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Problem and Research Objectives

Water scarcity has long been an important issue in many regions around the world
and the threat of climate change has recently brought it further to the forefront of
policy discussions. On O‘ahu (Hawai‘i), for example, some experts believe that the
island’s groundwater resources will be “committed” within the next twenty or thirty
years (Wilson Okamoto Corp. 2008). However such studies are based on water-use
projections and estimates of sustainable yield that often do not consider efficient
demand conservation or improved supply-side management. Management strategies
such as expansion of reservoirs, implementation of wastewater recycling, improved
conjunctive use of groundwater and surface water, new pricing structures, voluntary
or mandatory quantity restrictions, and watershed conservation all serve to slow the
onset of groundwater scarcity as demand for water continues to grow.

Analyses in the engineering literature have begun to incorporate a wide range of
management instruments, such that a portfolio of demand- and supply-side
strategies are chosen in conjunction with groundwater extraction (Jenkins et al.
2001, Draper et al. 2003, Jenkins et al. 2004, Wilkinson and Groves 2006). However
these studies do not attempt to solve for the vectors of management instruments that
maximize the present value to the users. That task requires the application of public
and resource economics.

At the same time little attention has been paid in the resource-economics literature
to recycled wastewater and its potential role as an intermediate or sector-specific
backstop. Since each demand sector requires a particular quality of water, recycled
wastewater can potentially serve as a sector-specific backstop resource. Our research
addresses the problem of integrating a water-recycling program with groundwater
management in an economic-welfare-maximizing framework. To investigate the
principle of optimal groundwater extraction in conjunction with wastewater
recycling and seawater desalination in a two-sector (household/potable and non-
household/non-potable) framework we develop a dynamic groundwater economics
model. For identical satellite treatment facilities around the island, i.e. a constant
amortized unit cost of recycled water, we numerically solve the optimization model.
The simulation results provide optimal groundwater extraction, wastewater
recycling, and seawater desalination quantities in every future period; the
trajectories of the aquifer-head level; the optimal implementation of groundwater
substitution; and the price paths that would induce efficient groundwater use.



Methodology
The Model

We develop and solve an optimal control model that integrates groundwater
extraction, water recycling, and desalination for consumption in two demand
sectors. Since water demand is multifaceted, from a long-term perspective,
infrastructure choice should match the varying characteristics of water required for
different end-users in terms of quantity and quality.

Generally benefits from certain uses may vary by input-water quality so that
optimality would not always require obtaining the minimum allowable quality for
each use. To keep the model tractable, however, we aggregate non-potable uses into
a single demand category and assume no additional benefit from using a higher
quality source than necessary. Groundwater extraction is the primary source of high-
quality (potable) water. No surface water is available, but lower-quality (non-
potable) water can be obtained from recycling wastewater. Desalinated seawater
serves as a high-quality backstop. Potable water can be utilized as a supply source for
both sectors but recycled water cannot supply high-quality demands.

The coastal groundwater aquifer is modeled as a renewable and replaceable resource,
characterized by a lens of freshwater floating on underlying seawater. The head level
(h), or the distance between the top of the lens and mean sea level, serves as a
measure of the aquifer stock. As the freshwater stock declines the head level falls and
extraction becomes more costly since water must be lifted further to reach the
ground surface. Thus, unit extraction cost is a non-negative, decreasing, convex
function of head, i.e. c;(h) >0, c;(h) <0, and c;(h)>0.

Leakage from a coastal aquifer is also a function the head level—as the head level
declines leakage decreases both because of a smaller surface area along the ocean
boundary and because of the decrease in pressure due to shrinking of the lens. Thus,
leakage is a positive, increasing, convex function of head, i.e. I(h) >0, I'(h) > 0, and
I”(h) > 0. We assume that infiltration from precipitation and adjacent water bodies is
fixed at a constant rate (1 ). The resource is “renewable,” therefore, in that net
recharge (recharge minus leakage) varies with the groundwater stock.

For satellite recycling facilities developed near concentrated groups of users (e.g.,
industrial parks), the timing of distribution-infrastructure construction coincides
with that of the treatment facility. Given sufficient data on infrastructure (e.g.,
connections, pipes, and treatment plants) and variable costs, amortization methods

can be applied to determine a constant unit cost of recycled water (c;).

