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On the heavily developed island of
Oahu, Hawaii, groundwater aquifers supply
all of the high quality drinking water to
roughly 950,000 residents and 4.3 million
visitors annually. However, agricultural,
military, and urban development over the
last century have impacted the highly-
utilized Pearl Harbor and Honolulu aquifers
resulting in the detection of agricultural
fumigants and herbicides, urban
insecticides, chlorinated solvents, and
elevated concentrations of nutrients. In
addition, the salt water – freshwater
transition zone in these aquifers has moved
upward and landward over the last century
and threatens to degrade the quality of
freshwater extracted from existing public
water supply wells. The U.S. Environmental
Protection Agency’s (USEPA’s) source water
assessment program (SWAP) requires each
state to assess public water systems’
susceptibility to contamination. Each state
assessment program is required to: (1)
delineate the boundaries of areas providing
source waters for public water systems, and
(2) identify the origins of regulated and
unregulated contaminants in the delineated
area to determine the susceptibility of
public drinking water
systems to such
contaminants.
Determining where
groundwater is
susceptible to
contamination provides
critical information for
water resource
managers who need to
decide where to
allocate scarce
resources for site
selection, investigation,
cleanup, monitoring, or
implementation of
alternative
management practices.

continued on page2
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Source Water Assessment Program in Hawaii:
Audit of the Susceptibility Analysis for Groundwater
Sources

In 1999, the State of Hawaii’s Department
of Health (DOH) adopted a vulnerability model
that combines groundwater modeling with a
subjective index method for estimating drinking
water source susceptibility of groundwater
sources. The DOH approach consists of three
main elements aimed at (1) delineating capture
zones areas around drinking water wells based
on modeled time-of-travel (2- and 10-year)
through which contaminants may travel to a
well, (2) documenting potential contaminating
activities (PCAs) and their contaminants within
each capture zone including point and non-
point sources, and (3) determining the
susceptibility of the water source to
contamination from identified PCAs within each
capture zone through use of a subjective
scoring system (i.e., PCA risk score). In 2006,
researchers from the Water Resources
Research Center (WRRC) implemented the
DOH approach to produce the most
comprehensive assessment of vulnerability to
date for public drinking water sources in
Hawaii. In 2012, researchers from WRRC
completed an audit of the 2006 implementation
of the DOH approach. The main objectives of
the review were to (1) evaluate the DOH
approach for groundwater sources (SWAP risk

model), and (2) develop
and test an alternative
risk assessment method.
The audit used recent
well contaminant
chemistry for 11 target
contaminants from the
Honolulu, Pearl Harbor,
and Lahaina aquifer
sectors to determine
whether the SWAP risk
model accurately
predicts groundwater
contamination at a
drinking water source
(Table 1, Fig. 1).
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Table 1: List of Target Contaminants

Contaminant
Nutrients

Nitrate as Nitrogen (Nitrate)
Chlorinated Solvents

1,1-Dichloroethene (DCE)
Tetrachloroethene (PCE)
1,1,2-Trichloroethane (TCA)
Trichloroethene (TCE)

Fumigants
1,2-Dibromo-3-chloropropane (DBCP)
1,2-Dichloropropane (DCP)
Ethylene dibromide (EDB)
1,2,3-Trichloropropane (TCP)

Pesticides
Atrazine
Dieldrin
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Source Water Assessment Program in Hawaii        continued from page 1

Figure 1: Location and land cover map of Pearl Harbor-
Honolulu Aquifer and Lahaina Aquifer Sectors.

continued on page 5

First, an updated numerical groundwater model of the Pearl
Harbor-Honolulu aquifer was used to update the 2-year and 10-
year capture zones for individual wells/well fields (Fig. 2). The
groundwater modeling was done to better distinguish 2-yr and
10-yr capture zone delineations (CZDs) in areas where wells/
well fields were located in close proximity. A CZD defines the
contributing area to a drinking water source and is used as the
boundary for identifying PCAs associated with a drinking
water source. The revised groundwater modeling
increased the number of CZDs in the Pearl Harbor-
Honolulu aquifer from 51 to 60. In addition, the average
area of each 2-yr and 10-yr CZD was substantially
reduced from 3.2 to 1.7 km2 for 2-yr CZDs and from 7.6
to 5.1 km2 for 10-yr CZDs. Recomputed PCA scores for
selected wells/well fields using the updated set of CZDs
showed substantial reductions, which was largely
attributed to smaller CZD areas. However, the PCA
scores for wells/well fields located in highly-urbanized
areas were sensitive to even small changes in CZD area.
Thus, defining a CZD for a drinking water source in an
area with a high-density of PCAs is a pivotal component
of the SWAP risk model.

