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Kevin R. Seiter, Esq.
Kona Inn Village
75-5744 Alii Drive
Suite 245

Kailua-Xona, HI 96740

Friends of Rohanaiki, et al., v.
Nansay Hawaii, et al., Civil No.

Re:
90-255K

Dear Kevin:

The purpose of this letter is to memorialize the terms
of the settlement agreement between our respective clients. As of
my October 9, 1990 letter, I will try to set out the basic terms
of our settlement agreement in a non-legalistic manner. Both
parties anticipate the need to enter a formal stipulation and
settlement agreement or stipulated judgment which recites, in
detail, the full terms of our agreement. At the same time, it is
intended that this letter agreement is binding on the parties with
respect to the terms and conditions it contains.

1. Rohanaiki: Nansay Hawaii, Inc. ("Nansay") will not
interfere with public vehicular access or use of the shoreline
"jeep trail" for recreational purposes as defined in H.R.S.
Chapter 520 from the northern boundary of the Kohanaiki property
(where it abutts on the O’oma property) to the southern boundary
of the Kohanaiki property (where it abuts on the National Park
Service’s Kaloko property) until such time as improved public
vehicular accesses (A) and (B) as set out below have been
constructed and opened to the public. When the improved public
accesses (A) and (B) as described hereinbelow have been completed
and opened to the public, Nansay will grant a nonexclusive
easement, access right, or right-of-way to the State of Hawaii,
Department of Land and Natural Resources, Na Ala Hele program, to
incorporate that section of the trail in Na Ala Hele’s Ala Kahakai
demonstration trail as outlined in the attached letter dated
October 15, 1990 from the Department of Land and Natural Resources
Director, William W. Paty and addressed to Mr. Duane Kanuha,
Planning Director (Exhibit "B"). The portion of the Kohanaiki
property not included in the pending SMA application will be
referred to as the "southern portion" of the Kohanaiki property.

C w AR =



Kevin R. Seiter
November 2, 1990
Page 2

Access point "B" will provide vehicular access to the
shoreline of the southern portion of the Kohanaiki property, and
Nansay will agree to not interfere with public vehicular access
and use of the shoreline "jeep trail" within the southern portion
of the Kohanaiki property for recreational purposes as defined by
H.R.S. Chapter 520 until such time as Nansay undertakes
construction of improvements in that area pursuant to appropriate
governmental permits.

Nansay will agree that as part of construction of
improvements in the southern portion of the Rohanaiki property,
Nansay will provide mauka-makai vehicular access to the shoreline
in this area, including parking, bathroom facilities, and shower
facilities as set out as improved public access (C) hereinbelow
and on Exhibit "A."

At the time access point {C) is constructed and open to
the public, a nonexclusive easement, access, or right~of-way over
the shoreline trail will be granted by Nansay to the State of
Hawaii, Department of Land and Natural Resources, Na Ala Hele
program for inclusion in the Ala Kahakai demonstration trail.

At the time access point (C) is completed and open to
the public, access point (B) will remain as a mauka-makai public
access point (subject to relocation) which will provide access
from the paved road system in the Kohanaiki development to (but
not along) the shoreline in the vicinity of the northern boundary
of the southern portion of the Kohanaiki property.

The improved public vehicular access points will be:

a) a paved mauka-makai vehicular access road to "Pine
Trees" beach, including parking, bathrooms, showers; (Exhibit "A"
Number 1)

b) a four-wheel drive access road from the paved road
system in the Kohanaiki development to the shoreline in the
vicinity of the northern boundary of the southern portion which
will permit the public to utilize the "Jjeep trail" within the
southern portion until such time as Nansay undertakes construction
of improvements in that area and which after construction of
improvements in the southern portion have been completed will be
limited to vehicular access to but not along the shoreline in the
vicinity of the northern boundary of the southern portion of the
Kohanaiki property (Exhibit "A" number 2); and
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Kevin R. Seiter
November 2, 1990
Page 3

c) a paved mauka-makai vehicular access road to the
southern poxrtion of the Kohanaiki property, including parking,
bathrooms, and showers (Exhibit "A" number 3).