The water manager chooses the rates of groundwater extraction for use in the
household sector (") and the non-household or “other” sector (q°°), the rates of

seawater desalination for household (g ) and non-household use (q°), and the

rate of water recycling (g°) for use in the non-household sector to maximize the



present value of net social benefit, measured as the sum of consumer and revenue
surplus or equivalently gross consumer surplus less total costs, i.e.

g +q %0 +gR0 +qB°
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where D; ' (e) is the inverse demand function for sector i=H,0, § is the positive

discount rate, c; is the unit cost of desalinated seawater, c; is the unit treatment
and distribution cost of recycled wastewater, and y is a height-to-volume conversion
factor.

In solving the model (Eq. 1) we find that the objective of welfare maximization can be
achieved by using the available resources in reverse order of their marginal
opportunity costs (MOC) within each sector. In other words, the pricing rule that
induces optimal consumption in both sectors is

(2) ptH = min{Cq () + 4,,Cs}

p = min{Cs () + 4,Cq.Cq }

where p, is defined as the marginal benefit of water consumed in sector i, and 4, is

the shadow price or marginal user cost of groundwater. While the MOCs of recycled
and desalinated water are constant, the MOC of groundwater is variable, since unit
extraction cost rises as the aquifer head level declines and the marginal user cost
rises as the resource becomes scarcer. The stages of resource uses leading up to the
long-run equilibrium or steady state will be determined by the ordering of the three
MOCs (Eq. 2), as well as the shape of the variable groundwater MOC path over time.

Numerical Computations

The model is solved numerically by iterating forward through time. Growing demand
in both sectors ensures eventual implementation of desalination and recycling, since
the size of the aquifer is finite. The initial head level is given by field measurements,
and the terminal head level is obtained from steady-state calculations. Given these
boundary conditions the optimal paths will be determined once we know the correct
initial shadow price of groundwater. Using a shooting method, we start with an
educated guess for the initial shadow price. Governing equations for the head level
and price allow one to characterize the entire paths of water use and aquifer stock. If
one or more of the resulting terminal values is inconsistent with the optimal steady-
state conditions, then the initial guess for the shadow price must be adjusted and the
process repeated. The trajectory is optimal once all of the boundary conditions are
simultaneously satisfied.



Principle Findings and Significance
Analytical Results

There are several possible orderings of resource use, depending on the MOC paths in
Eq. 2. If groundwater is sufficiently abundant that the initial marginal opportunity
cost of groundwater (MOC ©) lies below both the unit costs of desalination and
recycling, then stage 1 is characterized by exclusive groundwater use in both sectors
(scenario A). The high rate of combined extraction raises MOC ¢, and recycled water
is implemented as a sector-specific backstop for the non-household sector in period
T,. Groundwater continues to supply the household sector in stage 2 but all non-

household needs are met by recycled water. At the second switch-point (T, ), MOC ©

reaches the unit cost of desalination, and the system reaches a steady state.
Desalinated water supplements groundwater in the household sector and recycled
water is used exclusively by the non-household sector in the steady state.

If the aquifer has already been depleted, such that MOC® > ¢, > ¢, in the initial
period, then both “backstops” are used at the outset to allow the aquifer to replenish
in stage 1 (scenario B). Once the head level rises enough to allow MOC ¢ to decline to
Cg, extraction of groundwater commences. Any extraction greater than net recharge,

however, would raise MOC © above the unit cost of desalination and would thus be
non-optimal. That is, it would be more cost-effective to use desalinated water in
place of those last units of groundwater.

Thus, the system immediately reaches a steady state in which extraction is exactly
equal to aquifer inflow, and the optimal quantity of water demanded for the non-
household sector is met entirely by recycling.

A third possibility is that ¢, > MOC® > ¢, . In that scenario (C), groundwater is

extracted for the household sector at the outset, but recycled water is used
exclusively in every period for the non-household sector. The MOC of groundwater
eventually rises to the unit cost of desalination at which point the aquifer reaches a
steady state. Extraction is limited to net recharge so that the head level is maintained
and the remainder of the quantity demanded by the household sector is supplied by
desalination. The stages of each scenario are summarized in Table 1 and hypothetical
MOC paths for scenario A are illustrated in Figure 1.

