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When the Water Resources Research Center was created by they
University of Hawai‘i in‘1964, it followed'in the footsteps of both
Polynesian and Western explorers and settlers who had long focused
on the importance of water to life in the Hawaiian Islands.
Contemporary work from the prior almost-six-decades of science and
engineering efforts at the university provided significant expertise for
and an excellent foundation upon which to build an academic center
focused on both the quality and quantity of island water resources.

Hawaiian 10‘i on the grounds of Hawai‘inuiakea School of Hawaiian Knowledge
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Even more so than food, and only slightly less so than air, a supply

of potable water is a necessity of life for humans and many other

creatures. Access to pure drinking water and clean water for

ecosystems, irrigation, recreation, and other usesis particularly
critical in an island environment where there are few large lakes or rivers.

A thousand or more years before British explorer Captain James Cook |ocated the
Hawaiian Islands in January 1778, Polynesian voyagers settled in these islands and
came to be known as Hawaiians. These Hawaiians recognized the overwhelming
significance of water. They defined their religious/palitical land and population divisions
largely based upon the watersheds of identified valleys, with the prototypical division
running from the mountaintops down through the valley lowlands and out into the
shallow coastal waters. In honoring their stewardship of the land and the waters
Hawaiians devel oped sophisticated irrigation systems and fish ponds.

Typical headwaters
environment in a Hawai'i
stream

Following the publication of the news
of Cook’slocating the Hawaiian Islands,
visitation, and later settlement, by
Westerners grew slowly. By the mid-
1800s Western and other immigrant
populations and the emergence of irrigated
sugarcane cultivation generated
tremendous pressures on existing water
supplies. Traditional systemsfor allocating
water resources no longer addressed the
changed circumstances of the islands.

A prototypical Hawaiian ahupua‘a, the traditional
land and water division of early Hawai'i

Western concepts of business and
land use came to dominate the competition for scarce resources. \Western science came
to underlie the continuing development of water-resources engineering technol ogy.
The Mahele of 1848, signed by King Kamehamehallll, primarily allowed for the private
ownership of land, a Western concept. However the Mahele also defined the rights to
make use of identified water sources.

By this act Kamehamehallll provided the groundwork allowing commercial
incentives to generate the development of an extensive water infrastructure. Until the
overthrow of the monarchy in 1893 water policy was the responsibility of the Minister
of the Interior of the Kingdom of Hawai‘i. Following US annexation in 1898 these
responsibilities were taken on by the Superintendent of Public Works for the Territory
of Hawai‘i.

Beginning in 1913 the Department of Public Works, operating under the mayor
and Board of Supervisors, took charge of water distribution on the island of O*ahu.
In 1917 the Honolulu Sewer and Water Commission (now the Honolulu Board of
Water Supply) began to oversee well construction and the use of pumping technology
in an attempt to prevent overuse of precious groundwater aquifers.

Over theyears considerable scientific knowledge regarding theidands’ hydrogeol ogy
was accumulated. By the mid-1900s Hawai‘i had more than a century of empirical
experience in the intensive development of water resources. Much of this expertise
supported a growing urban population and the economically dominant sugar industry.



1971 construction of Holmes Hall, the UHM engineering building where WRRC took up
residence in a small suite of offices and established two laboratories

The University

The University of Hawai‘i (UH) began in 1907 as the “ College of Agriculture and
Mechanic Arts’ under theterms of US“land grant” legidation. From this 1907 beginning
until Hawaiian statehood in 1959, the university offered no formal academic instructional
or research programs on “water” although, at varioustimes, afew water-related courses
had been offered through the engineering, geology, or irrigation departments. However
the academic focus on “agriculture,” “land grant,” and “mechanic arts,” not to mention
the immediate economic needs of Hawai'‘i, all suggest that water research must have
been atopic of great interest to the faculty and students.

Whether asapart of formal academic programs or asinterests of specific individuals,
faculty members in agriculture, economics, engineering, and geology pursued research
dealing with water problems. Along the way the “ College of Agriculture and Mechanic
Arts’” became the “College of Hawai‘i” which became the “University of Hawai‘i” in
1920. Water research continuing through these administrative changes was greatly
augmented and stimulated by the 1964 creation of the Water Resources Research Center

(WRRC) at UH Manoa.

With the recent 100th anniversary of the University of Hawai‘i in mind, we take
this occasion to reflect, briefly and informally, on the work of the UH WRRC.
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Birth of the

Water Resources Research Center

In 1964 the US Congress realized that far greater knowledge and expertise would
be needed to achieve the goals of the newly enacted water-resources legislation than
was then available. To address thisissue congress passed, and President Lyndon B.
Johnson signed, the Water Resources Research Act (WRRA).

WRRC'’s founding director
1965-1970, Dr. Doak C. Cox

WRRC'’s second director,
1970-1990, Dr. L. Stephen
Lau

In Hawai‘i soon thereafter, largely stemming from the
efforts of Geology Professor Doak C. Cox and Engineering
Professor L. Stephen Lau, the UH Board of Regents approved
the organization of the University of Hawai‘i Water Resources
Research Center (UH WRRC).

The federal WRRA established the basis for a network
of such centers—one in each state; in three territories; and
in Washington, DC—at land-grant universities. In Hawai'i
state funds supported the hiring of a small nucleus of water
researchers aswell as clerical and technical personnel. Many
of the WRRC faculty appointments were joint appointments
of staff already, or soon-to-be, also appointed to various UH
instructional units.