Detections of 11 target contaminants in the Pearl
Harbor, Honolulu, and Lahaina aquifers including
elevated nitrate, four chlorinated solvents, four
agricultural fumigants, and two pesticides over the last
12 years indicate different patterns of drinking water
source contamination. For example, elevated nitrate
concentrations (> 1 mg/L) are mainly confined to areas
where current and former agricultural land use is concentrated.
Most detections of elevated nitrate are located in areas of
active and former pineapple and sugarcane cultivation, which
implies an association with agricultural land use. However,
other potential sources include on-site sewage disposal systems
(OSDS). Detections of chlorinated solvents in the Pearl Harbor-
Honolulu aquifer have been associated with military land use,
while fumigant detections have been associated with pineapple
cultivation in both aquifer sectors. Atrazine, an herbicide, was

detected in former sugar cane lands in the Pearl Harbor-
Honolulu aquifer, while dieldrin, a termiticide, was detected at
locations across the central-southern margin including the
densely urbanized area of Honolulu. Atrazine was one of the
most heavily used herbicides applied by sugarcane growers in
Hawaii. Dieldrin has been associated with termite control in
commercial, industrial and residential areas of Oahu and is
identified by DOH as a potential contaminant associated with
wood treatment. Dieldrin is also a breakdown product of the
termiticide aldrin, and has been detected in fish tissue and in
bed sediment from Oahu streams. With the exception of
dieldrin and elevated nitrate, little contamination was
detected in areas of highest urban density. Similar results
were previously noted by the U.S. Geological Survey who
concluded that the lack of contamination in urban areas was
most likely a consequence of sound land use planning,
favorable aquifer structure, and less intensive application of
chemicals (or of less mobile chemicals) compared to
agricultural areas. While large tracts of land in the Pearl
Harbor-Honolulu aquifer have been converted from
agricultural to urban and residential use since the 1950s,
groundwater quality in these areas more closely reflects
former sugarcane and pineapple cultivation.

Next, the performance of the existing SWAP risk model in
the Pearl Harbor, Honolulu, and Lahaina aquifers was
examined using the original set of CZDs and chemical
monitoring data for the 11 target contaminants. In the Pearl
Harbor-Honolulu aquifer sector, the high detection

frequencies of target contaminants combined with low PCA
scores indicate that the SWAP risk model does not adequately
identify CZDs with the highest actual groundwater
vulnerability (i.e., actual detections of target contaminants)
(Fig. 3a). Instead, the highest risk was assigned to a group of
CZDs with the lowest vulnerability to contamination. For
example, nitrate concentrations in the group of CZDs

Figure 2: 2-year (red) and 10-year (blue) capture zone delineations
(CZDs) in the Pearl Harbor-Honolulu and location of public water
supply wells. CZDs are shown only for those public water supply wells
where permission was granted by the water purveyor (N = 49 CZDs).
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Evaluation of rapid QPCR method for enterococci with correla-
tive assessment for molecular markers for sewage contamina-
tion in selected environmental water samples from Hawaii.

Investigator: Marek Kirs – WRRC Microbiologist
This project involves assessment of the rapid qPCR

(quantitative polymerase chain reaction) test for enterococci
(USEPA) in Hawaii with the goal of helping to prepare the State
Health Department (DOH) and the City and County of Honolulu
(CCH) for upcoming changes to the federal water quality
criteria. WRRC is working with DOH and CCH to provide
requested training and relevant information to their public
outreach programs. Results of the study will enable DOH to
identify if the USEPA’s novel rapid test for enterococci is suitable
for use in Hawaii and if the test should be incorporated into the
State’s water quality regulations. The test’s performance will be
evaluated compared to standard cultivation procedures by
analyzing a wide array of water samples (sewage, streams,
storm drains, and beach water). Microbial source tracking tests
for PCR markers (Bacteroidales and human pathogens) will be
used to identify the source of indicator bacteria. At the same
time concentrations of the fecal bacterium Clostridium
perfringens will be measured enabling us to identify which tests
correlate to the presence of human sewage. This is the first
time that qPCR marker-based microbial source tracking tools
will be used to identify the source of enterococci in Hawaiian
waters.

Promoting Water Sustainability Literacy

Investigators: John Cusick and David Penn, Specialists, WRRC/
Environmental Center

The purpose of this project is to articulate and disseminate
both the challenges to and importance of sustainability of
freshwater supplies at a Water Forum to be held in the
University of Hawaii at Manoa (UHM) Sustainability Courtyard
(SC). The primary goal is the promotion of water resource
management literacy. This interdisciplinary project involves
collaboration among UHM faculty and students, as well as
Federal and State agencies involved in water management.
Students have been involved in the planning of the event, as
well as be involved in data collection and the preparation of
conference posters and exhibit materials in collaboration with
Water Resources Research Center faculty and affiliates. The SC,
as a center of campus engagement, provides an educational
tool to facilitate understanding of key issues associated with
water management in the State of Hawai‘i.

Water Resources Research Institute Program 2012 Hawaii Projects
The following projects are those sponsored by WRRC under its annual 104b grant from the U.S. Geological Survey for 2012

Fate and transport of pharmaceutically active compounds in
simulated bank filtration systems

Investigators: Chittaranjan Ray, Professor CEE, Director WRRC
and Matteo D’Alessio, Doctoral Candidate, CEE

Riverbank filtration (RBF) represents a natural filtration
technique that has been used for providing drinking water for
more than a century in Europe and half a century in the
United States. RBF uses riverbeds and underlying aquifer as
natural filters to remove
pollutants present in surface
water. Straining, colloidal
filtration, sorption and
microbial degradation
contribute to the removal and
attenuation of these
contaminants. In this study,
we are using two side-by-side
slab columns and computer
simulations to model the fate
and transport of different
pharmaceutically active
chemicals under different
environmental conditions
occurring at RBF sites.

