park into sustainable wetland’. This CDP was conducted by 
6 engineering undergraduates (final year) of the University of Ruhuna.
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	 	 System	Development	Process	
	 	
	 Monitoring	

Weather	stations	
	 Water	level	stations	

Maintenance	of	Rain	Gauges	and	Weather	Stations	
	 Obtaining	canal	discharge	measurements	using	the	ADCP	equipment	
Modeling	System	
	 Rainfall	forecasting	
	 Flood	Forecasting	and	Inundation	Modelling	
Computational	Environment	
	 Integration	of	observed	data	and	forecasted	data	into	CUrW	system	
Economic	Exposure	Assessment	 	

Monitoring	

In	first	phase	of	real	time	monitoring,	deployment	three	types	of	devices,	(a)	weather	stations	that	
measure	rainfall	and	other	weather	parameters	(b)	Rain	gauges	that	measure	only	rainfall	and	(c)	
water	 level	 sensors	 using	 both	 radar	 and	 ultra-sonic	 devices	was	 carried	 out.	 The	 figure	 shows	
different	 installations	 by	 various	 vendors	 which	 started	 in	 July	 2017.	 Performance	 of	 these	
instruments	were	evaluated	to	prepare	specifications	for	an	accurate	and	reliable	monitoring	system.	

	
Figure	2:	Snapshots	of	installations	in	the	first	phase	

Weather	stations	

CUrW	has	been	working	its	way	to	install	the	permanent	weather	stations	to	cover	the	whole	island,	
including	the	Metro	Colombo	Urban	Development	Project	(MCUDP)	area.	The	installation	work	of	the	
weather	stations	is	reaching	its	completion,	having	more	than	96%	of	the	planned	stations	already	
being	installed.	Most	of	these	weather	stations	are	situated	in	schools	and	now	the	real	time	data	is	
being	reported	to	the	center’s	servers.	The	center	will	need	another	one	month	of	time	to	complete	
the	rest	of	the	installations,	with	the	existing	conditions.		

The	locations	of	the	weather	stations	are	shown	in	the	Figure	3.		
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Figure	3:	Locations	of	the	weather	stations	

Some	snaps	from	the	weather	stations	at	the	schools	are	shown	in	Figure	4.		

	
Figure	4:	Installed	weather	stations	at	schools	

In	addition,	the	data	summaries	and	historical	data	are	being	displayed	in	the	CUrW	website	as	shown	
in	 Figure	 5	 and	 6,	 which	 is	 accessible	 to	 the	 public.	 The	 links	 to	 access	 the	 public	 website	 is	
pub.curwsl.org.		
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Figure	5:	Rainfall	data	summaries	from	CUrW	website	

 
Figure	6:	Historical	data	from	CUrW	website	

Currently	 a	 total	 of	 50	Weather	 stations	have	been	deployed	 to	 capture	 the	 rainfall	 distribution.	
These	 gauges	 require	 regular	maintenance	 to	 avoid	 any	 obstruction	 in	 data	 acquisition	 or	 data	
transmission	 to	 CUrW	 (Center	 of	 Urban	Water)	 Database.	 Hence,	 frequent	 field	 visits	 are	 being	
carried	out	by	RTC	Research	Engineers	in	order	to	investigate	any	obstructions	caused	to	rain	gauges	
and	weather	stations	in	field	conditions.	This	will	enable	RTC	to	understand	any	probable	issues	that	
may	be	encountered	at	field	in	relation	to	sensors	and	communication	modules.	
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Water	Level	Gauges		

Internet	of	Things	(IOT)	enabled	Water	Level	Gauges	were	 tested	and	 installed	 in	Colombo	canal	
system.	These	devices	will	allow	RTC	to	obtain	high	precision	real	time	water	level	data	which	will	
be	utilized	in	 flood	monitoring	and	improving	 the	reliability	of	 flood	 forecasting	system.	Figure	7	
below	shows	the	water	level	gauges	that	have	been	installed	in	Colombo	area	and	their	locations.	

	
Figure	7:	Snapshots	and	locations	of	water	level	satation	around	Colombo	

The	water	level	gauges	required	to	define	the	boundary	conditions	of	the	cloud-run	automated	and	
manually	run	models	have	been	restored	with	the	new	water	level	gauges	at	the	Mattakkuliya	brige	
(Figure	8)	and	at	the	Ranwala	bridge.		

			 	
Figure	8:	Water	level	gauge	at	Mattakkuliya	

Further	the	procurement	process	for	permanent	water	level	station	network	installation	is	near	to	
its	awarding	stage.	The	locations	of	the	permanent	water	level	gauges	are	shown	in	Figure	9.	
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Figure	9:	Locations	of	the	Water	Level	stations	

Obtaining	canal	discharge	measurements	using	the	ADCP	equipment	

During	the	heavy	rains,	CUrW	was	able	to	measure	the	canal	discharges	using	the	Acoustic	Doppler	
Current	Profiler	(ADCP)	equipment,	for	several	canal	outfalls	in	Colombo.	Field	visits	were	made	to	
the	outfall	 locations	based	on	 the	rainfall	and	water	 levels	of	the	canals,	and	 the	discharges	were	
recorded.	Some	of	the	visited	places	with	their	canal	discharges	are	listed	in	the	table	below.		

Canal	 Canal	Discharge	(m3/s)	 Date	
Wellawatta	(Kirulapone	Canal)	 35.2	 2019-09-24	
Dehiwala	Canal	 7.17	 26-09-2019	
Nagalagam	Street	Canal	 12.6	 2019-09-24	
Sedawatta	Canal	(Kitthampahuwa)	 0.574	 11-10-2019	
Ambatale	Canal	 11.5	 25-10-2019	

	

Some	snaps	from	the	field	visits	are	attached	below.		