The WRRA has been amended several times since 1964
but the primary mission of these centers, now as before,
continues to be to facilitate research on water-related issues.
The various water-research centers thus help solve the many
problems associated with maintaining water, land, and related
environmental resources. The centers address all aspects of
research on fresh water in addition to some aspects, primarily
related to water quality, of research on coastal ocean waters.

Each center promotes cooperation among the many
academic disciplines having interests in water issues as well
as facilitates the transfer of research results to policy bodies
and operational agencies. The research centers are also
intended to promote advanced education in water-related
disciplines.

Cox and Lau, with secretary Sharon Fu and publications specialist Rose Pfund,
began the UH WRRC operationsin a simple wooden structure formerly used for faculty
housing on the UH Manoa (UHM) campus. It was christened “the cottage.”

Electric well logging

Raging stream conditions, Mdanoa
Stream, O‘ahu, March 2006

Following the 1971 construction of
Holmes Hall, the UHM engineering building,
the WRRC took up residence in asmall suite
of offices and established two laboratoriesin
this facility. One laboratory is dedicated to a
wide variety of chemical testing while the other
laboratory is assigned to microbiological
research.

In the early years of the WRRC, projects
were narrowly defined and drew on expertise
from only a single academic discipline. Various
research projects addressed geophysical well
logging, O' ahu flood-flow characterization, and
water evaporation from lysimeters. The multi-
disciplinary approach that is now the hallmark
of the WRRC did not develop until early in the
1970s.

From its first small office fashioned out
of faculty housing, the UH WRRC has devel oped
into a program now with cutting-edge
laboratories incorporating state-of -the-art
analytical instruments and computers and staff
officesin three buildings on the UHM campus.
Over four decades of WRRC effort has produced
many advances in water treatment, water-use
practices, and in numerous other issuesinvolving
our fresh and coastal waters. Research generated
by WRRC has been shared with our Hawai'i
community and around the world, especially
with other islanders.



Water Supply and Hydrological Science

Most of Hawai‘i’s public water supplies come from groundwater resources, athough
surface waters supply some areasin the state as well as provide a great deal of water
for irrigation use. Efficient sustainable exploitation of these resources requires detailed
knowledge of how much water is available, whereit comes from, how it flows through
the ground, and how we withdraw and use it.

Drinking-Water Sources

Early research by Soils Professor
Paul C. Ekern (one of the original WRRC
joint-appointees) concentrated on water-
balance measurements, especially water
evaporation from major island crops, such
as sugarcane and pineapple, and grasses.
He and Geography-Climatology Professor
Jen-Hu Chang (a WRRC joint-appointee
from 1968 to 1985) generalized regional
water evaporation from water-pan data
in Hawai‘i. Their research provided the
basic underpinnings for al following
water-balance studies. Ekern’s further
work on “fog drip” added a new dimension to
our understanding of our island water balance.

Measurement of evapotranspiration from
sugarcane conducted by Dr. P.C. Ekern

Groundwater models for Hawai‘i, as well
asfor various other Pacific islands,* were also
developed by Geology Professor Frank L.
Peterson in hisrole asaWRRC researcher from
1969 to 1998. Civil Engineering Professor Clark
C.K. Liu (who joined the WRRC in 2000),
working with John F. Mink and Professor L.
Stephen Lau, and later on his own, also created
analytical groundwater models.

In 1980 Mink? created an analytical solution,
elegant initssimplicity, for differentid equations
describing rel ationships between, roughly
speaking, sustainable yield and withdrawals.
Mink’s “Robust Analytical Model” (RAM) has

v become a standard tool in hydrological modeling
oy o™ for sustainable water-supply purposes for the
Hawai‘i Hawaiian Islands.®

Evidence of nutrient-rich groundwater

Eventually O'ahu, aswell as neighbor islands,
will need to consider unconventional sourcesto
address the ever-growing regional demand for pure
drinking water. The Water Resources Research Center
has conducted multiple projects focusing on
desalination to produce pure drinking water.

Thisresearch included a partnership, in the early
1990s, working with the state and county on a
demonstration desalination plant located in Campbell
Industrial Park.

Beginning in 2000 Liu demonstrated the
feasibility of using wind energy to power reverse-
osmosis desalination processes to produce fresh water

Wind energy to power reverse-osmosis  from brackish feedwater. This water-purification

e e o yocess: Coconutlsland, et | afion at the University of Hawai'i School of
Ocean and Earth Science and Technology’s Hawai'i

Institute of Marine Biology on Coconut Island in Kane' ohe Bay used no electricity

other than that required to run sensors and dataloggers—and that small power requirement

was addressed by solar electric panels.* Wind energy has demonstrated considerable

promise for future large-scale seawater desalination efforts.

Liu contributed (with Keith Loague and other University of Hawai‘i faculty) much
to our knowledge of water flow through soils.® Liu also extended Mink's RAM model®
by accounting for the “zone of transition” between fresh and saline water, helping to
further define sustainable withdrawals from major aquifers.

Do We Have Enough Pure
Drinking Water ?

Pure drinking water isinstantly
recognizable as a key ingredient essential
to human life.

