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ABSTRACT

This report documents the findings for Phase 1 of a three-phase study that is
aimed at assessing the status of the Nawiliwili Watershed on Kaua'‘i and developing a
plan for its future protection. The objectives of this phase include utilizing sources of
existing information to assess current land use in the area and identifying sources and
levels of pollutants believed to be present in the watershed based on past studies relevant
to the project area. Sources of information included available documents, persons who
are familiar with the area, and questionnaires mailed to concerned individuals. Letters
mailed to landowners and operators in the watershed area asked for their input.
Information was also obtained at community meetings. The study also benefited from a
local advisory committee that included government individuals and environmental
groups. Data concurrently collected by the Nawiliwili Bay Watershed Council are also

used here.

The study concluded that little hard scientific data exist for the Nawiliwili
Watershed, especially baseline data. The Hawai‘i Department of Health’s current Total
Maximum Daily Load (TDML) studies may provide public information that could be
useful in assessing the health of the watershed. Since more baseline data are being made
available, there is a chance to systemically define changes and trends in the watershed.

~ The study identified sediment, nutrient, and bacterial-contamination problems in
the Nawiliwili watershed and bay. Sediment sources include agricultural lands,
construction sites, channel alteration, stream erosion, a quarry, and urban runoff.
Nutrients originate from agriculture practices, golf courses, cesspools, frosted areas,
urban runoff, and wastewater treatment spills. Bacterial contamination originates from
cesspools, frosted areas, urban runoff, and wastewater treatment spills, There is, however,
a chance that chemicals from other sources are also present. The absence of data has
created great uncertainties regarding quantification and assessment of such contaminants.
Only the levels of bacterial contamination are defined based on available measurements.
Additional studies are needed to assess the existence of other chemicals in the watershed
and their respective concentrations. There is also a need to assess the various sources of
bacterial contamination to define the level of contaminant caused by each.

A fairly extensive list of potential sources of pollution has been identified which
can provide a base for choosing sites for data collection and for sampling-scheme design.
There is a need for new data to confirm these findings.

The study used the state of Hawai‘i’s web site on the Internet to identify relevant
geographic information system maps of the area. There is a need, however, to update
land-use information, which has changed in recent years.

Finally, there is a need to increase or improve on the availability of public and
private information about the watershed and to maintain strong ties and full cooperation
between environmental groups and landowners/operators. With availability of
information and full cooperation of all parties involved, a better understanding of the
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various processes will be gained. Developing sound approaches to remediate and protect
the watershed is a goal that should be easy to reach. Scientific research can provide
methods and approaches to maximize economic benefits from the watershed without
negatively affecting the environmental quality.

viii



ACKNOWLEDGMENTS

This report documents resuits of Phase 1 of the project “Assessment and
Protection Plan for the Nawiliwili Watershed,” principal investigator Aly I. El-Kadi, and
co-principal investigators Roger Babcock, Roger S. Fujioka, Clark C.K. Liu, Jacquelin N.
Miller, James E.T. Moncur, and Philip Moravcik—all with Water Resources Research
Center, University of Hawai‘i. El-Kadi is also with the UH Department of Geology and
Geophysics. Monika Furness was the project’s on-site research associate.

This project is jointly funded by the U.S. Environmental Protection Agency,
under Section 319(h) of the Clean Water Act, and the Hawai‘i State Department of
Health, Clean Water Branch. The project officer is Denis Lau and the project coordinator
is Jessica Peppler, both of the Clean Water Branch.

The research team acknowledges the help and continuous support of the project’s
Nawiliwili Watershed Community Advisory Committee:
e Jon Schlegel — U.S. Department of Agriculture, National Resources
Conservation Service
e Cheryl Lovell-Obatake — Nawiliwili Bay Watershed Council
e Don Heacock — State of Hawai‘i, Department of Land and Natural Resources,
Division of Aquatic Resources, Pacific Island Sustainable Community Eco
Systems
e David Martin — Nawiliwili Bay Watershed Council/Pacific Island Sustainables
Community Eco System
Adam Asquith — University of Hawai‘i Sea Grant College Program
Ted Inouye — East Kauai Soil and Water Conservation District
Gary Ueunten — State of Hawai‘i, Department of Heath, Clean Water Branch
Mike Kido — University of Hawai‘i, Hawai‘i Stream Research Center
Pat Cockett — Kaua‘i High School

In addition, we would like to acknowledge individuals and businesses for their
help in locating documents, sharing information, pointing us in the right direction, and
donating time and resources. Among them are members of the advisory committee—Don
Heacock, Gary Ueunten, Jon Schlegel, and Cheryl Lovell-Obatake, and Mike Kido—as
well as the following:

e Thomas Kaiakapu — State of Hawai‘i, Department of Land and Natural

Resources, Division of Forestry and Wildlife

e Vaughan Tyndzic — State of Hawai‘i, Department of Land and Natural
Resources, Division of Boating and Ocean Recreation
Outfitter’s Kauai (donated kayaks)
Anne Brasher — U.S. Geological Survey
Carl Berg — Hanalei Heritage River Program
Joanna Seto — State of Hawai‘i, Department of Health, Environmental
Management Division, Clean Water Branch
e Jude Schwarze — State of Hawai‘i, Department of Health, Safe Drinking Water
Branch

ix



Kaupena Kinimaka and Simon Yongert — Kauai Marriott Hotel

Bob Kaden — County of Kaua‘i, Fire Department

Dave Penn — State of Hawai‘i, Department of Heaith, Environmental Planning
Office :

Katina Henderson — State of Hawai‘i, Department of Health, Environmental
Planning Office



1. INTRODUCTION

This study is aimed at assessing the status of the Nawiliwili Watershed on Kaua‘i
and developing a plan for its future protection. The study is divided into three phases.
Phase 1 deals with validating and documenting existing environmental data. Phase 2 is
aimed at identifying current sources of pollution and contamination in the watershed.
Finally, Phase 3 deals with the development of a restoration and protection plan for the
watershed. This report documents the findings for the first phase of the project.

Major changes have occurred in the Nawiliwili Watershed throughout geologic
and historical time, including uses of land, harbor construction, industrialization, and
development. We were not able to identify maps that document historical changes.
However, pictures showing some of the historical features are available from a number of
sources, including the Kauai Historical Society, the Bishop Museum, and the National
Resources Conservation Service (NRCS). Table 1 provides a list of the pictures and the
respective web sites where they can be accessed.

Several hundred years ago the flood plain of the Hulé‘ia River was simply used
for growing taro. Water that was diverted to flood the taro patches returned to the same
watershed. Hulé‘ia is also the home of the Alekoko Fishpond (Figure 1), which was
culturally significant to the Hawaiian population living in Niumalu at the time. In Native
Planters in Old Hawaii (Handy and Handy, 1991), Nawiliwili Stream in the 1930s was
described as having terraces 3 miles inland from its mouth. Land in Nawiliwili at this
time was planted with taro, cotton, and fruit trees or was used as garden patches. Above
the mill the land was still terraced for half a mile and was being used for pasture and
ranching. Above and below the mill were plantation camps (Handy and Handy, 1991).

Niumalu was considered one of thé most important and undoubtedly most
productive fishing areas on Kaua‘i. Fairly large loi (taro fields) were present on the fertile
banks of Niumalu’s Puali and Halehaka Streams (Handy and Handy, 1991). Many loi in
Niumalu were eventually converted to rice cultivation around 1860 (Cockett, 2000). Soon
after, the sugar plantations came in and land use changed again. After the Second World
War, the sugarcane fields on the Rice property were converted to ranches. More drastic
changes took place when Nawiliwili Bay was dredged and the land was reclaimed, or
filled in, to build the harbor and the breakwater around the 1930s (Cockett, 2000;

Figure 2). Before Nawiliwili Harbor and the breakwater were built, Nawiliwili Bay was
much larger. Water that flowed from the many streams that feed into the bay may have
had a greater chance of “flushing” the bay without so many structures interfering with the
natural mixing phenomenon.

Nawiliwili Bay is fed by at least four streams: Hulé‘ia Stream, Papakdlea Stream
(which actually feeds Hulé‘ia Stream), Puali Stream, and Nawiliwili Stream. Papalinahoa
Stream and “Kalapaki Stream” (herein called this but actual stream name is unknown)
also feed into Nawiliwili Bay, but they are rarely referenced in modern times. However,
Papalinahoa Stream may have been culturally significant as it is said to have petroglyphs
near its mouth (Don Heacock, personal communication, 2002).



As time passed, Lthu‘e developed into a commercial district. The Kauai Surf
Hotel was buiit for visitors to come and enjoy the beach at Kalapaki. Since then, the hotel
has grown, evolved, and changed to the Westin Hotel, and then to the Marriott Hotel.
During the hotel expansion, two streams that flowed into Kalapaki Bay were diverted
under the hotel, and now they discharge into Nawiliwili Stream. A sewage treatment
facility and golf course were placed near the hotel at Kauai Lagoons. The future of the
Nawiliwili Watershed will see more changes, including further development in Puhi and
Lihu‘e and a new power plant that adds some 14.5 acres of impervious surfaces to the

neighboring watersheds.
2. OBJECTIVES

The objective of this phase of the study is to utilize sources of existing
information to assess current land use in the area. Data sources include the State of
Hawai‘i’s geographic information system (GIS). Factors to be included are physical
features, basemap layers, political boundaries, administration layers, location of features
of biological and cultural significance, and other layers. Another objective is to assess
sources and levels of pollutants believed to be present in the watershed based on past
studies relevant to the project area.

3. SCOPE, APPROACH, AND LIMITATIONS

As stated earlier, this phase of the study deals in part with validating and
documenting existing environmental data, as a first step toward the development of a
restoration and protection plan for the Nawiliwili Watershed. The approach we adopted
includes identifying available documents and interviewing persons who are familiar with
the area. We used a questionnaire (Appendix A) to collect information about the
watershed from concerned individuals. Letters were also mailed to landowners and
operators in the watershed to inform them of our research effort and the need for their
input in our endeavor. We also organized and participated in community meetings and
formed an advisory committee that includes government individuals and environmental
groups. We also benefited from current projects in progress, including those by the
Nawiliwili Bay Watershed Council (NBWC). The lead author of this report, Monika
Furness, is a long time resident of the watershed; and information here depended in many
instances on her familiarity with the region and knowledge of many of the people in the
area. She also participated in data collection for NBWC and for Phase 2 of this project.

Search for information was hindered by the lack of comprehensive studies and by
the difficulties in accessing information. A review of available data and reports has
indicated that very little research has been done on the Nawiliwili Watershed, apart from
that driven by development proposals and zoning changes for such development.
Therefore, many of the reports reviewed here provided incomplete information and
forecasted no environmental impacts. In many instances no baseline data were gathered.
Although quite a few reports were identified, it was very difficult to access this type of
information. Many reports with relevant information are kept in Honolulu offices away



from the geographic region where the information is most needed. In some cases, reports
for studies done on neighbor islands were even discarded or misplaced. Studies
conducted to complement environment impact statements (EIS) were designed to assess
the impact of a specific project, so they may not have addressed the cumulative impacts
of overall development and urbanization in the watershed. Additionally, the scientific
element of many of these types of studies is often limited due to the size of the data sets,
which sometimes included only one datapoint.

A large portion of the land located within the Nawiliwili Watershed is privately
owned by a small number of landowners. Public access to streams located on private
property is very limited. There are very few locations where the public can access Puali,
Nawiliwili, Papakolea, and Hulé‘ia Streams upstream of the estuaries at the mouth. This
makes it difficult to assess the quality of the water and the stream channel itself. It also
makes it difficuit to identify nonpoint sources located in an inaccessible reach. Limited
access can hinder public education and outreach by restricting activities such as volunteer
monitoring. Since these areas do not fall under the jurisdiction of state and county
agencies, little data have been collected there. Although landowners may be required to
conduct monitoring for a permit or zoning change, the results of such studies are the
property of the landowner and may not be made available to the public.

As much as possible, we documented our findings, which includes a listing of the
sources of information and whether they were obtained from written documents or
through personal communications. Pictures were used to support some of our findings. In
identifying potential contaminant sources, sometimes we were faced with a difficult task
when data or previous studies were lacking. In such cases, our rationale for including
certain sites was based on studies and reports off Kaua‘i. The word potential is
specifically used here to stress the absence of hard evidence as to the source of pollutants
in the watershed. Identifying a potential source can provide a starting point for future
studies at locations where data gaps exist.

4. PREVIOUS STUDIES AND AVAILABLE DATA
4.1. General Watershed Description

General descriptive information on the Nawiliwili Watershed is readily available.
Hydrologic data available from the U.S. Geological Survey (USGS) include peak flow
data for Hulé‘ia, aquifer and groundwater characteristics, and correlations between
groundwater recharge and stream flow. Hulé‘ia is the only stream that is gaged in the
Nawiliwili Watershed. A USGS crest stage gage records peak flows at a site under Kipu
Bridge. Peak flow in this stream over the last 40 years ranged from 463 cfs in 1998 to
26,800 cfs in 1971 (Matsuoka, 1982; USGS staff, personal communication, 2002), when
the gage was actually destroyed by the flow. Stream flow in this area is highly influenced
by groundwater seepage; in fact, base flow in many streams is maintained by
groundwater seepage (Izuka and Gingerich, 1998). Between 1968 and 1970 an average
base flow of 33.4 cfs was calculated for Hulé‘ia where average stream flow was 73.4 cfs
(Izuka and Gingerich, 1998).



4.2, Water Use and Availability

Water use and availability in the watershed, and in Kaua‘i in general, are covered
by a limited number of studies. Among these are a study by Shade (1990), who estimated
water use on Kaua‘i in 1990. The total freshwater withdrawal amounted to about
370 mgd, of which about 46 mgd were from groundwater sources and the rest was from
surface-water sources. Water use for domestic purposes was mostly from groundwater
sources (6.84 mgd) as compared to surface-water sources (0.32 mgd). The largest water
use in 1990 was for irrigation. The total use of groundwater for irrigation was 19.22 mgd,
of which withdrawals by plantations totaled 16.62 mgd and that by the Department of
Water totaled 0.45 mgd. Most of the surface-water withdrawals (194 mgd) were by
plantations for irrigation. About 94 mgd were used for hydroelectric power; of this
amount, 29 mgd were recycled and 65 mgd were discharged back to streams.

The study by Izuka and Gingerich (1998) was prompted by an increased demand
for water in the L1hu‘e area and a decrease in water production by some Lihu‘e wells.
They investigated groundwater resources using well-drilling data, aquifer tests,
groundwater discharge, and a numerical model of groundwater movement. The results
indicated that the permeability of the rocks in the southern Lihu‘e Basin is lower than in
other areas and that a greater portion of the groundwater from this area discharges to the
streams rather than to the ocean. The study estimated groundwater withdrawal on Kaua‘i
in 1990 at 40 mgd islandwide and 5 mgd for wells near Lihu‘e. Recharge was estimated
at 981 mgd in January and 454 mgd in June. Average recharge for southern Lihu‘e was
estimated at 30 mgd. The study also provided estimates for stream discharges and
groundwater flow to the ocean and streams.

Izuka and Oki (2002) also used numerical simulations to study groundwater
withdrawals in the southern L1hu‘e Basin. The simulations indicate that groundwater
withdrawals from the Hanama‘ulu and Puhi areas of the southern Lihu‘e Basin will result
in a decline in water levels and reductions in base flows of streams near proposed supply
wells. Base flow reductions are discussed for both Hulé‘ia and Nawiliwili Streams.
Several different withdrawal amounts at different locations were simulated. Four new
wells in Hanama“ulu and two in Puhi are proposed to meet projected increased demand
for the Lihu‘e area. The wells have been drilled, but not all have pumps in them
(S. Izuka, personal communication, 2002).

4.3. Stream Alteration

Timbol and Maciolek (1978) were the first to report on stream channel
modification in Hawai‘i. They reported that 12 of Kaua‘i’s streams had altered channels.
Of those streams, 51% were cleared and realigned, 35% were of the revetment type, and
14% contained elevated culverts. Hul€‘ia was listed as having 0.1 km modified (elevated
culvert) in 1937 at a distance 12 km upstream from the mouth at an elevation of 122 m.



A portion of the statewide study by Timbol and Maciolek focused on stream fish
and crustacean species richness, abundance, and proportions of native and non-native
species present at certain sites. Of the 16 species found in Kaua‘i streams, 7 (47%) were
native. On O‘ahu, no native species were found in areas with lined channels. At the time
of this study, Kaua‘i had no lined channels. Timbol and Maciolek’s study also found that
on O‘ahu more exotic species were found in altered streams, whereas native species were
predominant in unaltered streams. At the time of their study, Kaua‘i streams did not seem
to exhibit this pattern, but urban activity and additional channel modifications have
changed the landscape of Kaua‘i over the 25 years that have passed since that study was
completed. '

Timbol and Maciolek’s (1978), inventory listed 68% of Kaua‘i streams as having
road crossings and 45% as having diversions. Kido (1999) studied the impact of road
crossings and reported that streams with such crossings were physically and biologically
degraded in the reaches where they intersected the highway and that nearly all of these
locations exhibited excessive sedimentation and bank erosion. Further, he reported that in
these locations, no native macrofaunal species were observed or collected and alien
species were present in very low abundances. Additionally, NBWC staff noted that more
rubbish is present at bridge crossings than at inaccessible reaches (unpublished field
notes). Pig carcasses have also been found at bridge sites on Hulé‘ia Stream.

Timbol and Maciolek (1978) defined four ecological-quality ratings for streams.
Twenty percent of Kaua‘i’s streams were rated “pristine/high” quality, 37%
“moderate/high,” 39% “moderate low,” and 4% “low.” However, Kaua‘i streams were
rated second behind O‘ahu streams in highest dissolved solids. The mean for dissolved
ions for Kaua‘i streams is given in Table 2. It is expected, however, that physiochemical
parameters can be highly variable because temperature, pH, dissolved oxygen, and
conductivity are significantly affected by channel modification (Hathaway, 1978).

Norton et al. (1978) noted that an immediate effect of almost any type of channel
alteration is a reduction in the heterogeneity of the habitat, particularly the substrate.
Channel modifications can also interfere with the diadromous lifecycle of native stream
fauna. Elevated culverts, such as the one near the Marriott Hotel, may act as a barrier to
prevent the migration of post-larval species, especially poorer climbers such as Eleotris
sandwicensis (Parrish et al., 1978). Finally, lined channels reduce flow to a thin sheet.
This type of flow during the dry season does not have enough depth to allow for fish
movement between estuarine reaches and upper reaches (KRP Information Services,
1993).

A biological survey of Hanama‘ulu Stream was conducted by Timbol to
accompany an EIS for the Hanamaulu-Ahukini cutoff road in 1978. The survey covered
the distribution and abundance of macrofauna and fishes in Hanama‘ulu Stream. The
survey also identified the 100-year flood of 22,800 cfs at a water level of 22 ft. The only
recorded flow (average of 13.7 cfs) was at Kapaia Bridge between 1912 and 1914. The
study listed physiochemical parameters, including the nature of flow and bottom type, as
well as a classification of fresh- and brackish-water locations. Included in the EIS were



comments from agencies and community members. One comment was related to missing
species as a consequence of stream degradation. A decline in a sensitive species such as
‘o‘opu nopili is used as an indicator of stream degradation in Kido’s (2002a) report on
bioassessment protocol. Another comment in the EIS stated that the average coliform,
phosphorus, and nitrogen levels in Hanama‘ulu Bay all exceeded state standards for Class
A waters. The poor water quality was attributed to surface runoff from canefields and
pastures.

In another survey of Hanama‘ulu Stream and its tributaries, which accompanied
an EIS for the Lihue/Hanamaulu Master Plan, it was found that the watershed was
heavily impacted from past and current land use (Environmental Technologies
International, 1994). Low diversity and low numbers of native fish species were found in
these streams. The reaches of highest quality were found above the Kapaia Reservoir
(built by putting an earthen dam across Hanama‘ulu Stream), but the reservoir blocks the
native species from reaching other segments. Only bluegills and guppies were present.
Major diversions were present at elevations of 350 ft, 400 ft, and 540 ft. Below the 200-ft
elevation, the stream is partially channelized, receiving input from storm drainage. Native
fish do not seem to be recruiting, due to these factors and due to the introduction of alien
predatory species (Environmental Technologies International, 1994). The EIS concluded
that no impact is expected from future development, due to the heavily disturbed nature
of the watershed (PBR Hawaii, 1995).

4.4. Water Quality Data
4.4.1. Chemical Data

Tables 3 through 7 contain water quality data collected at various locations by the
Department of Health in 1997. The measurements are considered baseline for a clean
period. However, due to expected variability under hydraulic and other conditions, no
conclusions can be drawn from such data.