	

Figure	10.	Snapshots	during	the	canal	measurement	field	visits		
(Left:	@Wellawatta	Canal,	Middle:	@Nagalagam	Street,	Right:	@Sedawatta	Canal)	
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The	 canal	discharges	 and	many	other	 information	 is	processed	using	 the	measurement	data	 and	
extracted	on	the	site	using	the	dedicated	software	for	the	measuring	device.	A	preview	of	such	a	result	
obtained	for	a	particular	canal	is	attached	below.	Also,	CUrW	has	internally	developed	its	capacity	to	
derive	the	cross	section	profile	data	of	the	measured	cross	sections,	as	the	dedicated	software	does	
not	directly	provide	the	cross	section	data.	A	result	of	one	such	derivation	is	attached	as	well.		

	
Figure	11.	User	interface	of	the	dedicated	WinRiverII	software		

	
Figure	12.	Result	sheet	produced	by	the	WinRiverII	software		
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Figure	13.	Separately	processed	cross	sections	

Modeling	System	

The	following	modeling	systems	have	been	developed	and	are	at	various	stages	of	calibration	and	
finalization	

1. Satellite	rainfall	data	 feeds	at	hourly	 intervals	are	received	and	 integrated.	The	process	 is	
automated.	

2. Weather	 forecast	 system	 for	 three-day	 forecasts	 at	 3km	 resolution	 for	 the	 country	 is	
established	and	automated.	

3. Real	time	data	assimilation	platform	with	both	temporal	and	spatial	databases	completed.		
4. Hydrological	model	has	been	established	and	verified	
5. Operational	hydro-dynamic	models	(250m	and	150m	resolution)	have	been	established	and	

verified.	Detailed	inundation	modeling	system	(at	30m	resolution)	is	now	complete	and	used	
once	alerts	are	triggered.	

6. On	risk	assessment,	building	foot	print	of	the	city	now	completed	and	damage	estimation	for	
potential	structural	flood	damage	(pre-disaster	damage	estimation)	is	completed.		Exposure	
mapping	will	 be	 carried	out	 in	 the	near	 future	 to	 assess	 economic	 vulnerability.	 Possible	
evacuation	locations	and	people	at	risk	for	different	flood	frequencies	have	been	established.		

	
Rainfall	forecasting		

CUrW	has	been	working	on	the	accuracy	of	the	rainfall	to	be	used	to	run	the	flood	and	water	level	
simulations.	The	previously	used	method	is	to	run	the	identified	set	of	numerical	weather	forecast	
WRF	 models	 for	 a	 chosen	 time	 period	 (usually	 3	 days)	 using	 the	 18:00	 hours	 global	 data.	 The	
validation	of	the	data	was	done	using	the	observed	data	for	the	first	day	of	the	forecast	period.	Now	
this	method	is	modified	in	the	following	way.		

First,	the	best	fit	model	from	the	WRF	run	for	18:00	hours	global	data	and	the	observed	data	for	the	
for	the	first	day	is	chosen.	Next,	with	the	best	fit	WRF	model,	another	run	is	performed	with	the	00:00	
hours	global	data	for	the	following	day.	The	results	from	these	data	is	modified	from	a	pre-identified	
basin	factor,	which	is	calculated	based	on	the	past	data	of	the	forecasted	and	the	observed	cumulative	
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rainfalls.	A	comparison	for	the	basin	mean	cumulative	rainfall:	observed	and	simulated,	using	the	
model	'C'	is	shown	below.		

	

Figure	14.	Comparison	for	the	basin	mean	cumulative	rainfall:	observed	and	simulated	

This	method	has	resulted	in	producing	hourly	and	cumulative	numerical	weather	forecasts	in	higher	
resolutions,	where	the	spatial	references	can	be	given,	as	shown	in	the	figure	below.		

	

Figure	15.	Hourly	and	cumulative	numerical	weather	forecasts	

	
Flood	Forecasting	and	Inundation	Modelling	
	
Three	 inundation	 (flooding)	 simulation	 models	 are	 now	 available	 at	 RTC.	 They	 have	 spatial	
resolution	of	25m	x	250m,	150m	x	150m	and	30m	x	30m.	The	coarse	models	(250,	and	150m	grid	
size)	are	extremely	fast	and	are	used	to	model	whole	lower	Kelani	basin	from	Glencourse	station	
downwards.	They	are	used	for	operational	forecasts	every	day.	The	30	m	model	covers	only	Colombo	
and	use	the	boundary	conditions	from	other	models.		It	is	used	for	forecasting	when	there	is	a	threat	
of	 flooding	 in	 the	 city.	 Simulation	 results	 of	 2017	 May	 event	 from	 250m,	 150m	 and	 30m	 grid	



Appendix 02:  System Development Process Center for Urban Water (CUrW) 
  

Metro Colombo Urban Development Project 9 

resolutions	are	shown	in	the	following	figures	and	they	are	almost	same	as	the	observed	flood	map	
prepared	by	Survey	Department.	

	

	

	

	

	

	

	

	

	

Maintenance	 of	 Rain	 Gauges	 and	 Weather	
Stations	

	
	
	

Figure	16.	Flood	model	outputs	

Computational	Environment	

The	computational	environment	is	already	established	in	Google	Cloud.	Rainfall	data	integration	to	
hydrological	 and	hydrodynamic	modeling	and	processes	 are	 linked	and	automated	and	 the	main	
workflow	framework	is	now	completed.	