Idands, such asthe Hawaiian Idlands,
rely for their drinking water on supplies
with very finitelimits. ISlands do not have
easy recourse to importing drinking water
from distant sources to meet growing

Discharge from Waihe'e testhole, O‘ahu

demands. Further, many hydrological
processes in the Hawaiian Islands and similar high volcanic islands are profoundly
different from those of continents and other locations and climatic zones. Taking these
insular constraints and hydrological differencesinto account is critical in the successful

management of the water, land, and other natural resources of Hawai'i. 4



Despite heavy rainfal over many
areas of the Hawaiian Islands,
streams, rivers, lakes, or other surface-
sources of potable water are few and
relatively small. Our most reliable
source for drinking water is
groundwater aquifers.

Aquifers are permeable geologic
formations from which substantial
amounts of groundwater can be
extracted. A basic step in the
management of groundwater aquifers
O‘ahu aquifer classification system: sectors, systems, istheir identification and
AL classification. On each major
Hawaiian island numerous aquifers have been identified. However an earlier lack of
a standardized nomenclature for these aquifers had caused numerous misunderstandings
between scientists and engineers as well as between planners and regulators.

Faced with this problem the Hawai‘i Department of Health and the Hawai‘i State
Commission on Water Resource Management decided to end the confusion by having
aclassification system devel oped. Between 1990 and 1993 WRRC's John F. Mink and
Professor L. Stephen Lau devised the first standardized aquifer classification system
to be used for O' ahu and the other major Hawaiian Islands.” The classification
nomenclature identifies boundaries and estimated sustainable water yields for the
aquifers. Since its development this system has been successfully employed by the
state agencies charged with protecting and regul ating the groundwater resources
throughout the state.

Beyond addressing the classifications
of aguifers, water managers must also deal
with the underlying scientific principles
governing groundwater flow and extraction.
Quantifications of the temporal patterns of
input to and output from these aguifers have
been a continuing central focus of many
WRRC projects.

Inisolated parts of the Hawaiian 1dands,
residents must supply their own water.
Frequently this has meant collecting rainfall
from rooftops. Engineering Professor Yu-Si
Fok, amember of the WRRC faculty from 1969 to 1999, did pioneering work on
methods of collection as well as on methods for maintaining the purity of water from
these rooftop systems. Fok was a founder of the International Rainwater Catchment
Systems Association.

Rainwater cistern

Water Quality

Deteriorating quality of awater source limits the quantity of that water available
for certain uses. Conversely, the quantity of water available for a given purpose can
sometimes be enhanced by improving its quality. Thus many WRRC projects have
focused directly on water quality in hopes of preserving or enhancing the usability of
existing sources.

Virology and Microbiology

In 1972 Professor L. Stephen Lau and Microbiology Professor Philip C. Loh
established the Water Resources Research Center (WRRC) Environmental Virology
and Microbiology (EVM) Laboratory within the Department of Microbiology at Snyder
Hall. Professor Roger S. Fujioka (WRRC director from 1990-1999) was recruited that
year to serve as the WRRC research faculty supervising this new laboratory.

Experiments and analysis conducted
in thisfacility were designed to focus on
the problems of viruses and bacteria as
infectious agents in wastewater. More
specifically this laboratory was to deal
with public health risks related to
adequate treatment of sewage at
wastewater plants, sawage contamination
of the environment (sewage spills), and
treatment of wastewater for re-use.

Laboratory analysis of treated and UV disinfected

The EVM laboratory has been a ; :
sewage for fecal bacteria and viruses to meet
long-term success story for the WRRC.  wastewater re-use guidelines
It has produced many studies that could
not have been generated by any other facility in Hawai‘i. The EVM laboratory has been
ableto respond to public health questions specific to Hawai‘i by identifying data specific
to Hawai'i.

Thefirst study conducted at the EVM laboratory assessed the health risk of using
secondary-treated and disinfected effluent to irrigate sugarcane. Despite seemingly
thorough wastewater treatment, human enteric viruses were recovered from the effluent
used to irrigate sugarcane and from soil samples from the cane fields. Viruses found
in the soil samples also survived the post-harvest burning of the cane fields.

A more positive finding from this study was that these enteric viruses were tightly
adsorbed by the Hawaiian soil and therefore became less of a direct risk to those
individuals working in the cane fields. This project led to other studies showing that
Hawaiian soil did not allow sewage-borne viruses to be transported through the soil
profile to contaminate Hawai‘i’s groundwater. 5



The project also led to further studies
showing that ultraviolet radiation
treatment of “R-1" (secondary treated
and filtered) effluent effectively
disinfected sewage-borne bacterial and
vira pathogens so that the treated effluent
could safely be used for irrigation.

Fujioka and his group later began
assessing the impact of ocean disposal
of sewage. Initial results showed that raw
sewage, discharged through the shallow
Sand Idand ocean outfall, included human
enteric viruses detectable in the surface
plume at least a mile away from the
discharge.

Sunlight is the most effective environmental
factor in disinfecting sewage-borne micro-
organisms in water, Kiihio Beach, O‘ahu

However—following the 1977 completion of the newly designed, longer, and
“deep-ocean” outfall at Sand |dand—new studies confirmed that viruses were no longer
detectable in surface waters. The conclusion was that these viruses were not being
transported to shoreline beaches and thus posed no health risks to people. These results
helped the City and County of Honolulu obtain federal Environmental Protection
Agency (EPA) 301h waivers avoiding the need for secondary treatment of effluent
discharged from the Sand Island and Barbers Point deep-ocean outfalls.