Table 8 summarizes water-quality data available for the Nawiliwili Watershed,
the data were obtained from the STORET database of the U.S. Environmental Protection
Agency (USEPA) (http://www.epa.gov/storpubl/legacy/gateway.htm). The table contains
17 sampling points in the Nawiliwili Watershed, all of which are Hawai‘i Department of
Health (DOH) stations (Figure 3). There is only one currently active DOH sampling point
(Kalapaki 809). This point is sampled for Clostridium perfringens, temperature, dissolved
oxygen (DO), and salinity four times a month.

Two other points, Nawiliwili 881 and 817, were monitored for fairly extensive
periods: 881 for nutrients and physicochemical parameters and 817 for a variety of
parameters, including bacteria. Both stations are located in the harbor, away from most
recreational activities. Another sampling site, Kalapaki 810, was monitored on a monthly
basis between January 1973 and November 1975 for fecal and total coliform and fecal
streptococcus.



At Nawiliwili #01 to #12, sampling was done from one to three times each for
nutrients, metals, or pesticides. Nawiliwili #03 to #06 and #08 to #12 are sites for

sediment sampling only. Although the data available at these sites are useful, there are n
regulatory standards available to assess the contamination level.

With the exception of Kalapaki 809, for which there has been regular monitoring,
the existing data sets do not represent consistent monitoring. Most of the standards are
expressed in terms of geometric means and averages of observations over time. The data
in the STORET database, on the other hand, is not reported in this way. Based on
analysis of data in Table 8, Table 9 outlines the exceedances of the standards recorded on
the database for each of the sampling sites.

4.4.2. Biological Data
4.4.2.1. Strategy for Assessment

Experimental results obtained on O‘ahu, Hawai‘i, have shown that the EPA-
recommended fecal indicator bacteria are consistently found in all types of soils (Hardina
and Fujioka, 1991; Fujioka and Byappanahalli, 1998). Moreover, the three EPA-approved
fecal indicator bacteria (fecal coliform, E. coli, enterococci) have been shown to persist
and to muitiply in soils. The latter finding is significant because in the application of
recreational water quality standards for all states, EPA assumes that fecal indicator
bacteria will not persist and will not multiply under environmental conditions. Thus,
when such bacteria are found in high concentrations in environmental waters, EPA
assumes that these fecal bacteria originate from sewage and concludes that there is an
unacceptable risk for people who may become infected with sewage-borne pathogens. In
Hawai‘i the assumption used by EPA is not valid because Hawaiian soils are a significant
environmental source of these fecal indicator bacteria, which can multiply under local
soil conditions. This conclusion is also supported by the fact that most of the documented
sewage-borne pathogens, such as the protozoans (Giardia, Cryptosporidium), and all
human enteric viruses cannot multiply under environmental conditions.

In assessing the true hygienic quality of streams and coastal waters of Hawai‘i,
officials from the Hawai‘i State Department of Health with the assistance of scientists
from the University of Hawaii have developed an alternative measurement system to
determine when the streams and beaches of Hawai‘i are reliably contaminated with
sewage. Studies primarily conducted on O‘ahu have identified two alternative. microbial
fecal indicators, namely Clostridium perfringens and FRNA coliphages, because they are
consistently present in sewage but cannot multiply in the soil environment. Additional
studies on the use of C. perfringens as an indicator have provided recreational water
quality standards of 50 and 5 C. perfringens/100 ml for streams and coastal marine
waters, respectively (Fujioka and Shizumura, 1985; Fujioka et al., 1997).

The unsuitability of the EPA criteria for Hawaiian waters was based on assessing
monitoring data obtained from the island of O‘ahu. Factors specific to other islands are
expected to affect the microbial quality of water for each. The first major factor to



consider is the age of the island. The age of the island of Kaua‘i is close to the island of
O¢ahu and therefore the surface and subsoil characteristics of these two islands are
probably close. The second major factor is that rainfall is more prevalent on Kaua‘i than
on O‘ahu. Soil environments on Kaua‘i can be expected thus to better retain moisture
than soil environments on O‘ahu. This is significant because studies on O‘ahu showed
that the amount of moisture in the soil controls the ability of the EPA-approved fecal
indicator bacteria to persist and to multiply. Thus, it can be anticipated that the soil on
Kaua‘i may represent a better environment than that on O‘ahu for the effective
colonization of fecal indicator bacteria. Another consequence of a larger amount of
rainfall is the higher flows in streams and rivers, which can affect the transport and
destination of bacteria. Finally, it is expected that rainfall will cause a greater subsurface
flow contribution to surface water flow. Therefore, more emphases should be placed on
the impact of groundwater flow into the sampling sites, which is generally ignored.

The third major factor is the widespread use of cesspools on Kaua‘i by residences,
businesses (restaurants, shops) and public parks. Many of these cesspools are located
close to streams and beaches. The technology of cesspools is to simply collect fecal
wastes into a shallow pit and to allow for natural degradation. Cesspool technology relies
on the natural movement of sewage wastewater from this shallow pit to surrounding
subsoil so more waste can be added without overflowing the pit. However, overflow of
cesspools is a common occurrence and the subsurface flow of wastewater from cesspool
pits cannot be easily traced. However, subsurface water flow is generally towards streams
and coastal waters, and it can be safely concluded that wastewater from cesspools will

contaminate such waters.

Contamination of stream and coastal waters from cesspools will greatly affect the
interpretation of monitoring data because both surface soils and cesspool waste can
contain elevated concentrations of the EPA-approved fecal indicator bacteria (fecal
coliform, E. coli, enterorocci). Current methods cannot determine whether the source of
sample bacteria is from sewage or cesspools. C. perfringens and FRNA coliphages are
known to be present in high concentrations in sewage and can be expected to be present
in high concentrations in cesspools as well. However, the expected movement of C.
perfringens and FRNA coliphages in the subsoil may differ due to the differences in the
size, charge characteristics and stability of these two fecal microorganisms. As
mentioned earlier, these two alternative fecal indicators cannot multiply in the soil
environments and therefore do not naturally exist in high concentrations in the soil
environment of Kaua‘i. As a result, monitoring for these two alternative fecal indicators
should provide more reliable data to assess when the streams and coastal waters of Kaua‘i
are contaminated with sewage and cesspools than monitoring data obtained for the EPA-
approved fecal indicator bacteria. The next section will assess the quality of stream and
coastal waters in and near the Nawiliwili Watershed by using available data for C.
perfringens as well as the required EPA-approved fecal indicators.



4.4.2.2. Results of Assessment

Tables 10 and 11 contain sampling data, collected by DOH, for Hanama‘ulu River
and Hanama‘ulu Beach, respectively. These sites are shown in Figure 4. Although these
sites are outside the Nawiliwili Watershed, their monitoring data are included here to
attempt to relate bacterial contamination to land sources. Figures 5 through 7 are for the
Hanama‘ulu River site, and Figures 8 through 11 are for the Hanama“‘ulu Beach site. A
total of 42 Hanama‘ulu River samples were analyzed for pH, dissolved oxygen, salinity,
fecal coliform, enterococci, and C. perfringens during 1993, 1994, and 1995. During the
same period, a total of 45 Hanama‘ulu Beach water samples were analyzed for the same
parameters. In this assessment, the relevant parameters used include salinity, as well as
concentrations of fecal coliform, enterococci, and C. perfringens.

The data for the Hanama‘ulu River site show that 41/42 samples were essentially
freshwater with salinity readings of 0.1 to 0.2 ppt. Only 1 sample had a high salinity
(17 ppt). Of these water samples, 29/42 (or 69%) exceeded the 200 fecal coliform/100 ml
standard (Figure 5), 42/42 (or 100%), exceeded the 33 enterococci/100 ml standard
(Figure 6), and 7/42 (or 17%) exceeded the proposed 5 Clostridium perfringens/100 ml
standard (Figure 7). The high percentage of freshwater samples, which exceed the fecal
coliform and enterococci standards, does not differ from results obtained on O‘ahu and
most probably reflects the growth of these bacteria in the soil environment of Hawai‘i.
However, the concentrations of C. perfringens in water from Hanama‘ulu River are
higher than levels we have observed in water from streams on O‘ahu. C. perfringens does -
not grow in soil, and since it is found in sewage, elevated concentrations of this bacteria
in streams are taken as evidence of sewage contamination and increased health risk. The
source of elevated concentrations of C. perfringens in Hanama‘ulu Stream has not been
determined, but cesspools are suspected since they are used much more frequently on
Kaua‘i than on O‘ahu.

The data for Hanama‘ulu Beach show that of the water samples taken there, only
3/45 (or 7%) had a salinity above 33 ppt. As for the rest of the samples, salinity for 42/45
(or 93%) ranged from 7 to 32 ppt, indicating that the beach water was a mixture of ocean
water and freshwater from Hanama‘ulu River (Figure 8). These results indicate that water
from Hanama‘ulu River is not effectively transported out of Hanama‘ulu Bay; rather, it is
transported to the coastal waters of Hanama“‘ulu Beach. Of these water samples, 7/45 (or
16%) exceeded the 200 fecal coliform/100 ml standard (Figure 9), while 41/45 (or 91%)
exceeded state of Hawai‘i standard of 7 enterococci/100 ml and 36/45 (or 80%) exceeded
the USEPA standard of 35 enterococci/100 ml (Figure 10). Significantly, 22/45 (or 49%)
exceeded the proposed standard of 5 C. perfringens/100 ml for beach water as established
on O‘ahu (Figure 11). These results indicate that beach water at Hanama‘ulu cannot be
characterized as marine water because it represents a definite mixture of stream water and
coastal waters. In summary, the public should be informed that the beach water at
Hanama‘ulu does not circulate well with open-ocean water and generally contains a
significant proportion of freshwater from Hanama‘ulu River. The river water contains
elevated concentrations of all fecal indicator bacteria, including C. perfringens, which are
transported to waters at the Hanama“ulu Beach site. Beach water at Hanama‘ulu cannot



reliably meet recreational water quality standards. Compared to the quality of water at
other beaches, the quality of water at Hanama‘ulu Beach is poor and appears to be
unacceptable for swimming.

During 1999, 2000, 2001, and three months of 2002, monthly samples from
Kalapaki Beach Park were analyzed for salinity, turbidity, temperature, dissolved oxygen,
and concentrations of fecal coliform, enterococci, and C. perfringens by DOH (Table 13).
In this assessment, the relevant parameters used include salinity and concentrations of
fecal coliform, enterococci, and C. perfringens. For 1999 and 2000, 50 water samples
were analyzed, whereas for 2001, 46 water samples were analyzed. During January of
2002, a sewage spill entered Nawiliwili Stream near the culvert at the Marriott Hotel and
then entered Kalapaki Beach.

During 1999, the salinity of the 50 water samples ranged from 29 to 35 ppt,
indicating that the water was comprised primarily of ocean water with some mixture of
freshwater, most likely from Nawiliwili Stream. Of these water samples, 17/50 (or 34%)
exceeded the state of Hawai‘i standard of 7 enterococci/100 ml, while 7/50 (or 14%)
exceeded the USEPA standard of 35 enterococci/100 ml (Figure 12), and only 1/50 (or
2%) exceeded the proposed standard of 5 C. perfringens/100 ml (Figure 13). There were
no reports of a sewage spill in 1999. These results indicate that water from Kalapaki
Beach contains elevated levels of fecal indicator bacteria (Figure 14), which comes from
Nawiliwili Stream. Thus, there does not appear to be sufficient water circulation within
Nawiliwili Bay to effectively transport water from Nawiliwili Stream away from the
Kalapaki Beach site. However, due to the low concentrations of C. perfringens recorded,
water at Kalapaki Beach did not appear to be contaminated with sewage.

During 2000, the salinity of the 50 water samples ranged from 31.3 to 35.2 ppt,
indicating that the water was comprised primarily of ocean water with some mixture of
freshwater from Nawiliwili Stream. Of these water samples, 21/50 (or 42%) exceeded the
state of Hawai‘i standard of 7 enterococci/100 ml, while 6/50 (or 12%) exceeded the
USEPA standard of 35 enterococci/100 ml (Figure 12) and only 1/50 (or 2%) exceeded
the proposed standard of 5 C. perfringens/100 ml (Figure 13). There were no reports of a
sewage spill in 2000. The water quality results for 2000 were similar to the water quality
results for 1999.

During 2001, the salinity of the 46 water samples ranged from 22.8 to 35.3 ppt
indicating that there was more mixture of freshwater in Kalapaki Beach during that year
than during 1999 or 2000. Of these water samples, 23/46 (or 50%) exceeded the state of
Hawai‘i standard of 7 enterococci/100 ml, 7/46 (or 15%) exceeded the USEPA standard
of 35 enterococci/100 ml (Figure 12), and 6/46 (or 13%) exceeded the proposed standard
of 5 C. perfringens/100 ml (Figure 13). There was one report of a sewage spill on January
6, 2001. Water samples collected on January 7, 2001 revealed slightly elevated
enterococci (33 CFU/100 ml) and very high concentrations of C. perfringens
(29 CFU/100 ml). These counts returned to background levels on January 10. These
results support the use of C. perfringens as a reliable marker of sewage. In summary, the
concentrations of enterococci at Kalapaki Beach during 2001 were similar to those
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observed during 1999 and 2000. However, during 2001 more samples (13%) had elevated
levels of C. perfringens than the 2% observed during 1999 and 2000. The elevated
concentrations of C. perfringens in water samples from Kalapaki Beach in 2001 provide
evidence that this beach site was contaminated with sewage for some period of time.

During 2002, a total of 11 samples collected during January, February, and March
were analyzed. The salinity of 10/11 water samples ranged from 32.9 to 35.6 ppt,
indicating that the water was primarily marine in origin. One sample had a lower salinity
(27 ppt). Because of a significant sewage spill during January, samples were collected on
January 8, 9, 14, 23, and 28; February 5, 12, and 19; and March 5 and 12. Of these water
samples, 73% exceeded the state of Hawai‘i standard of 7 enterococci/100 ml (Figure

12), 45% exceeded the USEPA standard of 35 enterococci/100 ml (Figure 12), and 82%
exceeded the proposed standard of 5 C. perfringens/100 ml (Figure 13). Elevated C.
perfringens concentrations such as 20, 50, 53, 60, and 400 CFU/100 ml were detected in
water samples taken during and after the sewage spill. The sewage present in water at
Kalapaki Beach represented a health risk to swimmers, so DOH closed the beach to
swimming following the spill. In summary, these results support the two conclusions
established earlier. The first conclusion is that concentrations of C. perfringens are a
reliable indicator of sewage contamination in the environmental waters of Hawai‘i. The
second conclusion is that concentrations of USEPA-approved fecal indicator bacteria
(enterococci, fecal coliform, E. coli) are unreliable indicators of sewage contamination in

the environmental waters of Hawai‘i.

Table 13 contains older (1990-1998) monitoring data for Kalapaki Beach Park
and Nawiliwili Harbor. The data, collected by DOH, are presented in Figures 14 through
18. Fluctuations in enterococci concentrations are due to rain storms (Figure 15), unless
they coincide with a rise in C. perfringens concentrations, which can be an indication of
sewage spills or cesspool discharges. A number of spikes in C. perfringens at the beach
site between 1993 and 1997 can be seen in Figure 16. The absence of similar increases at
the harbor site (Figures 17 and 18) indicates that most likely the source is Nawiliwili
Stream.

5. ASSESSMENT OF WATERSHED STATUS

As stated earlier, little research has been done on the Nawiliwili Watershed, that
is, apart from that driven by development proposals and the need for zoning changes for
such development. Therefore, many of the reports reviewed in the course of this study
provide incomplete information and forecast no environmental impacts. No baseline data
were gathered in most cases. Studies done to complement an EIS were designed to assess
the impact of a specific project and thus may have failed to address the cumulative
impacts of overall development and urbanization in the watershed. Additionally, the
number of sample points surveyed may not have been sufficient for the study to be of
scientific value.

Recently, several studies were conducted in response to 319 grants made available
by the USEPA. These studies include baseline stream-monitoring data collected by
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NBWC,; fish tissue and bed sediment studies conducted by USGS: a biological
assessment (in progress) by the University of Hawai'i, Hawai‘i Stream Research Center
(UH HSRC); and a study to identify the types and amounts of pollutants carried with
urban storm-water runoff by installing catch basin inserts in storm drains, also conducted
by NBWC. These studies were very useful in assessing the state of the watershed.

~ The Kauai General Plan (County of Kaua‘i, 2000) confirms that nonpoint
pollution (especially eroded soils and toxic chemicals) has the biggest impact on streams
and coastal areas. The plan acknowledges Nawiliwili’s status as an impaired water body
and sets the priority for its restoration. However, the plan does not address short-term
management concerns. A new drainage plan prepared by the Department of Public Works
will be sent to us after final corrections are made. The department staff indicated that
policies are also in place to protect areas that provide water quality benefits, especially
wetlands, and to prevent disturbing natural drainage features and vegetation.

The plan states the demand of municipal water for Kaua‘i as 10.6 mgd, with a
maximum of 15.9 mgd in 1999. Lihu‘e’s demand was reported as 2.53 mgd, with a
maximum of 3.8 mgd. There is increasing demand and thus a need to expand the water
systems, especially in Lihu‘e because Lthu‘e and Hanama“ulu facilities are running at
capacity. The plan indicates that the water supply in Lihu‘e is constrained by a lack of
new groundwater sources, due to geologic reasons. One possibility for expansion that is
under consideration is the use of surface water, which would require the construction and

- operation of water treatment plants.

5.1. Diversions

The large number of diversions and stream alterations present is the main reason
for the difficulty in studying the watershed. About 45% of the streams on Kaua‘i have
diversions (Timbol, 1978). Unlike traditional taro diversions that return water to the same
watershed, surface-water diversions for agriculture transfer water completely out of the
source watershed into an entirely different drainage basin. According to some early
Hawaiian water rights, no more than half of the flow from a stream can be diverted to a
point. It is believed that if Kaua‘i could only practice this one value and return half of the
flow to dewatered streams, the majority of its water quality problems may be resolved
(Don Heacock, personal communication, 2002). The Commission on Water Resource
Management is responsible for administering some of the programs established by the
Hawai‘i State Water Code. Part VIII of the Hawai‘i State Water Code requires the
registration of existing stream diversion works. Permits are required for the construction,
alteration, or abandonment of such diversion works. Documentation of registered stream
diversion works and the respective permits is readily available from the Water
Commission (Commission on Water Resource Management, 1992). The Commission
created a database of this information and published two volumes of documentation
(indexed by name of registrant and tax map key parcel number) in the 1990s, and it
recently completed a new GIS-based version (David Penn, personal communication,
2002). The Commission also maintains the original files of registration forms, field
verification, and other information. This type of information is critical for studies like this
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one and those done by the Department of Health’s TMDL program. Identifying nonpoint
sources depends on locating the pollutants’ source, their destination, and the amount of
water transporting them.

According to Carol Wilcox’s 1996 book, Sugar Water: Hawaii's Plantation
Ditches, nearly 18.3 mgd of water were diverted from Hulé‘ia and Hanama‘ulu for
sugarcane irrigation. Mink and Yuen’s (1990) detailed flow chart shows even more water
being diverted. It is estimated that an average of 10 mgd are diverted from Ku‘ia Stream
(tributary of Hulé‘ia) to Waita Reservoir via the Koloa Tunnel (Mink and Yuen, 1990).
The Koloa Tunnel is just one of four diversions present on Hulé‘ia Stream. In 1990,
islandwide surface-water withdrawals for irrigation were close to 194.5 mgd (Shade,
1990). Vann (1993) documented between 8 and 13 diversions or alterations to Puali
Stream. Diversions and alterations were the only explanations for the inconsistencies in
flow data from one end of the stream to the other. The diversion issue is not simple
because the diversions are not gaged. The diversions can by turned on or off at the
demand of the operator; otherwise, they may get damaged by a storm event unknown to
the controller. The result is that measured flows in streams can change on a day-to-day
basis: flows may be influenced by water entering from another watershed or by water
being removed from a watershed.

5.2. Urban Impact

attributed to the urbanization of Lthu‘e. Timbol (1978) gave Nawiliwili Stream a rating
of “most polluted.” Although little baseline data are available, many contamination
events have occurred—including gas, chemical, and sewage spills in addition to urban
storm-water runoff. NBWC conducted monitoring on this stream for a year (July
2001-July 2002). The monitoring data show the contrast between the lower Nawiliwili
site (which is impacted by urbanization) and the upper Nawiliwili site (which is located
upstream from any urban activity). The turbidity levels at the upper site meet state water
quality standards, while the levels at the lower site consistently exceed the allowable
limits (NBWC, 2002). By using Nawiliwili Stream as example of an impacted stream, it
becomes clear that Puali and Papalinahoa Streams need to be protected as development
continues in this watershed.