Integration	of	observed	data	and	forecasted	data	into	CUrW	system		

1. Rainfall	Monitoring	and	dissemination	
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The	 real	 time	 rainfall	 data	 observed	 through	 CUrW	 gauges	 are	 disseminated	 depicting	 both	 the	
spatial	 distribution	 and	 the	 intensity.	 The	 above	 figure	 shows	 the	 hourly	 rainfall	 distribution	 on	
February	04th.	Rainfall	of	more	than	100	mm	volume	just	concentrated	in	hour	was	observed	from	
17:30	to	18:30	on	that	day	as	seen	from	the	above	figure.	We	are	experiencing	such	short	torrential	
rain	events	frequently	these	days.	If	these	rain	spells	last	longer,	heavy	local	flood	damage	would	
occur	in	the	city.	Rain	data	summaries	such	as	above	are	presented	in	CUrW	www	system	updated	
every	30	min.	

2. Water	level	data	

Observed	rainfall	data	from	monitoring	devices	and	forecasted	rainfall	data	from	WRF	models	are	
used	to	forecast	water	levels	Colombo	canal	systems.	Flo	2D	and	Mike	11	models	are	used	for	this	
purpose.	Currently	6	real	time	water	level	gauges	are	deployed	in	Colombo	canal	system	that	allow	
us	to	test	the	forecasting	system.	Figure	below	shows	the	comparison	of	observed	and	forecasted	
water	level	in	lower	Kelani	basin	Flo2D	models	of	250	and	150	m	grid	resolution	together	with	the	
Mike	11	model	output.	The	blue	color	line	is	from	observed	water	levels	from	the	real	time	gauges.		

	

Based	on	the	forecasted	water	levels,	pump	operating	rules	are	being	designed	to	minimize	flood	
extent	and	flood	damage.		 	
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Economic	Exposure	Assessment	
	

Introduction		

CUrW	is	now	setting	up	systems	to	estimate	potential	economic	loss	from	an	impending	or	future	
flood.	Field	surveys	to	assess	economic	and	financial	damage	to	the	structural	and	content	damages	
to	the	buildings,	which	were	exposed	to	the	recent	floods	have	been	carried	out.	Data	from	two	sets	
of	such	surveys,	one	for	structural	damage	and	the	other	for	flood	affected	commercial	and	industrial	
entities,	 in	the	Metro-Colombo	Urban	region	were	used	 to	develop	 loss	 functions	to	be	used	with	
inundation	maps	to	estimate	economic	losses.		

Selection	of	case	study	scenarios	and	case	study	areas	

Hazard	maps	from	three	different	types	of	flooding	in	Metro	Colombo	region,	namely	river	floods,	
surface	or	urban	floods	and	flash	floods	were	developed	from	numerical	simulation	to	identify	
target	areas	for	survey.		The	flood	events	used	are	overflowing	of	Kelani	River	(2016),		local	floods	
from	surface	and	canal	overflow	in	Colombo	(2010)	and	the	flash	flooding	in	most	vulnerable	
locations	in	Colombo.	Hazard	maps	generated	from	30	m	resolution	models,	for	the	2010	and	
2016	floods	and	the	flash	floods,	simulated	for	a	return	period	of	10-year	rainfall	used	for	the	
survery	are	shown	in	Figure	1.		

	

Figure	1.	Simulated	30	m	flood	models	for	2010	(image	1),	2016	(image	2)	and	flash	flooding	(image	
03)	

The	locations	for	different	types	of	buildings	were	then	identified	by	overlaying	the	flood	extent	
layers	with	the	building	footprint	layer.	The	buildings	that	were	prone	to	the	most	severe	flooding	
event(s)	were	selected	as	the	survey	locations,	as	shown	in	the	Figure	2.		
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Figure	2.	Selection	of	survey	locations:	Blue-flood	extent,	Orange-Selected	buildings	

	
Data	collection	
	

In		the	first	survey	297	survey	field	data	points	were	collected	and	used	to	formulate	the	structural	
damage	curves	for	4	types	of	building.	Current	building	footprint	available	with	CUrW	is	divided	to	
10	categories.	The	4	loss	functions	were	mapped	for	this	10	types	of	buildings	to	estimate	the	total	
damge.	In	the	second	survey,	data	was	collected	on	427	locations,	covering	all	3	types	of	flooding	in	
the	Metro	Colombo	region,	to	assess	the	structural	damage	to	the	buildings		

	

	

Figure	3.	CUrW	survey	team	at	the	field	survey	

The	survey	was	conducted	as	a	comprehensive	questionnaire	survey,	by	visiting	each	building	
and	discussing	with	the	occupants.	
	
Validation	of	collected	data	
The	collected	data	is	required	to	be	validated.	Especially	the	building	footprint	and	the	inundation	
depth,		check	the	reliability	of	the	values	obtained	during	the	questionnaire	survey.	Therefore,	
the	collected	data	weer	linked	to	the	building	footprint	using	the	google	maps	and	street	view,	
and	the	information	on	the	building	footprint	layer.		
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Structural	damage	curves	

The	data	collected	for	the	structural	damage	curve	establishment	showed	that	there	are	4	
main	categories	of	building	types	by	structure:	A)	Unreinforced	masonry	(URF),	B)	Concrete	
frame	with	masonry	walls,	C)	Wooden	and	D)	Commercial.	For	each	of	these	categories,	a	
damage	curve	was	developed,	which	is	in	the	format	of	Df	=	C1ln	x	+	C2,	where	Df	=	damage	
function,	C1	and	C2	=	damage	coefficients	for	any	given	landuse	type,	and	x	=	inundation	depth.	
The	damage	is	normalised	with	respect	to	the	floor	area	of	the	building.	The	derived	curves	
are	shown	in	Figure	4.		

