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Background 
During February 11-18, 2005, a team of scientists sponsored by the US National Science 
Foundation visited Sri Lanka to assess the impacts of tsunami on groundwater resources in the 
island’s coastal zones.  The team consisted of Professor Tissa Illangasekare of Colorado School 
of Mines, Professor Charles Harvey of MIT, and Dr. Jayantha Obeysekera from the South 
Florida Water Management District.  

 
NSF Team: Professor, Tissa Illangasekare, Professor Charles Harvey, and Dr. Jayantha 
Obeysekera in front of the Circuit Bungalow of the Irrigation Department at Ampara 
 
During the visit, the team met and/or interacted with managers, scientists, engineers, 
academicians, and filed personnel from the following agencies and universities: 

• Hon. Prime Minister’s Office 
• Task Force for Rebuilding the Nation (TAFREN) 
• Water Resources Board 
• National Water Supply & Drainage Board 
• Central Environmental Authority 
• Department of Irrigation 
• Industrial Technology Institute (ITI) (formerly CISIR) 



• National Science Foundation of Sri Lanka 
• University of Peradeniya 
• South Eastern University 
• University of Ruhuna 
• International Water Management Institute (IWMI) 

 
The team visited several locations affected by tsunami in the east and the south and surveryed 
numerous water supply wells and damage (see GPS map below).  The following is a daily log of 
activities in Sri Lanka and a summary of initial findings.  We sincerely appreciate the support 
and assistance given by all of the above. 
 

 
Friday, 2/11/05 (Colombo) 
Today, Tissa and Jayantha met with several government agency personnel to determine the 
efforts currently underway to restore and rehabilitate water resources in tsunami affected areas.  
First we met with the Director General of Irrigation Department, Mr. K.S.R. de Silva and his 
deputies to assess the efforts underway to rehabilitate the irrigation facilities in the coastal zones.   
 
We also met with scientists from the Industrial Technology Institute (ITI), the successor to 
CISIR, in Colombo.  This institution has a state-of-the-art, accredited laboratory facilities for 
chemical analysis of water and solids, as well as expertise on water quality and treatment.  To 
date, ITI has been involved in the following acitivities: 



• Cleaning of open dug wells and chlorination in some areas of the south and the east 
ITI personnel have sampled about 100 wells and have recommended which ones can be 
cleaned through pumping.  In some cases, the scientists have observed an increase of 
salinity after dewatering of wells, which has also been confirmed by others involved in 
well cleaning.   

• Collection of sediment samples from selected locations and the analysis for toxic heavy 
metals.  This investigation, although limited in scope, has not revealed any increase in 
levels of toxic heavy metals in the sediments deposited by tsunami waves. 

 
The last meeting was held with the Director General, Ms. Manel Jayamanna and Consultant, 
Senaka Samarasinghe of the Central Environmental Authority (CEA).  At this meeting, we 
learned about plans for a Rapid Environmental Assessment on Post-Tsunami Brown 
Environment to be conducted in collaboration with the University of Moratuwa.  The initial 
phase of the study is comprehensive in scope and covers a large number of sectors including, 
health, security, transportation, tourism, industries, agriculture, fisheries, water supply, and 
natural resources.  The main objective of this study is to assess the types of pollution that are 
predominant in different land uses in tsunami affected areas.  We also became aware of plans for 
a similar study for ‘green area’ covering wetlands, lagoons, rivers, and other natural areas. 
 
Monday, 2/14/2005 (Peradeniya) 
Our team’s first planned meeting was with the faculty at University of Peradeniya.   

 
Meetings with the Vice Chancellor, faculty, students, and invited guests at University of Peradeniya 
 
 
We learned at the University that affected coastal settlements 20,000 or more shallow dug wells 
and than many of these now contain water with levels of salinity too high to drink.  Six teams 

have been deployed by the Water Resources Board to 
clean up wells contaminated by floods associated with 
tsunami waves.  The goal is to reduce the salinity of water 
in the wells, as measured by Electrical Conductivity (EC) 
values of 20,000 µS/cm to about 2000 µS/cm.  The 
scientists at the Water Resources Board have made 
following observations: 
 
 