Creating an inventory of coastal ecosystem services and their
management in Hawaii

Investigator: Steven Gray – Researcher & Professor, WRRC/
UH CTAHR

This research seeks to create a near-exhaustive inventory
of the ecosystem services provided by Hawaii’s coasts and
watersheds and clearly identify the policies which manage (or
in some cases may not manage) these services. Based on
mail-out surveys to experts, a systematic review of watershed
and coastal environmental policies, and interviews with
coastal and watershed managers, this research is expected to
highlight gaps and duplication in the current management
activities of coastal ecosystem services across marine
management institutions (e.g. municipal, state, federal) and
marine sectors (e.g. fishing, aquaculture, tourism, etc.). The
Hawaiian Islands offer an ideal test bed for developing this
information and begin to coordinate management efforts
since: (1) Hawaii has a diverse set of agencies and
organizations in charge of managing and conserving a range
of water-based ecosystem services; (2) different organizations
have a range of focal areas given mandates that govern their
activities; (3) there are large water resource issues that are
divisive among stakeholder groups and the public; and, (4)
there is little to no shared information about “who is
managing what” in these complex watershed and coastal
systems. Further, the data derived from explicitly applying an
ecosystem service framework to understand how water and
coastal resources are currently managed in Hawaii will be
shared across management institutions to help coordinate
coastal and water management activities in Hawai’i.This newsletter is financed in part by the U.S. Department of the Interior,

Geological Survey, through the Hawaii Water Center. The contents of this
publication do not necessarily reflect the views and policies of the U.S.
Department of the Interior, nor does mention of trade names or commercial
products constitute their endorsement by the U.S. Government.

2540 Dole St. Honolulu, HI 96822
(808) 956-7847 voice: (808) 956-5044 fax

http://www.wrrc.hawaii.edu/
Interim Director: Chittaranjan Ray

Water Resources Research Center
Holmes Hall 283, University of Hawaii at Manoa

continued on page 4
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Satisfying growing water demand through integrated groundwa-
ter and watershed management

Investigator: Kimberly Burnett – Researcher, UH Economic
Research Organization

This research extends the traditional groundwater
economics management model to include climate change and
watershed conservation planning, and in so doing, improve
assessments of the current and future states of groundwater
scarcity on O‘ahu, Hawai‘i. Specifically, the framework explores
the sensitivity of economically optimal water management to
declining groundwater recharge, as well as recommending
demand and supply-side management strategies to delay the
substitution of groundwater extraction with costly alternatives
such as desalination. While the assessment using data from
Hawai‘i is valuable to local resource management agencies, the
transferable methodology is also a useful tool for resource
managers in other locales.

Molecular, Fluorometric and Confocal Microscopy Analysis of
Microbial Community Composition and Structure

Investigators: Celia Smith, Professor, Botany Dept. UH Manoa
and David Spafford, Doctoral Candidate, Botany Dept. UH
Manoa

While regular assessment of the effect of the effluent from
the Sand Island sewage outfall on the benthic invertebrate
population has been performed there has not been an
assessment of the possible shift in the marine microbial
community structure. In the last published assessment of the
microbial activity at the outfall (Novitsky and Karl 1985), the
investigators concluded “Although the activity of the microbial
populations does not seem to have been affected drastically by
the input of sewage effluent, we have no indication of its effect
on the microbial community structure. The fate of the large
microbial community of the effluent itself is unknown.” This is a
serious shortcoming, as a shift in the microbial community
structure can be pathological and can have serious ecological
implications. The objective of this research is to assess the
microbial community by analyzing the biological films that form
on arrays of glass slides submerged at one oligotrophic and one
eutrophic site on Oahu for colonization and settlement of water
column microbes and propagules. DNA analysis, pulse
amplitude modulated fluorometry(PAM), and confocal
microscopy are being used to investigate whether the structure
of the microbial communities which formed on the glass slides
over the course of one month differs between the two sites.

Acquire Sedimentation Data to Promote Reservoir Sustainability
and Advance Watershed Science

Investigator: David Penn, Specialist, WRRC/Environmental
Center

Hawaii’s reservoirs face growing scrutiny due to heightened
dam safety and flood control concerns, increasing water
demands, and uncertain water pollution effects. Although the
National Inventory of Dams (NID) includes records for about
138 Hawaii structures, information about associated
sedimentation is not included in the National Reservoir
Sedimentation Database (RESSED). The Sedimentation
Subcommittee of the USGS Advisory Committee on Water

Water Resources Research Institute Program 2012 Hawaii Projects
continued from page 3

Information considers quantification of reservoir capacity loss
rates as a high priority for maintaining reliable water supplies,
and notes that reservoir capacity information is fundamental
with respect to irrigation, flood control, power generation,
recreation, environmental flows, and downstream channel
morphology. Under this project preliminary data is being
collected for submission of a larger proposal to acquire
information about Hawaii reservoir sedimentation and upload
data to RESSED.