	

Figure	4.Damage	curves	for	structural	damage	for	A)	URF,	B)	Concrete	frames	with	masonry	walls,	C)	
Wooden,	D)	Commercial	buildings	

These	curves	have	been	validated	by	estimating	the	structural	damage	values	for	the	floods	
in	2010,	and	comparing	them	with	the	damage	values	provided	by	the	Disaster	Management	
Center	(DMC)	for	the	Colombo	District.	The	simulated	damage	was	able	to	estimate	70%	of	
the	total	damage,	quite	satisfactory	considering	the	uncertainties	in	both	estimates	and	the	
area	covered.	 	Figure	5	shows	an	example	of	building	by	building	structural	flood	damage	
estimation	available	on	line	at	CUrW	home	page.			
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Figure	5.	Flood	Damage	example	from	CUrW	website.	
	

Economic	Exposure	Field	Surveys	

Economic	Exposure	field	data	for	past	flood	events	using	Survey123	GIS	app	(as	per	the	developed	
questionnaire)	by	4	groups	in	predefined	areas	based	on	the	simulated	(FLO-2D)	flood	maps.	

The	survey	data	was	mainly	categorized	into	5	main	categories:	A)	Automobile,	B)	Food,	C)	Grocery,	
D)	Hardware,	and	E)	Industrial	categories,	depending	on	the	building	use	and	the	data	availability.	
For	each	of	these	categories,	a	damage	curve	was	developed.		

	

Use	of	damage	estimation	

One	of	the	use	of	damage	estimation	is	the	cost-benefit	analysis	to	arrive	at	appropriate	investment	
figures	for	flood	control	measures.	The	Figure	6	shows	3	types	of	building	distributions,	the	flood	
extent	 from	1:50	year	 return	period	 rain	 event,	 the	 reduction	of	 flood	height	when	 flood	 control	
measures	are	implemented	and	finally	the	benefit	as	estimated	from	(flood	loss	with	no	measures	–	
flood	 loss	 with	 flood	 control	 measures).	 	 From	 simulation	 results	 for	 different	 rain	 frequencies	
(1/return	period)	we	 can	 estimate	 the	 expected	 annual	 benefit	and	 thus	 the	 recovery	period	 for	
investment.	
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Figure	6.	Expected	annual	benefit	estimation	with	MCDUP	flood	control	measures.		
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Fig. 1: SLLRDC Design rains for 2, 5, 10, 25, 50 and 100 years

1 Review Background

The design rainfall used by SLLRDC for macro design and the rainfall used by the CMC in micro
drainage projects shows a slight difference. As we now reconcile the surface runoff generation
based on physical characteristics, both analysis need to utilise the same methodology in deriving
the time series and ensure they are compatible. For physically based runoff modelling we also
need high time resolution data preferably 10-15 time intervals where as the current design
rainfall series for macro drainage uses hourly time series, and this needs to be extended for
sub-hourly time series.

The current design rainfall series have been derived for 2 yr, 5 yr, 10 yr, 25 yr, 50 yr and
100 yr return periods. This hourly rainfall data for 24 hour period is shown in the Figure(1).

The micro drainage uses the IDF curves presented in the COWI report II on micro drainage.
The analysis is baed on 30 years of data from 1981 to 2010 and annual maximum and exceedence
series at 15, 30, 60 , 90, 120, 180 and 240 min durations. The COWI analysis used GEV and
EV type I, (Gumbel) II (Frechet) and III (Weibul) to fit observed data and design storms
have been estimated from the excedance series for 2,5 and 10 year return period and from the
maximum value series for return periods beyond that.

SLLRDC time series has been derived laterhtp by adopting exponential function for lower
return period.

The one hour rainfall from the two analysis have slight differences for each return period as
shown in the Table (1).

1 SH
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Tab. 1: 1 Hour Design Rainfall Estimates

Return Periods 2 5 10 25 50 100

SLLRDC 57 66.1 73.19 84.49 90.83 96.7
COWI 79.2 91.83 101.65 117.35 126.15 134.31
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Fig. 2: SLLRDC and COWI report Design rains difference

This discrepancy is shown in the Figure below.
The difference between the maximum hourly rainfall and the next hour rainfall as shown in

Figures (3a and 3b).
A review analysis is carried out in this report to reconcile these differences and to derive

a procedure to derive IDF curves for a required return period at any duration and resolution
required.

2 Analysis Methodology

In this review, MaxStableDistribution (GEV max: generalized maximum extreme value distri-
bution), Gamma, Gumbel (type I min extreme value distribution), ExtremeValueDistribution
(type I max extreme value distribution), Frechet (type II max extreme value distribution) and

2 SH
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Fig. 3: Colombo Hour1 and 2 hour rainfall distribution

Weibul (type III min extreme value distribution) are fitted to to each time series for a particular
duration. Then the best fit function is selected based on the score of the DistributionFitTest of
Mathematia computing library. This function is then used to generate the rainfall for different
return periods for that particular duration.

Both the exceedence and annual maximum time series are analysed in this manner. Next
a function is derived that express rainfall at any duration for a given return period for all the
return periods. These functions then can be used to generate any IDF curve for a required
duration and time step resolution.

3 Analysis of Annual Excedance Series

The results of functions fitted are summarised in Figure(4) and Figure(5). The plots of his-
tograms and probability functions are shown in Figure (6).

4 Analysis of Annual Maximum Series

The results of functions fitted are summarised in Figure(7) and Figure(8). The plots of his-
tograms and probability functions are shown in Figure (9). .