 
• In some wells, the salinity actually increased after cleaning possibly due to recirculation 

of pumped water or intrusion of salt water plume originating in other areas.   
• Chlorination is difficult since the required concentration cannot be maintained at a 

sustained level 
• Flooding is severe in some areas due to poor drainage.  In these areas, infiltration of 

stagnant salt water further exacerbates the contamination of wells in the area 
• If proper care is not taken, the complete dewatering of wells can result in the collapsing 

of well walls, making the well unusable.   
• Tsunami waves have caused many wells consisting concrete casings to tilt, basically 

destroying the wells itself. 
• Many wells are full of debris and contain foamy water 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pictures: Courtesy of Dr. Atula Senaratne, Chairman, Water Resources Board 



 
Some anecdotal information regarding unusual events attributed to the Indonesian earthquake 
and the associated tsunami waves have been reported. Some of them are: 

• Reports of water gushing out of the ground in the interior regions in advance of tsunami 
waves 

• Reports of excessive sloshing of water in wells in an interior location far away from the 
coastal region. 

• Report of an increased yield in a well at an interior location 
 
The team could not verify any of these claims or reports. 
 
During the visit, we also had the opportunity to meet with Professor R. B. Yapa, Faculty of 
Agriculture at the University of Peradeniya who along with other colleagues of the Soil Science 
Society of Sri Lanka has conducted a study of the salinity in the croplands in the coastal zones 
affected by the tsunami.  His team has observed that the salinity in the paddy fields of the coastal 
areas remained high even after two weeks with some heavy rains.  The seepage in paddy fields is 
low due to the presence of a hard pan below the plough depth and drainage is poor due to 
blockage of channels. 

 

 
 
Pictures: Courtesy of Prof. R.B. Mapa, University of Peradeniya 
 
 
 
At the meeting, one of the presenters, Dr. Atula Senaratne, Chairman, Water Resources Board, 
presented a conceptual model of how the tsunami may have contaminated coastal wells -- 
seawater infiltrated in the flooded zone, much of it inland where it was trapped and remained 
ponded for several days (see figure below).  The saline water then migrates back towards the 
coast with regional groundwater flow.   
 
Open questions include: 
•  Did inundation remain long enough for saltwater to fill the unsaturated zone?  The answer 
largely depends on the vertical hydraulic conductivity of the soil.  
•  Is the saltwater mixing, perhaps due to density instabilities, with the underlying freshwater?  
•  Has the saltwater geochemically interacted with the sediment?   



•  How have well purging efforts affected the salinity distribution in the aquifer? 
 

 
 
 
Tuesday, 2/15/2005 (Ampara, Kalmunai, Thirukovil) 
We woke at the regional Irrigation Circuit Bungalow located in Amparai, one of the worst 
affected regions.  After meeting with faculty at Southeastern University involved in field studies, 
we made our first trip to Tsunami Disaster Zone in Amparai where a densely populated area has 
been largely destroyed by the waves.   The density of housing near the beaches in this region is 
very high with families living in close quarters.  Every house appears to have had a well, and a 
septic tank not very far from each others raising concerns about possible contamination of wells 
due to the presence of Coliform bacteria prior to tsunami.  We also noticed at least one post-
tsunami mass grave.  In some of the domestic wells we tested using a simple refractometer, the 
salinity was around 6 ppt, still unsuitable for drinking.  The team donated the refractometer and a 
GPS unit provided by the employees of the South Florida Water Management District to the 
faculty of Applied Sciences, South Eastern University for their ongoing tsunami related projects. 
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At a camp for displaced people, we met state hydrogeologists who are drilling a well even with 
the recognition that the yield will not be sufficient to provide the needed water to a settlement 
with close to 700 displaced people. The settlement is built where there is no surface water and 
wells are poor yielding -- low conductivity silty sediment overlays metamorphic rock with poor 
yielding fractures.  This was our first opportunity to meet with field personnel from the Water 
Resources Board who are assigned with the challenging task of finding water in locations where 
no surface water supplies are available.  The task of finding water is not limited to this 
settlement, but also to many other areas where alternate sources of water are needed for new 
construction.  Need exists for better subsurface characterization methods and modeling tools to 
make decisions on developing these alternate supplies. 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Wednesday, 2/16/2005 (Hambantota, Matara, Galle) 
 
Today we drove along the southern coastal highway with many stops to inspect domestic water 
supply wells and the impact on natural vegetation.  Except for coconut trees, most other plants 
and trees in areas flooded by tsunami waves were dying, although in one place we observed that 
the vegetation was recovering, possibly due to heavy rainfall immediately after the tsunami.   
 