5.3. Stream Conditions
5.3.1. Puali Stream

In Timbol’s 1978 study, Puali Stream was ranked only one class lower than
“pristine.” The Lihu‘e/Puhi project has begun to urbanize the area that drains into this
stream. If current practices continue, it is likely that Puali Stream will reach the same
condition as Nawiliwili Stream. The Department of Public Works estimates that the area
encompassed by the project is 55% of the total drainage watershed area, significantly
impacting Puali Stream due to urbanization (Akinaka & Assoc., 1992). That study
recommended that baseline data be collected prior to development. Subsequently, a
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seven-year (1995 to 2001) baseline study of Puali was conducted by AECOS, Inc. (2002).
Four stations were monitored on Puali Stream, with two stations near golf course holes
(one above reservoir Haiku 4B and the other right below) and two other stations at lower
areas (one near the mouth of the stream and another upstream from a waterfall). Only the
lowest station became more turbid in the last two years of the study. The other stations
were unchanged or became even less turbid. The data were not reported as wet season or
dry season, but the geometric mean from all the data did exceed wet season standards (the
higher of the two) at two locations. Every total nitrogen sample exceeded both wet and
dry season standards (AECOS, 2002). Golf course irrigation recharge and runoff may
have been influencing nutrient levels. The AECOS field notes mentioned occasions when
there was no flow or the stream channel had changed. This may have been the result of
influence from the highly modified drainage and irrigation systems present in this area.

Many alterations have been made to Puali Stream. These include two culverted
sections, one with a cement weir that crosses the channel. During a recent HSRC survey
to identify monitoring sites, the survey team noted that the area near the culvert that
crosses under Puhi Road was choked with vegetation. Excessive sedimentation and the
overgrowth of hau were causing water stagnation. In the pool in front of the culvert,
Tahitian prawns, crayfish, and poeciliids were noted. On the other side of the culvert, the
stream has been fenced in. Farther downstream behind a residential housing development
(Halelani Villages) in Puhi, Puali Stream’s channel has been artificially realigned. The
banks are nearly vertical and the stream channel looks like a ditch. Nearby, the
construction of a residential development (Halemalu Village) is underway. This new
development is located not far from the banks of Puali Stream. Drainage facilities for
these developments can be the source of storm water into the stream (Don Heacock,

personal communication, 2002).

Alterations to this stream go back to the building of a reservoir, Haiku 4B, right
on the stream channel at the confluence of Puali and Halehaka around 1930. This
reservoir might be the reason why Puali is not the most turbid stream in the watershed.
There is also a chance that the reservoir is removing the natural bed load, not allowing it
to continue downstream or filter out sediment (Don Heacock, personal communication,
2002). The substrate in the lower reaches is different from the substrate of any other
stream in the area in that it consists of solidified clay (fine sediment that settled into mud
some time ago), with little natural gravel, cobble, or boulder. In Kido’s 1999
bioassessment of the stream, Puali was given a ranking of “very poor.” This means that
although native species were present, they were found in small quantities and were often
outnumbered by alien species such as the Tahitian prawn Macrobrachium lar. The
survey, which also looked into habitat availability, found Puali Stream to be severely
degraded with excessive sedimentation and erosion.

Additional problems related to Puali Stream may be caused by operation of a
sewage treatment plant uphill from the stream and a landfill site on one of its tributaries.
The landfill operated between 1973 and 1991. Before solid waste was placed in the
landfill, a 48-inch perforated pipe was placed in the valley to carry off groundwater (and
leachate) from the site for eventual discharge into Puali Stream. A study done at the time
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of the landfill closure described the groundwater characteristics in the area. Groundwater
testing showed that no dissolved metals or volatile organics were present (Mink and
Yuen, 1993). However, some of the total metal concentration levels found in the gas
probe series of tests conducted on the site itself exceeded the maximum contaminant
levels (MCLs). The samples, however, included both dissolved metals and particulates
which are expected be filtered out when passing through the aquifer, minimizing the
chance of contamination. There may be a need to analyze fish tissues and sediments for
the bioaccumulation of such toxins.

After the landfill was closed, it was covered with an impervious surface to prevent
any further contamination. Additionally, monitoring equipment was installed to detect
any potential contamination. However, the landfill could still be a potential source of
pollutants. Although no toxic or hazardous waste was recorded as being accepted there,
illegal dumping can happen. For example, car batteries could contribute to increased
metal concentrations in the sediment.

Nutrient levels found in nearby groundwater samples were much higher than that
for “pristine” groundwater, probably as a result of fertilizer residue being transported
with surplus irrigation recharge from cane fields. Now that sugarcane operations have
ceased, golf course irrigation may be the contributor of nutrients. Samples taken from the
gas probe test series on the landfill site suggest the presence of a mixture of groundwater
and leachate due to high sulfate and low nitrogen concentrations. One sample was
excessively high in nitrogen, suggesting that it was primarily leachate. Samples taken
from Puali Stream, both upstream and downstream of the landfill, were 0.769 mg N/I and
0.735 mg N/, respectively (Mink and Yuen, 1993), suggesting that nutrients are
contributed by irrigation recharge.

Puali Stream enters the ocean at Niumalu near a beach park and canoe club. This
is near the small-boat harbor and is the launch point for three kayak tour companies. This
area is highly used by boaters, paddlers, crabbers, and tourists. It is very shallow (1 to
4 ft) and the bottom is covered with fine silt. Cesspools are common in the area.
Recently, Pat Cockett (a science teacher at Kaua‘i High School) and Dr. Carl Berg led a
~ group of students to this area to conduct bacterial monitoring. Although the data are from
student test kits, the results made the front page of The Garden Island newspaper.
Samples were collected from Niumalu near the mouth of Puali Stream on April 4, 2002.
The geometric mean for enterococcus in this area was 400 CFU/100 ml. A hotspot near
the kayak-launching ramp measured 2,602 CFU/100 ml (Carl Berg, personal
communication, 2002). Section 8.3 below discusses cesspools as a potential source of
contamination in the watershed.

5.3.2. Nawiliwili Stream
Nawiliwili Bay is subjected to accidental sewage, chemical, fertilizer, and
oil/gasoline spills. The record shows that sewage and oil spills are regular occurrences

there (see, e.g., Honolulu Star-Bulletin, June 29, 1993; June 30, 1993; August 14, 1996;
August 15, 1996). Over the last five years, Kaua‘i County has suffered as many as 14
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spills islandwide in one year (Hawai‘i State, DOH, 2002). Gasoline spills also occurred
regularly, both from the facilities in the harbor as well as from the gas station in Anchor
Cove. Other occurrences include chemical spills, like the one in 1993 which caused the
closure of the beach as toxins dyed the water fluorescent green and fish floated to the
surface (Honolulu Star-Bulletin, June 29, 1993). Another example is the fish kills due to
spills of chlorinated effluent from the wastewater treatment plant (Don Heacock, personal
communication, 2002).

The Nawiliwili Watershed is especially impacted by various sources of
contaminants due to many factors. For example, much of the development that takes
place in Lihu‘e and Puhi relies on natural drainage ways to transport storm-water runoff,
specifically through Kalapaki, Nawiliwili, and Puali Streams. In many instances culverts,
storm drains, and other drainage facilities have been built to discharge storm water
directly into these streams. One such facility is located about 150 m downstream of the
lower NBWC monitoring site. Monitoring is not conducted below this facility because
the sediment is so thick that it poses the threat of someone physically getting stuck. These
types of drainage facilities are designed for “maximum efficiency of conveyance” (KRP
Information Services, 1993). As a result, storm water and/or runoff from a chemical spill
in Lihu‘e, such as the one that occurred in the industrial area in 1993, will find its way to
Nawiliwili Bay via these natural pathways. It is possible to trace the path of a spill or
storm-water runoff from Lthu‘e. Additional research, such as the use of watershed
models combined with natural tracers, can define such paths by adopting a more
physically based approach.

Farther downstream, near the mouth of Nawiliwili Stream, many pollutants
appear to be concentrated in the box culvert by Duke’s Restaurant. This culvert also acts
as the confluence of two streams that are diverted under the Marriott Hotel. Below this
elevated culvert is Nawiliwili Stream. Bacterial counts from the culvert are consistently
some of the highest in the watershed (Carl Berg, personal communication, 2002; WRRC,
2002). The most recent spill of sewage effluent from the Lihu‘e Wastewater Treatment
Plant flowed into the stream on the golf course at Kauai Lagoons and then into the
diversion under the Marriott Hotel, and finally it discharged through this culvert into
Nawiliwili Stream (Kaupena Kinimaka, Kauai Marriott Hotel, personal communication,
2002; County of Kaua‘i representative, personal communication, 2002). An estuary
located at the mouth of Nawiliwili Stream and Kalapaki Bay acts as the final dumping
ground for the pollutants listed thus far. Yet, this site is home to many endangered water
birds including the Hawaiian gallinule. Native gobies have also been noted at this site
(Don Heacock, personal communication, 2002).

A storm drain located in a parking lot above the culvert catches the runoff from
activities in the lot. Residents have witnessed illegal cleaning activities in this area and in
some cases reported such activities to the Department of Health (Cheryl Lovell-Obatake,
personal communication, 2002). Recently (April, May, and July 2002), several small
diesel spills near Nawiliwili Stream were responded to either by the fire department or
hotel engineers. On April 23, 2002, a solenoid pump on the roof of the Marriott Hotel
failed, causing a small diesel spill. The diesel (about 5 gallons) leaked into the roof drain
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and discharged into Nawiliwili Stream. Most of the diesel was removed with absorbent
pads (Kaua‘i County Fire Department, 2002). Earlier, when the hotel was still the Westin,
an oil spill from an underground tank was recorded (Hawai‘i State, DOH, 1993). The
path of the diesel suggests that storm water from the roof of the hotel is also funneled into
the culvert.

Another problem, more specific to the sewage issue, is that the wastewater
treatment facilities are deteriorating and in much need of repair. Inspection ratings are
more frequently becoming “unacceptable,” but nothing is being done to fix these
inadequacies (Hawai‘i State, DOH, 2002). Furthermore, drainage manuals for county
projects and for large landowners’ development projects are out of date (Kaua‘i County’s
drainage manuals are currently being updated). Until changes are made, streams remain
the avenue for drainage. Finally, diversions, pumping, and channel alteration, as well as
the increase in the surface area of impervious surfaces, affect the amount of water
flowing into the bay via these drainage ways. Nutrients, petrochemicals, and sediments
are potential contaminants that can be transported by the runoff. Preliminary results of a
recent study in Lthu‘e by NBWC (2002) showed a significant amount of sediment and
trash transported by storm-water runoff. For their study, the NBWC staff installed catch
basin inserts (wire baskets) in storm drains to document pollutants in the storm-water

runoff, which can reach receiving waters NBWC, 2002).

There is a concern about water use and potential contamination due to the
construction and future operation of a new power plant near Ma‘alo Road, Hanama“ulu.
This area is not part of the Nawiliwili Watershed, but due to diversions and interbasin
transfer of water, water from one watershed has the potential to impact a different
watershed. Like any typical construction site, it can be a source of sediment in runoff. A
large amount of water will be needed to generate electricity, and the plant is already
diverting water from Kapaia Reservoir via an 11,500-ft underground waterline. Diesel
and naphtha will be stored on site in additional tanks (The Garden Island, March 14,
2002). This potential for contamination is due to the fact that the plant is located very
near several natural drainages, including Hanama‘ulu and Nawiliwili Streams (Planning
Solutions, 1998). Currently (July 2002), the power plant is in the application process for a
National Pollution Discharge Elimination System (NPDES) permit (Gary Ueunten,
Hawai‘i State, DOH, personal communication, 2002). According to the EIS, processed
water from the plant will be returned to the watershed via the Lower Lihu‘e Ditch. The
EIS states that if wastewater is returned to the ditch system, it would have slightly
elevated total dissolved solids and sulfate concentrations and would include minute
concentrations of chemicals such as RO antiscalent, RO bisulfate, boiler phosphate,
boiler cyclohexylamine, and boiler hyroquinone. As described in Section 4.4,
Hanama‘ulu Bay suffers from bacterial contamination. In addition, average coliform,
phosphorus, and nitrogen levels in the bay all exceed state standards for Class A waters.
This bay is highly impacted due to many years of receiving some 12,000 gallons per day
of disposal cane wash water (Hawai‘i State, DOT, 1978).
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5.3.3. Hulé'‘ia Stream

Hulé‘ia Stream undergoes the dynamics of dewatering from at least four
diversions. The “main” diversion is located above Halfway Bridge. Under low-flow
conditions, 100% of the water from Ku‘ia Stream is diverted. However, depending on
weather conditions, especially during heavy rains, that diversion may be turned off,
returning the water to the stream channel (Alan Smith, Grove Farm, personal
communication, 2002). Excess increased flows and tremendous spikes in turbidity have
been recorded by NBWC after rain events. After a heavy rain in March 2002, NBWC
recorded a reading of 83.7 nephelometric turbidity units (NTU), whereas the arithmetic
mean for the year at the same site was 11.93 NTU. Turbidity measurements taken by Jon
Schlegel of NRCS (personal communication, 2002) on the Rice Ranch in a reservoir just
west of Hulé‘ia Stream are 20 to 75 times the average measurements found in the stream.
This area is now used for cattle ranching, and according to Schlegel, this activity can
influence turbidity levels. Sediment that is causing the turbidity in this area undoubtedly
finds its way into the stream during storm events.

The quarry near Nawiliwili Stream has been listed as a sediment contributor in a
number of Hawai‘i State Department of Health documents (e.g., Hawai‘i State, DOH,
1990; KRP Information Services, 1993). The quarry referred to is actually located on
Hulé‘ia Stream at the confluence of Ku‘ia and Kamo‘oloa Streams. Mining activities
expose rock and soil to the elements, exacerbating natural erosion processes. Sediment
may contribute to the turbidity levels in the stream during rain events when it is
transported by storm water. Although the quarry has an NPDES permit to discharge into
Ku‘ia Stream, actual discharges are intermittent. Recorded discharges have been the
result of accidents such as a broken pipe or punched hole in the ditch system. A berm
near the crushing facility collapsed and fell into the stream on one occasion after a heavy
rain (Hawai‘i State, DOH CWB, NPDES discharge monitoring reports, 1992-2002).

Crabbers, fishermen, and kayakers use Huléia Stream. Tourists and locals
extensively use tributaries to this stream for recreational purposes. An example is Kipu
Falls. A June 2002 sample taken at Kipu Falls by WRRC showed coliform bacterial
levels to be greater than 2,400 CFU/100 ml and entercoccus bacterial levels to exceed
1,040 CFU/100 ml (WRRC, 2002). The latter count is well in excess of the state water
quality standard. The high bacterial counts may be linked to ranching activity in the
vicinity. Additionally, hunters frequent the area inland in search of feral pigs. While
sampling, NBWC staff often finds pig carcasses thrown from bridges built to cross over
Hulé‘ia Stream. Pigs are a suspected source of Leptospirosis, one of the public’s biggest
health concerns. Pigs are also known to cause erosion and can contribute to turbidity.

An assessment by Kido (1999) found Hulé‘ia Stream to be biologically degraded,
especially in areas where bridges cross the stream. Hulé‘ia Stream, in general, was found
to have the best biological integrity of the streams in the Nawiliwili Watershed, yet no
native species were found near the bridge crossings. The rating of “best in the watershed”
only means that multiple native species were found somewhere in the stream, some
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recruitment is taking place, and there is some habitat availability. However, when
compared with reference streams, this stream ranked poorly (Kido, 1999).

Hulé‘ia Stream is by far the biggest source of freshwater input into Nawiliwili
Bay. This stream is culturally significant for being the location of Alekoko Fishpond as
well as many other fishponds (now gone). Additionally, Hulé‘ia Stream once was the
water source for the staple food (taro) of the Hawaiian population. There is saltwater
influence in this stream for over 2 miles upstream. The lower part of Hulé‘ia is important
as an estuarine environment and nursery ground for many marine fish and crustacean
species. It is also important as a water bird habitat because many of our endangered water
birds can be found in this portion of the stream. Unfortunately, 50 or so years ago the red
mangrove was accidentally introduced and is thriving and is prolific along the banks as
far up as the saltwater influence is present. The mangrove may contribute a significant
amount of organic material to the stream, increasing turbidity and nutrient concentrations
(KRP Information Services, 1993). Additionally, the massive amount of roots
extendingfrom this plant into the stream may slow flows and trap sediment.

5.3.4. Papakolea Stream

Papakolea Stream winds its way through the Hulé‘ia National Wildlife Refuge
before discharging into Hulé‘ia Stream. In the 1940s, Grove Farm built a power plant on
Papakolea Stream. Studies completed by the NBWC has indicated that Papakoélea is the
most turbid stream in the watershed. It appears that the upper station is more turbid than
the lower station (NBWC, 2002). This may be due to the presence of two waterfalls that
separate the stations. Dissolved oxygen is found to be much higher at the lower station, as
would be expected after aeration takes place at the falls. At the upper station, a spike in
turbidity after a heavy rain in March 2002 measured 176 NTU (NBWC, 2002). This is
twice the maximum turbidity measurement at Hulé‘ia on the same day, yet the flow
volume at Papakolea Stream is nowhere near that of Hulé“ia.

Kido’s (1999) assessment of Papakolea Stream categorizes it as severely
degraded. Preliminary results of a more recent study show that the sites assessed in the
Nawiliwili Watershed (including Papakolea) were impaired in terms of flow regimes,
habitat structure, channel sedimentation, riparian characteristics, bank stability, and
substrate availability (Kido, 2002b). The Hawai‘i Stream Bioassessment Protocol was
applied in this study. It was designed to evaluate the biological integrity of perennial
Hawaiian streams, as well as its physical condition and habitat, as compared to reference
streams considered “pristine” (Kido, 2002a).

HSRC and NBWC staff noted evidence of feral pigs at the lower Papakolea site in
the wildlife refuge during monitoring activities. The stream banks looked as if they had
been “rototilled” by the pigs. Erosion from this type of activity can contribute to the
already severe sedimentation problem at this site. At an upper station, the banks are steep
and unstable. It is dangerous to sample this stream in some locations for fear of someone
getting stuck in the deep sediment. An abandoned car can be found pushed over the banks
at this site, and rubbish thrown from the bridge is often found. In July 2002, NBWC and
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Hawai‘i State Division of Aquatic Resources (DAR) staff encountered a 5-gallon bucket
half full of used motor oil approximately 100 m uphill from the bridge site.

6. DOH’S STUDIES ABOUT TOTAL MAXIMUM DAILY LOADS

Under the federal Clean Water Act, the state of Hawai‘i has identified 111
impaired water bodies and the pollutants causing impairments. Under this act, the state is
required to either de-list each site or establish its TMDL. According to federal
regulations, a TMDL sets the level of pollutant loading “necessary to attain and maintain
the applicable narrative and numerical water quality standards with seasonal variations
and a margin of safety which takes into account any lack of knowledge concerning the
relationship between effluent limitations and water quality. Determination of TMDL’s
shall take into account critical conditions for stream flow, loading, and water quality
parameters” (David Penn, personal communication, 2002).

The state Department of Health has listed Nawiliwili Bay and Nawiliwili and
Hul€‘ia Streams as impaired by turbidity and nutrients; thus both streams are being
studied for TMDL (David Penn, personal communication, 2002). Papakolea Stream is
also being studied for TMDL because it is considered a major tributary of Hulé"ia.

Puali Stream is currently under consideration for potential listing as an impaired
stream, because it has been identified as impaired through the Hawai‘i Stream
Bioassessment Protocol and because it flows into an impaired coastal water body
(Nawiliwili). The DOH Clean Water Branch, Monitoring Section, is collecting water-
column samples for laboratory analysis and conducting in situ measurements of stream
discharge rate, pH, DO, temperature, conductivity, and turbidity. DOH may also consider
other datasets (e.g., those collected by PISCES and UH’s WRRC) in its listing decision.

TMDLs for nutrient and sediment loads in Puali Stream will be prepared only if
study results suggest that implementation of TMDLs for Nawiliwili and Hulé‘ia Streams
are not likely to be sufficient to bring the bay back into compliance with state water
quality standards for nutrients and sediments. DOH is hoping to continue sampling in
Puali Stream during the TMDL study for other streams, but this has not yet been worked
out with the contractor and DOH partners.