5 Combining exceedence and Annual Maximum Series

The 2 and 5 year return period rainfalls by excedance series and 10,25,50 and 100 year return
period rainfalls by Annual maximum series provides a smooth fit from the results of the analysis
of the two time series. This combined curve is shown in Figure (10).
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Fig. 4: Probability Function Fitting for exceedence Series
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Fig. 5: Probability Function Fitting for exceedence Series
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Fig. 7: Probability Function Fitting for Annual Maximum Series
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Fig. 9: Probability Function Fitting for Annual Maximum Series
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Fig. 10: Combined Rainfall Estimates for Different Durations& Return Periods

6 Rainfall Duration Functions for Different Return Periods

From the estimated maximum rainfalls from the previous analysis, the rainfall is modelled as
a function of duration for different return periods. The following form is used to model the
rainfall.

Rain =
a

b+ tc

The estimated parameters are,

Rain =
152.585

0.0288095t0.86633 + 0.554569
(10 yr:)

Rain =
138.71

0.0618373t0.679779 + 0.287313
(25 yr:)

Rain =
121.111

0.113604t0.531229 + 0.0601981
(50 yr:)

Rain =
96.0643

0.215595t0.37475 − 0.201781
(100 yr:)

The functions were fitted using the data for durations 15, 30,60,90, 120, 180 and 240 minutes.
Then their validity is tested by plotting the functions with the data including 1440 min (1 day)
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duration. The applicability of these functions are shown in Figures 11, 12, 13 and 14. The
fitting of the data point at 1 day duration which was not used in the model calibration serves
as an acceptable validation of the models.
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Fig. 11: Function for 10 year return period rain

7 IDF Curves for 1:50 year return period

Hour Rain Hr R. Rain *.9 HR*.9
(mm) (mm) (mm) (mm)

1 114.2 114.2 102.8 102.8
2 160.9 46.7 144.8 42.0
3 196.1 35.2 176.5 31.7
4 225.5 29.4 202.9 26.4
5 251.1 25.6 226.0 23.1
6 274.1 23.0 246.7 20.7
7 295.2 21.1 265.7 19.0
8 314.7 19.5 283.3 17.6
9 333.0 18.3 299.7 16.4
10 350.2 17.2 315.2 15.5
11 366.5 16.3 329.9 14.7
12 382.1 15.5 343.9 14.0
13 396.9 14.9 357.2 13.4
14 411.2 14.3 370.1 12.8
15 425.0 13.7 382.5 12.4
16 438.2 13.3 394.4 11.9
17 451.0 12.8 405.9 11.5
18 463.5 12.4 417.1 11.2
19 475.5 12.1 428.0 10.9
20 487.3 11.7 438.5 10.6
21 498.7 11.4 448.8 10.3
22 509.8 11.1 458.9 10.0
23 520.7 10.9 468.6 9.8
24 531.3 10.6 478.2 9.6

Tab. 2: Hourly Rain Blocks in 24 Rain

By applying the function derived for 1:50 years,
we can estimate the rainfall at 60,120,180, .....
etc till 24 hours. Then taking the difference be-
tween the rainfall for 2 hours and 1 hour and
subtracting we estimate the rainfall in the sec-
ond hour. By repeating this procedure we can
derive hourly design rainfall for 24 hours. The
data are shown in Table(2). The plot of hourly
blocks are shown in Figure(15).

We can now place the values in any order to
create the design rainfall. A peak centered one
would be as shown in Figure (16).

It is possible to make 30 min or 15 min time
step design rainfall series by following the same
procedure as outlined above.
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Fig. 12: Function for 25 year return period rain
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Fig. 13: Function for 50 year return period rain
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Fig. 14: Function for 100 year return period rain
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Fig. 15: Hourly rainfall blocks in 24 hour rainfall
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Fig. 17: Peak centred 24 hour rainfall for 30 min time steps
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Fig. 18: Peak centred 24 hour rainfall for 15 min time steps

7.1 Areal Adjustment Factors

As these analyses are carried out for a point rain-
fall a depth-area correction needs to be applied
that depend on the area of catchment as well as
the duration of the storm. A typical reduction
factor is shown in Figure (19) from Applied Hy-
drology by V. T. Chow, et. al.. In the SLLRDC
analysis this areal factor is taken as 0.9. The
reduced rainfall with this factor is also shown in
the Table (2).

8 Summary and Next Steps

In this review, the both exceedence and annual maximum time series for different storm du-
rations have been fitted to a range of extreme probability distributions and using the best fit
distributions rainfall values for different return periods for durations 15, 30, 60, 90, 120, 180,
240 and 1440 min were estimated. Using the data for the first 7 durations IDF relations for
different return periods were derived and they tested well with the 24hour maximum rainfall
estimates. These set of equations now provide a consistent approach to derive design rainfall
for both micro and macro drainage design.

The analysis has been carried out with rainfall durations up to 4 hrs. It would be good to
prepare data for 6, 12, 18 hrs as well to increase the set of data points that can be used in
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Areal Precipitation Depth
Frequency analysis of precipitation over an area has not been as well developed
as has analysis of point precipitation. In the absence of information on the true
probability distribution of areal precipitation, point precipitation estimates are
usually extended to develop an average precipitation depth over an area. The areal
estimate may be either storm-centered or location-fixed. For the location-fixed
case, one accounts for the fact that precipitation stations are sometimes near the
storm center, sometimes on the outer edges, and sometimes in between the two.
An averaging process results in location-fixed depth-area curves relating areal
precipitation to point measurements. Fig. 14.1.3 provides curves for calculating
areal depths as a percentage of point precipitation values (World Meteorological
Organization, 1983).