This research also led to several scientific discoveries of broader importance: 1)
sunlight is the most effective environmental factor disinfecting sewage-borne
microorganisms in water—and fecal-indicator bacteria were much more susceptible
to sunlight inactivation than sewage-borne viruses; 2) natural populations of marine
bacteria were shown to be effective in inactivating human sewage-borne viruses
discharged into ocean water, and 3) direct sunlight and, separately, heat provided by
sunlight, could both be used to disinfect rainwater collected from rooftops to make this
water safer to drink.

The EVM laboratory then determined
that, in Hawai‘i, the EPA-recommended
fecal-indicator organisms (fecal coliform,
Escherichia coli, and enterococci) are
unreliable indicators of fecal contamination
of environmental waters. Thisis based on
thefinding that these fecal-indicator bacteria
multiply in the Hawaiian soil environment

, _ and that they are then transported by
Collecting water samples from Mdnoa Stream i L i
to test for fecal bacteria and viruses to assess rainwater from the soil into streams. This
sewage contamination contradicts the assumptions upon which

the EPA water-quality guidelines are based.
The guidelines presume that the
concentrations of fecal-indicator bacteria
in environmental waters only reflect the
extent of fecal or sewage contamination.

EPA had used the following two
assumptions to create water-quality
standards: 1) that feces of animals and
sewage were the only significant sources
of fecal-indicator bacteria and 2) that these Diversion of sewage into the Ala Wai Canal for
fecal-indicator bacteriado not multiply under ~ six days in 2006 resulting in the largest
e o] Gordiioe sewage spill ever recorded in Hawai'i

The EVM laboratory showed that, in
Hawai‘i, neither of these two assumptions
were valid. Moreover the research
established that the predominant source of
fecal-indicator bacteriain Hawai‘i streams
and coastal waters (as opposed to open-
ocean waters) was the multiplication of
these bacteriain Hawaiian soil.

The EVM laboratory provided

alternative recreational -Water-quality Swi.m_m_ers avoided swimmir.:g off the nearby.
Waikiki beaches after learning of the Ala Wai

standards based on concentrations of Canal sewage spill. The EVM laboratory
Clostridium perfri ngens, an anaerobic and analyzed water samples to determine when these
. q sites were cleared of sewage contamination.
spore-forming sewage bacteria that does
not multiply in Hawaiian soil environments. This alternative water-quality standard is
now being used by the state of Hawai‘i to determine when environmental waters are
contaminated with sewage. It is also being used to determine when beaches should be
closed (or opened) for public use because of exposure to sewage contamination. In
particular, C. perfringens tests of beach sands were used to determine when Waikiki
beaches could be reopened following the infamous AlaWai sewage spill of March
2006.

After years of failing to properly address the problem of Hawai‘i recreational-
water-quality standards being based upon locally unreliable indicators of sewage
contamination, EPA now acknowledges that its current recreational -water-quality
standards may not be valid for Hawai‘i as well as for some other parts of the nation.

Coastal Water Quality

Soon after its founding, the Water Resources Research Center (WRRC) had its
first opportunity to help define a major water-quality issue.



Existing state water-quality standards had proven to be inadequate for the effective
protection of coastal recreational ocean users and aquatic communities. The long-
prevailing practice, which had continued into the early 1970s, had been to discharge
untreated sewage and plantation waste directly into the coastal ocean waters off the
Hawaiian Islands. With newly enacted federal |egislation this practice now became
subject to US environmental laws, in particular the National Environmental Policy Act
(1969) and, later, the Clean Water Act (1977).

In 1971 the first WRRC-led university-wide multi-disciplinary team (including
specialistsin environmental planning, estuarine ecology, hydrol ogy/geology, sanitary
engineering, and toxic chemistry) was assembled to help identify the environmental
factors determining coastal water quality in the Hawaiian Islands and the scientific
concepts and parameters needed to measure these factors.2 Broadly defined, the
measurement of coastal water quality comprises the study of the quality of the water
column, the sediment, and the associated biota.

Numerous similar multi-disciplinary investigations have followed that 1971
innovation. As aresult of these efforts the science of aquatic monitoring of coastal
water quality in the Hawaiian Islands has greatly evolved. Coastal conditions that are
immutably natural can now generally be distinguished from those human-created
conditions that are candidates for remediation. Since the early 1980s WRRC has
conducted regular biological monitoring studies of the deep-ocean outfallsin Mamala
Bay (off Kalaeloa [Barbers Point] and Sand Island) and off the Wai‘ anae Coast and
Mokapu Peninsula.

Monitoring Ocean Dischar ges

Beginning in 1983, and annually since 1986, the Water Resources Research Center
(WRRC) has produced more than one-hundred-fifty reports of laboratory and statistical
analyses on sampl es taken from the ocean waters and sea floor in the environs of four
major Honolulu deep-ocean outfall pipes.

Samples have been examined by
researchers including WRRC Research
Associate Regina Kawamoto working
with the late University of Hawai'i (UH)
Zoology Professor EmeritaE. Alison Kay
for micro-mollusks, by consultant
Dr. William J. Cooke for crustaceans,
and by UH Zoology Professor Julie H.
Bailey-Brock for polychaetes. Data
produced by these researchers have been
subjected to intense statistical analysis
by consultants Dr. Walter G. Nelson

Samples collected from the sunken ship Mahi
at station W2, Wai‘anae ocean outfall,
January 1988

(through 1998), Dr. Richard C. Swartz (1999-2006), and Dr. William G. Ambrose
(2007—present).