7. GROUNDWATER QUALITY DATA

Groundwater quality data were obtained from the DOH. Available data were for
1999, 2000, and 2001, with a few measurements at scattered times for 1992 through
1996. The data seem to be well documented with clear quality control procedures. For
2001, measurements were taken for volatile chemicals, including regulated and
unregulated contaminants. The list includes a total of 24 of these. Measurements were
also taken for carbamate pesticides, including two regulated and eight unregulated
chemicals. Separate reporting was also done for EDB, DBCP, and TCP, as well as for
chlorinated acids, synthetic organic chemicals, glyphsate, and inorganic chemicals (non-
metals). Chlorinated acids include six regulated and one unregulated chemical, while
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synthetic organic chemicals include nineteen regulated and six unregulated ones. Finally,
the list includes four inorganic chemicals.

In 2001, only on two occasions, the concentration of atrazine, a synthetic organic
chemical (herbicide), exceeded the MCL of 0.05 pg/l. The well names are Kilohana B
and Kilohana G, and the respective concentrations were 0.12 and 0.08 pg/l. Figure 19
shows the location of these wells. The sampling dates were June 4 and May 23,
respectively. Other than that, most concentrations were below detection limits. Nitrate (as
N), an inorganic chemical, did not exceed 1.7 mg/], which is much lower than the MCL
of 10 mg/l. The value of 1.7 mg/l was measured at Kilohana G on May 23.

Similar data were collected in previous years, with less frequency. However, none
of the measurements indicate groundwater contamination problems. Phase 2 of this study
will assess potential relationships of contaminant levels in streams and groundwater.

8. GENERAL LIST OF POTENTIAL POLLUTION SOURCES

Compiling an accurate and definite list of all potential pollution sources is
difficult due to the absence of comprehensive studies and the lack of sufficient data.
When this is the case, rationale from other studies and reports was used to justify why the
potential source is included. The word potential is specifically used to reinforce the fact
that we have very little hard evidence as to the source of pollutants in the watershed. The
information regarding these sources can provide insight or a starting place as to where
future studies may be focused. It is also intended to point out where the gaps exist that

need to be filled.
The following are potential sources of pollution:

Abandoned boats and vehicles
Agricultural lands

Cesspools

Construction sites

Channel alterations

Chemical storage facilities
Land and stream erosion
Forested areas and feral ungulate-related problems
Golf courses

Halehaka landfill

Quarry at Halfway Bridge
Urban storm-water runoff
Wastewater treatment facilities

It is clear from Sections 4 and 5 above that there are sediment, nutrient, and
bacterial-contamination problems in the watershed and bay. Among those listed above,
sediment sources include agricultural lands, construction sites, channel alteration,
erosion, the quarry, and urban runoff. Nutrients originate from agricultural lands, golf
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courses, cesspools, frosted areas, urban runoff, and wastewater treatment spills. Bacterial
contamination originates from cesspools, frosted areas, urban runoff, and wastewater
treatment spills. There is, however, a chance that other chemicals exist due to the other
sources listed above. There are great uncertainties regarding quantification and
assessment of such contaminants due to the absence of data. Only the levels of bacterial
contamination in a limited number of sites are defined based on old and new
measurements, which have been collected during this study. Additional studies are
needed to assess the existence of other chemicals in the watershed and their respective
levels of contamination.

The following subsections detail known information about the potential sources
listed above. The approximate locations of the potential sources are shown in Figure 20.

8.1. Abandoned Boats and Vehicles

Locations and fate of abandoned boats and vehicles are not documented as far as
we know. Personal knowledge of our staff include the locations of three boats that have
sunk or washed up against the rocks in the Nawiliwili Small Boat Harbor and Hulé‘ia
Estuary vicinity. Vaughan Tyndzic of the state Division of Boating and Ocean Recreation
and personnel who manage the Nawiliwili Small Boat Harbor (Richard Watjen, manager,
personal communication, 2002) both can verify that these vessels have sunk. According
to Tyndzic (personal communication, 2002), a record is produced when an owner files an
incident report, often for insurance purposes. However, if the boat has been abandoned,
no report is filed. Figures 21 through 24 are photos of some boats that are damaged or
may have sunk in the bay at a later time. There seems to be problems with jurisdiction in
the Hulé‘ia River, according to Tyndzic. Jurisdiction, lack of impounding authority, lack
of resources, and the sheer number of problems (especially on O‘ahu) have lead to failure
in resolving the junked or abandoned boat issue (Tyndzic, personal communication,
2002). There is a need to survey the bay for sunken vessels and to remove the wreckage.

Other boat-related pollution may involve litter (Figure 25), ballast discharge,
petrochemicals, and sewage or wastewater discharge. Discharge from marine toilets into
Department of Transportation regulations (KRP Information Services, 1993). Federal
regulations require vessels fitted with toilets to have marine sanitation devices. DOT
personnel are permitted to inspect marine sanitations devices and issue citations to those
vessels not meeting certain requirements. However, lack of manpower has made it
difficult to enforce these regulations (KRP Information Services, 1993). Even those who
comply with the above regulations may be in violation if no pump-out facilities are
available.

For example, recreation activities can also be a source of contamination. The
Norwegian Cruise Lines recently agreed to pay a $1.5 million fine for dumping oily
wastewater into the ocean and keeping false records of discharges (Honolulu Advertiser,
August 1, 2002). Although there was no evidence of dumping in Hawaiian waters, this
cruiseline frequently calls at Nawiliwili Harbor. Several years ago Carl Berg (personal
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communication, 2002) reported another cruiseline, the American Hawaii Cruiselines, for
discharging what appeared to be sewage into Nawiliwili Harbor.

Examples of pollution problems include an abandoned car, spotted by NBWC
staff, that was pushed from the banks into Papakdlea Stream. In addition, on July 16,
2002, the staff also located and removed a leaky 5-gallon bucket half filled with used
motor oil. The bucket was located at about 100 m up the road from the Hulemalu Bridge,
which crosses Papakolea Stream.

8.2. Agricultural Practices

Agriculture is a significant sediment generator. Additionally, pesticides and
fertilizers from agricultural activity can become attached to sediment particles and thus
be transported with storm-water runoff. Much of the agricultural land in the Nawiliwili
Watershed was once used for sugarcane production, but that activity has recently ceased.
The Rice Plantation is now used for cattle ranching. According to Jon Schlegel of NRCS
(personal communication, 2002), cattle are a suspected source of bacteria and sediment.
Excessively high turbidity levels (100+ NTU) have been recorded at nearby locations.
Additionally, high fecal coliform and enterococcus counts (2,480 CFU/100 ml and
1,040 CFU/100 ml, respectively [WRRC, 2002]) found at nearby Kipu Pond are
suspected to be cattle related. Additional data need to be collected before definite
conclusions can be drawn, however.

The Nawiliwili Watershed is undergoing many land-use changes. Corn and
papaya are grown in the area; however, no data have been made available on the acreage
involved. NRCS seems to have limited information on this subject at this time. However,
it has an erosion control program and a wildlife program that are designed to voluntarily
address some of these questions. The state GIS site includes an agricultural land-use map
dated 1978-1980 (Figure B7 in Appendix B). There is a need to update such critical
information.

Bill Cowern of Hawaiian Mahogony has leased some 4,000 acres of private land
for silviculture. Several hundred acres of this land is located within the Nawiliwili
Watershed. Albizia, mahogony, and rosewood are currently being grown; however, there
is a plan to grow up to a hundred different species of trees (The Garden Island, October
16, 2000). Data on the exact number of acres and species being grown have not been
made available at this time. Most of this forestry project is taking place in the upper
watershed.

8.3. Cesspools

A map from KRP Information Services (1993) documents existing cesspool areas
on Kaua‘i, including Ha‘ena, Hanalei, Kilauea, Anahola, Kealia, Kapa‘a, Wailua,
Hanama‘ulu, Lihu‘e, Po‘ipu, Koloa, Lawa‘i, Hanapépé, Waimea, and Kekaha. Private
sewer treatment plants exist near Hanalei, Kapa‘a, Lthu‘e, and Po‘ipi.
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In Hanalei, after a septic tank malfunctioned last year, a community group
(Hanalei Heritage River Program, led by Carl Berg) conducting bacterial monitoring near
Hanalei River mouth and Black Pot found that the level of bacteria was exceeding state
standards (The Garden Island, January 4, 2002). In response to the findings, Kaua‘i
County asked the state Department of Health to test the waters around the island to
determine if they were safe for recreational use (The Garden Island, January 26, 2002).
In March 2002, members of the USEPA, state Department of Health, and several
community groups were present for a water quality workshop that was held in the County
Council chambers. The main topic was bacterial counts in recreational waters around the
island. The situation in Hanalei was addressed in the presentation by DOH staff. The
presentation included a list of wastewater treatment plants in Hanalei, a tax map key of
the area, and about 200 cesspools fronting the bay (Hawai‘i State, DOH, 2002).

KRP Information Services (1993) mentions that there are problems associated
with cesspools in high water-table areas such as Hanalei and Niumalu. These cesspools
are susceptible to failure after a heavy rain (KRP Information Services, 1993). Recent
developments in Lihu‘e and Puhi have increased the amount of impervious surfaces
adding to the volume of storm-water runoff (Akinaka & Assoc., 1992). This increased
runoff could aggravate the problem of cesspool failure in high water-table areas.

As discussed earlier (Section 5.3.1), the results by Carl Berg and by Pat Cockett
and his students showed high bacterial counts at Kalapaki Beach and Niumalu near Puali
Stream. The geometric mean for the samples taken at Kalapaki Bay on April 3, 2002 was
40.66 CFU/100 ml. Some hotspots near Nawiliwili Stream measured 209 CFU/100 ml.
Another group took samples from Niumalu on April 4, 2002. A hot spot near the kayak-
launching area measured 2,602 CFU/100 ml. The geometric mean for the area was
400 CFU/100 ml (Carl Berg, personal communication, 2002).

Although the construction of cesspools has been restricted since August 1991,
many older communities on Kaua‘i, including many in the Nawiliwili Watershed, still
use cesspools as their waste disposal method. In a 1993 report, it was estimated that the
Kaua‘i cesspool failure rate was between 2% and 8% islandwide. This number may be
higher in areas with higher cesspool concentrations (KRP Information Services, 1993).
Problems with cesspools may include, but are not limited to, failure due to improper
operation and lack of maintenance, and seepage, which may contaminate coastal waters,
streams, and perhaps even groundwater. Additionally, cesspools that are located in areas
with nonporous soils can become clogged because of bacterial growth and fine solids
buildup. This can lead to failure, especially during periods of high rainfall or storm runoff
(KRP Information Services, 1993).

Groundwater contamination from cesspools may be of concern in areas with
highly porous soils, which does not provide efficient treatment. Rapid percolation and a
short distance to the water table are two factors that could increase the risk of
groundwater contamination. The existence of a strong seaward flux of freshwater can
increase the potential for the subsequent contamination of coastal waters (KRP
Information Services, 1993).
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Bacteria are not the only concern of contamination related to cesspools. As stated
by KRP Information Services (1993), nutrients from waste in cesspools may also find
their way into coastal waters. Potential eutrophication is even greater if nitrogen and
phosphorus exist in waters with low circulation, such as embayments, estuaries, and tidal

“flushing” barriers such as the breakwater and jetties contained within the harbor.

The potential seepage and failure of cesspools in the Nawiliwili Watershed, along
with the limited amount of data currently available, have necessitated that a sanitary
study be conducted in the future by Gary Ueunten of DOH and Carl Berg of the Hanalei
Heritage River Program. In the first stage of the study, maps and documentation on
existing sewer lines and sewered areas will be collected. A GIS layer will be created to
include this information. Finally, a survey will be conducted to find out which properties
are using cesspools vs. septic tanks. DOH’s Clean Water Branch has obtained a
fluorometer, and there is a contract pending to train staff in the use of dye tests, among
other sanitary survey techniques.

8.4. Channel Alterations

As discussed in Section 4.3, the study by Timbol and Maciolek (1978)
documniented stream alterations and their effects on species abundance. Examples of
alterations are shown in Figures 26 and 27. Urban activity and additional channel
modifications have changed the landscape of Kaua‘i since their study was completed.
There is a need to initiate studies similar to that by Timbol and Maciolek to assess the
current status of the streams.

As discussed earlier, Section 4.3, Hulé‘ia and its tributaries have at least four
stream diversions. Puali has been realigned behind Halelani Villages in Puhi and travels
through a culvert where the road passes over it (Heacock, 1994). Near Niumalu Pavilion,
another road-crossing bridge is located near the mouth of Puali Stream. Papakélea Stream
also has a road-crossing bridge on Hulemalu Road. Nawiliwili Stream travels through a
culvert and is crossed by a small bridge. Two streams that run through Marriott Hotel and
the Kauai Lagoons property are diverted under the hotel parking lot. They ultimately
discharge through an elevated box culvert into Nawiliwili Stream.

Other problems include the large volumes of rubbish thrown from bridge
crossings, as recorded by NBWC and UH HSRC staff. On more than two occasions, the
staff encountered rotting pig carcasses at the Kipu Bridge site on Hulé‘ia Stream. Kido
(1999) reported that many streams were “physically and biologically degraded in the
reaches where they intersect the highway.” According to the study, “nearly all of these
locations exhibited excessive sedimentation and bank erosion.” Further, no native
macrofaunal species were observed or collected in any of these locations, and even alien
species were present in very low abundances.
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Channel alteration and hydromodification have become the topic of a recent series
of Hawai‘i coastal zone management focus-group meetings. One important issue which
has come about in these meetings is that an inventory of channel alterations,
hydromodifications, and diversion works is lacking. The Hawai‘i State Water Code
requires that diversion works be registered by the Commission on Water Resource
Management, but it is clear that the list is not complete. An inventory of channel
alterations would be useful in assessing nonpoint-source pollution since we already know
that hydromodifications have a direct impact on species, sediment load control, and other
physical, chemical, and biological parameters associated with healthy streams.

8.5. Housing Developments and Construction

Before Hurricane Iniki, the construction industry was second to tourism in terms
of dollar valuation (KRP Information Service, 1993). After the hurricane, construction
activity increased dramatically but has since leveled off. Significant amounts of sediment
can be generated by construction activities such as grading and grubbing. Additional
pollutants that are commonly used at construction sites can bind to sediment and then be
carried with storm runoff to receiving waters (KRP Information Services, 1993).

Best management practices (BMPs) are being used at many active construction
sites in the Nawiliwili Watershed. Sediment traps at some locations may not be effective
if they had not been properly installed or maintained. On a recent trip to locate sites for
TMDL studies, DOH staff noted improperly installed sediment traps at a site near Aloha
Church in Lihu‘e. UH HSRC staff noted that sediment traps at the Halemalu site in Puhi
had been knocked down by the sheer amount of sediment being generated. There is no
evidence, however, to show that any improper or illegal activity is taking place. BMPs
are being used, and permits have been issued for most construction activities taking place
on Kaua‘i.

8.6. Repair Shops and Chemical Storage

In 1993 a chemical spill occurred in the Lihu‘e industrial area (Honolulu Star-
Bulletin, June 29, 1993). The chemical, a fluorescent dye, traveled from a storm drain to
Kalapaki Stream, where it was fed into an underground diversion and finally discharged
into Nawiliwili Stream. Illegal dumping of toxins into storm drains is one method of
contaminating receiving waters. However, even proper usage of chemicals can lead to
contamination (Hawai‘i State, DOH, 1990). The Kaua‘i County Fire Department has
responded to petrochemical spills in neighboring areas. Most spills involve a quart or two
of oil. Others are more significant, like a 1,900-gallon diesel spill in an underground tank
at the Lthu‘e Power Plant in October 2001 (Kaua‘i County, Fire Department, 2002).

At our study site, we have no evidence of any cases of spills. We are looking into
DOH’s records for a list of registered complaints, if any.

Below is a list of businesses that are present in the same industrial area as the
company that housed the fluorescent dye. Many of them store petrochemicals, fertilizers,
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and pesticides. The list provided is for information only and does not imply any
wrongdoing by any of these companies.

Lihu‘e industrial area near headwaters of Kalapaki Stream:

Nawiliwili Machine Shop (galvanizing, welding and sheet metal)
UHS Fertilizer

Kauai Welding

Air Liquide (gasses)

Costa’s Auto Repair

Kauai Toyota

Kuhio Motors

Kauai Automated Fuels Network (filling station and storage of refueling tanks)
D&W services (auto repair)

Terminex (pesticides)

Waynes Enterprises (auto repair)

Tire Warehouse

Thrifty Rental Car

Hawaiian Blade’s (surfboard makers)

Other areas of the watershed:

Chevron

2 Shell Stations

2 76 Stations

Ohana Motors

Gas Pro

Midas

Napa (Pacific Service and Development Corp.)

Kauai Foreign Auto

Puhi Metals & Recycling (the company has BMPs in place, such as retention basins)
Brewer Environmental Industries (chemical storage facility for chlorine, pesticides,
fertilizer)

8.7. Land and Stream Erosion

The pollutant listed by the Department of Health as having the greatest
detrimental impact on water quality in Hawai‘i is sediment. On Kaua‘i alone, it is
estimated that 294,300 tons/year of sediment are generated (Hawai'i State, DOH, 1990).
Figures 28 through 31 show examples of sediment problems in the watershed.

Farming is one of the primary sediment generators. Construction sites, mining
operations, feral ungulates, and natural erosion processes also contribute large quantities
of sediment to streams every year. Some of the factors that affect the amount of sediment
contributed include intensity of rainfall, erodibility of soil, amount and type of ground
cover, and land management practices (USDA Soil Conservation Service, 1976, as cited
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in (Hawai‘i State DOH, 1990). In East Kaua*i, 57,900 acres are eroding while only
24,900 acres are considered adequately protected from erosion. Some 33,000 acres with
BMPs in place are still experiencing erosion problems (208 Water Quality Management
Plan, 1980, as cited in KRP Information Services, 1993).

Sediment is responsible for destroying stream habitat, impacting reef
environments, and increasing turbidity. In addition, the chemical and physical properties
of sediment particles exacerbate problems by allowing other substance to be adsorbed
onto their surfaces. The result is that these substances are transported with sediments in
runoff generated by rain events. For example, pesticides used in agriculture tend to
become strongly attached to sediment particles and are thus transported with eroded
sediment and then carried with runoff into receiving waters. Nutrients and pesticides can
also become entrained in water transported to streams via agricultural diversions
(Hawai‘i State, DOH, 1990). Toxic pesticides and other chemicals that have been found
in the bed sediment and tissues of fish in Hawai‘i streams include Dieldrin, Chlordane,
DDT, PCBs, TBT (from treating wood), EDB, DBCP, and arsenic (Brasher and Anthony,
1998; Hawai‘i State, DOH, 1990).

A recent study of fishes and bed sediment in Nawiliwili Stream was conducted by
USGS (Brasher et al., 2002). Some semivolatile organochlorines and trace metals, such
as mercury, found in the bed sediments exceeded probable effect levels for aquatic
organisms. Levels of Dieldrin, a metabolized product of Aldrin (a common termaticide
used in the 1970s), found in bed sediment exceeded New York State Department of
Environmental Conservation guidelines. Dieldrin was also found in elevated levels in fish
tissues. Concentrations of the compounds found in Nawiliwili Stream were similar to
concentrations found in urban streams on O‘ahu (Brasher et al., 2002).

An EIS for Kauai Electric Lihue Service Center stated that runoff from their
project would unlikely affect the marine communities in the area (Hanama‘ulu) because a
survey showed that there was low coral cover and poorly developed marine communities
(Planning Solutions, 1998). Brock (1994) examined marine communities at Ahukini
(Hanama“ulu) and found them to be quite diverse in areas starting about 40 m offshore.
Near the freshwater input from the stream and drainage outfalls from the airport, corals
were notably absent and other benthic communities were less diverse than farther
offshore. In another part of the study by Brock (1994), poorly developed communities
(coral cover less than 1%) were found in Nawiliwili Bay. Existence of small coral
communities suggest that wave force may be an important factor in community structure.
Freshwater input from Nawiliwili Stream, however, also affects sensitive corals. In both
locations (Nawiliwili and Hanama“ulu), chlorophyll-a concentrations exceeded state
standards (Brock, 1994). In an EIS for L1hu‘e Wastewater Treatment Plant’s effluent
disposal, bottom characteristics and poorly developed marine and benthic communities
were discussed for Nawiliwili Bay (Marine Research Consultants, 1998). It is possible
that these communities are highly impacted by a variety of factors, such as the previous
disposal of 12,000 gallons per day of cane wash water into Hanama‘ulu Bay (Hawai‘i
State, DOT, 1978). Sugarcane washings that were historically discharged into Nawiliwili
Stream ended up in the bay (Hawai‘i State, DOH, 1990). In a related matter, the, State
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DOH (1990) cited a 1985 study by Grigg that shows the impacts of sediment on aquatic
communities. Along the Hamakua Coast of the Big Island. Grigg identified sediment
discharges from sugar mills as being responsible for biotic depletion in the area.
Additionally, he stated that recurring sedimentation activities do not allow opportunities
for recovery. Sediment from dredging and filling-in areas for harbor construction may
have contributed to the impact on marine communities in Nawiliwili as far back as 1930.