Depth-area relationships for various durations, such as those shown in
Fig. 14.1.3, are derived by a depth-area-duration analysis, in which isohyetal
maps are prepared for each duration from the tabulation of maximum n-houv
rainfalls recorded in a densely gaged area. The area contained within each isohyet
on these maps is determined and a graph of average precipitation depth vs. area
is plotted for each duration.

Area (mi2)

30-minutes

1 -hour

3-hour

6-hour

24-hour

Area (km 2)

FIGURE 14.1.3
Depth-area curves for reducing point rainfall to obtain areal average values. (Source: World Meteo-
rological Organization, 1983; originally published in Technical Paper 29, U. S. Weather Bureau,
1958.)
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Fig. 19: Depth-area curve for reducing point rainfall to obtain areal average values - from
Applied Hydrology, V. T. Chow, fig. 14.1.3

deriving these relations. Secondly the time series used currently is from 1981 to 2010. Now
as we have 7 more years of data we need to update the time series and redo the estimates to
understand changes as well as improve the IDF curves.

CUrW will carry out this upgrade after collecting the necessary information.
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Edmonton Infiltration Tank Proposal CUrW

Summary

The system is designed to capture peak discharge while allowing a base

discharge corresponding to pre-development conditions. The allowed

discharge is taken as that corresponding peak runoff for 1:5 year return

period rainfall with a 0.3 runoff coefficient.

The retention facility need to store discharges above this rate for a

1:10 year return period design rainfall for a 0.9 runoff coefficient.

The total amount to be stored is 58 cubic meters of which 10 cubic

meters are to be stored above ground and the rest to be stored in an

infiltration gallery running on the side and back of the building. The

trench system will have an effective storage corresponding to 2 m width

and 60 cm height. The length of the trenches would be around 61 m and

the void ration has to be maintained at 0.7 using appropriate materials.

If this void ration cannot be maintained, the overland storage needs to

be increased to accommodate the loss of storage volume.

This report summarises the hydrological and infiltration analysis.

The detailed design to achieve these requirements need to be done sep-

arately including the mechanism for water allocation among the over-

land storage, continuous discharge and inflow to infiltration galleries.

The infiltration galleries need not be lined and should be allowed to

percolate to the natural ground water system. Appropriate measures

to prevent clogging and at the surface need to be taken care of using

geo-textile or similar materials.
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1 Introduction

The millennium housing developers have constructed a six story apartment comples at Ed-
monton Road, Colomo 05. The site is approximately trapezoidal in plan and has an area of
around 60 perches (1518 square meters). The ground water level is reported to be 0.8 m -
0.9 m. Completely weathered rock found at a depth of 9.4 m. During construction, as pile
foundations have been used no soil remediation has been carried out thus leaving soil as in
its original conditions. From the descriptions of soil profiles, a representative conductivity of
0.0001 cm/s is used in the analysis.

2 Design Criteria

The property need to take care of discharge resulting from 1:10 year rainfall to comply with
local storm runoff design standards adopted for Colombo. The developer is expected to manage
the increased runoff due to the construction of the building. The discharge corresponding to
pre-construction state is expected to be taken care of by the existing drainage network. The
allowable discharge is calculated as that correspond to a 1:5 year return period design rainfall
that is more representative of the existing conditions.

The following conditions are assumed.

• The runoff coefficient before construction of the building = 0.3

• The runoff coefficient after construction of the building = 0.9

The water retention-infiltration facility at the site will be constructed to capture only the
peak discharge allowing the maximum pre-development runoff volume to drain to the storm
drainage network. The design is made to retain and infiltrate the excess volume resulting from
the peak-cut after allowing pre-construction discharge to drain out. The peak-cut concept is
shown in the Figure(1). This will be implemented by the arrangement shown in Figure(2).

Fig. 1: Capturing the peak discharge

The system shown in Figure(2) comprise of a surface storage component, and an infiltration
gallery running through the right side and back of the building.
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Fig. 2: Retention-Infiltration-Discharge arrangement for Edmonton

3 Hydrological Analysis

3.1 Design Rainfall

We have selected 1:10 year return period storm event as the design event for this intervention
in accordance with the design standards for Metro Colombo loacal drainage. The design hyeto-
graph was derived from the rainfall study carried out as part of the MCUDP project component
Development and Application of Urban Drainage Model ([udm˙2013 ]).

The study has analysed 15 min rainfall data for the Colombo catchment and proposed the
following formula to derive Intensity-duration relation for 1:10 year return period.

Id =
3473.1

(Td + 19.0520)0.8059
(1)

where Id is the intensity for duration d rainfall event and Td is the rainfall duration. Table 9 in
the Appendix H of the Development and Application of Urban Drainage Model ([udm˙2013 ])
, page 104 lists the lists the Annual maximum rainfall series for durations 15 min, 30 min, 60
min, 90 min, 120 min, 180 min and 240 min in mm for the period 1981- 2010. The performance
of the equation (1) was tested by comparing with these observed values.

A peak-centred 10min duration rainfall for 1 hour was estimated from the above equation
and used for the design analysis. The design rainfall is shown in Figure (3). The rainfall
volumes in each 10 min intervals are given below.
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Time Rain (mm)

5 3.46
10 4.18
15 5.22
20 6.88
25 9.81
30 16.01
35 22.31
40 12.25
45 8.11
50 5.95
55 4.64
60 3.79
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Fig. 3: 1:10 year design rainfall

3.2 Discharge

For the design rainfall, the discharge can be estimated from

Q = CIA (2)

3.2.1 Allowable Maximum Discharge

The maximum allowed discharge is computed according to the 1:5 year return rainfall and
estimated for 10 min time step. This design rainfall constructed for 60 min in 10 min time
steps is shown in the Figure(4).

