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Chittaranjan Ray
Appointed WRRC Interim Director

Water Resources Research Center associate director and researcher (and
Department of Geology and Geophysics professor) Dr. Aly I. El-Kadi, is
currently leading a research project to help determine the sustainable yield
for Jeju Island (Jeju). Jeju is a temperate-to-subtropical volcanic island roughly
140 km south of the Korean Peninsula (see map).

As project principal investigator, El-Kadi is working closely with Dr. Kyoochul
Ha of the Korea Institute for Geoscience and Mineral Resources (KIGAM)
on the project formally titled “Water-Budget Analyses and Sustainable
Groundwater Yield Estimation for Jeju Island, Korea.”

Similar to Hawaii, Jeju receives abundant rainfall but the island lacks
extensive perennial rivers and/or streams due to highly permeable volcanic
soils and underlying basaltic rocks. Over 90% of Jeju’s potable water comes
from groundwater aquifers. Maintaining a reliable supply of drinking water
for the over half-million inhabitants and fresh water for farming while protecting
the island’s groundwater from seawater intrusion and other contamination
is a considerable challenge.

Jeju’s water budget; the balance between the inflow of water from
precipitation (rain, snow, and fog drip) and the outflow of water by
evapotranspiration (ET), groundwater flux, and surface runoff to the sea, has

On the first of January
2010, Dr. Chittaranjan
Ray, UH Manoa
Professor of Civil &
Environmental
Engineering and a
member of the
WRRC faculty since
1998, was appointed
Interim Director of

WRRC following the 2009 retirement of Dr. James
E. Moncur.

Ray is an internationally recognized expert in
mathematical modeling of the transport and fate of
chemicals (explosives, hormones, pesticides, etc.)
and pathogens in tropical soils, low-cost water-
treatment technologies, riverbank filtration for water
treatment, and island sustainability.

After earning his doctorate in civil engineering at
the University of Illinois at Urbana-Champaign, Ray
spent over three years with the environmental
consulting firm Geraghty & Miller, working on
hazardous-waste remediation and water-supply
development; eight years with the Illinois State
Water Survey, assessing pesticide contamination
of domestic drinking-water wells; and a year with
the US Army Corps of Engineers, helping minimize
hazardous waste at military installations. He has
been with UH Manoa since 1997.

His recent and current efforts include pesticide
leaching assessments for State of Hawaii
Department of Agriculture registration evaluation;
studies of the movement of antibiotics, hormones,
and pathogens in tropical soils (with the US
Department of Agriculture); the transport of
Cryptosporidium oocysts through tropical- and
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Jeju Island, located south of the Korean Peninsula.



are of sufficient duration to result
in significant declines in
groundwater levels. The
sustainable yield must be set low
enough so that dry climate cycles
don’t result in deterioration of the
groundwater quality. Changes in
land use will also affect recharge
which in turn affects the
sustainable yield. Finally, the
concentration of pumping centers
(i.e., a number of wells in close
proximity) will affect the magnitude
of the rise of localized salt water
levels and, again, sustainable
yield.

Simulations similar to those for
the initial steady-state scenario will be run to determine a drought
he/ho ratio for establishing a minimum sustainable yield under
current land-use conditions. Of course land-use and climate
changes will alter recharge totals and water distribution. Additional

simulations will be run using
recharge rates that might be
expected with various climate and
land-use changes including
agricultural and urban
development. Further simulations
will also be conducted to
incorporate different pumping-
distribution scenarios.

A groundwater flow and
transport model, such as the one
to be developed for Jeju by WRRC
staff, should be a “living
document,” continually testing the
model against changes in
groundwater withdrawal,
recharge, and land use. Future

data is expected to further refine the model. The model is intended
to be a tool for “what if” simulations whenever major land-use
changes are being considered. Recharge estimates must be
continually revised as land use changes.