Construction sites can also contribute a significant amount of sediment from a
small area for short or intermittent intervals. BMPs such as the use of sediment traps may
be used to retain the sediment within the site. As stated before, for maximum mitigative
effect, the traps must be installed properly and then monitored. Additional pollutants
often used at construction sites, including waste petroleum products, can bind to
sediments and be transported with storm-water runoff to receiving waters (KRP
Information Service, 1993).

Mining operations expose large areas of soil and rocks to wind, rain, and other
eroding factors. Historically, many surface mines were placed near streams where soil
and mined materials could be disposed of or washed (Hawai‘i State, DBEDT, 1987, as
cited in Hawai‘i State, DOH, 1990). This is no longer allowed, but sediment can be
transported with runoff from mines and quarries situated near streams where large areas
of bare soil are exposed, like at the quarry located near Halfway Bridge on Hulé‘ia
Stream. Exposed soil can become disturbed after a heavy rain, causing erosive accidents
such as the accidental collapse of a 200-yd3 berm at the Halfway Bridge quarry in 1996
(Hawai‘i State, DOH CWB, NPDES discharge monitoring reports, 1992-2002).

8.8. Forested Areas and Feral Ungulate-Related Problems

We have completed an extensive search of records of the Nature Conservancy, the
Kauai Mountain Partnership, the Hawai‘i State Department of Land and Natural
Resources’ Division of Forestry and Wildlife, and other organizations for studies on feral
ungulates and related problems in the Nawiliwili Watershed. Unfortunately, it became
clear that little is known beyond the common knowledge of those who frequent the area.
One of the reasons studies may be lacking is that much of the land in this watershed is
privately owned and therefore does not fall under the jurisdiction of agencies such as the
Division of Forestry and Wildlife.

Some of the problems associated with feral ungulates include devegetation and
destabilization of soils, causing the generation of pollutants (Tagawa, 1957, as cited in
(Hawai‘i State, DOH, 1990) and the facilitation of non-native plant establishment. The
feral pig is said to be the most environmentally devastating animal in Hawai‘i.
Additionally, in areas with abundant animal populations, fecal matter may combine with
runoff, further adding to stream pollution (Hawai‘i State, DOH, 1990).

Pigs are present in large numbers in the Nawiliwili Watershed and are causing

erosion problems. Pig populations have increased since the demise of sugarcane culture
and the introduction of guinea grass (Thomas Kaiakapu, personal communication, 2002).
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Guinea grass provides cover for the pigs, and thereby reduces the chance of being taken
by hunters. Additionally, in recent times more gates have been installed to keep hunters
and others out of privately owned land. According to Kaiakapu, recreational hunting may
keep pig numbers in check. The Division of Forestry and Wildlife is concerned about
pigs removing native vegetation because non-native plants tend to revegetate more
aggressively, pushing out any native species. There is also concern that the pig
population is increasing in the upper watershed area (Bill Cowern, Hawaiian Mahogony,
personal communication, 2002). Cowern, who has several hundred acres of trees growing
in the upper watershed, is concerned that the pigs will knock over small trees while
rooting for bugs in the area (The Garden Island, October 16, 2000).

NBWC staff has observed the “rototilled” banks of many irrigation ditches and
drainage ways in areas on Kilohana Crater as well as at monitoring sites in the Hulé‘ia
National Wildlife Refuge along Papakolea Stream. Baby pigs have also been spotted at
the NBWC Papakolea monitoring site. NBWC staff identified pig carcasses and bones at
the Kipu Bridge site on Hulé‘ia Stream. Several pig families present on the Rice Ranch
are an attraction for visitors lead by a local kayak tour company.

Since anecdotal evidence is all we have to go on at this point, a need exists to
study feral ungulate populations in the watershed. In addition to erosion and devegetation
issues, pigs also pose the risk of spreading Leptospirosis. There is a growing public
health concern about Leptospirosis, which can be spread by the urine of infected animals.
Contracting Leptospirosis seems to be correlated with pig hunting and other recreational
activities such as prawning.

8.9. Golf Courses

According to “Hawai‘i’s Implementation Plan for Polluted Runoff Control”
(Hawaii State, DBEDT OCZM and DOH CWB, 2000), golf courses have the potential to
contribute significant amounts of polluted runoff to adjacent waters. Nutrients from lawns
and golf courses located in urban areas can enter waters through runoff as well as
infiltration (Hawai‘i State, DOH, 1990). Issues related to irrigation and to nutrients and
pesticides use on golf courses are also under comlderatlon (Hawaii State, DBEDT
OCZM and DOH CWB, 2000).

Golf courses located in the Nawiliwili Watershed include one at Puakea and two
at Kauai Lagoons. At Kauai Lagoons, treated effluent from the adjacent Lihu‘e
Wastewater Treatment Plant is used to irrigate the courses. As discussed in Section 5.3.2,
spills at the treatment plant may end up in Nawiliwili Stream (Kaupena Kinmaka,
personal communication, 2002; Figure 32). Nutrient concentrations in the box culvert at
Duke’s Restaurant, the final discharge point for such spills, are usually about three to four
times greater than those in Nawiliwili Stream (WRRC, 2002). Nutrient-rich runoff from
the golf course may also follow the same path. Marine Research Consultants conducted a
study in 1998 to complement an EIS for the discharge of effluent from the treatment plant
through injection wells. It found that although nutrient concentrations were higher in
nearshore areas than in exposed coastline areas, mixing analysis indicated that the
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nearshore concentrations were less than what would be expected from natural
groundwater input. It seems thus that nutrients are removed from the golf course by turf
uptake. Excess irrigation water can percolate into the groundwater and end up in
nearshore waters. Based on data provided, there is no indication that excess nutrients are
being contributed. However, it seems only one sample was taken. No mention was made
of what portion of the irrigation water runs off into drainage ways and makes its way into
the bay in this manner.

Puakea Golf Course has the potential to impact Puali Stream as well as
Papalinahoa Stream. In a seven-year study conducted by AECOS, Inc. (2002), nutrient
concentrations in Puali Stream always exceeded state standards. In a study done at the
time of the Halehaka landfill closing, it was found that irrigation recharge from sugarcane
agriculture influenced groundwater seepage into Puali Stream (Mink and Yuen, 1993).
Fertilizers from sugarcane agriculture may have influenced nutrient concentrations in the
groundwater and the stream. Golf courses that have replaced sugarcane fields in the same
area also engage in irrigation and fertilization. Nutrient-rich runoff and irrigation
recharge from golf courses may very well influence nutrient concentrations in Puali and
Papalinahoa Streams. Higher average total nitrogen concentrations were found at sites
near the golf course near Puali Stream than at the sites farther downstream (AECOS Inc.,
2002). According to the 1998 Hawai‘i Water Quality Assessment (305(b) Report) by the
Hawai‘i State DOH, storm water from a nearby residentiai development site as well as
the shopping center is channeled to the golf course development site. The resulting
reduction in sedimentation and turbidity levels is supposed to reduce the strain on Puali
Stream and Nawiliwili Bay. Some concern has been raised, however, that this water is
impacting Papalinahoa Stream. This concern may be addressed in the DOH TMDL
studies or future studies by NBWC.

8.10. Halehaka Landfill

KRP Information Services (1993) states that solid waste disposal practices can
cause harm to water resources, especially groundwater, if care is not practiced in the
siting, design, and operation of disposal facilities. The leachate can be a source of
excessive bacteria, high chemical oxygen demand, and a variety of heavy metals that can
find their way from improperly designed and operated landfills into receiving surface
water or groundwater. As a result, these facilities may be required to install and operate
monitoring equipment to detect contamination resulting from their operation.

We have no evidence of contaminants emanating from the landfill. Problems
could have been limited to the time the landfill was operational and briefly thereafter.
More details on the types and amount of contamination are given in the section on Puali
Stream. The location of the site (in a tributary of Puali Stream) and the discharge of
leachate via a 48-inch pipe into Puali Stream were two main concerns when the facility
was operational. Monitoring equipment was installed at the Halehaka landfill (Don
Heacock, personal communication, 2002), but no data have been made available on what
was recorded.
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8.11. Quarry at Halfway Bridge

Mining operations such as the quarry at Halfway Bridge destabilize soil and rocks
and expose them to the elements, causing accelerated erosion. Quarries do not fall under
the county grading ordinance because they are considered mining operations.
Historically, surface mining operations have been placed near streams so that excess soil
could be disposed of and the product could be washed. This is no longer allowed.
However, sediment particles from exposed soil, along with any chemicals that have
attached to the particle surfaces, can be transported with storm-water runoff to receiving
waters (Hawai‘i State, DOH, 1990).

The Halfway Bridge rock quarry is located at the confluence of Ku‘ia and
Kamo‘oloa Streams. Just below this location, these two streams converge to become
Hulé‘ia Stream. Since the quarry is so old, no environmental impact statement seems to
have been prepared. Even Office of Environmental Quality Control is unaware of any
study or EIS for the impact of this activity.

Grove Farm holds an industrial NPDES permit that allows the Halfway Bridge
rock quarry (#0020851) to discharge process wash water and storm-water runoff into
Ku‘ia Stream (outfalls 001 and 002) and/or Waita Reservoir (outfall 003) from three
different outfails (KRP Information Services, 1993). The discharges are intermittent.
Grove Farm operators are required to self-monitor their release of storm water. Records
for 1992 to 2002 show two release instances in 1994 and a small number of accidental
discharges from outfalls 001 and 002. In 1994, 800 gallons were discharged from outfall
001 (turbidity was 671 NTU and total suspended solids was 233 mg/l) and150 gallons
from outfall 002 (turbidity was 711 NTU and total suspended solids was 449 mg/1). In
1995, approximately 4,000 gallons of non-process water entered the stream through a
pipe break during pond repairs. Clean Water Branch personnel implemented corrective
measures. In 1996, a contractor (Irrigation Technologies) opened a portion of a collection
pond at the end of an irrigation ditch, sending 400 gallons of silty water into the stream
(Hawai‘i State, DOH CWB, NPDES discharge monitoring reports, 1992-2002). Also in
1996, after a heavy rain, a berm near the crushing plant collapsed, sending approximately
200 yd3 of dirt into Kamo*‘oloa Stream. The berm was immediately repaired (Hawai‘i
State, DOH CWB, NPDES discharge monitoring reports, 1992-2002).

A number of state-generated documents mention that an unnamed quarry on
Nawiliwili Stream is suspected of being a significant contributor of sediment (e.g., KRP
Information Services, 1993; Hawai‘i State, DOH, 1990; Hawaii State, DBEDT OCZM
and DOH CWB, 2000). The quarry is actually not located on Nawiliwili Stream but
within the Hul€‘ia’s Stream system. NRCS staff has also suggested a link between
turbidity and sediment entrained in runoff from the quarry. It is uncertain, however, how
much erosion is taking place or how much sediment is being contributed to the
Nawiliwili Watershed.
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8.12. Urban Storm-water Runoff

Urban storm-water runoff is a major source of contaminants and sediment. Urban
runoff characteristics are described in the results of the National Urban Runoff Program
study sponsored by USEPA. The results of this study are summarized in KRP
Information Services (1993). The studies sampled 78 sites in 28 cities nationwide for a
“year or two.” The results showed that the metal concentrations found in urban runoff
exceeded national water quality standards for copper, lead, zinc, and cadmium. Organic
constituents consisted mostly of pesticides. The primary sources of the inorganic
pollutants are from fossil fuel combustion, metal corrosion (a chronic problem in
Hawai‘i), and other automobile-related activities. There is a chance some of these
contaminants exist in Nawiliwili Bay. In addition, coliform bacteria counts exceeded
water quality criteria both during and after a rainfall event (Hawai‘i State, DOH, 1993).
For June 2002, the highest coliform bacteria count (2,640 CFU/100 ml) in the Nawiliwili
Watershed was for samples taken from Nawiliwili Stream (WRRC, 2002). This stream
receives urban runoff from numerous storm-drain facilities.

Water runoff from the streets of Lihu‘e can pick up contaminants, such as
sediment, nutrients, pesticides, heavy metals, and coliform bacteria that end up in
Kaua‘i’s streams. According to the Water Quality Management Plan for the County of
Kaua‘i, drainage facilities are designed for “maximum efficiency of conveyance,” which
only exacerbates the problems associated with runoff. Such problems may include
accelerated erosion of stream banks, as described in Kido’s (1999) studies of the
Nawiliwili Watershed. Additionally, “total pollutant loads during heavy runoff periods
can often exceed the pollution load from a wastewater treatment plant” (KRP Information
Services, 1993, p. XIII-I). In addition to the increased velocities created by designing
drainage facilities to efficiently convey runoff, impervious surfaces found in urban areas
like L1hu‘e increase the volume of storm-water runoff by inhibiting it from percolating
into the ground. Greater quantities of sediments are carried by high-velocity storm water
and tend to accumulate at some point downstream (Hawai‘i State, DOH, 1993). Some of
these sediments may settle out in areas of slow-flowing water such as the deep-draft
commercial harbor at Nawiliwili. As a result of this sediment accumulation, periodic
dredging is required to maintain navigable depths (Hawaii State, DBEDT OCZM and
DOH CWB, 2000). In 1990 alone, the U.S. Army Corps of Engineers planned to remove
over a million cubic yards of sediment from several harbors and embayments around the
state, including Nawiliwili Harbor (Esaki, 1989, as cited in Hawai‘i State, DOH, 1990).

Sediment loads from urban runoff are also substantial. Additional pollutants from
chemicals often found at constructions sites (such as Halemalu Village near Puali Stream)
have the capability of binding themselves to the sediments before being washed into the
streams along with storm-water runoff (KRP Information Services, 1993). In a study
currently being conducted by NBWC, 25 storm drains in Lihu‘e were fitted with catch
basin inserts. The inserts consist of a basket that is approximately 6 inches wide x 6
inches deep and runs the length of the drain. After approximately seven months, the
baskets were cleaned. More than 50 kitchen trash bags were filled with rubbish and
sediment. Over 200,000 cm3 of sediment alone were recovered. Sediment and decaying
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leaves accounted for approximately 75% of everything that was recovered from the
baskets. The most common types of litter were cigarette butts and plastic wrappers from
candy or cigarette packages.

8.13. Wastewater Treatment Spills

Pump failures from the Lihu‘e Wastewater Treatment Plant have caused »
significant spills that have ended up in Kalapaki Bay. Possible bacterial contamination
due to such spills is discussed in Section 4.4. Spills of this type are handled under point-
source regulations. Private treatment facilities in the area include those located at Banyan
Harbor Resorts (Nawiliwili), Kaua‘i Community College (Puhi), and Kukui Grove
Shopping Center (Lthu‘e). Local residents have brought our attention to several problems
that have occurred at the Banyan Harbor facility, although no documentation exists to
support the claim. In 1994, Wasa Construction was excavating at the Lthu‘e —Puhi
Wastewater Plant at Halehaka and Nawiliwili Road when it accidentally punctured a
sewage line. This caused a spill of 1,500 gallons that were then diverted into a depression
in the construction area and treated with Chlorox (Hawai‘i State, DOH CWB, NPDES
discharge monitoring reports, 1992-2002). There is no evidence that this spill reached
any stream or other receiving waters. As required, the operator of the facility reported this
accident to DOH. There is no evidence that any unregulated activity is occurring in the
Nawiliwili Watershed.

Information is available regarding Kaua‘i County operation and maintenance
inspection ratings of county wastewater treatment facilities. In the last five years the
inspection ratings have gone from nearly all “acceptable” to more often “unacceptable”
or “conditional,” due to outdated, corroded equipment and inadequate backup effluent
disposal, among other reasons (Hawai‘i State, DOH, 2002).

At recent Water Quality Committee meetings, some concern has been raised
about privately owned pump stations, such as the one located in the Anchor Cove
Shopping Center in Nawiliwili. Local resident Cheryl Lovell-Obatake responded to an
alarm that went off at the facility. At the meeting the Kaua‘i County Public Works
department representative declared that this was not a county-operated/regulated station.
There was much confusion about who regulates this type of activity. One of the problems
that we are faced with is that there is no central authority or mechanism at the state level
to coordinate watershed management activities among government Hawaii State DBEDT
OCZM and DOH CWB, 2000).

9. GIS MAPS OF THE WATERSHED

Appendix B contains a number of GIS maps that show important and relevant
features of the watershed. These were obtained from the Internet site of the State of
Hawai‘i. The site includes many layers which are compiled into four groups: physical
features/basemap layers, political boundaries/administrative layers, natural
resources/environmental layers, and hazard layers.
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Appendix C contains information about GIS layers that are featured in this report.
This information, obtained from the same web site, includes GIS attributes, sources of
data and date collected, contact person, and other data. Aquifer-related definitions are
given, starting on page 132. Additional information is added here for the aquifer status
maps displayed in Figures B14 and B15. The aquifer status is defined by Mink and Lau
(1990) using a 5-digit code describing the developmental stage, utility, salinity,
uniqueness, and vulnerability to contamination. Tables 14, 15, and 16 list these status
codes and their respective definitions for the high and low Hanama"ulu aquifers,
respectively. The hydrogeology of these aquifers is shown in Figures B12 and B13.

Figure B4 in Appendix B contains sites for rain gages in and around the
Nawiliwili Watershed. Some information about the stations is listed in Table 17. We are
currently contacting station operators to obtain available records for use in our modeling

efforts. ;

Appendix B includes maps of political boundaries and administrative layers
related to conservation district subzones, enterprise zones, parks, reserves, special
management areas, and state land-use districts for 2000. Other layers—such as census
tracts, school districts, and state senatorial districts—can be accessed from the web site.

GIS map deficiency includes biological and culturally significant features, as well
as population demographics. Historical maps of land use before 1991 and after 2000 are
also missing. Due to the dynamic nature of land use, especially after the demise of the
sugar industry, annual or biannual updates should be made. Although the GIS maps show
many rain gages existing in the watershed, we failed to get relevant data for any station.

10. CONCLUSIONS

Although little hard scientific data exist for the Nawiliwili Watershed at this time,
fairly extensive potential sources of pollution have been identified. This type of
information may provide guidelines for choosing data-collection sites and a strategy for
sampling-scheme design. Absence of baseline data has been emphasized by the county
Department of Public Works, state Department of Health, and state Department of Land
and Natural Resources. The Department of Health’s current TMDL study, although being
conducted for a different purpose, may provide public information that could be useful in
assessing the health of the watershed. Since more baseline data are being made available,
we now have the opportunity to look at changes and trends in the watershed. With this
base, we may be able to eliminate the rationale used in EISs that if the area is already
highly impacted, new development cannot possibly affect the area any further.

The study identified sediment, nutrient, and bacterial-contamination problems in
the watershed and bay. Sediment sources include agricultural practices, construction
sites, channel alteration, erosion, the quarry, and urban runoff. Nutrients are originated
from agricultural practices, golf courses, cesspools, frosted areas, urban runoff, and
wastewater treatment spills. Bacterial contamination originates in cesspools, frosted
areas, urban runoff, and wastewater treatment spills. There is, however, a chance that
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other chemicals exist due to the other sources listed in this report. The absence of data
has created great uncertainties regarding quantification and assessment of such
contaminants. Only the levels of bacterial contamination are defined, based on old and
new measurements which have been collected in this study. Additional studies are needed
to assess the existence of other chemicals in the watershed and the respective level of all
contaminants, apart from bacterial contamination. There is also a need to assess various
sources of bacterial contamination to identify the level of contamination caused by each

source.

Although this study of available records provides only limited quantitative data, it
can be used as a starting point for future areas of focus. Many potential sources of
pollution have been identified. In addition to the studies and reports available in libraries,
interviews of watershed users and residents were also conducted. Input from those who
live and work in the watershed is an important component of this study. Concerned
community members can provide valuable information regarding events that may not be
recorded in scientific studies, which usually cover a limited time and space. If these
events, such as minor but chronic spills or flooding, are recorded, they can provide
insight into locating future potential pollutant sources. Of course, such information
should be confirmed using of acceptable scientific research.

Finally, it is vital that public information on water resources be made available in
the geographic region where it is relevant. State and county agencies need to maintain
their own libraries and make it easier for researchers and also public to gain access to
documents that have information which affects everyone on the island. Actions may be
needed to allow access to water resource sites and information. There is a need to
maintain strong ties and full cooperation among environmental groups, landowners, and
land operators. In the absence of information and full cooperation, it is extremely difficult
to assess the watershed status well in advance of contaminants reaching a receiving body,
such as Kalapaki and Nawiliwili Bays. State and county agencies need accurate
information to provide answers that alleviate the public’s confusion and prevent
misinformation. v
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FIGURES



Figure 1. Alekoko Fish Pond on Hulé'ia River with significant growth
of mangrove.