The maximum discharge corresponding to a runoff coefficient of 0.3 for this rainfall is taken
as 0.25 m3/s
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Fig. 4: 1:5 year design rainfall

3.2.2 Storage Required

The one hour duration 1:10 yr design rainfall produce a 102.5 mm total rainfall resulting in
140 cubic meter discharge in the developed conditions. When the allowed maximum discharge
at pre-developed conditions corresponding is taken as 0.025 m3/s. The total amount to be
retained is 58 cubic meters as shown in the Figure(5).

4 Modeling Infiltration Systems

The water flow from infiltration facilities such as trenches and wells can be estimated using
Richard’s equation,

∇ · [k(ψ)∇(ψ − z)] = c(ψ)
∂ψ

∂t
(3)

where ψ is the suction pressure, z vertical distance k(ψ) is the conductivity at suction ψ,
and c(ψ) = ∂θ

∂θ
where θ is the moisture content. During infiltration from a trench or a well,

the infiltration rate decreases gradually and attains a constant rate. Infiltration rate become
constant when the saturated front attains a stationary shape, while unsteady unsaturated flow
continues outside the stationary front. For soils with fairly high conductivity this quasi-steady
state is reached in a short period of time. To estimate the final constant rate, steady state of
Richards’ equation is used with conductivity function k(ψ) expressed as,

k(ψ) = K0kr(ψ) (4)

where K0 is the saturated conductivity of the soil andkr(ψ) is the relative conductivity. The
reason for this separation is to make the analysis independent of the saturated conductivity,
which is the most sensitive parameter, as well as having a large field scatter. Using (2) in
Richards’ equation (1), and scaling with respect to the K0 , the governing equation is obtained
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Fig. 5: Runoff to be retained locally

as,

∇ · [kr(ψ)∇(ψ − z)] = 0 (5)

Due to eq. (2) only the relative conductivity is used in the simulation and the flow rates
are expressed scaled with respect to soil saturated conductivity. After solving the equation for
the required type of infiltration facility for given boundary and initial conditions, infiltration
capacity is estimated from the final ψ distribution using the Darcy’s law as,

Q

Ko

=

∫

Γ

kr(ψ)
∂

∂n
(ψ − z) (6)

where Γ denotes the infiltrating surface, and n is perpendicular to the infiltrating surface.
For Cartesian co-ordinates, eq.(4) takes the form of,

Q

Ko

=

∫ x=a

x=0

kr(ψ)
∂

∂z
(ψ − z)|z=zbdx+

∫ z=zb

z=zt

kr(ψ)
∂ψ

∂x
|x=adz (7)

where a is the infiltration facility half width, zb is the facility bottom and zt is the facility
top.

4.1 Estimating Infiltration Capacity

In order to follow the above procedure, soil properties in the form of conductivity-suctionkr(ψ)
relation should be known. If this relation is not available from laboratory data, it can be
generated from more common moisture-suction (ψ − θ) data, which can be reliably measured
from small soil samples, or a representative relation can be used in its place (Herath et al., 1990).
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A number of empirical regression equations also are available to generate (ψ− θ) relation from
soil textural and other data. When kr(ψ) relation is known, eq (3 ) and (4) can be used to
estimate the Q/K0 value for a given infiltration facility.

The soil moisture properties for the site are not available at the moment. Therefore a
generalised loam type of soil is assumed. The soil conductivity - suction relation used in the
simulation is described by the following equation,

kr(ψ) = αψβ (8)

Four representative soil types are used in numerical simulations when soil hydraulic prop-
erties are not available. The representative soil types are described by the parameters α = 131
and β = 2.31

Numerical simulations for both deep and shallow ground water conditions have been carried
out and the final infiltration rates for two different boundary conditions were estimated. The
Figure (6) shows the distribution of final water pressure around the trench with a water head
of 25 cm at constant head constraints.

The final infiltration rates for a trench 2m width and the bottom located at 60 cm for
different water heads is shown in Figure (7) .

5 Numerical Simulation

The system is modelled as shown schematically in Figure(8). From left to right the icons
represent the water head and infiltration rate relation for the trenches, the design rainfall,
property, overland storage and trench storage. The Figure(9) shows the discharge rates in cms
from the property, discharge to drainage system during the rain from the overland storage
and the inflow to the trench system. The Figure( 10 ) the same graph, but presented as
the cumulative volume in cubic meters. The Figure( 11) shows the variation of storage in the
overland storage and the trench system. the storage within the trench system will be percolated
if the soil conductivity is of the order of 1.0 10−4cm/s.
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Fig. 6: Pressure distribution h=25cm
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Fig. 7: Infiltration Rates normalised wrt to Conductivity

Fig. 8: System representation in the model
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Fig. 9: Runoff rates from the property, overland storage and trench inflow

Fig. 10: Volumes of runoff from the property, overland storage and trench inflow

May 10, 2018 10 SH



Edmonton Infiltration Tank Proposal CUrW

Fig. 11: Variation in the overland storage and trench storage
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Evacuation Planning for Metro Colombo

Concept Note

1 Introduction

At present there are no controlling facilities such as pumps or gates to regulate the flow
in the city to reduce flood waters in the event of an extreme rainfall that exceed to
the drainage capacity of the network. At the completion of the metro colombo urban
drainage project, it is expected the city can withstand a 500mm/day rainfall which is
estimated as a 1:50 year return period event. However, the completion of these flood
control measures would take about 2.5 years more and it is necessary to assess flood
risks and develop warning and evacuation plans to address extreme events that may take
place in the intervening years. This report presents a brief concept note on assessing and
implementing such a plan.