Fish are caught in the waters surrounding these deep-ocean outfall pipes and
examined for disease or abnormalities by US Geological Survey histopathol ogist
Dr. Thierry M. Work. Deep-water visual examinations of the waters surrounding the
outfall pipeswere produced, initialy, using the Hawai‘i Undersea Research Laboratory
submersible Makali*i and, later, by video cameras mounted on remotely operated
submersible vehicles. Video recordings are analyzed by UH Sea Grant Specialist
Dr. Richard E. Brock and Leeward Community College Professor Anthony R. Russo.
Shallow-water visual observations are made by UH research divers and their observations
are reported to Brock and Russo for inclusion in their analyses.

Study results have repeatedly and consistently shown that the “balanced, indigenous
population” of marine organisms cited by and required for the federal Environmental
Protection Agency 301h waiver of secondary treatment continues in good health despite
the presence of added nutrients from the deep-ocean outfalls.

Wastewater Treatment and
Reuse

A primary recommendation of the
1977 State Water Commission was to
emphasize new and alternative water
sources, including water reclaimed from
wastewater.

The discharge of moderately treated
wastewater into the Wahiawa (O* ahu)
Reservoir and the subsequent use of the
mixed water for irrigation purposes had
been along-standing, convenient, and
low-cost—but environmentally
dubious—method of wastewater reuse. To safely utilize wastewater as atrue aternative
water source in the Hawaiian Islands required scientifically informed answers to
questions and concerns including the effects of such usage on groundwater quality, on
environmental health, and the technical and financial practicality of such plans.

The first Water Resources Research Center (WRRC)-led cooperative field
investigation to address these issues began in the early 1970s. After ten more similar
WRRC investigations spanning some fourteen years, these issues and others—including
crop yield, crop quality, and irrigation technol ogy—were satisfactorily addressed®and
the state formulated policies and regulations governing the treatment and use of reclaimed
water.10

By 2004 water reuse was institutionalized and practiced on all major Hawaiian
Islands. At that time twenty-four million gallons per day, or 16 percent of the

Soil sampling from Del Monte farm for water
retention property measurement, Kunia, O‘ahu



wastewater produced statewide, was being reused. In
the arid regions of Maui and O* ahu where natural
freshwater sources are in short supply, purveyors of
reclaimed water were being paid one dollar per thousand
gallonsfor agricultural- and landscape-irrigation water
and five dollars per thousand gallons of water
adequately purified for industrial use.'* Reclaimed
water in Hawai‘i had become a pricey but still-sought-
after commodity.

Sincethelate 1990s Professor Roger W. Babcock,
who joined WRRC and the UH College of Engineering
in 1995, has studied membrane bioreactor (MBR)

technologies for treating wastewater. One of the major
obstacles to the use of MBRs s biofouling of the
membranes. Beginning in 2007 Babcock has been
studying “ genetic fingerprinting” as a method of
identifying and controlling the sources of such fouling.’2

Denaturing Gradient Gel
Elecrophoresis used for molecular
fingerprinting

MBRs and ultraviolet (UV) technology hold great promise for wastewater treatment
and reuse. In Hawai‘i the use of UV radiation for wastewater disinfection has been
refined by WRRC Researcher Dr. Victor D. Moreland. UV technology based upon his
research is currently in use at multiple wastewater treatment plants on O* ahu. Moreland
has also published the results of his studies on the operation of local wastewater
treatment plants and his proposals for improving the efficacy and efficiency of these
plants.’3

How PureisOur Drinking Water?

Basal groundwater, our premiere drinking-water
source, remains pristine when sequestered below the
forested mountains forming the principal area of our
island groundwater recharge.

Contamination of our naturally pure groundwater
can occur, however, from chemicals used for human
activities on the overlying land. Fumigation of
pineapple-field soils with chemical pesticides was the
principal cause of the unprecedented drinking-water-
quality crisisin Mililani and vicinity (O'ahu) in the
early 1980s. Trace amounts (several tens of nanograms

Activated-carbon filtration to
remove trace contaminants from
Mililani wells, O‘ahu

per liter—or “parts per trillion”) of refractory volatile
organic chemicals (VOCs) were discovered in many
drinking-water wellsin the Pearl Harbor Aquifer sector
of central O'ahu.

The Water Resources Research Center (WRRC), at the request of the state, quickly
assembled ateam of thirteen University of Hawai‘i (UH) faculty members to conduct
an intensive multi-disciplinary investigation into the well-water contamination. This
work provided guidelines for new, more restrictive, public policies on the use of
chemicals as herbicides and pesticides as well asidentified mitigation measures needed
to address the existing contamination.4

The research generated by thisinvestigation led to the understanding that, while
thick layers of tropical soils and hundreds of feet of volcanic rocks are excellent water
filters, they are not able to block or remove all water contaminants.

The activated-carbon filtration process developed to filter these VOC contaminants
from the pumped groundwater gave rise to further study of thefiltration system itself.
Babcock conducted a series of research projects that developed a new technology for
regenerating the activated carbon used in the filtration process.

Water shed Restoration and Protection

Restoration and protection of
watersheds is an important, but difficult,
environmental goal.

Since joining the Water Resources
Research Center (WRRC) in 1989
Geology Professor Aly |. El-Kadi has
devel oped numerical groundwater models
oriented toward water quality and
remediation of contaminated soils and
water sources.’® Working with various
research associates and graduate students,
he developed methods of estimating
aquifer parametersto facilitate calibration
and application of groundwater models.
The “ Source Water Assessment Program,” led by El-Kadi, forms an important part of
the proposed Hawai‘i State Water Protection Plan.