Figure 2*.The construction of the harbor at Nawiliwili has interrupted
the flow of sediment out to sea, thus sediment is deposited in

the harbor and on the reefs. When large surf arrives, this sediment is
reintroduced into the water. Notice the difference in the color of the
ocean and harbor water. Without the breakwater, the sediment would
move out into the long shore flow. (Photo by David Boynton, Casey
Riemer pilot - Jack Harter Helicopters. )

*Courtesy: 'Ainakumuwai: Ahupua'a of Nawiliwili Bay
(http://www.hawaii.edu/environment/ainakumuwai/index.htm)
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Figure 13. C. perfringens at Kalapaki Beach site. The heavy horizontal line indicates the State’s C. perfringens standard.
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Figure 14. Fecal coliform at Kalapaki Beach site. The heavy horizontal line indicates the State’s fecal coliform standard.
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Figure 18. C. perfringens at Nawiliwili Harbor site. The heavy horizontal line indicates the C. perfringens standard.
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Figure 20. Potential sources of contamination in the Nawiliwili Watershed. G: Golf course, L: Landfill

W: Waste water treatment plant; IA: Industrial area; CP: Cesspools; SB: Sunken boat. The Kenai Spill
occured in the industrial area (IA). (Sources location and configuration are approximate)



Figure 21. Termite damage and a big rain caused the hull of
this boat to be sheered off, but it is still floating in the Hulé'ia
Estuary.
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Figure 22. Views of a sailboat that sunk in Hule'ia Estuary. Most of it is
visible at a low tide.
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Figure 23. Two views of an abandoned vessel sunk
in its slip in the Nawiliwili Small Boat Harbor
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Figure 24. Views of a boat towed and parked in Hul¢'ia Estuary,
now busted up by human intervention and mangrove growth
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Figure 25. Rubbish generated by users of the Nawiliwili
small Boat Harbor
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Figure 26*. The streams of Nawiliwili are interrupted and diverted by
reservoirs and ditches in their upper reaches (Photo by Adam
Asquith)

Figure 27*. Although the sugar industry is pau (ended), this diversion of
100% of Hulé'ia Stream's base flow continues to send water out of the
watershed to Waita Reservoir. The streambed continues dry for a hundred
yards, and then the groundwater begins to recharge the streamflow.
(Photo by Adam Asquith)

*Courtesy :'Ainakumuwai: Ahupua'a of Nawiliwili Bay
(http://www.hawaii.edu/environment/ainakumuwai/index.htm)
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Figure 28. Sediment accumulated at the bottom of stream, Hule'ia
National Wildlife Refuge

Figure 29. Sediment accumulated at bottom
of lower Papakolea site

Figure 30. Hule'ia Lower monitoring site
turbid flow after a storm
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Figure 31*. In some streams chronic sedimentation over a long period of
time has produced clay bottoms from solidified mud.

Figure 32. This stream runs through Kauai Lagoons Golf
Course. The course is irrigated with effluent. When there is
a spill, this stream catches the effluent and it is then diverted
under the hotel to discharge at Duke's box culvert.

*Courtesy : 'Ainakumuwai: Ahupua‘a of Nawiliwili Bay
(http://www.hawaii.edu/environment/ainakumuwai/index.htm)
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Table 1. Web sites that include pictures of historical features of land use
in the Nawiliwili Watershed

Web Site

Pictures

www2.Hawaii.eduw/~pcockett/html/water.htm

www2.Hawaii.edu/~pcockett/html/plantationland.htm
www2.Hawaii.edu/~pcockett/html/plantationsustainability.htm

www2.Hawaii.edu/~pcockett/html/ainakumuwaitour3.htm

www2.Hawaii.edw/~pcockett/html/plantationwater.htm

www2.Hawaii.edu/~pcockett/html/harbor.htm

www2.Hawaii.eduw/~pcockett/html/plantationsustainability.htm
www2.Hawaii.edu/~pcockett/html/water.htm

www2.Hawaii.edw/~pcockett/html/todayland.htm

1886 Nawiliwili Stream in taro
1905 Puali Stream in taro
Fishponds and loi in Niumalu

Niumalu and Nawiliwili change to rice
cultivation

Puali Stream and Papalinahoa Stream in
1928, with agriculture fields on
both sides and the five streams of
Kalapaki before any deveiopment

A dam built on Nawiliwili Stream to
run the mill

Harbor and breakwater construction,
including dredge and fill, and
completion of the small-boat
harbor in 1973

Alekoko Fishpond before and after
mangrove growth

Current land uses such as the Rice
Ranch in cattle, golf courses, hotel,
harbor, airport, wildlife refuge,
papaya farm, tree farm, quarry, and
solid waste dump

Table 2. The mean for physiochemical parameters for Kaua‘i streams
(from Timbol and Maciolek (1978)

Alk as

Dissolved

Ca Mg Na K CaCo3 Sulfate  Chloride Solids Conductivity
pH
(mg) (mg) (mgh) (mgh) O (gl (mgh) > (umhos)
5.7 6.2 8.6 0.8 344 3.5 13.4 75.5 7.3 131
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Table 3. Baseline water quality data collected by the Hawai‘i Department of Health, February 12, 1997

Sample

5

Number 1 2 3 4 6 7 8 9 10 1 12
Location Waimea Waimea Waimea Hanapepe Hanapepe Hanapepe  Hulé‘ia  Papakolea Puali Puali Nawiliwili Nawiliwili
Bridge Bridge Crossing Bridge Bridge First Zipu Hulemalu  Bridge Bridge Double Double
Bottom Surface Bottom Surface Crossing Bridge Bridge Bottom Surface Bridge Bridge
: Bottom Surface
Temp. (°C) 22.88 21.51 20.59 25.27 25.03 2247 2241 222 23.62 23.2 23.26 23.45
DO (mg/) 7.05 6.85 7.68 4.76 594 5.46 7.72 7.48 5.65 5.73 6.05 5.98
Depth (ft) 1.4 03 0.1 1.2 03 0.1 0.2 0.1 0.9 03 0.7 0.3
Conductivity (umhos) 6.48 0.441 0.191 49.1 394 0.716 0.191 0.21 10.69 3.58 0317 0314
pH /% Sat 7.72/83.7 8.02/77.6 791/853 7.98/70.2 7.94/83.6 7.6/63.0 8.09/88.8 7.51/85.7 7.32/69.2 1.36/67.8 7.45/70.7 7.39/70.2
Salinity (ppt) 83.6 0.2 0.1 32.1 25.1 04 0.1 0.1 6.1 1.9 0.2 0.2
Time 9:41 9:42 10:04 10:33 10:34 10:52 11:34 11:54 12:07 12:08 12:20 12:21
Turbidity (NTU) 23 23 2.6 9.3 45 2.1 4.6 26 5.6
Notes River Low flow Kapanili Low flow Low flow Low flow
mouth Gulch
open flowing
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Table 4. Baseline water quality data collected by the Hawai‘i Department of Health, February 28, 1997

o I 2 3 4 5 6 7 8
Location Waimea Waimea Hanapepe Hanapepe Hulé‘ia Papakolea Puali Nawiliwili
Bridge Crossing Bridge First Kipu Hulemalu Bridge Bridge
Crossing Bridge Bridge Foot
Temp. (°C)
DO (mg/l)
Depth (ft)
Conductivity (umhos)
pH /% Sat
Salinity (ppt) 0 0 0 0
Time 1:57 2:07 2:24 2:30 2:59 3:09 3:17 3:22
- Turbidity (NTU) 5.2 41 11 9.1 33 37 26 45
Notes Reci water present but Red water Water slightly Thoroughly Mixed Mixed Mixed
not mixed throughout throughout turbid mixed

General notes: Rain off and on for past few days, heavy rain on 2/28/97. Isolated showers.
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Table 5. Baseline water quality data collected by the Hawai‘i Department of Health, March 3, 1997

Sﬁﬁ; 1 2 3 4 5 6 7 8

Location Waimea Waimea Hanapepe Hanapepe Hulé‘ia Papakolea Puali Nawiliwili

Bridge Crossing Bridge First Kipu Hulemalu Bridge Bridge
Crossing Bridge Bridge Foot

Temp. (°C)

DO (mg/)

Depth (ft)

Conductivity (umhos)

pH /% Sat

Salinity (ppt)

Time 2:04 2:14 2:29 2:39 3:08 3:19 3:25 3:31

Turbidity (NTU) 32 4 8.6 15 45 6.2 33 7.8
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Table 6. Baseline water quality data collected by the Hawai‘i Department of Health, March 13, 1997

::n:;itr | 2 3 4 5 6 7 8 9 10 " 12

Location Hanalei Hanalei Anini Kalihiwai  Anahola Anahola Kealia Kealia Wailua Wailua Hanama‘ulu Hanama‘ulu
Boat Bridge Stream Mouth Mouth Bridge Mouth Crossing Canoe  Arboretum  Mouth Swinging
Ramp (alongroad) Mouth (old ridge) Crossing Bridge

Temp. (°C)

DO (mg/1)

Depth (ft)

Conductivity (umhos)

pH /% Sat

Salinity (ppt) 5 0 0 0 0 0 2 0

Time 10:12 10:23 10:59 11:12 11:36 11:43 11:52 12:02 12:20 12:38 13:06 13:19

Turbidity (NTU) 25 2.1 23 1.9 13 54 9.1 43 3.6 08 8.7 7.3
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Table 7. Baseline water quality data collected by the Hawai‘i Department of Health, April 7, 1997

m'ﬁfr ! 2 3 4 5 6 7 8 9 10

Location Waimea Waimea Hanapepe Hanapepe Hule‘ia Papakolea Puali Nawiliwili  Hanama‘ulu  Hanama'‘ulu
Bridge Crossing Bridge First Kipu Hulemalu Bridge Bridge Swinging Mouth
Crossing Bridge Bridge Foot Bridge
Temp. (°C)
DO (mg/l)
Depth (ft)
Conductivity (umhos)
pH /% Sat
Salinity (ppt)
Time 9:30 9:38 9:54 10:02 10:33 10:45 10:54 11:00 11:11 11:21
Turbidity (NTU) 7.1 6.2 16 6.5 15 16 74 16 13 16
Notes Low tide, High flow High flow High flow
mouth open

General notes: Heavy rains over two-day period (4/5 and 4/6). Minus tides on 4/7 at approximately 10:00 am.
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Table 8. Summary of water quality data available for Nawiliwili Watershed at EPA’s STORET database

No. Station Latitude Longitude Location What Data
1 KALAPAKI 809 21 deg. 57 min. 48 sec. 159 deg. 21 min. 12 sec. middled of Kalapaki Beach physical & bact. (18 parameters)
N (21.96333) W (159.353333) 1973-1998. Monthly EC & FC data
entire period, other bact. data in the
1970s, nutrients and other
parameters sporadically. 1/99 -
present C. perfringens, salinity,
DO, and temp.
2 KALAPAKI 810 21 deg. 57 min. 48sec. 159 deg. 21 min. 6sec. ~ N.E. end of Kalapaki Beach Bact. only. Total (90) and fecal
N (21.963333 N) W (159.351667) coliform (87), fecal strep (36).
1973-1975.
3 NAWILIWILI #01 21 deg. 56 min. 50 sec. 159 deg. 23 min. 36 sec.  in Hul&‘ia Stream approximately 3 samples; 12/05/77, 7/13/79,
N (21.947222) W (159.393333) 6,000 feet upstream from the 2/09/83 metals and pesticides in
‘ Menehune fishpond sediment.
4 NAWILIWILI #02 21 deg. 56 min. 55sec. 159 deg. 22 min. 46 sec.  in Hulé‘ia Stream approximately 3 samples 12/5/77, 2/9/83 (metals
N (21.948611) W (159.379444) 1,200 feet upstream from the & pesticides), 2/9/83 (metals) in
Menehune fishpond sediment.
5 NAWILIWILI#03 21 deg. 57 min. 3sec. N 159 deg. 21 min. 53 sec.  in Hulé"ia Stream approximately 600 2 samples 12/5/77, 2/9/83 metals
(21.950833) W (159.364722) feet upstream from where the mouth  and pesticides.
of the stream meets Nawiliwili Bay
6 NAWILIWILI #04 21 deg. 57 min. 15sec. 159 deg. 21 min. 50 sec.  mouth of Puali Stream 1 sample 12/5/77 metals and
N (21.954167) W (159.363889) pesticides in sediment only.
7 NAWILIWILI#05 . 21 dcg. 57 min. 5sec. N 159 deg. 21 min. 44 sec.  in Nawiliwili Bay outside of the 1 sample 12/5/77 metals and
(21.951389) W (159.362222) south breakwater of the small-boat pesticides in sediment only.
harbor and approximately 200 feet
from the entrance of the harbor
8 NAWILIWILI #06 21 deg. 57 min. 11 sec.

N (21.953056 N)

159 deg. 21 min. 33 sec.
W (159.359167)

in Nawiliwili Harbor next to marker
7 on the south side of the harbor

1 sample 12/5/77 metals and
pesticides in sediment only.
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Table 8—Continued

No.

Station

Latitude

Longitude

Location’

What Data

10

11

NAWILIWILI #07

NAWILIWILI #08

NAWILIWILI #09

NAWILIWILI 10

NAWILIWILI 11

NAWILIWILI #12

21 deg. 57 min. 19 sec.

N (21.955278)

21 deg. 57 min. 25 sec.

N (21.956944)

21 deg. 57 min. 25 sec.

N (21.956944)

21 deg. 57 min. 46 scc.

N (21.962778N)

21 deg. S8 min. 30 sce.

N (21.976667 N)

21 deg. 58 min. 47 sec.

N (21.979722)

159 deg. 21 min. 27 sec.

W (159.3575)

159 deg. 21 min. 33 sec.

W (159.359167)

159 deg. 21 min. 23 sec.

W (159.356389)

159 deg. 21 min. 16 scc.

W (159.354444)

159 deg. 22 min. 25 sec.

W (159.373611)

159 deg. 23 min. 36 scc.

W (159.393333)

midway between channel markers
C9 and N4

in Nawiliwili Harbor approximately
400 feet from the commercial piers
on the north side of the harbor and
1000 feet from the piers on the east
side of the harbor

in Nawiliwili Harbor approximately
400 feet from the commercial piers
on the north side of the harbor and
375 feet from the piers on the east
side of the harbor

in Nawiliwili Strcam where Rice St.
crosses the strcam

in Nawiliwili Stream where FHalcko
Rd. (in L1hu‘e) crosses the stream

in Nawiliwili Stream approximately
1,550 feet upstream of water tunnel
01. It is approximately 4,200 feet
mauka from where a private road
intersects Nuhou Rd. and where the
private road crosses the stream. The
site is about 1 mile mauka of Lihu‘e

1 sample on 12/5/77 for pesticides
and metals. Six samples on 5/19 &
5/20/80 for physical and nutrients.

1 sample 12/5/77 metals and
pesticides in sediment only.

1 sample 12/5/77 metals and
pesticides in sediment only.

I sample 12/5/77 metals and
pesticides in sediment only.

I sample 12/5/77, metals and
pesticides in scdiment only.

| sample 12/5/77 metals and
pesticides in sediment only.
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Table 8—Continued

No. Station

Latitude

Longitude

Location

What Data

15 NAWILIWILI 881

16 NAWILIWILI 817

17 NAWILIWILI 880

21 deg. 57 min. 24 sec.
N (21.956667)

21 deg. 57 min. 30 sec.
N (21.958333)

21 deg. 57 min. 0 sec. N
(21.95)

159 deg. 21 min. 12 sec.

W (159.353333)

159 deg. 21 min. 26 sec.

W (159.357222)

159 deg. 20 min. 0 sec.
W (159.333333)

in the approximate center of the
Nawiliwili deep-draft harbor basin
about 300 yd west of the breakwater
and east of the Nawiliwili Small
Boat Harbor. Deep-draft harbor port
facilities are to the north of the
station and bouy #7 is to the south

in Nawiliwili Harbor — Coast Guard
pier Kauai, Lihue, Nawiliwili Bay,
Waapa Rd. Harbor B B2-M C4-Y

1/83—-10/97 approximately monthly
sampling. water temp, transp
secchi, DO mg/l, DO satur, pH su,
salinity ppth, residue tot Nflt, total
NN, NH3+NH4- n total, un-ionzd
NH3-N, un-ionzd NH3-nh3, tot kjel
N, NO2&NO3 N-total, phos tot,
chirphyl A, phos-t ortho, turbidity
lab.

1973—-1998 intermittent, various
parameters, chemical, physical, and
bacteriological. 152 samples total.

2 Samples 12/5/77 (metals in
sediment) and 8/9/82 (nutrients).
Total of 16 samples.




Table 9. Recorded exceedances of standards on the STORET database

for each of the sampling sites

Sampling site Exceedances of standards
Kalapaki 809 1989-98 Enterococci exceeded 6/35 times
1973-75 Nitrite plus nitrate exceeded every time (N=9) — Note 1
10/74 Total nitrogen exceeded 1/9 times — Note 1
Dissolved oxygen % sat. exceeded 6/36 samples — Note 3
Turbidity NTU exceeded 5/8 samples — Note 1
Kalapaki 810 No exceedances noted — no standard parameters measured
Nawiliwili #01 7/79 Lindane at chronic standard level

Nawiliwili #02

Nawiliwili #03
Nawiliwili #04
Nawiliwili #05
Nawiliwili #06
Nawiliwili #07

Nawiliwili #08
Nawiliwili #09
Nawiliwili #10
Nawiliwili #11
Nawiliwili #12
Nawiliwili 817

7/79 Chlordane in excess of chronic standard
7/79 Dieldrin in excess of chronic standard
7/79 Endrin in excess of acute standard

7/79 DDT in excess of acute standard

7/79 Methoxychlor at >300x chronic standard
7/79 PCB at 100x acute standard

7/79 Lindane at chronic standard level

7/79 Chlordane in excess of chronic standard
7/79 Dieldrin in excess of chronic standard
7/79 Endrin in excess of acute standard

7/79 DDT in excess of acute standard

7/79 Methoxychlor at >300x chronic standard
7/79 PCB at 100x acute standard

No exceedances noted — only bottom sediment sampled
No exceedances noted — only bottom sediment sampled
No exceedances noted — only bottom sediment sampled
No exceedances noted — only bottom sediment sampled

5/80 Total nitrogen exceeded — Note 1

5/80 Nitrite plus nitrate exceeded — Note 1

5/80 Ammonia nitrogen exceeded — Note 1

5/80 Turbidity exceeded — Note 1

5/80 Dissolved oxygen % sat. exceeded — Note 3

No exceedances noted — only bottom sediment sampled
No exceedances noted — only bottom sediment sampled
No exceedances noted — only bottom sediment sampled
No exceedances noted — only bottom sediment sampled
No exceedances noted — only bottom sediment sampled

Over 25 years of sampling:

Total nitrogen (8/15), nitrite plus nitrate (14/14), and ammonia nitrogen
(6/6), exceeded standards — Note 1

Enterococci over 7 CFU limit 32/92 times — Note 1

Chlorophyll A over the limit 6/6 times — Note 1

Turbidity exceeded 3/15 times — Note 1
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Table 9—Continued

Sampling site Exceedances of standards
Nawiliwili 880
Nawiliwili 881 Chlorophyll A over the limit 354/360 times 1983-97 — Note |

Nitrite plus nitrate exceeded every time (N=371) 1983-97 - Note 1
Ammonia nitrogen exceeded 329/362 samples 1983—97— Note 1

Total nitrogen exceeded 116/367 samples 1983-97 — Note 1

Dissolved oxygen % sat. exceeded 241/373 samples 1983-97 — Note 3
Phosphorus exceeded 69/377 samples 1983-97 — Note 1

Turbidity exceeded 333/371 times — Note 1

NOTES:

1) Nutrient, turbidity, chlorophyll, and bacterial standards are expressed as the geometric mean of a number
of observations over a period of time, whereas the data on STORET are single measurements. Furthermore,
there are two standards: one for wet weather and one for dry weather. The STORET site does not indicate
what the weather was like at the time of sampling.

2) pH Units—Shall not deviate more than 0.5 unit from a value of 8.1, except at coastal locations where
and when freshwater from stream, stormdrain or groundwater discharge may depress the pH to a minimum
level of 7.0.

3) Dissolved Oxygen—Not less than 75% saturation; determined as a function of ambient water
temperature and salinity.

4) Temperature—Shall not vary more than 1° Celsius from ambient conditions.