Usage of UV disinfection coupled with rain water catchment and
stream water in rural areas

Investigators: Bunnie Yoneyama, Specialist, UH Civil and
Environmental Engineering and Joseph Lichwa, Chemist, WRRC

In many developing nations, available water is unfit for
human consumption because of bacterial contamination. Lack
of good quality water can also be a problem in remote areas of
developed countries. An economical ultraviolet(UV) disinfection
system that uses solar power may provide a means of
disinfecting the available water and making it suitable for
drinking. At sufficient dosage, UV irradiation is an effective
bactericide and virucide that does not contribute to the
formation of toxic by-products. UV units can be used as point of
use devices for single households or as a final treatment
following slow sand filtration, large enough to serve a small
community.

Bioaccumulation and biotransformation of arsenic by marine
algae in Hawaii

Investigator: Philip Moravcik, Specialist, WRRC
Marine algae are known to bioaccumulate and transform

arsenic. Arsenic was used in earlier decades as a pesticide on
agricultural fields in Hawaii. Macroalgae collected recently at
some sites around Oahu have been found to contain elevated
concentrations of arsenic. Runoff from contaminated former
agricultural fields is the suspected source. Furthermore several
species of macroalgae are commonly gathered and consumed
as human food raising concerns about human health
implications. We are collecting samples of several algae species
from beaches around the island of Oahu for analysis of the
amount and species of arsenic compounds they contain.
Speciation of the arsenic is important because arsenic is more
or less toxic depending on its form. We will evaluate the
findings of these analyses in respect to the geographic
distribution of the samples and historical agricultural activities in
the areas surrounding the collection sites.
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identified as having the highest risk (i.e., highest PCA
scores) were lower than nitrate concentrations in groups of
CZDs with lower risk (i.e., lower PCA scores) (Fig. 3b).
Similar performance issues were also noted for the PCA risk
scores assigned to the Lahaina aquifer sector. Collectively,
these results suggest that the SWAP risk model is not a
good predictor of groundwater contamination.

Finally, an alternative risk assessment approach was
developed and tested using logistic regression (LR) analysis
and the updated CZDs for the Pearl Harbor-Honolulu aquifer
(Fig. 4). A set of multiple variable logistic regression models
were developed for 11 target contaminant using a set of
explanatory variables based on hydrogeology, land use, and
well geometry and location. The results indicate that
multiple variable LR models developed for a specific
contaminant or group of related contaminants are effective
at identifying the CZDs with the highest and lowest
vulnerabilities to contamination. Current and former
agricultural land use was identified as a significant
explanatory variable and showed a positive correlation for
all of the target contaminants except dieldrin, DCP, and
EDB. Dieldrin was the only target contaminant to show a
significant correlation with urbanization.

The combination of a process- and statistical-based
approach (e.g., CZDs and LR analysis) requires the
availability of hydrologic and chemical monitoring data for
model calibration. In areas with insufficient hydrologic or
chemical data, simplified analytical solutions for CZD zone
analysis and subjective index methods for assessing risk
may still be needed. Despite these limitations, applying a
combined approach to a well-studied area with sufficient
data to produce reliable results (i.e., reference site) could
yield valuable information on the factors that control
drinking water source vulnerability across a larger region
with similar hydrogeology, land use, and supply well
geometry. The LR modeling results from a reference site,
such as the Pearl Harbor-Honolulu aquifer, could be used to
guide field investigations in areas with little data but similar
hydrogeology and land use.

For example, the LR model for elevated nitrate (> 1 mg/
L) accurately identified the CZDs with highest and lowest
groundwater vulnerability, and correctly separated groups
of CZDs with significantly higher and lower nitrate
concentrations (Fig. 5). The model also showed the
relationship between elevated nitrate detections and other
target contaminant detections was positive and statistically
significant for TCE, DBCP, DCP, EDB, TCP, and the all-
solvent, all-fumigant, and all-contaminant LR models. The
results of this study suggest that an LR model based on
elevated nitrate concentrations may be useful for assessing
groundwater vulnerability when analytical data for other
contaminants are lacking. Thus, detections of elevated
nitrate could be used as an indicator of more extensive
contamination in other parts of Oahu and the Hawaiian
Islands. While nitrate concentrations may be a good
indicator parameter, the results of this study show that it is
generally invalid to use only one risk model to address all
forms of contamination.

Source Water Assessment Program in Hawaii     continued from page 2

Figure 3A

Figure 3B

Figure 3:  Comparison of 2-yr CZD PCA scores with observed
detections of target contaminants in Pearl Harbor-Honolulu
aquifer sector.  (a) Threshold detection frequency for nitrate
(>1 mg/L), solvents, fumigants, and pesticides by risk class, (b)
Correlation between CZD mean nitrate concentrations and risk
class.  The 51 CZDs were ranked in ascending order according
to PCA scores and then divided into four risk classes.  Available
analytical data were compiled for each risk class from a total of
47 CZDs.