From 2001 through 2004 El-Kadi organized and led a multidisciplinary WRRC
team to study the Nawiliwili (Kaua'i) Watershed, developing baseline data to help
establish US Environmental Protection Agency (EPA) goals for the area. The team
collated existing environmental data, assessed the then-current levels of contamination,
and developed arestoration and protection plan.

Nawiliwili Water shed

Nawiliwili Watershed, Kaua'i



The team’s plan includes the identification of contaminant sources, estimation of
needed contaminant-load reductions, description of management measures needed to
achieve these load reductions, and an estimate of the technological and financial
resources required to achieve these goals.

such argument led to aHawai‘i State Supreme Court decision (McBryde v. Robinson)
in 1973'° upending all prior concepts of private interests in water rights. The court
decided that, rather than any private entity, the state of Hawai‘i was the sole owner of
al Hawai'i water rights. This decision forever atered

Meetings held during the study encouraged public
participation and allowed for the sharing of information
on study processes and findings. A schedule for
implementing nonpoint-source pollution-management
measuresin the study area and a description of identifiable
milestones was established. Monitoring and evaluation
plans for measuring success in contaminant-load reduction
were also specified.

The transport of waterborne contaminants through
soils, methods of containing these contaminants, and their
ultimate fate has been aresearch priority for Engineering
Professor Chittaranjan Ray since his joining the WRRC
in 1998.

prior understandings regarding water usage and defined
the shape of the future of control of Hawai‘i’s water
resources.

Responding to public concern, in 1977 George R.
Ariyoshi created the State Water Commission. The
commission was charged with making a statewide
assessment of Hawai‘i’s water resources and
recommending actions for state administrative and
legislative implementation.?® Professors L. Stephen Lau
and Doak C. Cox, then respectively directors of the
University of Hawai‘i (UH) Water Resources Research
Center and the UH Environmental Center, were among
the original twelve members of the commission.

Ray has studied “riverbank filtration” as one method
of separating contaminants from source water.
Technologically relatively simple, this method for improving water quality holds great
potential benefit for developing regions of the world.*6 Ray has also examined the
mobility of various trace refractory chemicals through soilsin Hawai‘i and elsewhere.t’

Hawaiian Knowledge

Economics and I nstitutions

As population and income growth lead to increasing demand for water, a water
supply system must either seek new sources or stretch existing sources by increasing
the efficiency of water consumption. Their ability to do the latter depends greatly on
the legal background for water rights as well as on the willingness or ability of
government officials to create economic incentives for conservation.

Hawai‘i State Water Commission

In the decades after the 1848 Mahele, Hawai‘i developed an effective, private-
market-based, system for allocating and re-allocating water-usage rights. Roughly
concurrently, and continuing on through the mid-1900s, a great deal of empirical
hydrological knowledge was developed by city and county water agencies and by the
commercia sector as required by the demand from growing populations and the sugar
plantations.

The myriad interconnections between groundwater and surface water and between
the water rights of different users, however, remained contentious and unresolved. One

Hawaiian 10i on the grounds of Hawai‘inuiakea School of

Among the commission’s seven primary
recommendations was one to formulate a state water code.
The state legislature eventually accomplished this goal by passing the “ State L egislature
of Hawai‘i, Act 45 1987; Hawai‘i Revised Statutes, Ch. 174C.” This 1987 act became
the fundamental water law for the state, although many controversies about water use
remain and the state courts continue to take an active role in determining water-use
rights.

Economics of Water Resources

From its beginning the Water Resources Research Center (WRRC) engaged the
participation of economists. In 1972 Agricultural Economics Professor Hiroshi Yamauchi
became associated with the WRRC as ajoint appointee. Professor Jack R. Davidson,
chair of Agricultural Economics Department in the late 1960s, co-authored several
WRRC technical reports. In 1969 the WRRC and the Economics Department jointly
hired Professor James E.T. Moncur (WRRC director from 1999 to present).

Early research covered such issues as the productivity of additional water to sugar
planters, the economic characteristics of sugar plantations, and the economic value of
O‘ahu beach recreation areas.

Judicia and legidlative activity in the 1970s and 1980s stimulated the economic
analysis of ingtitutional and legal aspects of water use. The State Supreme Court decision
in McBryde v. Robinson (1973) radically altered conditions under which Hawai'i water
could be developed and used.



The subsequent water code of 1987 (Hawai‘i Revised Statutes, Ch. 174C) codified,
in effect, arefusal to consider market or market-like forces as legitimate mechanisms
regulating the allocation and use of water. Thiswas true despite analyses by individuals
such as Montana State University Professor T.L. Anderson?! indicating the efficacy of
Hawai‘i’'s earlier market-based procedures.

WRRC projects starting in the early 1980s studied, as a supplement to the
conventional supply-augmentation approach of engineers, economic methods of
balancing water supply and demand. Survey data collected in 1984 affirmed that O* ahu
residential consumerswould respond to price signals for water just as economic theory
predicts they would for any other goods or services—the higher the price, the lower
the demand, all other things equal.?? Price thus can serve as a strong and continuing
inducement to conserve water.

A series of publicationsin the late 1980s%% 24 25 by WRRC researchers concluded
that existing water rates on O* ahu were considerably lower than the full economic cost
of water. Conventional rate-setting procedures undercut the potential of realistic cost-
based pricing to induce water users to conserve.