5) Salinity—Shall not vary more than 10% from natural or seasonal changes, considering hydrologic input
and oceanographic factors.
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Table 10. Monitoring data for Hanama“ulu River

Date Fecal coliform/100 ml Enterococcus/100 ml C. perfringens/100 mli
1/5/93 650 300
1/11/93 440 2333
1/20/93 700 540 120
1/25/93 490 280
2/2/93 740 460
2/8/93 970 1000
2/23/93 900 830 56
3/3/93 900 7000 290
4/6/93 450 380
4/13/93 2200 1800 72
5/3/93 500 360 42
5/10/93 490 250 57
6/1/93 570 660 73
6/21/93 510 500 120
7/13/93 660 370 32
7/20/93 1100 620 40
8/9/93 670 690 35
9/20/93 620 340 9
10/11/93 460 770 ‘14
11/8/93 300 640 12
12/6/93 200 390 36
1/10/94 530 810 23
2/7/94 150 310 25
3/15/94 230 300 73
4/11/94 230 390 28
5/2/94 230 190 10
7/12/94 200 300 5
8/22/94 120 200 6
9/19/94 150 210 5
10/18/94 90 230 14
11/21/94 67 200 9
12/13/94 210 200 12
1/17/95 190 120 7
2/13/95 73 280 6
3/20/95 100 230
4/10/95 210 190 5
5/15/95 110 100 10
6/13/95 280 300 3
7/17/95 87 220 0.5
8/1/95 61 87 19
9/11/95 35 51 3
10/23/95 60 100

SOURCE: Hawai‘i State, Department of Health.
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Table 11. Monitoring data for Hanama‘ulu Beach

Date Fecal coliform/100 mi Salinity {(ppt) Enterococcus/108 m! C. perfringens/100 ml
1/5/93 120 30 59.7
1/11/93 163.3 12.7 70
1/20/93 290 10 303.3 80
1/25/93 113.3 17.2 61
2/2/93 14.7 33 9.1
2/8/93 49 31 26
2/17/93 53 32 43
2/23/93 210 16 200 18
3/3/93 320 14.8 230
4/6/93 730 13.6 35 40
4/13/93 250 13.8 110 20
5/3/93 7 20.6 1 16
5/10/93 180 16 110 33
6/1/93 210 7.7 73 14
6/21/93 110 15.4 36 23
7/13/93 34 23.6 49 4
7/20/93 50 25.8 70 1
8/9/93 87 18.9 48 3
9/20/93 11 25.1 0.7 0.1
10/11/93 73 18 180 4
11/8/93 97 22 67 5
11/30/93 48 18.7 77 7
12/6/93 83 24 150 9
1/10/94 2 25 7 15
2/7/94 70 14.9 130 10
3/15/94 70 26.1 140 30
4/11/94 160 10.5 180 15
5/2/94 80 10.9 80 6
7/12/94 110 17.4 56 4
8/22/94 49 13.3 44 5
9/19/94 19 28.6 19 1
10/18/94 300 . 17 180 45
10/24/94 26 14.3 16 4
11/21/94 14 17.8 42 8
12/13/94 100 14 150 14
1/17/95 61 14.4 67 1
2/13/95 0.5 36.1 5 4
3/20/95 _ 110 11 110 1
4/10/95 77 15 70 1
5/15/95 70 13 87 11
6/13/95 87 16 100 10
7/17/95 44 16 47 1
8/19/95 41 17 36 0.5
9/11/95 23 , 10.4 2 2
1/1/02 200 10 21 3
1/1/01 200




Table 12. Monitoring results for Kalapaki Beach Park

. <> Feoli <> nte <> / T ini Turbidity
Das Time  £C 100 t:lll Ent k?'oo m P I&Pml (de;:epo S:;;l)ty DO Ty Rkt

04-Jan-99 1048 27 25 33 000

12-Jan-99 1053 54 2 3

19-Jan-99 1058 287 2 31
01-Feb-99 1045 14 < 03 3

08-Feb-99 1036 67 < 03 3

16-Feb-99 0904 67 < 03 32

22-Feb-99 1048 23 < 03 32

01-Mar-99 1043 217 3 25

08-Mar-99 1034 63 05 n

15-Mar-99 1042 3 < 03 30

22-Mar-99 1047 133 3 32

29-Mar-99 1046 1 13 3

05-Apr-99 1043 405 03 31

13-Apr-99 1050 83 03 30

19-Apr-99 1046 33 < 03 30

27-Apr-99 1056 03 < 03 30

03-May-99 1053 7 05 30

10-May-99 1102 8 13 32

18-May-99 1056 6 18 31

24-May-99 1054 < 03 < 03 31

01-Jun-99 1050 33 < 03 32

07-Jun-99 1039 < 03 03 32

14-Jun-99 1035 13 0.5 35

21-Jun-99 0921 525 0.5 s

29-Jun-99 1327 03 < 03 343

07-Jul-99 1033 153 13 61 352 44
13-Jul-99 1038 43 03 %68 341 28 536
20-Jul-99 1044 37 0.5 67 341 23 534
27-1ul-99 1012 4 13 58 345 29 53.1
03-Aug-99 1028 0.7 1 8 41 57 542
10-Aug-99 0929 0.7 03 %68 319 58 50.1
16-Aug-99 113 10 03 27 51 55 55
24-Aug-99 119 0.7 03 77 354 54 56
30-Aug-99 1119 5 < 03 %7 351 57 547
07-Sep-99 1123 03 1 75 344 61 546
13-Sep-99 1129 4 05 72 344 63 547
20-Sep-99 1123 < 03 0.5 69 344 62 542
27-Sep-99 0952 66 < 03 58 33 63 511
04-0ct-99 17 1 03 71 345 63

11-0ct-99 1108 07 < 03 74 346 64

19-0ct-99 113 216 8 %1 32 6.5 Rain
25-0ct-99 1124 07 < 03 %69 347 69

01-Nov-99 1056 123 < 03 67 349 64

08-Nov-99 1046 43 05 54 336 65

15-Nov-99 0944 63 69 < 03 B9 307 7

22-Nov-99 1036 103 05 53 347 66

08-Dec-99 0903 03 1 W4 349 66

13-Dec-99 1032 18 7 33 47 31 68

20-Dec-99 1047 1440 1340 2 6 29 7

27-Dec-99 103 43 525 < 03 33 308 68

03-Jan-00 1045 10 1 6 335 67

10-Jan-00 123 9 1 us 35 66

18-Jan-00 1047 20 169 08 27 305 69

24-Jan-00 1054 38 415 18 22 238 74

01-Feb-00 1058 77 < 03 W1 351 67

07-Feb-00 113 378 40 1.5 24 306 65

14-Feb-00 119 9 03 W7 327 64

23-Feb-00 0938 16.7 03 236 353

28-Feb-00 1024 6.7 08 247 49 6

13-Mar-00 1049 < 03 05 56 349
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Table 12—Continued

s <> i/ <> <> / ini idity

Date Time  po |F oy :u Ent ESB“.:: cpP lgopmi (d:;?ePC) S?:::«')'y pa T:‘S:SJI;‘ Remicks
20-Mar-00 1100 37 < 03 25 51 6l
28-Mar-00 17 17 < 03 49 352 62
03-Apr-00 7 138 1 232 346 65
17-Apr-00 1047 67 < 03 236 331 64
24-Apr-00 1025 8 < 03 242 29 63
01-May-00 0833 10 169 05 244 313 64
09-May-00 0741 57 03 243 344 61
16-May-00 0742 77 13 249 39 6
23-May-00 0736 33 0.5 54 39 6
14-Jun-00 0735 33 08 62 346 62
20-Jun-00 0728 37 08 259 342 68
27-Jun-00 0734 77 03 63 348 61
05-Jul-00 1120 03 < 03 273 347 55
11-Jul-00 0730 82 23 54 345 ss
18-Jul-00 0759 : 2 03 26 34 55
25-Jul-00 0750 14 < 03 %3 339 56
01-Aug-00 0818 Y 1 267 339  s3
08-Aug-00 0804 17 03 263 349 55
15-Aug-00 0820 57 < 03 68 347 52
23-Aug-00 0821 07 05 %64 349 53
29-Aug-00 0817 ° 37 03 %64 344 52
06-Sep-00 0825 07 < 03 62 333 58
12-Sep-00 0815 23 03 %62 341 58
19-Sep-00 0824 67 < 03 %8 34 62
26-Sep-00 0812 63 03 63 35 59
03-Oct-00 0750 120 85 266 351 58
10-Oct-00 0745 19 < 03 258 345 6
17-0ct-00 o717 43 03 253 35 6.1
24-0ct-00 1044 33 < 03 266 336 69
30-0ct-00 1 2 1 262 348 64
06-Nov-00 116 3 < 03 67 35 6
14-Nov-00 0750 43 < 03 249 347 68
20-Nov-00 0745 23 < 03 244 338 64
27-Nov-00 0743 47 0.5 245 346 64
06-Dec-00 1034 133 15 25 38 72
12-Dec-00 0754 166 2 242 344 64
19-Dec-00 0800 23 03 235 346 65
26-Dec-00 1106 285 35 29 R 74
03-Jan-01 0804 8 25 232 342 59
07-Jan-01 0806 33 29 26 349 6 Sewage spill on previous day
10-Jan-01 0818 14 05 245 349 68
16-Jan-01 1202 305 25 255 335 66
24-Jan-01 0758 1 03 24 35 64
30-Jan-01 0815 13 08 239 346 6l
05-Feb-01 1311 07 < 03 239 343 64
13-Feb-01 0801 53 05 235 346 67
21-Feb-01 0756 33 03 28 338 62
06-Mar-01 0753 233 0.5 233 339 6l
13-Mar-01 0750 1 < 03 232 336 65
28-Mar-01 0743 33 03 43 344 65
03-Apr-01 0750 208 18 2% 42 6l
10-Apr-01 0800 Est 626 12 B35 M1 62
24-Apr-01 0750 94 55 238 284 66
01-May-01 0750 106 05 87 315 61
08-May-01 0800 s3 < 03 247 343 59
15-May-01 0758 47 < 03 27 344 12
22-May-01 0750 88 32 53 315 58
30-May-01 0740 41 5 56 336 56
07-Jun-01 0816 29 52 %1 277 63
13-Jun-01 0810 24 27 2 135 6l
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Table 12—Continued

. <> Feoli <> <> / ini Turbidity

Date Tk LF et mm Moet oF 10wl (deTger:IePC) S?:;:t‘)w Do (Nt',!'ld; y Romyls
19-Jun-01 0745 28 28 255 329 6
26-Jun-6l 0745 2.7 0.8 255 348 6.1
05-Jul-01 0721 8 1 . 262 345 5.7
10-Jul-0t 0748 1 0.5 26.7 35 59
17-Jul-01 0734 22 1.5 265 341 6
06-Aug-01 0753 46 02 264 341 58
14-Aug-01 0801 | | 256 34.7 6
20-Aug-01 1205 0.7 0.2 276 343 6
28-Aug-01 0758 5 0.5 26.2 34 5.7
05-Sep-01 0752 0.7 1 26.2 35.1 58
11-Sep-01 0748 43 0.2 26.9 353 58
18-Sep-01 0800 28 Est. 61 26.3 349 59
25-Sep-01 0758 . 03 02 26 353 58
02-Oct-01 0757 1.7 05 255 348 54
10-Oct-01 0805 ; 4 0.8 259 354 59
24-Oct-01 0742 77 1 248 347 58
30-Oct-01 0758 63 25 244 349 59
29-Nov-01 0808 120 5 25.1 32 6.2
06-Dec-01 0803 6 1.5 244 348 6.6
10-Dec-01 1345 1 0.2 25.1 35.1 74
19-Dec01 0757 8 12 24 346 6.7
27-Dec01 0800 25 8 23 349 55
03-Jan-02 0803 28 58 229 356 58
08-Jan-02 1152 59 Est. 400 244 328 6.2 Sewage spill response
09-Jan-02 0835 28 60 239 349 59 Response to sewage spill
14-Jan-02 0751 6.7 85 233 351 58
23-Jan02 0755 76 53 229 337 6.4
28-Jan02 1149 300 14 235 27 6.8
05-Feb-02 0801 Est. 130 20 232 342 63 24
12-Feb-02 0804 Est. 230 50 215 337 7.1 4
19-Feb-02 1335 3 10 263 3s 57 2.9 Afternoon sample
05-Mar-02 0800 53 12 218 353 6.6 42  Clean conditions, overcast sky
12-Mar-02 0806 26 7 236 344 6.2 2.9  Steam mouth open

Source: Hawai'‘i State, Department of Health.
NotE: Feoli = Fecal coliform, Entero = Enterococci, CP = C. perfringens.
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Table 13. Monitoring results for Kalapaki Beach Park and Nawiliwili Harbor

Station Enterococcus/ C. perfringens/  Salinity

No. _ Location Date Time 100 ml 100 ml (PpY)
000809 Kalapaki Beach Park 08-Jan-90 1155 9
000809 Kalapaki Beach Park 12-Feb-90 1125 15
000809 Kalapaki Beach Park 12-Mar-90 1205 3
000809 Kalapaki Beach Park 16-Apr-90 1152 0.7 335
000809 Kalapaki Beach Park 07-May-90 1140 11
000809 Kalapaki Beach Park 18-Jun-90 1015 "9 35
000809 Kalapaki Beach Park 26-Jun-90 1130 6
000809 Kalapaki Beach Park 23-Jul-90 1110 1 34
000809 Kalapaki Beach Park 30-Jul-90 1120 10 34
000809 Kalapaki Beach Park 29-Oct-90 1052 0.7
000809 Kalapaki Beach Park 26-Nov-90 10636 19
000809 Kalapaki Beach Park 10-Dec-90 0828 19
000809 Kalapaki Beach Park 29-Jan-91 0936 26
000809 Kalapaki Beach Park 11-Feb-91 0931 38
000809 Kalapaki Beach Park 18-Mar-91 0952 540
000809 Kalapaki Beach Park 22-Apr-91 0959 0.7
000809 Kalapaki Beach Park 13-May-91 0945 0.7
000809 Kalapaki Beach Park 03-Jun-91 0952 87
000809 Kalapaki Beach Park 01-Jui-51 0850 198
000809 Kalapaki Beach Park 05-Aug-91 0930 6
000809 Kalapaki Beach Park 03-Sep-91 0921 0.7
000809 Kalapaki Beach Park 30-Sep-91 0930 33
000809 Kalapaki Beach Park 18-Nov-91 1000 7 34
000809 Kalapaki Beach Park 17-Dec-91 1116 21 27
000809 Kalapaki Beach Park 14-Jan-92 1135 0.7 36
000809 Kalapaki Beach Park 25-Feb-92 1325 1 33.7
000809 Kalapaki Beach Park 16-Mar-92 1124 40 315
000809 Kalapaki Beach Park 20-Apr-92 0740 14 34
000809 Kalapaki Beach Park 11-May-92 1030 0.7 34
000809 Kalapaki Beach Park 29-Jun-92 1135 0.7 325
000809 Kalapaki Beach Park 21-Jul-92 1127 5 339
000809 Kalapaki Beach Park 24-Aug-92 1040 1 334
000809 Kalapaki Beach Park 26-Oct-92 1105 1 34.1
000809 Kalapaki Beach Park 30-Nov-92 1130 213 328
000809 Kalapaki Beach Park 02-Dec-92 0838 20 33.1
000809 Kalapaki Beach Park 07-Dec-92 0840 48 274
000809 Kalapaki Beach Park 28-Dec-92 1124 280 292
000809 Kalapaki Beach Park 25-Jan-93 1110 21 315
000809 Kalapaki Beach Park 08-Feb-93 0835 15 338
000809 Kalapaki Beach Park 03-Mar-93 0837 1
000809 Kalapaki Beach Park 03-Mar-93 0837 6 34
000809 Kalapaki Beach Park 05-Apr-93 0906 11
000809 Kalapaki Beach Park 05-Apr-93 0906 3 33
000809 Kalapaki Beach Park 10-May-93 0732 1
000809 Kalapaki Beach Park 10-May-93 0732 2 336
000809 Kalapaki Beach Park 21-Jun-93 0858 1
000809 Kalapaki Beach Park 21-Jun-93 0858 1 334
000809 Kalapaki Beach Park 20-Jul-93 0824 2
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Table 13—Continued

Station Enterococcus/  C. perfringens/  Salinity

No. Location Date Time 100 ml 100 ml (ppY)
000809 Kalapaki Beach Park 20-Jul-93 0824 6 338
000809 Kalapaki Beach Park 09-Aug-93 0810 4
000809 Kalapaki Beach Park 09-Aug-93 0810 3 27.1
000809 Kalapaki Beach Park 20-Sep-93 0809 2
000809 Kalapaki Beach Park 20-Sep-93 0809 6 34.1
000809 Kalapaki Beach Park 11-Oct-93 0746 9
000809 Kalapaki Beach Park 11-Oct-93 0746 60 34
000809 - Kalapaki Beach Park 08-Nov-93 0930 5
000809 Kalapaki Beach Park 08-Nov-93 0930 65 34
000809 Kalapaki Beach Park 06-Dec-93 0737 1
000809 Kalapaki Beach Park 06-Dec-93 0737 18 333
000809 Kalapaki Beach Park 10-Jan-94 0716 30 5
000809 Kalapaki Beach Park 07-Feb-94 0733 350 10 234
000809 Kalapaki Beach Park 14-Feb-94 1306 400 21 26.5
000809 Kalapaki Beach Park 15-Mar-94 0735 17 4 35
000809 Kalapaki Beach Park . 02-May-94 0853 1 1 337
000809 Kalapaki Beach Park 12-Jul-94 0749 2 1 34
000809 Kalapaki Beach Park 22-Aug-94 0818 1 1 334
000809 Kalapaki Beach Park 19-Sep-94 0740 43 1 24.1
000809  Kalapaki Beach Park 18-Oct-94 0814 11 4 33
000809 Kalapaki Beach Park 21-Nov-94 0801 1 1 31.8
000809 Kalapaki Beach Park 13-Dec-94 0813 27 4 326
000809 Kalapaki Beach Park 17-Jan-95 0752 25 1 335
000809 Kalapaki Beach Park 13-Feb-95 0827 18 9 33.1
000809 Kalapaki Beach Park 20-Mar-95 0820 22 16 34
000809 Kalapaki Beach Park 10-Apr-95 0819 570 7 20
000809 Kalapaki Beach Park 15-May-95 0750 11 1 34
000809 Kalapaki Beach Park 13-Jun-95 0753 20 1 34
000809 Kalapaki Beach Park 17-Jul-95 0710 1 1 32
000809 Kalapaki Beach Park 01-Aug-95 0730 1 34
000809 Kalapaki Beach Park 11-Sep-95 0818 1 1 317
000809 Kalapaki Beach Park 23-Oct-95 0801 2 1 33
000809 Kalapaki Beach Park 27-Nov-95 0824 220 10 30
000809 Kalapaki Beach Park 05-Dec-95 0730 90 1 33
000809 Kalapaki Beach Park 17-Jan-96 0802 14 7 36
000809 Kalapaki Beach Park 12-Feb-96 0755 33 9 30
000809 Kalapaki Beach Park - - 11-Mar-96 0810 21 1 303
000809 Kalapaki Beach Park 09-Apr-96 0812 13 1 32
000809 Kalapaki Beach Park 21-May-96 0758 4 1 30
000809 Kalapaki Beach Park 17-Jun-96 0837 4 1 32
000809  Kalapaki Beach Park 22-Jul-96 0816 370 13 25
000809 Kalapaki Beach Park 29-Jul-96 1148 I3 1 24
000809 Kalapaki Beach Park 13-Aug-96 1016 1 1 25
000809 Kalapaki Beach Park 16-Sep-96 1026 81 1 27
000809 Kalapaki Beach Park 15-Oct-96 1045 13 1 33
000809 Kalapaki Beach Park 19-Nov-96 1006 130 6 34
000809 Kalapaki Beach Park 10-Dec-96 0806 87 5 26
000809 Kalapaki Beach Park 10-Feb-97 0730 4 1 30
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Table 13—Continued

Stﬁ‘(’fn Location Date Time En.tc;g)oc (::lc ust Cp 76%‘;%”5/ S?ll:':t')ty
000809 Kalapaki Beach Park 10-Mar-97 0840 6 2 33
000809 Kalapaki Beach Park 08-Apr-97 0741 14 5 26
000809 Kalapaki Beach Park 12-May-97 0854 45 3 31
000809 Kalapaki Beach Park 17-Jun-97 0828 1 1 32
000809 Kalapaki Beach Park 15-Jul-97 0840 1 1 30
000809 Kalapaki Beach Park 12-Aug-97 0815 21 1 33
000809 Kalapaki Beach Park 09-Sep-97 0843 1 1 32
000809 Kalapaki Beach Park 13-Oct-97 0803 45 1 31
000809 Kalapaki Beach Park 04-Nov-97 0837 2 4 34
000809 Kalapaki Beach Park 09-Dec-97 0843 88 2 30
000809 Kalapaki Beach Park 06-Jan-98 0821 50 1