Empirical Results

In an application to the Pearl Harbor aquifer and consumption district on the island
of O‘ahu, Hawai‘i, we characterize the paths of resource use when recycling is
implemented optimally, implemented non-optimally or “prematurely” from the
outset, and never implemented (Figure 2). The extraction structure for the optimal
solution is consistent with the paths described in hypothetical scenario A. Since Pearl
Harbor aquifer is currently above its optimal steady state, the scarcity value of
groundwater starts low, and groundwater is initially used in both sectors. In year 75



the scarcity value reaches c, and the non-household sector shifts to the use of

recycled water. The household sector continues to use groundwater exclusively for
the next decade, and the price of groundwater continues to rise. At year 85 the
system reaches a steady state—groundwater extraction is limited to net recharge, and
the remaining optimal quantity demanded by the household sector is supplied by
desalination.

If instead recycled water is utilized by the non-household sector from the outset, the
aquifer is allowed to build up much higher than in the optimal case. Extraction is
relatively low for the first 80 years because the non-household sector never uses
groundwater. Total consumption is also lower for the first 60 years because,
although groundwater is less scarce for the household sector, the high recycled water
price for the non-household sector induces excessive conservation. When
groundwater is optimized without consideration of water recycling, extraction is
lower, total consumption is lower, and the scarcity value of groundwater is higher in
every period.

The welfare gains from implementing an optimal water recycling program can be
substantial. In this particular case study the net present value of social benefits
(NPV) derived from the optimal program is approximately $1.173 billion. When
groundwater is optimized alone the NPV is $1.166 billion, a difference of $67 million
in present-value terms.

Recycling increases welfare by prolonging the use of groundwater before the steady
state and thus delays the implementation of costly desalination for the household
sector. Alternatively, if recycling is implemented prematurely, the NPV is $1.123
billion, nearly $500 million less than in the optimal case. Although early recycling
delays desalination by 6 years, the NPV is still 4.5% lower because costly recycled
water is used too soon. Water recycling has the potential to increase total welfare,
but economic optimality may entail delaying implementation, depending on how the
marginal opportunity cost of recycled water compares to that of groundwater.



Table 1. Stages of resource use with constant unit recycling cost

Scenario\Stage 1 2 3
A GW for H GW for H GW + DW for H
GW for O RW for O RW for O
B DW for H DW + GW for H
RW for O RW for O
C GW for H GW + DW for H
RW for O RW for O

Key: GW = groundwater, DW = desalinated water, RW = recycled water
H = household sector, O = non-household sector
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Figure 1. Hypothetical MOC paths for scenario A
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Introduction

The Pearl Harbor aquifer is the most important aquifer on the island of O‘ahu
and currently supplies about 100 million gallons per day of fresh groundwater
mainly for public use. Decisions related to future infrastructure development and
alternate sources of fresh water, including desalinization, will depend on the
long-term sustainability of the groundwater resources in the Pearl Harbor
aquifer.

Itis critically important, from both economic and resource standpoints, to have
an accurate understanding of how much fresh groundwater in the Pearl Harbor
aquifer can be developed for future needs. An existing memorandum of
agreement between the Honolulu Board of Water Supply, the State Department
of Land and Natural Resources Commission on Water Resource Management,
and the U.S. Geological Survey recognizes the need to 1) “ensure protection of the
groundwater resources in light of uncertainties surrounding the sustainable yield
estimates,” 2) calibrate and refine future “next generation” numerical models,
and 3) optimize the use of new and existing wells. This study addresses all three
of these critical needs.

The status of the fresh groundwater resource in the Pearl Harbor aquifer is
commonly assessed through vertical profiles of salinity from deep monitor wells.
These profiles provide information on the thickness of the fresh groundwater
body at the time the profile is collected. Furthermore monitoring over time
provides information on changes of the freshwater thickness under variable
groundwater withdrawals or recharge. By monitoring changes in the freshwater
thickness over time, water managers can determine appropriate withdrawal rates
from production wells. Vertical salinity profiles also represent valuable data for
calibration of numerical groundwater models designed to simulate density-
dependent groundwater flow and transport in coastal aquifers (e.g., Souza and
Voss 1987, Oki et al. 1998). These models provide insights into groundwater
availability under different recharge and withdrawal scenarios (e.g., Oki 2005,
Gingerich 2008).