The unrealistically low water rates resulted from failure to recognize the effects
of inflation, undervaluing capital tied up in the water utility, and, most importantly,
from failure to recognize the increasing value of the diminishing water supply left in
subsurface storage for future use. An initial model suggested that the “scarcity value”
of water in situ was double or triple the then-current water rate.

More recently Economics Professor James A. Roumasset, working with a series
of Ph.D. candidates, has applied optimal control mathematics to estimate efficient and
sustainable long-term time paths of aquifer exploitation.?® 27 These economic models
incorporate a simple hydrology model and account for the price elasticity of water
demand. They conclude that the price of water should rise over time to bring about
efficient, sustainable levels and rates of growth of water usage.

Roumasset’s research has also addressed cost differentials between locations,
linkages between O' ahu’s aquifers, and the relationship between water use and the
preservation of native aquatic floraand fauna.?® Further, these investigations have
proposed water-rate structures capable of encouraging water conservation without
generating “sticker shock” and therefore political backlash, over the pricing.?®

While the existing economic studies provide invaluable guidance for successfully
resolving our future water-scarcity problems, much more remains to be learned.
Heightened political recognition of the seriousness of water concerns and improved
public education must be major components of any possible solutions.

Wor kforce Development

The National Environmental Policy Act, the Clean
Water Act, and much other federal and state legislation
and regulation created a new industry with an attendant
demand for well-trained employeesin both the public
and private sectors. Throughout all areas of WRRC's
research effortsamajor goa has been to train upcoming
generations of workers who can fulfill this demand with
technical competence, creativity, and dedication.
Although WRRC does not offer courses or degrees, the
center contributesto instructional goals of the university
in at least two ways:

First, most WRRC faculty hold joint appointments
in instructional departments where they teach water- and environment-related courses,
often combining classroom instruction with research. Inspired and capable students can
tailor their academic program to emphasize “water” while earning bachelors, masters,
and doctoral degreesin their own disciplines. This trend began in the 1960s when the
master’s of science degree was instituted in the civil engineering department. Today
at least thirteen departments at UH Manoa offer “water” courses under ecology,
economics, engineering, geography, hydrology, microbiology, and other disciplines.
Graduates enter the private sector or public service, including education and research
institutions, in the United States as well as the many
other countries.

A second contribution to workforce devel opment
comes through hiring students to work on WRRC
research projects. External grants and contracts have
funded many graduate students and some
undergraduate students as well. For many of these
students the most valuable part of their education
has been the opportunity to work one-on-one with
eminent faculty researchers—often extending the
frontiers of knowledge in the process. They learn,
by doing, the latest methods of assembling laboratory or field-scale research apparatus,
constructing and solving economic models, estimating aquifer capacities, identifying
bacteria, taking water samples, and writing computer routines.

Some WRRC “aumni” have become leadersin Hawai'i and elsewhere. Many
students have moved from being WRRC research assistants to eminent careersin
academia, government, and private enterprise (see
http://mww.wrrc.hawali.edu/alumni.htm. We invite readers to send corrections or
additionsto thislist. Email to Philip Moravcik at morav@hawaii.edu). 10




| nformation and Outreach

Getting the Word Out

From its beginning the Water Resources Research Center (WRRC) has conducted
meetings and seminars (see http://www.wrrc.hawaii.edu/) and produced several series
of publications for the purpose of broadly
disseminating its research resultsto different
audiences in atimely and effective manner.

Publications including books, bulletins,
collected reprints, conference proceedings,
contributions to journals, project reports,
specia publications, and technical reports
have all helped serve to address this goal.

Initially Dr. Leroy F. Heitz (1989-1990)
and later Philip S. Moravcik (1991—present)
were hired to facilitate technology transfer—
arranging and coordinating statewide, national,
and international conferences and workshops
and the semi-monthly WRRC seminar series
aswell as producing several WRRC
newsletters each year. Moravcik also
maintains the center’s extensive website
including reference information for most past
WRRC publications and direct accessto some
notable WRRC publications.

WRRC publications staff have long
supported the research efforts of the scientific
staff. Editors Rose Pfund (1965-1970), Faith
Fujimura (1979-1990), Karen Tanoue
(1991-2007), and Henry Bennett
(2008—present) all assisted in the production
of high-quality publications. Graphic
designers April Kam (1982—present) and Pat Hirakawa (1991—present) have refined
the document layout and graphics presentation for countless WRRC publications as
well as addressed the crestion of electronic mediaand free-standing graphic presentetions.

The WRRC has cooperated with other ingtitutionsin Hawai‘i and elsewherein the
Pacific to produce books documenting awide range of water-related issues and histories
for variousisland communities. Enduring examples include

» Groundwater in Hawaii: A Century of Progress (1980, edited by Faith Fujimura

and Williamson Chang)*°

« Water and Survival in an Island Environment: Challenge of Okinawa (1988,
Nobuya Miwa, Hiroshi Yamauchi, and Dai Morita)3!

» Groundwater Models for Resources Analysis and Management (1995, edited by
Aly I. El-Kadi)®? and, most recently,

« Hydrology of the Hawaiian Islands (2006, L.S. Lau and John F. Mink).33

Beyond Hawai'i

The Hawaiian Archipelago, theisland
chain furthest from any continent, shares many
issuesin hydrology and water resources with
other humid tropical regions—especially with
other oceanic islands in these regions. The
University of Hawai‘i Water Resources
Research Center (UH WRRC) provides the
Hawaiian Islands with connections to
numerous water-related organizations
throughout the nation and the world.