000809 Kalapaki Beach Park 19-Feb-98 0838 5 1 33
000809 Kalapaki Beach Park 09-Mar-98 0828 84 1 32
000809 Kalapaki Beach Park 13-Apr-98 0843 8 1 35
000809 Kalapaki Beach Park 11-May-98 0815 9 1 33
000809 Kalapaki Beach Park 08-Jun-98 0831 1 1 32
000809 Kalapaki Beach Park 13-Jul-98 0845 4 2 32
000809 Kalapaki Beach Park 10-Aug-98 0901 3 0.8 33
000809 Kalapaki Beach Park 15-Sep-98 0855 2 03 33
000809 Kalapaki Beach Park 12-Oct-98 0840 1 03 33
000809 Kalapaki Beach Park 17-Nov-98 0839 7 08 35
000809 Kalapaki Beach Park 08-Dec-98 0851 13 0.3 32
000817 Nawiliwili Harbor 18-Jun-90 1000 4 35
000817 Nawiliwili Harbor 23-Jul-90 1045 0.7 34
000817 Nawiliwili Harbor 29-Jan-91 0930 11

000817 Nawiliwili Harbor 11-Feb-91 0924 14

000817 Nawiliwili Harbor 18-Mar-91 0945 210

000817 Nawiliwili Harbor 22-Apr-91 0951 10

000817 Nawiliwili Harbor 13-May-91 0937 0.7

000817 Nawiliwili Harbor 03-Jun-91 0945 26

000817 Nawiliwili Harbor 03-Sep-91 0914 0.7

000817 Nawiliwili Harbor 30-Sep-91 0922 20

000817 Nawiliwili Harbor 18-Nov-91 0955 0.7 30
000817 Nawiliwili Harbor 17-Dec-91 1108 18 28
000817 Nawiliwili Harbor 14-Jan-92 1130 0.7 36
000817 Nawiliwili Harbor 25-Feb-92 1112 0.7 349
000817 Nawiliwili Harbor 16-Mar-92 1115 3 30
000817 Nawiliwili Harbor 20-Apr-92 1045 0.7 34.7
000817 Nawiliwili Harbor 11-May-92 1022 2 34.7
000817 Nawiliwili Harbor 29-Jun-92 1123 1 31.6
000817 Nawiliwili Harbor 21-Jul-92 1115 0.7 339
000817 Nawiliwili Harbor 24-Aug-92 1025 1 334
000817 Nawiliwili Harbor 26-Oct-92 1049 0.7 334
000817 Nawiliwili Harbor 16-Nov-92 0959 329
000817 Nawiliwili Harbor 30-Nov-92 1120 19 33.7
000817 Nawiliwili Harbor 28-Dec-92 1111 110 18.1
000817 Nawiliwili Harbor 19-Jan-93 1025 29.3
000817 Nawiliwili Harbor 25-Jan-93 1055 2 34
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Table 13—Continued

Station . ; nterococcus/ C. perfringens/  Salini
No. Location Date Time E 100 mlc pf 0{) mgl (ppt)ty
000817 Nawiliwili Harbor 08-Feb-93 0820 1 34.6
000817 Nawiliwili Harbor 03-Mar-93 0823 1
000817 Nawiliwili Harbor 03-Mar-93 0823 1 345
000817 Nawiliwili Harbor 15-Mar-93 0944 33.1
000817 Nawiliwili Harbor 05-Apr-93 0850 2 299
000817 Nawiliwili Harbor 10-May-93 0719 1 32.8
000817 Nawiliwili Harbor 17-May-93 0943 329
000817 Nawiliwili Harbor 14-Jun-93 1036 33.1
000817 Nawiliwili Harbor 21-Jun-93 0837 1 32.6
000817 Nawiliwili Harbor 20-Jul-93 0809 1 33.7
000817 Nawiliwili Harbor 09-Aug-93 0800 H 347
000817 Nawiliwili Harbor 20-Sep-93 0750 - 2 345
000817 Nawiliwili Harbor 11-Oct-93 0738 15 30
000817 Nawiliwili Harbor 08-Nov-93 0910 14 29
000817 Nawiliwili Harbor 06-Dec-93 0714 22 20.8
000817 Nawiliwili Harbor 10-Jan-94 1005 1 349
000817 Nawiliwili Harbor 07-Feb-94 0716 1 32.7
000817 Nawiliwili Harbor 15-Mar-94 0717 9 347
000817 Nawiliwili Harbor 11-Apr-94 0720 9 339
000817 Nawiliwili Harbor 02-May-94 0835 5 33.2
000817 Nawiliwili Harbor 12-Jul-94 0725 3 32,6
000817 Nawiliwili Harbor 22-Aug-94 0754 1 333
000817 Nawiliwili Harbor 19-Sep-94 0723 130 72
000817 Nawiliwili Harbor 18-Oct-94 0754 11 9.3
000817 " Nawiliwili Harbor 21-Nov-94 0743 7 254
000817 Nawiliwili Harbor 13-Dec-94 0754 1 25.5
000817 Nawiliwili Harbor 17-Jan-95 0736 1 25
000817 Nawiliwili Harbor 13-Feb-95 0811 2 36.1
000817 Nawiliwili Harbor 20-Mar-95 0800 1 35
000817 Nawiliwili Harbor 10-Apr-95 0803 660 12
000817 Nawiliwili Harbor 15-May-95 0730 3 31
000817 Nawiliwili Harbor 13-Jun-95 0737 1 34
000817 Nawiliwili Harbor 17-Jul-95 0700 4 31
000817 Nawiliwili Harbor 01-Aug-95 0730 1 34
000817 Nawiliwili Harbor 11-Sep-95 0802 1 33.6
000817 Nawiliwili Harbor 23-Oct-95 0750 1 32
000817 Nawiliwili Harbor 21-Nov-95 1006 30.2
000817 Nawiliwili Harbor 27-Nov-95 0805 550 18
000817 Nawiliwili Harbor 05-Dec-95 0718 190 25
000817 Nawiliwili Harbor 17-Jan-96 0750 4 33
000817 Nawiliwili Harbor 12-Feb-96 0745 1 34
000817 Nawiliwili Harbor 11-Mar-96 0755 14 6.5
000817 Nawiliwili Harbor 09-Apr-96 0800 1 33
000817 Nawiliwili Harbor 21-May-96 0748 9 27
000817 Nawiliwili Harbor 17-Jun-96 0826 1 32
000817 Nawiliwili Harbor 13-Aug-96 1006 1 1 25
000817 Nawiliwili Harbor 16-Sep-96 1004 1 1 22
000817 Nawiliwili Harbor 15-Oct-96 1035 1 1 30
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Table 13—Continued

St;t;?n Location Date Time Emelg’oc :lc us/ C. p‘; gfgz:;givem/ S?:’g'tl:y
000817 Nawiliwili Harbor 19-Nov-96 0956 47 3 25
000817 Nawiliwili Harbor 10-Dec-96 0754 23 1 22
000817 Nawiliwili Harbor 10-Feb-97 0718 1 1 30
000817 Nawiliwili Harbor 10-Mar-97 0830 4 1 24.7
000817 Nawiliwili Harbor 08-Apr-97 0730 28 2 22
000817 Nawiliwili Harbor 12-May-97 0840 6 1 35
000817 Nawiliwili Harbor 17-Jun-97 0816 1 1 27
000817 Nawiliwili Harbor 12-Aug-97 0803 1 1 30
000817 Nawiliwili Harbor 09-Sep-97 0830 1 1 33
000817 Nawiliwili Harbor 13-Oct-97 0750 19 1 31
000817 Nawiliwili Harbor 04-Nov-97 0816 4 1 32
000817 Nawiliwili Harbor 09-Dec-97 0830 750 6 18
000817 Nawiliwili Harbor 06-Jan-98 0809 9 1 35
000817 Nawiliwili Harbor 19-Feb-98 0822 6 1 33
000817 Nawiliwili Harbor 09-Mar-98 0817 20 1 35
000817 Nawiliwili Harbor 13-Apr-98 0829 1 1 34
000817 Nawiliwili Harbor 11-May-98 0801 11 2 32
000817 Nawiliwili Harbor 08-Jun-98 0819 4 1 35
000817 Nawiliwiii Harbor 13-Jul-98 0932 4 1 26
000817 Nawiliwili Harbor 10-Aug-98 0848 1 03 32
000817 Nawiliwili Harbor 15-Sep-98 0842 0.7 0.3 35
000817 Nawiliwili Harbor 12-Oct-98 0825 5 03 17
000817 Nawiliwili Harbor 17-Nov-98 0824 37 0.5 36
000817 Nawiliwili Harbor 08-Dec-98 0834 74 0.3 15
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Table 14. Key for status code for groundwater aquifers (5 digits)

Vaiue Definition

Ist Digit: Developmental Stage 1 Drinking
Ecologically important
Neither

w N

e

Drinking
Ecologically important
Neither

2nd Digit: Utility

wN

Fresh (<250)

Low (250-1,000)
Moderate (1,000-5,000)
High (5,000-15,000)
Seawater (>15,000)

3rd Digit: Salinity (mg/1 CI")

W H W -

Irreplaceable

4th Digit: Uniqueness
Replaceable

N ——

High
Moderate
Low
None

5th Digit: Vulnerability to Contamination

oW N -
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Table 15. Status codes for the high aquifers
(three zones; see Figure B14)

Developmental Stage

Utility

Salinity

Uniqueness

Vulnerability to Contamination

Developmental Stage

Utility

Salinity

Uniqueness

Vulnerability to Contamination

Developmental Stage

Utility

Salinity

Uniqueness

Vulnerability to Contamination

Currently used
Drinking
Fresh (<250)
Irreplaceable
High

Potential use
Drinking
Fresh (<250)
Irreplaceable
High

Potential use
Ecologically important
Low (250-1,000)
Irreplaceable

High
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Table 16. Status codes for the low aquifers
(two zones; see Figure B15)

Developmental Stage

Utility

Salinity

Uniqueness

Vulnerability to Contamination

Developmental Stage

Utility

Salinity

Uniqueness

Vulnerability to Contamination

Potential use
Drinking
Fresh (<250)
Irreplaceable
Moderate

Potential use
Drinking
Fresh (<250)
Irreplaceable
Low
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Table 17. Available information for rain gages in and around the Nawiliwili Watershed
(see Figure B3, Appendix B). NWS is an acronym of the National Weather Service

State Key Number NWS Number Station Name Observation name Elevation (feet) Year Established Year Discontinued
0933 MANUHONUHONU MCBRYDE SUGAR 00450 1938
09331 FIELD 34 MCBRYDE SUGAR 00499
0934 0456 EAST LAWAI MCBRYDE SUGAR 00440 1902
09351 PAANAU(MCBRYDE) MCBRYDE SUGAR 00135 1951
0936 4742 KOLOA MCBRYDE SUGAR 00240 1887
09361 FIELD K-43 GROVE FARM 00250 1950
09362 KOLOA FIELD O MCBRYDE SUGAR 00275 1951 1964
09363 KOLOA (200) KOLOA MILL 00200 1882 1886
0941 5710 MAHAULEPU MCBRYDE 00100 1904 1963
0990 8949 WAHIAWA MTN MCBRYDE SUGAR 02100 1901
0992 OMAO MCBRYDE SUGAR 00525 1941
0993 FLD 612 MCBRYDE 00500 1923
0994 4750 KOLOA MAUKA MCBRYDE SUGAR 00640 1904
0995 4746 KOLOA FLD 52 MCBRYDE SUGAR 00600 1946
0996 0308W KAMOOLOA MCBRYDE SUGAR 00720 1907 1949
09961 KOLOA DITCH LIHUE PLANTATION 00700 1950
0997 7777 PAPUAA LINUE PLANTATION CO 00550 1916
1000 MCBRYDE F609 K-4 MCBRYDE 00540 1947
10001 KNUDSEN PR1 00625 1938 1944
1001 6097 M&M MCBRYDE 00300 1924
1002 WAITA MCBRYDE 00250 1926
1003 KAALA GROVE FARM 00400 1924
1004 8573 RESERVOIR 6 GROVE FARM 00420 1912 1974
1005 3023 KALUAHONU GROVE FARM 00330 1923 1974
1006 1038 HALENANAHO LIHUE PLANTATION 00490 1932
10061 4937W KUKAUA H ISENBERG 01055 1900 1942
1007 0006 FLD 826 MCBRYDE 00340 1909 1974
10071 KIPU STABLE KIPU RANCH 00340 1943
10072 KIPU 11 KIPU RANCH 00275 1943
10073 KIPU KAI KIPU KAI RANCH 00025 1943
10074 FIELD 32 GROVE FARM 00400 1947 1949
10075 KIPU KAI GAP KIPU KAI RANCH
1011 8570 LP RES 5 LIHUE PLANTATION 00385 1935 1974
1012 LPHI 18 LIHUE PLANTATION 00260 1945
1013 8217 PUHI LIHUE PLANTATION 00330 1935
10131 FIELD 39 LIHUE LIHUE PLANTATION 00375 1947
10132 FIELD L-1 LIHUE PLANTATION 00340 1968
1014 FIELD L3A LIHUE PLANTATION 00320 1974
1015 6537 MOLOKOA MRS H ISENBERG 00240 1893 1950
10151 4615W KILOHANA(LIHUE) A WDUVAL 00330 1903 1938
10152 FIELD 11 LIHUE LIHUE PLANTATION 00275 1947
10153 FIELD L4 LIHUE PLANTATION 00240 1965 1966
10154 FIELD L-11(4) LIHUE PLANTATION 00240 1964 1965
1016 LPIII 4 LIHUE PLANTATION 00260 1940
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Table 17—Continued

State Key Number

NWS Number Station Name Observation name Elevation (feet) Year Established Year Discontinued

1017 6055 MALUMALU LIHUE PLANTATION 00250 1940 1963
1020 5575 LIHUE LTHUE PLANTATION 00205 1904

10201 5580 LIHUE AIRPORT LIHUE PLANTATION 00103 1950

10202 FIELD 36 LIHUE LIHUE PLANTATION 00075 1947

10203 FIELD 32 LIHUE LIHUE PLANTATION 00050 1947

10204 L24 LIHUE PLANTATION 00125 1947

10205 L20 LIHUE PLANTATION 00175 1947

10206 FIELD 21 LIHUE PLANTATION 00220 1953 1955
1021 0766 HI LIHUE PLANTATION 00200 1885 1963
1022 1195 HANAMAULU LIHUE PLANTATION 00175 1893

10221 FIELD L6 LIHUE PLANTATION 00280 1966

1052 8966 WAIAHI UPPER LIHUE PLANTATION 00780 1931

10521 ILIILIULA CUTOFF LIHUE PLANTATION 01050 1927 1931
1054 8958 WAIAHI LOWER LIHUE PLANTATION 00550 1910

10541 LIHUE DITCH LIHUE PLANTATION 00550 1951

10542 FLD LIHUE 10 HAW'N CANNERIES 00800 1951 1962
10543 FLD LIHUE 8 HAW'N CANNERIES 00450 1951 1962
10544 FLD LIHUE 9 HAW'N CANNERIES 00500 1951 1955
1062 | WAILUA UKA LIHUE PLANTATION 00250 1924

10621 5560 LIHUE VTY STA LIHUE PLANTATION 00340 1945

10622 FLD 38A LIHUE PLANTATION 00425

1064 CAMP 9 LITHUE PLANTATION 00275 1924

10641 H 14 LIHUE PLANTATION 00330 1968

10642 H27 LIHUE PLANTATION 00405 1968

10643 H 23 CAMP9 LIHUE PLANTATION 00315 1969

10644 FIELDH14 LIHUE PLANTATION 00320

SOURCE: Hawaii'i Statewide GIS Program, Office of Planning.




APPENDIX A
Nawiliwili Watershed Survey



Nawiliwili Watershed Survey

please circle the appropriate responses

The State Department of Health (DOH) has included the Nawiliwili watershed on their prioritized
st of polluted watersheds which need to be improved. Nawiliwili was included based on observed
1acceptably high levels of pollutants in the Bay - mostly turbidity (soil and other visible particles) and
atrients (fertilizers, nitrogen, phosphorus, etc.). The sources of these pollutants need to be identified so
1at a clean-up plan can be designed. DOH has selected scientists from the Water Resources Research
enter (WRRC) at the University of Hawaii to officially make an assessment of the pollution problem in
le Nawiliwili watershed. WRRC recognizes that the most knowledgeable people regarding the Nawiliwili
ratershed are the people who live in the area, and we are getting input from them by various means,
icluding this survey. We hope to obtain as much information as possible about pollution in the Nawiliwili
ratershed and to find out who is interested in further participation in the assessment project.

lease answer the following questions as thoughtfully and completely as you can. Mahalo.

1. How often do you swim, surf, boat, fish or otherwise pursue recreation in Nawiliwili Bay?

More than once a week | Two or three times a month | Once a month | Less than once a month.

2 Overall how clean do you feel that the water is in the Bay? (1 = very clean, 10 = very dirty)
1 2 3 4 5 6 7 8 9 10

3. Do you notice that the water in the Bay looks murkier sometimes?  If so when?

4. Rank the following in terms of their seriousness as sources of pollution to the Bay in your opinion:
(1=of little concern, 2=of some concern, 3=somewhat serious, 4=serious, 5=very serious)

Source 4 Not serious Very serious »
Businesses 1 2 3 4 5
Building/construction 1 2 3 4 5
Golf courses 1 2 3 4 5
Litter/dumping 1 2 3 4 5
Seepage from septic tanks and cesspools 1 2 3 4 5
Storm drains from Lihue urban area 1 2 3 4 5
Cattle operations 1 2 3 4 5
Sugar cane - 1 2 3 4 5
Other crops (please specify) 1 2 3 4 5
Other (please specify) 1 2 3 4 5

5. Do you know of any specific sources of water pollution in the Nawiliwili watershed?

Where? Kind of pollutant? What is the source?
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If you need more room please attach pages. ’

6. Please mark the locations or areas of the pollution sources identified in question 5 on the accompanying
map with circles and note what they are on the map. The Nawiliwili watershed extends eastward to about
as far as Kahoaea hill on the map. ¢

7. Please provide any other information about pollution in the watershed that you consider important on a
separate sheet of paper.

8. If we have any questions about your responses it would be convenient for us to be able to reach you. If
you wouldn’t mind being contacted please provide us with your name and contact information here.

Name:
Address:
Phone #1: Phone #2:

Best time to call: Email address:

NAWILIWILI WATERSHED ASSESSMENT VOLUNTEER SIGN UP FORM 1

We hope to recruit a number of volunteers from the community to help with some of our project activities.
Activities are anticipated to include: conducting visual assessments of all of the streams in the watershed,
identifying/documenting polluting activities in the watershed, enumeration and analysis of the results of this
survey, helping to organize public information meetings, sampling in the streams and the bay under various
conditions, etc. The work will take place between December, 2001 and November, 2003. We will try to
accommodate peoples’ particular interests and abilities as closely as possible. If you are interested in
participating further in this project please answer the questions below. Please understand that you will in no
way be held to anything you put down here. If you want to participate we would be grateful to have your help
to whatever extent you can afford the time. - v

Please check this box if you are interested in volunteering to work on the project.
(Please be sure to fill in contact information above)

Preferred activity (please rank: 1=favorite, 4=least favorite)

office/computer public interaction sampling field work

If you would like further information please call Philip Moravcik in

Honolulu at 956-3097, email him at morav@hawaii.edu, or send him a
regular letter at Holmes Hall 283, 2540 Dole St. Honolulu, HI 96822.
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APPENDIX B
~ GIS Maps for the Nawiliwili Watershed

SOURCE: The Internet site of the Hawai‘i Statewide GIS Program, which is managed by
the State of Hawaii’s Office of Planning. The URL address is given below:

+ http://www.hawaii.gov/dbedt/gis/
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Figure B1. General location of the Nawiliwili Watershed, Kaua'i
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Figure B2. The Nawiliwili Watershed falls in the Lihu'e and Koloa-Po'ipu districts
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Figure B3. Rain gages in and around the Nawiliwili Watershed. The map lists the State
key number of each station. Information about the satations are listed in Table 17
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Figure B5. Perennial streams in the Nawiliwili Watershed
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Figure B6. Land of agricultural importance, Nawiliwili Watershed
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Figure B7. Agricultural land use (1978-1980), Nawiliwili Watershed
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Figure B8. Department of Health's water quality monitoring sites
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Figure B9. Kaua'i's aquifer systems and codes
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Figure B10. Groundwater wells in the Nawiliwili Watershed and surrounding area.
Well numbers are also shown
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