Ray
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temperate-zone soils (also with the USDA); soil contamination
by and the transport of explosives chemicals in Hawaii soils (with
the US Navy—Naval Surface Warfare Center, Crane Division);
and the evaluation of risks to aquifers associated with the
sequestration of carbon dioxide in deep salt-water formations
(with the US Environmental Protection Agency).

Another current project involves collaboration with the US
military on developing and testing low-cost water-treatment
technologies that may be used to provide humanitarian assistance
following natural or man-made disasters. Technologies studied
so far include back-pack filter systems, locally adaptable slow-
sand filters, and reverse-osmosis systems that employ soda
bottles as pressure vessels.

Another of Ray’s active projects is an NSF project in
collaboration with the University of Applied Sciences in Dresden,
Germany; and the Flehe Water Works in Dusseldorf, Germany.

Under this project four US students spend two summer months
in Dresden each year conducting research on the impact of
changes in various environmental parameters on the performance
of riverbank-filtration systems. The Germans have a long history
of using riverbank filtration, with some systems having been in
continuous use since the 1870s.

In 2009, Ray and others completed a NATO-sponsored
workshop (supported by a “Science for Peace” grant) on the
efficacy of riverbank filtration for water security in desert countries.
The workshop was held at Luxor, Egypt, in October 2009. A
publication, from Springer Publishing (in cooperation with NATO
Public Diplomacy Division), based on workshop presentations
was published in 2010. Another of Ray’s forthcoming publications,
is a book chapter addressing sustainable water-treatment
technologies including membrane filtration, natural filtration, solar
distillation, and solar pasteurization. This book will be published
by Springer early this year.

Ray was recently elected a Fellow in the American Society of
Civil Engineers. This prestigious honor is held by fewer than five
percent of the over 144,000 ASCE members.

At work on the Cryptosporidium project with researcher Arvind Mohanram.
(Photo by WRRC staff)

Dr. Ray and researcher Ghasem Alavi installing moisture probes in a
Central Oahu pineapple field. (Photo by WRRC staff)

El-Kadi visiting one of the many interesting hydrogeological features of
Jeju Island. (Photo by Yongcheol Kim, KIGAM)

2010 L. Stephen Lau Water Research Endowed Scholarship Awarded

The 2010 winner of the L. Stephen Lau Scholarship
is Joseph Kennedy.

Mr. Kennedy is an undergraduate student in the
Global Environmental Sciences Program at the
University of Hawaii at Manoa. He is working on a
research project examining submarine groundwater
discharges along Oahu’s south coast. Specifically,
he will be looking at changes to this discharge which
may result from a Honolulu sewer line rehabilitation
project that took place last year.

The Lau scholarship was established with funds
endowed to the University of Hawaii at Manoa by
Dr. L. Stephen Lau and Mrs. Virginia May Lau of
Honolulu. Dr. Lau is Emeritus Professor of Civil
Engineering at the University of Hawaii at Manoa
College of Engineering and was, from 1971 to 1990,
director of the UH Water Resources Research Center.

A celebratory dim sum lunch was held recently to congratulate Joseph Kennedy on
his award. (Photo by Philip Moravcik)

Seated: Dr. and Mrs. Lau; standing: WRRC Interim Director Chittaranjan Ray, Joseph,
Emeritus Professor Roger Fujioka, and Ronald Lau (Dr. and Mrs. Lau’s son).
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A University of Hawaii team is working on a project entitled
“Conservation Agriculture Production Systems Among Tribal
Societies in India and Nepal.”

Dr. Catherine Chan-Halbrendt, Professor and Chair of the
Department of Natural Resource
and Environmental Management
at the College of Tropical
Agriculture and Human
Resources, University of Hawaii
at Manoa (NREM), is the project’s
lead principal investigator.
Dr. Travis Idol, Associate
Professor in NREM, and
Dr. Chittaranjan Ray, Interim
Director of the Water Resources
Research Center, Professor of
Civil and Environmental
Engineering, and Researcher,
are co-principal investigators. UH
co-investigators on the project
include Theodore Radovich from
the Department of Tropical Plant
and Soil Science, Carl Evensen
and Krishna Suriyanata from
NREM, and Philip Moravcik from
WRRC.