The significant improvements in predictive capability using a
statistical modeling approach confirm that changes can be made to
the existing SWAP risk model to make it more reflective of observed
target contaminant detections. A revised SWAP risk model adopting
an objective approach that is more representative of actual
groundwater vulnerability would move the overall risk assessment
approach toward producing scientifically defensible information for
resource managers. The objective LR modeling approach described
in this study represents a suitable addition to the current subjective
SWAP risk model.

continued on page 9
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Dr. Laxman Sharma, a Post-Doctoral Research Fellow at the Center was recently declared
the first place recipient of Universities Council on Water Resources (UCOWR)’s 2013 Ph.D.
Dissertation Award. Dr. Sharma completed his dissertation entitled “Riverbank filtration:
Modeling fate of dissolved organic carbon, transport of Escherichia coli, and coupling with
aquifer storage to address temporal water scarcity” in August 2012. The UCOWR is an
association of US universities and organizations leading in
education, research, and public service in water resources. Each
year, it recognizes two outstanding Ph.D. dissertations on water
issues: (1) Water Policy and Socio Economics, and (2) Natural
Science and Engineering. Dr. Sharma’s dissertation was selected
in the latter category.

The award consists of a cash prize, travel reimbursement
and a certificate given at an annual banquet during the UCOWR
2013 conference at Lake Tahoe.Dr. Laxman Sharma

University of Hawaii at Manoa
Mechanical Engineering Assistant
Professor Yi Zuo, whose work is
supported in part by the UH Manoa
Water Resources Research Center, has
received the National Science
Foundation’s CAREER Award. The
CAREER Award, one of NSF’s most
prestigious and competitive awards for
junior researchers, recognizes those who
exemplify the role of teacher-scholars

through outstanding research, excellent education and the
integration of education and research.

Zuo received a five-year, $400,000 grant for his proposal
titled, “CAREER: Biophysical Mechanisms of Pulmonary

WRRC Sponsored Researcher Yi Zuo Given NSF CAREER Award

WRRC Researcher Laxman Sharma Wins National Best Dissertation Award

Dr. Yi Zuo

IRES Participant Update
WRRC Researcher’s Chittaranjan Ray and Philip Moravcik

worked on an NSF “International Research Experiences for
Students” project in Dresden, Germany in 2009-2011. Several
students from UH took advantage of the opportunity to travel to
Dresden for eight weeks to work with our colleagues at the

Dresden University for Applied
Science, studying issues
related to riverbank filtration
and to experience living and
working in a foreign country.

A major goal of the IRES
program is to motivate
participants to continue on
with higher education or work
in technical fields. We are

pleased to report that this has been the case for several of the
program alumni.

Joshua Lelemia Irvine, Ph.D. Candidate in CEE at UH, has
been selected as a recipient of the East-West Center Graduate
Degree Fellowship for the Fall 2013–Spring 2014 academic year.
The key experiential component of the EWC Fellowship

field work
in Dresden

Scenic Dresden

Surfactant and its Interactions with Therapeutic Agents.” The
research proposal aims to better understand the molecular
mechanisms of lung surfactant, which is crucial to maintaining
normal respiratory function in air sacs of the lung. The project
goal is to help expand the use of clinical surfactants to treat
various neonatal and adult respiratory diseases, including
respiratory distress syndrome.

 Last year, Zuo was awarded a one-year grant from the UH
Manoa Water Resources Research Center. The purpose of this
research is to develop an advanced surface tensiometer for
measuring the dynamic surface tension of various fluids, such
as seawater, ocean surfactants, oils, and biofluids. This surface
tension measurement methodology allows a range of scientific
and industrial applications, from evaluation of water quality to
biomedical studies.

Lelemia Irvine

Melia Iwamoto

experience includes: living on campus at the
East-West Center; participating in the EWC
Wednesday evening seminar on themes
relevant to the US, the Pacific, and Asia
region; and a commitment to service

learning within East-West
Center and activities, and the
broader island community.

Melia Iwamoto, a M.S.
student specializing in
Geotechnical Engineering at
UH, was awarded second
place in the
Geosynthetics Student
Poster competition at

the Geosynthetics 2013 conference in
Long Beach, CA.  Her poster was
entitled "Shear Strength Parameters of
Geosynthetic Reinforced Soil Using
Mini-Pier Tests."  She received a
certificate, $200 in prize money and
$200 in travel reimbursement.

Lake Tahoe.
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In December 2011, USEPA published a draft of the proposed
recreational water quality criteria. This draft document
indicated that the revised Recreational Water Quality Criteria
(RWQC) would not differ substantially from the previous
recreational water quality criteria published in 1986. However,
there was a significant change in this document in that the new
guidelines allow individual states to use alternative methods to
monitor water quality, and to implement state-specific water
quality standards. The effectiveness of these new guidelines
has not been tested at the state level. Moreover, during the
planning of this conference, USEPA had not yet published the
guidelines for alternative methods and standards, nor finalized
the proposed criteria; hence the specifics of implementation
strategies as well as incentives to develop and adapt alternative
standards remained unclear. For these reasons WRRC felt that
science-based assessment of RWQC and discussion on how
new science can be used to take advantage of the flexibilities in
the new RWQC were needed.