 
 
 
 
 
 
 
 

Although much of the tsunami debris has been cleared, still there are many places where trash 
and construction debris are piled up by the highway.  The debris appear to include toxic 
substances posing a potential source of contamination of both surface water and groundwater. 
 



 
 
We also observed the erosion of coastal beach exposing much of the root system in trees left 
standing. 
 

 
 
 
 
 
Almost all the wells in this coastal zone are open-pit type, dug in sandy soils.  These wells are 
still contaminated with saline water making them unusable for domestic use. Although most 
coastal areas have piped surface water from inland, the residents in these regions rely on 
domestic wells for other water needs (bathing, washing, etc).  Thus, if this water supply is 
unavailable for an extended period, an alternate source must be found.  Since the surface water 
supply sources are being exhausted for most of the municipal water supply, finding alternative 
water supplies is a challenging task for the Water Supply and Drainage Board of Sri Lanka.  This 
particular issue further demonstrates the need for integrated management of water resources for 
urban, agricultural and environmental purposes.   
 
 
 
 



Today, we also met a group of scientists from Japan and Thailand who are working with the Sri 
Lankan government agencies to collect high-resolution topographic data for mapping major 
coastal towns for the purpose of testing tsunami simulation models.  Most of the basic data 
necessary for simulation modeling are very scarce and a major effort is needed to assemble such 
data for post-tsunami reconstruction efforts. 
 
Thursday, 2/17/2005 (Coastline from Galle to Colombo) 
We focused on quantifying the salinity impacts by making measurements in wells using a probe 
donated by In-Situ Inc. of Fort Collins Colorado. The probe measures vertical profiles of 
electrical conductivity, temperature and turbidity. We interviewed well owners on the conditions 
of the wells before and immediately after the tsunami. Three types of wells were tested. The first, 
a domestic well used by a single family. Prior to tsunami, the well was used primarily for 
washing and bathing but was also used for drinking when the piped supply got interrupted. The 
well is not useable now. The salinity was around 6 ppt with stratification. The second, a public 
well that was restored showed complete mixing with salinity around 4 ppt. The third, a domestic 
well that was not disturbed showed high salt levels with stratification.  These limited 
observations suggest that the condition of the wells depend on their location and the level of 
post-tsunami interference.   The probe was donated to the Sri Lankan government for tsunami 
work. 

 

 

 
 



During the remaining  duration of the trip we met with government, NGO, and academic 
officials to plan for a workshop during the second phase of the project. 
 
Summary of Observations 
• Most of the private dug wells still appear to be contaminated with salt water.  The 

contamination could have occurred due to one or more reasons.  Two primary ways are: 
o Filling of wells with salt water associated with the flood waves of the tsunami 
o Contamination of the coastal aquifers due to infiltration of stagnant salt water in the 

flooded lands.  In most cases stagnation of water is due to poor drainage in coastal 
regions 

• Many governmental and non-governmental organizations have attempted to clean thousands 
of private dug wells by pumping out salty water in the wells, often several times.  In many 
cases, the complete dewatering of the well has resulted in wall collapse making it unusable.  
Also, it appears that the water pumped out of the well into the adjacent lands may have 
simple re-infiltrated back into the sandy soils resulting in re-circulation of salty water into the 
wells.   

• National Groundwater Association has published a very generalized guide on well cleaning 
in tsunami affected areas (http://www.ngwa.org/pdf/welldisinfection.pdf).  However, the 
utility of these guidelines under certain local conditions is questionable.  For instance, 
excessive pumping in coastal areas may exacerbate the saltwater intrusion problems and 
cause cross contamination from adjacent septic tanks. 

• We observed several wells with concrete casings simply tilted, destroying the well, 
presumably due to the shear force of tsunami waves traveling onshore.  