Traditional agriculture in tribal
and ethnic agricultural societies
in India and Nepal has
increasingly been relegated to
less productive land as the result of the involuntary displacement
of these people by the construction of hydroelectric dams, large-
scale irrigation projects, highways, mines, and urban renewal and
metropolitan development. The land
they are moved to is often of
marginal quality, and located on
steep slopes, resulting in lower
productivity, degradation of soil and
water resources, impairment of
health, and loss of livelihood
options.

Groups affected by this enforced
displacement include certain
smallholder tribal communities in
Keonjhar district of Orissa state, India, and in the Arun River
Valley and Trishuli watershed of Nepal. Environmental degradation
of their new poor lands has, in some cases, driven these

subsistence farming communities into severe malnutrition. These
are the groups that the UH project is concerned with.

It is clear from the declining situation of farmers in the tribal
regions that current farming practices are inadequate to sustain

these agricultural systems on these
lands. In order to conserve both
the agricultural systems as well as
the livelihoods and culture of the
farmers and surrounding
communities, improved agricultural
production systems are needed.
This may require some fundamental
changes to traditional shifting
cultivation practices, such as
reducing or eliminating the clearing
and burning of forest vegetation.
Conservation agriculture practices
(CAPS) can be integrated within
innovative agricultural and
agroforestry systems by focusing
on appropriate spatial and temporal
segregation of trees and/or
agricultural crops generally grown
in separate areas, e.g., contour
hedgerows, windbreaks, taungya
(the practice of establishing tree
plantations by planting and tending
tree seedlings together with food
crops—food cropping is ended
after 1–2 years as the trees
mature) sequential cropping

systems, and simultaneous understory plantings. This maximizes
use of land and other limited resources while minimizing soil

disturbance and wholesale forest
clearing and preserves the important
ecosystem services of forest cover,
such as soil and water protection,
and wildlife habitat. Because novel
CAPS and agricultural/agroforestry
systems must optimize multi-species
interactions as well as management
practices to improve overall yields
as well as sustainability, development
and implementation of these systems
require long-term on-farm research

in collaboration with the farmers and communities for whom the
systems are intended.

UH Conservation Agriculture Project
Working to Help Tribal Communities in India and Nepal
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is being assessed for input to the water-budget model. Analyses
of long-term trends in these precipitation patterns are being
conducted to better understand localized changes used for
conducting water-budget analyses under a range of climate
scenarios. Predicted changes to rainfall patterns (frequency,
intensity, and seasonality) are being considered based on available
literature.

Estimates of groundwater recharge are a necessary input for
most approaches used to evaluate and manage groundwater
resources. WRRC staff will estimate recharge both directly and
indirectly using six independent techniques. These independent
methods will be used to estimate groundwater recharge for the
water-budget model.

The six techniques include:

1. The use of weighing lysimeters installed in the soil in the
unsaturated zone to collect and measure drainage and
estimate ET.

2. Mass-balance of the conservative chloride ion. The mass-
balance utilizes three parameters: the concentration of
chloride dissolved in precipitation, the volume of
precipitation, and the concentration of chloride dissolved
in groundwater.

3. Groundwater dating techniques that employ environmental
tracers will be used to determine the time elapsed since
recharge. Information about the age of groundwater can
be used to define recharge rates. Groundwater at selected
locations on Jeju has previously been dated using multiple
tracers including the chlorofluorocarbons CFC-11, CFC-
12, and sulfur hexafluoride (another greenhouse gas).
WRRC staff has recommended to KIGAM that additional
groundwater-age studies be conducted for regions of Jeju
for which groundwater age data is still lacking.