The conference focused on the use of scientific method to
achieve the following goals:

Evaluate the methods and approaches which were used in
developing and implementing the new RWQC.

Evaluate how newer methods and approaches can be used
to establish site-specific criteria.

Evaluate how published experimental methods can be
used to determine health risk to swimmers and be applied
to develop RWQC.

Invited conference speakers included some of the foremost
experts in the field of recreational water quality standards.
They were selected based on their acknowledged expertise on
the topics chosen for this conference and their demonstrated
use of scientific methods in water quality research and
monitoring programs.

In addition to the oral presentations there were over 30 very
interesting poster presentations outlining the work being done
at many academic and government departments about work
being done to address the shortcomings of the current system
of recreational water quality monitoring.

WRRC’s Fall 2013 Seminars

WRRC relies upon an Advisory Council that comprises
individuals from a range of agencies concerned with water
issues in Hawaii and American Samoa, to provide input
regarding the Center’s current and future activities. The Council
gives WRRC input about water issues in the state and region
that the Center might address. The Council’s input is critical to
ensuring that our research remains relevant to the needs of the
state and region.

The current WRRC Advisory Council membership includes:
• Daniel Aga, Dean and Director of Community and Natural

Resources Division, American Samoa Community College
• Stephen Anthony, Director, USGS Pacific Islands Water

Science Center
• Faamao Asalele, Assistant Director,

American Samoa EPA
• Derek Chow, Chief, Civil and Public Works Branch

(CEPOH-PP-C), U. S. Army Corps of Engineers
• Richard Cox, Engineer, Private citizen
• Jason Gambatese, Prog.Manager, USEPA Region 9
• Roy Hardy, State of Hawaii, Commission on Water

Resource Management
• Mark Ingoglia, Chief, Environmental Branch, HQ PACAF/

A7AV, Airforce DoD
• Robert Kerns, Senior Environmental Engineer, American

Samoa Power Authority
• Ernie Lau, Manager and Chief Engineer, Honolulu Board

of Water Supply
• Thomas Matsuda, Program Manager, Pesticide Branch,

Hawaii Dept. of Agriculture
• Scott McAdam, President, Hawaii Water Environment

Association
• Ken Ota, President, American Water Works Association,

Hawaii Section
• Debbie Solis, Program/Project Manager - Civil Works

staff, U. S. Army Corps of Engineers
• Ross Tanimoto, Deputy Director, “Department of

Environmental Services, City and County of
HonoluluDayan Vithanage, Oceanit

• Stuart Yamada, Chief, DOH Environmental Management
Division

WRRC’s Advisory Council

Aly El-Kadi will coordinate the WRRC seminar in the Fall
2013 semester. The series will address the question: Do we
really understand Hawaii's hydrology, and all related issues?
That includes groundwater, surface water, watersheds, climate,
microbiology, economy, management, etc. Questions to address
include: are we able to forecast and respond to climate
change? Can we accurately estimate recharge? How about the
role of invasive species? Are we effectively managing water
resources? What about sustainable use? Do we understand the
hydrogeology of the islands? Are models accurate and useful
tools? How about water quality assessment and management?

Are we able to identify sources of contamination and their
contributions? Are the UH researchers addressing the state’s
needs? And the list goes on and on. The seminar series will kick
off by having state/local agencies talking about their needs.
Speakers will introduce their work and what they think the state
of the art is, emphasizing limitations/shortcomings and
unanswered questions.

The dates (first and third Thursday of each month; 3:00-
4:00 pm) are:  Sept. 5, Sept. 19, Oct. 3, Oct. 17, Nov. 7, Nov.
21, Dec. 5, and Dec. 12.

WRRC Conference Wrap-up:
U.S. Recreational Water Quality Criteria: A
Vision for the Future - held March 11-13, 2013
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2013 L. Stephen Lau Water
Research Endowed Scholarship
Awarded
This year’s winner of the

L. Stephen Lau Scholarship is
Christopher Jury. Mr. Jury is a
doctoral student in Biological
Oceanography at the
University of Hawaii at
Manoa. He has been working
on a research project
examining the adaptation of
three common species of
coral to changes in the
environment resulting from
climate change (ocean
acidification and temperature
increases). To examine
corals’ capacity to adapt to
these changes the
researchers have been comparing the ability of corals living in the
relatively warmer and CO2-rich waters of Kaneohe Bay to those
taken from a control site in nearby Waimanalo where more
typical conditions of pCO2 and temperature exist.

After allowing the Waimanalo samples to acclimate to
conditions in Kaneohe Bay both sets of corals were subjected to
laboratory stress-testing of higher temperature and pCO2
conditions. To date the researchers have found that the corals
which originated in Kaneohe Bay display a greater tolerance to
the stressful conditions. This implies that reefs may be more
adaptable to environmental changes caused by climate change
than previously feared.