Within the US, the WRRC isthe Hawai‘i
representative in a national network (the
National Institutes for Water Research, [see
http://www.nwri-usa.org]) of water-resources
research centers—one in each state; in three
territories; and in Washington, DC. The
Universities Council on Water Resources,
created in 1964, is a national association of
US universities (including the UH) offering
formal education in water resources. The UH
WRRC has twice had the privilege of hosting
the annual conference of this organization.

Through such groups as the International
Hydrological Program,® aworldwide network
for water-resources studies, the WRRC
coordinates with the international efforts of the United Nations Educational, Scientific,
and Cultural Organization. WRRC conferences have forged links with the Pacific
Islands Applied Geoscience Commission and the Pacific Water Association as well as
with similar organizationsin South Korea, Taiwan, and elsewhere.
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WRRC Personnel

Directors

Doak C. Cox (1965-1970) = L. Stephen Lau (1970-1990) =

FACULTY RESEARCHERS

Name Discipline/Dept. Yearswith WRRC
Babcock, Roger W., Jr. CEE/WRRC 1995—resent
Burbank, Nathan C. PubHealth 1965-1977
Chang, Jen-Hu Geography/WRRC 19661985
Cheng, Edmond CE 1969-1972
Chun, Michael PubHealth/WRRC 1970-1982
Cox, Doak C. G&G/WRRC 1964-1970
Cusick, John H. EC 2003—present
Dallar, Steven J. Research Assoc 2004—2006
Duarte, Thomas 11 Botany/WRRC 2002—-2007
Dugan, Gordon L. CE 1971-1995
Ekern, Paul C. Soil Sci/WRRC 1964-1990
El-Kadi, Aly I. G& G/WRRC 1989—present
Fok, Yu-Si CEE/WRRC 19692002
Fujioka, Roger S. PubHealth/WRRC 1972—present
Giambelluca, ThomasW.  Research Assoc 1983-1984
Green, Richard E. Soil Science 1962-1996
Harrison, John T. EC 1987-2007
Heitz, Leroy F. WRRC 1989-1990
Hufen, Theodore Research Assoc 1978-1980
Kumagai, James Research Assoc 1966-1967
Lao, Chester Research Assoc 1967-1969
Lau, L. Stephen CE/WRRC 19641992
Liu, Clark C.K. CEE/WRRC 2000—present
Loague, Keith G& G/WRRC 1989-1996
Miller, F. DeWolfe PubHealth/ WRRC 19911992
Miller, Jacquelin EC 1986-2004
Mink, John F. Research Assoc 1967-2005
Moncur, James E.T. Econ/'WRRC 1969—present
Moravcik, Philip S. WRRC 1991—present
Moreland, Victor WRRC 1998—present
Orr, Shlomo CEE/WRRC 1995-1997
Park, Jae Woo CEE/WRRC 1997-2000
Peterson, Frank L. G&G/WRRC 1967-1998
Ray, Chittaranjan CEE/WRRC 1998—present
Schroeder, ThomsA. Meterology 1976—present
Silvius, Kirsten M. EC 2004—present
Wau, |-Pai AgEng 1966-1969
Yamauchi, Hiroshi AgEcon/WRRC 1972-1998
Yoneyama, Bunnie Research Assoc 1977—present
Young, Reginald H.F. CE/WRRC 1968-1982

Roger S. Fujioka (1990-1999) =

James E.T. Moncur (1999—present)

STAFF
" Yearswith
Name Position WRRC
Asahina, Audrey Research Assoc 1995—present
Awana, Liane Secretary 20002001
Bennett, Henry Editor 2008—present
Fu, Sharon Secretary 1965-1970
Fujimura, Faith N. Editor 1978-1990
Gee, Henry K. Research Assoc 1971-2000
Guieb, BarbaraA. Secretary 2002—present
Hirakawa, Patricia Graphic Designer 1991—present
Kam, April W.L. Graphic Designer 1982—present
Kato, Charlotte S. Secretary 1970—present
Kawamoto, Regina Research Assoc 1975—present
Kohara, Tina Secretary 1997-2001
Lichwa, Joseph J. Chemist 1998—present
Matsueda, Patricia Editor 1990-1992
Matsumoto, Janis Secretary 1974-2000
Murabayashi, Edwin T. Research Assoc 1973-1993
Nakasato, Jean Secretary 1972-1995
Pfund, Rose Editor 1965-1970
Takei, Gerald Chemist 1990-1997
Tanoue, Karen Y. Editor 1993-2007
Yokouchi, Susan Secretary 2001—present
Yoshida, Gayle Editor 1991-1992
COOPERATING RESEARCHERS
il Yearswith
Name Discipline/Dept. WRRC
Ambrose, William G., Jr. Consultant 2007—present
Bailey-Brock, Julie H. Zoology 1984—present
Brock, JamesA. USGS 1995-2003
Brock, Richard E. UH Sea Grant 1983—present
Cooke, William J. Consultant 1986—present
Hunter, CynthialL. Biology 2008—present
Kay, E. Alison Zoology 1983-2008
Nelson, Walter G. Consultant 1986-1999
Pasko, Dean Consultant 20062007
Russo, Anthony R. UH/Leeward 1983—present
Swartz, Richard R. Consultant 19992007
Work, Thierry M. USGS 2003—present
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