The underlying assumption in using salinity profiles from deep monitor wells is
that the measured vertical distribution of salinity in the borehole is
representative of salinity in the adjacent aquifer. However natural or human-
induced vertical hydraulic gradients in the aquifer can produce flow in the
borehole. Complex flow patterns exist in boreholes in coastal areas (Paillet and
Hess 1995). Flow within a borehole causes water that entered the borehole in one
interval to be present in another interval and, thus, the salinity profile obtained
from the borehole may not be representative of salinity in the adjacent aquifer.

For cases in which an upward flow exists in a borehole, brackish water or
saltwater from deeper zones can cause measured salinity in the borehole to
overestimate salinity in the adjacent aquifer in shallower zones. In contrast, for
cases in which a downward flow exists, freshwater from shallow zones can cause



measured salinity in a borehole to underestimate salinity in the adjacent aquifer
in deeper zones. All other factors being equal, higher rates of borehole flow will
have a greater effect on the measured salinity profile (Paillet et al. 2002).

Salinity profiles from deep monitor wells in Hawai‘i were evaluated to assess the
effects of nearby groundwater withdrawal on borehole flow and salinity (Rotzoll
2010). Step-like changes in salinity (as indicated by specific conductance) with
respect to depth are indicative of borehole flow and are evident in almost all
available salinity profiles. Local pumping effects may influence the measured
depth of the top of the transition zone, indicated by a specific conductance of 1
mS/cm. Profiles from several deep monitor wells located near pumping wellfields
indicate a rise of the apparent top of the transition zone by as much as 600 ft in
the monitor well. The upward displacement causes an increase in salinity at a
particular depth in the upper part of the profile. The observed increases in
salinity correlate with increases in nearby withdrawal rates. The effects of
groundwater withdrawals on measured salinity profiles are most pronounced in
deep monitor wells located in south-central O*ahu, corresponding to the most
heavily pumped part of the aquifer where deep monitor wells are commonly
located in close proximity to production wells.

In contrast to the step-like changes in salinity profiles produced by nearby
groundwater withdrawal, borehole flow induced by regional aquifer flow
gradients cannot be evaluated from the shape of measured salinity profiles
because subtle flows may displace the entire water column in boreholes and
conspicuous steps may not be evident. A regional trend in borehole-flow
direction, characterized by a general downward-flowing component in areas of
recharge (inland) and a general upward-flowing component in areas of discharge
(coastal), is expected from a consideration of basin-wide groundwater flow
dynamics. Numerical modeling represents a promising approach to quantify the
effects of regional aquifer flow on salinity profiles from deep monitor wells in
Hawai'i.

Publications Resulting from the Research Project

A final report will be published in the U.S. Geological Survey Scientific
Investigations Report series.

Problem and Research Objectives

A recent numerical-modeling study of coastal wells in Israel indicates an upward
displacement of the borehole salinity in wells located in the coastal-discharge
area of the aquifer while it is at a steady-state condition. Responding to the
influence of ocean tides the vertical flow in the borehole changes direction and
the flow in the monitor well is three orders of magnitude larger than that in the
aquifer. This indicates that the observed borehole salinity does not accurately



represent the aquifer salinity (Shalev et al. 2009). Therefore these monitor wells
do not accurately monitor the actual freshwater-saltwater transition zone.

The overall objective of this study is to provide information on how
representative measured vertical salinity profiles from deep monitor wells are of
conditions in the adjacent aquifer. A numerical modeling approach,
incorporating the hydraulic characteristics and recharge data representative of
the Pearl Harbor aquifer, will be used to evaluate the effects of borehole flow on
measured salinity profiles from deep monitor wells. Borehole flow caused by
vertical hydraulic gradients associated with both the natural regional flow system
and with local groundwater withdrawals will be simulated. Model results will be
used to estimate differences between vertical salinity profiles in open boreholes
and the adjacent aquifer in areas of downward, horizontal, and upward flows
within the regional flow system—in areas both with and without nearby pumped
wells. Results from this study will provide insights into the magnitude of the
discrepancy between current vertical salinity profiles from deep monitor wells
and the actual salinities of adjacent aquifers. Such data is critically needed for
management and predictive modeling purposes.

Methodology

A three-dimensional numerical model, SEAWAT Version 4 (Langevin et al.
2007), capable of simulating density-dependent groundwater flow and solute
transport will be used in this study. Although the model will mainly be conceptual
in nature and incorporate a simplified geometry, previously published values for
hydraulic characteristics and recharge representative of the Pearl Harbor aquifer
will be tested. A steady-state condition that generally represents the distribution
of measured water levels in the aquifer will be simulated and used as an initial
condition for all other simulations.