Mr. Jury will be using the scholarship funds to expand on
these studies; to look at a larger variety of coral species (all the
dominant species across Hawai'i) sampled across a wider scale -
about 10 sites around Oahu) placed in controlled mesocosms
which will have a range environmental conditions. He will
examine the effects of increased pCO2 and temperature on a
number of parameters including coral growth, mortality,
bleaching, recruitment, community structure, etc. The work will
take place at the University’s Hawaii Institute of Marine Biology
facilities at Coconut Island.

The Lau scholarship was established with funds endowed to
the University of Hawai‘i 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
Hawai‘i at Manoa
College of Engineering
and was, from 1971
to 1990, director of
the UH Water
Resources Research
Center.

2013 Lau Scholarship Awardee
Christopher Jury

In April WRRC hosted a workshop on advanced modeling
of water flow and contaminant transport in porous media
using the HYDRUS and HP1 software packages.

HYDRUS is Windows-based modeling software that can be
used for analysis of water flow, heat and solute transport in
variably saturated porous media (e.g., soils). The HYDRUS
suite of software is supported by an interactive graphics-
based interface for data-preprocessing, discretization of the
soil profile, and graphic presentation of the results.

HYDRUS has been used in hundreds, if not thousands of
applications referenced in peer-reviewed journal articles and
many technical reports. The software packages are also used
in classrooms of many universities in courses covering soil
physics, processes in the vadose zone, or vadose zone
hydrology.

The workshop covered a detailed conceptual and
mathematical description of water flow and solute transport
processes in the vadose zone. Hands-on computer sessions
provided participants with an opportunity to become familiar
with the software packages, including several additional
modules, such as ROSETTA, HP1, UNSATCHEM, and/or the
Wetlands module. Emphasis was on preparation of input data
for a variety of one- and multi-dimensional applications.

Advanced topics covered in the second part of the
workshop included:

• Coupled movement of water, vapor, and energy
(including the surface energy balance)

• Preferential/nonequilibrium water flow and solute
transport (using dual-porosity and dual-permeability
models)

• Biogeochemical transport (using the UNSATCHEM
and HP1 (coupled HYDRUS-1D and PHREEQC)
modules)

• Modeling flow and transport using a three-
dimensional module of HYDRUS (2D/3D)

The workshop instructor was Dr. Jirka Šimùnek from the
Department of Environmental Sciences, University of
California Riverside, CA.

This is the third HYDRUS workshop that the Center has
sponsored. Thius year nine people from as far away as Penn
State came to take advantage of this opportunity.

Report on April 2013 HYDRUS
Workshop at WRRC

Pocillopora meandrina, a common coral
in Hawaii     NPS photo - Scott Godwin



9

This project was funded by DOH
under Administrative Services Office
Log No. 09-114. Analytical data and
drinking water source information
were provided by DOH; the State of
Hawaii‘s; Department of Land and
Natural Resources, Commission on
Water Resource Management; and
the Honolulu Board of Water Supply
(HBWS). Publication of selected CZDs
(Fig. 2) was authorized by HBWS and
DOH. Information presented herein
was derived from a report to DOH
published in November 2012 and a
journal manuscript currently under
review.

The significant improvements in
predictive capability using a statistical
modeling approach confirm that
changes can be made to the existing
SWAP risk model to make it more
reflective of observed target
contaminant detections.  A revised
SWAP risk model adopting an
objective approach that is more
representative of actual groundwater
vulnerability is an example of one of
the actions than can improve the
overall risk assessment approach
toward producing scientifically
defensible information for resource
managers. The objective LR
modeling approach described in this
study represents a suitable addition
to the current subjective SWAP risk
model.

This project was funded by DOH
under Administrative Services Office
Log No. 09-114. Analytical data and
drinking water source information
were provided by DOH; the State of
Hawaii‘s; Department of Land and
Natural Resources, Commission on
Water Resource Management; and
the Honolulu Board of Water Supply
(HBWS). Publication of selected
CZDs (Fig. 2) was authorized by
HBWS. Information presented
herein was derived from a report to
DOH published in November 2012
and a journal manuscript currently
under review.

Figure 4:  Schematic of alternative risk assessment approach.

Figure 5:  Map of elevated nitrate detection probability in the Pearl Harbor-Honolulu
aquifer developed using a multiple variable logistic regression model.

Source Water Assessment Program in Hawaii       continued from page 5
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Currently Active WRRC Research Projects
P.I. – Roger Babcock, Univ. of Hawaii, WRRC
Funding Agency - Envirocycle Worldwide
Project title - Envirocycle: performance of residential wastewater system
End date - 01/31/14

P.I. - David Beilman, Univ. of Hawaii, Geography Dept.
Funding Agency - USGS WRRIP
Project title - Long-Term aspects of high-elevation rainfall and climate
change, Oahu
End date - 02/28/14

P.I. - John Cusick, Univ. of Hawaii, WRRC
Funding Agency - USGS WRRIP
Project title - Promoting water sustainability literacy
End date - 02/28/14

P.I. - Aly El-Kadi, Univ. of Hawaii, WRRC
Funding Agency - USGS WRRIP
Project title - Assessing ground water sustainability of the island of Tutuila,
American Samoa
End date - 02/28/14