2 Strategy

2.1 Rainfall categories

It is planned to design and implement a warning and evacuation strategy based on im-
pacts. Thus, warning as well as response guidance should ideally be planned according to
expected impacts. For this purpose the expected flooding conditions are to be categorised
in to three groups as,

1. Frequent flooding conditions with a 2 year recurrence interval

2. Intermediate flooding conditions for over 5 year recurrence interval

3. Extreme conditions such as 2010 floods, or 1992 floods caused by a 500 mm/day (a
1:50 year) rainfall.

Flood risk maps estimated for a 2 year return periods is shown in Figure (1). The
corresponding figure for a 5 year return period flood is shown in Figure (2). A 50 year
return period flood map is shown in Figure (3). These maps have been derived through
the numerical model simulation of floods corresponding to design storm for each of the
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Fig. 1: Flood map for 1:2 year return period rainfall

Fig. 2: Flood map for 1:5 year return period

return periods, as part of the risk assessment study carried out under Metro Colombo
Urban Drainage Project (MCUDP).

2.2 Evacuation center categories

Three types of evacuation centers may be considered based on the above mentioned three
types of floods.

1. For very frequent flooding we may consider multi-purpose evacuation centers that
can function as community development focal points that can be used for improving
livelihoods of the people in a↵ected areas through vocational training and similar
community activities. Such community activities will help people to be familiar
with the place they need to evacuate and make it easy to move quickly once a flood
warning is issued.

2. For the second category, public facilities such as schools, temples, etc., can be
utilised.
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Fig. 3: Flood map for 1:50 year return period

3. For the third extreme events, some temporary facilities would be needed to ac-
commodate the population that cannot be taken care of by the above two sets of
facilities. These may be parks and playgrounds, where temporary shelters, normally
tents are set up to accommodate displaced population.

3 Methodology

Ideally we should use the hazard maps produced at di↵erent rainfall frequencies to assess
the risks and locate evacuation places. However, the maps shown in Figures (1 - 3) are
produced by model runs used for planning purposes and are currently being verified for
the use of detailed design purposes.

Alternately, the 2010 flood event is used to assess the flood risk as this is the event clos-
est to flood risk reduction being considered in under the Metro Colombo Urban Drainage
Project (MCUDP).

For a given flood category, people at risk are estimated  30cm, water level 50�100cm
and water level � 1m. The evacuation should start form those at highest risk and then
proceed to lower risk areas. Here we can assume the population subjected to frequent
flooding will be in the water level � 1m in extreme conditions. Thus the concept of
di↵erent frequencies in flooding is applied here through zonation of di↵erent flood depths.

The night time population is to be housed in the evacuation centers while the daytime
population should be provided with transport facilities to move out of the city in an
orderly manner.

3.1 Steps in assessment

1. Estimate the population at risk at each of the inundation range and summarize by
GN division
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2. Identify evacuation center locations for each of the above categories that are within
walking distance to population being served.

3. For the frequent flooding areas (or high water level at extreme events) community
dedicated community centers are recommended

4. For the next category of floods public buildings, here schools and religious grounds
with a floor area � 10000ft2 are identified as evacuation centers

5. We need to identify open spaces in high ground to accommodate evacuees where
temporary shelters may have to be put up.

6. Assess the feasibility and modify initial locations to accommodate ground realities
through a consultative process with relevant stakeholders.

4 Preliminary application of the methodology

We initially select 2010 flood event to estimate the evacuation needs and candidates for
evacuation facilities. The Figure(4 ) shows the flood extent map prepared from remote
sensing data by the WB project Wessa. Figure (5 ) shows the numerical simulation
of this flooding event that provides flood heights in addition to extent. The combined
map in Figure (6 ) shows that the simulated flood extent matches with the one prepared
through satellite observations and thus this combined map is used for the estimation of
the evacuation centers.

The Figure (7) shows the inundation areas categorised as .5m to 1m and above 1m.
Then the population at risk in each zone is calculated using the building footprint and
population distribution model. The building distribution is shown in Figure (8). The
population in each GN division is distributed among the buildings using a model for the
population density for di↵erent building categories.

The population at risk above 1 m range is shown in Figure (9). They may also be
subjected to frequent flooding from less intense rainfalls. As much as possible they may
be provided with evacuation centers that can also function as community development
facilities. Such a model has been successfully adopted in Bangladesh for coastal storm
surge evacuation.

The population at risk in 0.5 - 1 m range is shown in Figure (10). The GN divisions
are categorised according to number of people at risk. These may be located in public
facilities marked as circles in the map. These points represent schools and temples with
a floor area above 10000 sq.ft.
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Fig. 4: 2010 Flood extent from satellite images

Fig. 5: 2010 Flood extent from numerical simulation
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Fig. 6: 2010 Flood extent combined from satellite observations and numerical simulation

Fig. 7: 2010 0.5m and 1.0 m contours from numerical simulation

 Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID,
IGN, and the GIS User Community
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Fig. 8: Building footprint for Metro Colombo

 Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and
the GIS User Community

Fig. 9: Population to be evacuated to evacuation centers

 Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID,
IGN, and the GIS User Community
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Fig. 10: Population to be evacuated to Public Buidlings

 Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID,
IGN, and the GIS User Community
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5 Areas to be clarified

Area Covered Whether the study area covers only the MCUDP area. If it extends beyond,
not only city floods, but also the Kelani floods need to be considered.

Stake holder Collaboration Discussion with social development agencies on the possible
collaboration in setting up evacuation facilities with community development pro-
grammes.

Logistics Whether DMC has plans on evacuation guidance and if so how they can be
incorporated in the present study.
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