• Based on the observation we made, salinity in private wells seem to have reduced 
significantly but still above 1-2 ppt.  This water is not suitable for drinking but the residents 
in the coastal regions seem to use it for other domestic purposes such as bathing and 
washing.  It is not clear how long it will take for the wells to be cleaned by natural recharge 
of fresh water during the rainy season.  The National Water Supply and Drainage Board has 
many water supply schemes, which provide pipe born water for coastal residents in most 
areas.  Most of these schemes utilize surface water sources. 

• Contaminated wells not used by the public appear to be stratified in salinity with high salinity 
concentrations near the well bottom.  Wells used by public for bathing and washing appear to 
be well mixed with little or no stratification. 

• Some camps for internally displaced personnel are located in areas where groundwater 
supplies are scarce.  Currently, the water is being brought by trucks which is not practical as 
a long term solution.  Availability of adequate quantities of water of necessary quality should 
be an important factor in locating new camps and human settlements. 

• Many research questions are still unanswered.  Some of them are: 
o Did inundation remain long enough for saltwater to fill the unsaturated zone?  The 

answer largely depends on the vertical hydraulic conductivity of the soil.  
o Is the saltwater mixing, perhaps due to density instabilities, with the underlying 

freshwater?  
o Has the saltwater geochemically interacted with the sediment?   
o How have well purging efforts affected the salinity distribution in the aquifer? 

A carefully planned field monitoring effort is needed to find answers to these questions. 

http://www.ngwa.org/pdf/welldisinfection.pdf


• The density of population in the coastal belt is very high with very little land in between 
houses.  Typically, each house has a dug well and a septic tank located not very far from each 
other causing concerns of cross contamination even before the tsunami.   A carefully planned 
monitoring effort is needed to investigate this cross contamination issue, particularly in view 
of proposed plans for relocating coastal residents. 

• Much of the large piles demolition debris appears to have been cleared from the roadside 
although there were still some locations along the highways and in the interior where trash 
and debris remained uncollected.  In one place, we noticed even medical waste.  It is also not 
clear what disposal sites have been used to store the debris.  It is highly likely that the coastal 
aquifers and the adjacent surface waters can be contaminated from the seepage of toxic and 
other substances in this debris.  Immediate attention is needed to evaluate the possible 
contamination of the groundwater due to seepage from debris storage sites.  The mass graves 
that were noted during the field trip were located very close to the ocean and they appear to 
be situated down gradient from the water supply wells in the coastal areas.  Comprehensive 
data on mass graves are not available and it is difficult to determine their effects without 
additional data. 

• National Water Supply & Drainage Board has constructed numerous tube wells tapping fresh 
water in both sandy dunes and deeper fractured rocks in the coastal regions.  There is a 
wealth of data regarding these wells that may be helpful for future planning of groundwater 
development.  Currently, there is no effort to evaluate cumulative effects of wells in coastal 
regions, particularly in drought prone areas. 

• If the dug wells in the coastal regions continue to be unusable for some time, it may impose 
significant pressure on pipe born water supplied by surface water resources in the region.  
This further emphasizes the need for integrated water resources management in the coastal 
belts of Sri Lanka. 

• Although much of the road-side debris has been cleared, many demolition debris remain in 
areas away from the highways.  This debris may contain harmful substances which may 
further contaminate the groundwater supplies in the coastal regions.  It is also not clear, 
where the debris has been dumped.  A plan for debris management and disposal is needed 
minimize or eliminate the potential contamination of both surface and groundwater resources 
in the coastal regions. 

• Except for the salt tolerant coconut trees, many other trees appear to be dying.  However, 
there were indications that heavy rains following the tsunami in some areas appear to have 
helped recover some of the dying trees.  In other areas, it is not clear if the trees continue to 
be impacted by the contaminated groundwater.  Further research regarding the long term 
impact of salt water on trees is needed. 

• There is very little technical information about the groundwater resources in the coastal 
regions affected by tsunami.  Although a general map of the geology of these regions exists, 
very little useful information regarding the local geology and the aquifer characteristics exist.  
The water level data is very scarce and there is no national network for monitoring of ground 
water levels and quality.  Establishment of a comprehensive database for groundwater 
resources should be a high priority. 

• There are no efforts underway to develop groundwater models for any of the affected 
regions.  Such a model would be very useful for planning the development of groundwater 
resources in the coastal belts.   There is an urgent need to train the scientists and engineers in 



the government sector for the development and application of groundwater models for water 
supply planning. 
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