P.I. - Aly El-Kadi, Univ. of Hawaii, WRRC
Funding Agency - USGS WRRIP
Project title - Evaluation of the impact of drought conditions upon the
Waiahole Ditch system development tunnels: ground water sustainability
implications under adverse climate change conditions
End date - 02/28/14

P.I. - Aly El-Kadi, Univ. of Hawaii, WRRC
Funding Agency – East West Center
Project title - Assessing sustainability of ground water resources under future
climate conditions
End date - 08/31/13

P.I. - Aly El-Kadi, Univ. of Hawaii, WRRC
Funding Agency - USGS
Project title - Determination of groundwater fluxes and evaluation of the
dffectiveness of low-permeability valley-fills in the Pearl Harbor aquifer area,
Oahu
End date - 10/31/13

P.I. - Marek Kirs, Univ. of Hawaii, WRRC
Funding Agency - USGS WRRIP
Project title - Addressing sewage contamination of Nawiliwili Stream and
Kalapaki Beach
End date - 02/28/14

P.I. - Marek Kirs, Univ. of Hawaii, WRRC
Funding Agency - USGS WRRIP
Project title - Evaluation of rapid QPCR method for enterococci with
correlative assessment for molecular markers for sewage contamination in
selected environmental water samples from Hawaii
End date - 02/28/14

P.I. - Marek Kirs, Univ. of Hawaii, WRRC
Funding Agency - USGS WRRIP
Project title - Evaluation of next-generation sequencing technologies for
environmental monitoring characterization of microbial communities from
wastewater plants and selected beaches of Hawaii using a metagenomics
approach
End date - 02/28/14

P.I. - Chrisotopher Lepczyk, Univ. of Hawaii, Natural Resources and
Environmental Management
Funding Agency - USGS WRRIP
Project title - Quantifying toxoplasmosis gondii presence in wastewater and
freshwater systems
End date - 02/28/14

P.I. - Qing Li, Univ. of Hawaii, Molecular Biosciences and Bioengineering
Funding Agency - USGS WRRIP
Project title - Engineering plant peroxidases for wastewater treatment and
water pollution monitoring
End date - 02/28/14

P.I. - Philip Moravcik, Univ. of Hawaii, WRRC
Funding Agency - USGS WRRIP
Project title - Bioaccumulation and biotransformation of arsenic by marine
algae in Hawaii
End date - 02/28/14

P.I. - Philip Moravcik, Univ. of Hawaii, WRRC
Funding Agency - Hawaii Civil Defense
Project title - Tsunami observer program, Phase 2
End date - 07/01/13

P.I. - Rebecca Ostertag, Univ. of Hawaii Hilo, Dept. of Biology
Funding Agency - USGS WRRIP
Project title - Impacts of climate change on food resources of native gobiid
fishes and styid shrimp in Hawaiian streams
End date - 02/28/14

P.I. - David Penn, Univ. of Hawaii, WRRC
Funding Agency - USGS WRRIP
Project title - Reshaping the regulatory framework for Hawaii aquaculture-
water quality standards, coastal fishponds, and shellfish grounds
End date - 02/28/14

P.I. - David Penn, Univ. of Hawaii, WRRC
Funding Agency - USGS WRRIP
Project title - Acquire sedimentation data to promote reservoir sustainability
and advance watershed science
End date - 02/28/14

P.I. - Chittaranjan Ray, Univ. of Hawaii, WRRC
Funding Agency - USGS WRRIP
Project title - Island Director’s workshop/conference
End date - 02/28/14

P.I. - Chittaranjan Ray, Univ. of Hawaii, WRRC
Funding Agency - USGS WRRIP
Project title - Fate and transport of pharmaceutically active compounds in a
simulated bank filtration system
End date - 02/28/14

P.I. - Chittaranjan Ray, Univ. of Hawaii, WRRC
Funding Agency - USGS WRRIP
Project title - Forecasting climate change impacts on watershed-based
ecosystem services in Hawaii: A participatory modeling approach
End date - 02/28/14

P.I. - Chittaranjan Ray, Univ. of Hawaii, WRRC
Funding Agency – City and County of Honolulu
Biological and sediment monitoring program
End date - 06/30/14

P.I. - Chittaranjan Ray, Univ. of Hawaii, WRRC
Funding Agency – Hawaii Dept. of Agriculture
Project title - Review of registration documents for selected pesticides for
use in Hawaii
End date - 09/30/13

P.I. - Chittaranjan Ray, Univ. of Hawaii, WRRC
Funding Agency - University of Illinois
Project title - Protecting drinking water by reducing uncertainties associated
with the geologic carbon sequestration in deep saline aquifers
End date - 11/15/13

P.I. - Chittaranjan Ray, Univ. of Hawaii, WRRC
Funding Agency - US Army
Project title - Research instrumentation to study corrosion in tropical settings
End date - 08/31/13

P.I. - Chittaranjan Ray, Univ. of Hawaii, WRRC
Funding Agency - USDA NIFA
Project title - Investigation into effect of soil moisture depletion on vegetable
crop uptake of microcontaminants under recycled water irrigation
End date - 12/31/13