Within the model, deep open boreholes will be introduced at selected sites within
the natural regional flow system in areas of downward, horizontal, and upward
flows. Flow within the borehole will be simulated with a suitable model for an
open conduit. Simulated salinity profiles within the borehole will be compared to
1) the pre-existing distribution of salinity in the aquifer without the borehole and
2) the distribution of salinity in the aquifer with the borehole present. The effects
of the borehole on saltwater intrusion into the aquifer will also be quantified.

Additionally within the model, pumped wells will be introduced at selected
distances from the open boreholes to evaluate the immediate effects of
groundwater withdrawals on salinity profiles and saltwater intrusion into the
aquifer. The depths of simulated pumped wells will correspond to the depths of
typical production wells in the Pearl Harbor aquifer. The effects of both vertical
wells and horizontal shafts will be simulated. Pumped wells will be located about
100 and 5,000 ft from the open boreholes and groundwater-withdrawal rates of
about 1 and 10 million gallons per day will be simulated for each pumped well.



A sensitivity analysis, in which values of hydraulic characteristics are varied one
at a time, will be conducted to evaluate how the magnitudes of hydraulic
conductivity, dispersivity, and storage values may affect borehole flow. In
addition at least two simulations incorporating low- and high-permeability layers
within the aquifer will be simulated.
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Introduction

Hawai‘i, being one of the nation’s less populous states, provides many opportunities for
water researchers to directly interact with senior government administrators and policy
makers. To further the goal of broadening the knowledge and appreciation of Hawaii’s
water resources, the Technology Transfer Program of the University of Hawai‘i at
Manoa (UHM) Water Resources Research Center (WRRC) organizes conferences,
meetings, workshops, and biweekly seminars; produces newsletters; produces posters
and other materials for presentations; and maintains the WRRC website. The program
principal investigator (PI) meets with county, state, and federal agency personnel
regarding water-resource issues and assists with proposal writing, research-project
implementation, and report authorship for WRRC’s research projects.

Technology Problem and Research Objectives

The mandate of WRRC includes an obligation to broadly disseminate the results of its
research activities to audiences of other academic researchers, local water and
wastewater agencies, environmental and engineering consultants, and interested
members of the general public.

Methodology

WRRC Bulletins; other publications; the WRRC website; and conferences, meetings,
workshops, and biweekly seminars all serve to aid WRRC in transferring to its multiple
audiences timely and critical information concerning water-resource research and
issues.

Technology Transfer Program

WRRC’s Technology Transfer Program activities for the report period included:
organization of multiple seminars; production of project bulletins and newsletters;
participation in meetings and conferences; and providing water-resources-research
information to consultants, students of all levels, and the general public. The program
PI also participated in school science fairs, WRRC research projects, research-report
writing, and refinement of the WRRC website.

During the current reporting period the Technology Transfer Program produced two
bulletins describing research projects and center activities and news. During this
reporting period the Technology Transfer Program PI also made extensive use of the
center’s large-format printer/plotter—producing posters for display at local, national,
and international meetings and conferences. Two of these posters, illustrating the work
of graduate-student researchers, won awards at conferences.



The Technology Transfer Program organizes biweekly seminars designed to foster
communication among WRRC researchers, students, and the organizational target
audience of government agencies, private-sector researchers, and members of the
general public with an interest in water-resource issues. Each semester one WRRC
faculty member is appointed to coordinate the seminars and recruit speakers from
university faculty, visiting scientists, government agencies, and private-sector firms.
Topics thus vary depending on the interests of the coordinator and availability of
speakers. Typically the seminars include reports on WRRC projects and discussions by
government officials on emerging water-related issues.

The seminars are generally well attended and provide one of the few public forums in

the state for the discussion of water issues. The following is a list of the fifteen seminars
presented during the current reporting period.