4. The tritium (3H) renewal rate (based on groundwater 3H
concentrations produced by atmospheric nuclear testing
in the 1950s and 1960s) will be used to estimate recharge.
The WRRC team has requested that KOWACO collect

groundwater 3H data from northern, eastern, and southern
catchments on Jeju where groundwater age data is still
lacking.

5. Water-table fluctuation data will be used. The Institute of
Environmental Resource Research on Jeju Island publishes
daily-average groundwater-level monitoring data and
maintains datasets dating to 2001. Together with specific-
yield estimates of the volcanic aquifers, these datasets
will allow the calculation of groundwater recharge.

6. Groundwater-model calibration using existing data on
hydraulic conductivity and water levels will be used to
predict recharge. Recharge will be treated as unknown
and estimated through fitting model results to available
water levels.

Groundwater flow will be modeled using the three-dimensional
finite element computer model known as FEMWATER. Although
FEMWATER can be used to simulate both saturated and
unsaturated flow, initially only saturated flow will be simulated
based on the size of the model and nature of the problem.

The study team’s approach to assessing sustainable yield will
be loosely based on methods developed by the US Geological
Survey Pacific Water Science Center in Honolulu.

Hydrogeological data needed for model calibration and validation
include: production well pumping and head records, location and
technical information on artificial recharge centers, spatial and
temporal distribution of recharge, boundary conditions, and
reasonable initial estimates of aquifer properties.

The groundwater-table elevation simulated in the model will
provide the basis for establishing a preliminary estimate of
sustainable yield for any specified ratio of the hydraulic head of
a basal aquifer at steady state (he) to the initial head of the basal
aquifer before development (ho).

Modeling solely based on average recharge does not adequately
consider all of the factors that determine a sustainable withdrawal
rate that maintains the quality of extracted groundwater and
ensures adequate discharge at coastal springs. Droughts on Jeju

see India and Nepal, page 4

Droughts on Jeju are of sufficient
duration to result in significant
declines in groundwater levels.

In order to conserve both the
agricultural systems as well as

the livelihoods and culture of the
farmers and surrounding communities,

improved agricultural production
systems are needed.

continued on page 7

The study also included a comparison
of Jeju and Oahu to assess the

similarities and differences of the main
hydrogeological features, and the

islands’ respective systems of water
resource management.

Map of the three project areas.
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been estimated by Korean scientists since the late 1960s. There
is a substantial background dataset defining the amount of water
going in and out of the system.

Sustainable groundwater yield is
the maximum volume of water that
can be withdrawn from an aquifer,
for an indefinite period, without
causing any undesired effects on
the aquifer (such as increased
salinity). In 2002, Jeju’s average
groundwater withdrawal rate was
over 80% of the estimated
sustainable yield. This is very high.
By comparison, for Oahu, (with twice Jeju’s population) the
withdrawal rate for 2005–2006 was only 43.5% of estimated
sustainable yield. Faced with a growing population and increasing
agricultural demands, validation of the water budget and
understanding groundwater flow are critical to managing Jeju’s
fresh water resources.

The main goal of the WRRC study is to improve the accuracy
of estimates of sustainable groundwater yield for Jeju Island. The
project is being conducted in two phases. Phase I, completed in
2010, involved data collection, literature review, and method
evaluation. Phase II, currently underway, involves three main
tasks: 1) water-budget analyses, 2) groundwater recharge
estimation, and 3) groundwater modeling to estimate sustainable
yield. Phase II is scheduled for completion in April 2011. Under
El-Kadi’s direction, analyses are being conducted by WRRC's
post-doctoral fellows Klaus “Benny” Hagedorn and Alan Mair,
and by Robert Whittier, a Geology and Geophysics researcher
and graduate student working on his Ph.D.

In Phase I, water-budget analyses done by the Korea Water
Resources Corporation (KOWACO) to estimate groundwater
recharge on Jeju for the period 1993–2002 were reviewed and
assessed for their suitability for use in this study. Based on this
review, a set of recommendations were made to KOWACO to
further refine the water-budget analyses. The study also included
a comparison of Jeju and Oahu to assess the similarities and
differences of the main hydrogeological features, and the islands’
respective systems of water resource management. A conceptual
model of groundwater occurrence was developed for Jeju along
with a suggested modeling approach for sustainability analysis.

In Phase II, data needed for the project are being collected
and supplied by KIGAM while the actual water-budget analysis,
recharge estimation, and groundwater modeling is being done
by WRRC personnel.

In order to provide the data needed to conduct the water-
budget modeling, available hydrologic and geospatial data from

1992–2009 are being analyzed to
create a water budget for the 18-
year period. The main goal of the
water-budget modeling is to provide
spatial and temporal estimates of
rainfall, ET, groundwater recharge,
and surface runoff across Jeju. Data
on meteorology, hydrogeology,
hydrology, land use, well data, etc.
are also being compiled for use in
the modeling effort. The spatial
distribution of the rainfall dataset

Advanced monitoring equipment used to record stream-water levels and
flows. (Photo by Aly El-Kadi, WRRC)

The UH project goal is to improve agricultural productivity,
household income and economic opportunities, and the
sustainability of smallholder agricultural livelihoods and community
life through the selection, development, and implementation of
locally appropriate CAPS that address the specific constraints
and pressures threatening the sustainability of traditional
agricultural systems.

The UH project will apply a participatory agroecological
framework to prioritize local resource-use preferences, develop
improved conservation practices, and identify market opportunities
to enhance livelihood options. It will identify opportunities as well
as structural barriers to women’s participation in sustainable
agricultural production to ensure that the project’s
recommendations will be relevant to tribal women’s realities.
Results will be documented in baseline surveys and follow-up
evaluations of conservation practices with particular attention to
women’s participation in management and decision making.

University of Hawaii faculty will collaborate with local non-
governmental organizations including Nepal’s Local Initiatives
for Biodiversity, Research and Development, and research
institutions such as the International Crops Research Institute
for the Semi-Arid Tropics. The project will also partner with Orissa
University of Agricultural Technology in India, and the Institute
of Agriculture and Animal Science of Tribhuvan University in
Nepal. An important aspect of the project is the involvement of
students from India and Nepal. The project will include student
exchanges and capacity building in research through Ph.D. and
M.S. training and fellowships.

In the first year of the program the focus will be on meeting
and speaking with both men and women (but particularly women)
farmers in three small villages in India. Working from the farmers’
experiences and perspectives, researchers will attempt to learn
about the challenges and opportunities for sustainable agriculture.
There will also be an effort made to obtain baseline measurements
of the existing farms and their current agricultural practices so
that possible changes in productivity associated with project
activities may be determined.

In the second year of the program farmers will work with
researchers to select CAPS to implement on a number of farms.
The CAPS will then be evaluated against traditional methods.

This five-year, $1.38 million project is supported by a long
term research award from the Sustainable Agriculture and Natural
Resource Management Collaborative Research Support Program
(SANREM CRSP), a program of the United States Agency for
International Development. The SANREM CRSP program is
managed by the Office of International Research, Education, and
Development at Virginia Tech.

continued on page 6

Meeting with village farmers, Keonjhar, Orissa. (Photo by Carl Evensen)

India and Nepal
continued from page 3

From left to right: Kyoochul Ha, Aly El-Kadi, Klaus “Benny” Hagedorn,
Yongje Kim, and Yongcheol Kim. (Photo by WRRC staff)

Drs. Idol and Chan-Halbrendt and colleagues on site visit to Keonjhar
Farmer Training Center. (Photo by Carl Evensen)

Faced with a growing population
and increasing agricultural demands,

validation of the water budget
and understanding groundwater flow

are critical to managing Jeju’s
fresh water resources.

Dr. Chan-Halbrendt meeting with a women’s microfinance group.
(Photo by Travis Idol)