Spring Semester 2009 Seminar Coordinator: Dr. Aly El-Kadi

Mar. 5 John Hughes, Jr. | Chevron Environmental Measuring Light Non-
Management Company and | Aqueous Phase Liquids
UHM Department of (e.g., Gasoline) Flux in a
Geology and Geophysics Tidal Setting
Graduate Research
Assistant
Mar. 13 James Juvik University of Hawai‘i at Homage to Ekern:
Hilo Department of A 50t Anniversary
Geography & Reassessment of the
Environmental Science Seminal “Lana‘i Fog-drip
Study”
Mar. 19 Kolja Rotzoll United States Geological Can we Trust Salinity
Survey, Honolulu, Hawai‘i | Profiles from Deep
Monitoring Wells in
Hawai‘i?
Apr. 2 Sanjit Deb UHM Department of Susceptibility
Natural Resources and Assessment of Shallow
Environmental Landslides on O‘ahu,
Management Hawai‘i
Post Doctoral Researcher
Apr. 15 Jon Stock United States Geological Estimating Sediment
Survey, Honolulu, Hawai‘i | Transport from Ridge to
Reef
Apr. 24 Mirabbos Uzbekistan Academy of Sustainable Development
Hojamberdiev Sciences Institute of and the Environment in
General and Inorganic Uzbekistan
Chemistry Ph.D.
Apr. 30 P. Suresh C. Rao | Purdue University School of | Nutrient Load-Discharge
Civil Engineering Lee A. Relationships Across
Rieth Distinguished Scales in Engineered
Professor of Civil Catchments: Order Out
Engineering and Agronomy | of Complexity




Fall Semester 2009 Seminar Coordinator: Dr. John Cusick

Sept. 18 Eugene Dashiell | Environmental Planning Problems with National
Services Consulting Watershed Planning
Environmental Planner Policy
Oct. 23 Anthony Kuh UHM Department of Renewable Energy and
Electrical Engineering Island Sustainability
Professor and Department | (REIS) program
Chair
Nov. 6 Mark Ingoglia Pacific Air Forces Natural Sustainable Solutions in
Infrastructure the Pacific: US Air Force
(Environmental) Branch Environmental
Chief Management
Nov. 20 Douglas A. Schlack Ito Lockwood Piper | Hawai‘i Clean Energy
Codiga, Esq. & Elkind Attorney Law and Policy
Dec. 4 Thomas A. UHM Joint Institute for Hurricane Risk
Schroeder Marine and Atmospheric Modeling: “Beyond the
Research Director 100-year Rain/Flood”

Spring Semester 2010 Seminar Coordinator: Dr. Clark Liu

Jan. 22 Clark Liu UHM Civil and Water and energy
Environmental Engineering | sustainability in a
and WRRC changing environment:
An Introduction
Feb.5 Roger Babcock UHM Civil and Island water
Environmental Engineering | sustainability:
and WRRC Wastewater treatment,
disposal, recycling
Feb. 19 Paul Bishop National Science The Water-Energy Nexus
Foundation Environmental | and NSF Research
Engineering Program
Director

WRRC Website

The WRRC website <www.wrrc.hawaii.edu> is continually updated with new
information concerning WRRC researchers’ activities, grant announcements, meetings,
reports, and seminars as well as information concerning the WRRC L. Stephen Lau
Scholarship Fund. The website also provides information about WRRC facilities and
personnel.

Of particular significance is the listing of WRRC publications on the website. Full-text
PDF files of our earlier research reports, which were published in-house, are available
through an arrangement with the University of Hawai‘i’s ScholarSpace digital repository



program. Currently WRRC researchers generally publish their research in peer-reviewed
journals. Such publication most often imposes copyright restrictions on re-publication
through full-text postings—however we continue to post abstracts and publication data
for these contemporary articles.

Poster Production

The Technology Transfer Program PI assisted numerous WRRC faculty and graduate
research assistants in the design and production of posters illustrating research projects
for display at meetings and conferences. During the reporting period two graduate-
research-assistant posters were recognized by conference awards.



USGS Summer Intern Program

None.

USGS Summer Intern Program



Notable Awards and Achievements

Experimental Study of Humidification-Dehumidification (HDH) Seawater Desalination Driven by Solar
Energy

Notable Awards and Achievements

Our solar-energy-driven HDH seawater desalination research program recently received $48,000 in funding
from Hawaii Technology Development Venture (HTDV) to support a research and development project
entitled a2Solar Energy Driven Humidification-Dehumidification Seawater Desalination Systems.a® The
project runs from 1 April 2009 to 31 December 2009. Our research team will collaborate with a local
technology company to design, construct, and test a laboratory-scale prototype HDH desalination system.

Notable Awards and Achievements
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