Nansay and/or its successors or assigns will agree to
provide unrestricted 24-hour access to the Kohanaiki shoreline
along access points designated in Exhibit "A" hereto subject to
reasconable rules and regulations as reviewed and approved by the
Planning Department of the County of Hawaii. Nansay further
agrees to keep public vehicular access to "Pine Trees" beach open
during all phases of construction.

2. O'oma: Kahala Capital Corporation ("Kahala"), its
successors and assigns, will agree not to interfere with public
vehicular access along the shoreline "jeep trail" for recreational
purposes as defined by H.R.S. Chapter 520 from the northern
boundary of the O‘’oma property (where it abuts with State-owned
HOST Park property) to the southern boundary of the O‘oma property
(where it abuts on Rohanaiki) until such time as improved, paved
mauka-makai public access improvements are completed and opened to
the public providing public vehicular access to both the northern
and southern shoreline portions of the O'oma property.

Specifically, Kahala, its successors and assigns, agree
to include in any plans submitted to the State of Hawaii Land Use
Commission and/or County of Hawaii Planning Commission or County
Council two vehicular mauka-makai public shoreline access points
(north and south) including adequate parking, showers, and
changing and bathroom facilities.

The south shoreline access point will be located as near
as practicable to the southern boundary of the 0’oma property
(where it abuts on Kohanaiki} and the north as near as practicable
to the HOST Park. Kahala will agree not to interfere with
shoreline vehicular access to the existing "jeep trail” until such
time as improved public access points are constructed and opened
to the public. At the time improved accesses and facilities are
open, Kahala Capital will grant a nonexclusive easement, access,
or right-of-way to the State of Hawaii, Department of Land and
Natural Resources, for inclusion of the shoreline trail in the Na
Ala Hele Ala Kahakai demonstration trail as outlined in the
attached letter for use consistent with the description as
outlined in the attached letter dated October 15, 1990 from the
Department of Land and Natural Resources Director, William W. Paty
and addressed to Mr. Duane Kanuha, Planning Director (Exhibit .
IlBll). |

Kahala, its successors and assigns, will agree not to
interfere with continued public mauka-makai access along the
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unimproved (unpaved) roadway which leads from Kaahumanu Highway to
the shoreline "jeep trail" along the southern portion of the O‘oma
property. {This road will be referred to as the "0ld O‘’oma
Road."] The Old O’'oma Road intersects the shoreline "jeep trail"
on the O‘oma property just north of Puhili Point. Rahala will
agree to permit use of the road by the public until such time as
the alternative mauka-makai access road is constructed and opened
to the public. 1In no event will Kahala, its successors and
assigns, dedicate the portion of the longshore "jeep trail" on its
property to the State of Hawaii prior to completion of wvehicular
access and facilities described herein.

Kahala Capital Corporation, Nansay Hawaii, Inc., the
Friends of Kohanaiki, Inc., West Hawaiili Surfing Association, and
Surfrider Foundation will agree to consult with the County and
State governments and enter a formal written agreement, stipulated
settlement agreement, and/or stipulated judament (as deemed
appropriate by the parties) memorializing the agreement reached
between the parties. Nansay agrees that the terms of this
agreement insofar as they relate to Nansay and Kohanaiki may be
included as conditions in Nansay’s Special Management Area use
permit (if granted). Kahala agrees that the terms of this
agreement may be included in any Land Use Commission decision and
order, Conservation District Use Permit, zoning ordinance, and/or
SMA permit which may issued to Kahala or its successors or assigns
with respect to future development of the O’oma property.

In exchange for the above-described undertakings on the
part of Nansay and Rahala, plaintiffs will agree to withdraw their
request for contested case consideration with respect to Nansay'’s
SMA application currently pending before the County of Hawaii
Planning Commission and will either 1) dismiss the above-entitled
action (Civil No. 90-255K) with prejudice or 2) enter into a
stipulated judgment in said action incorporating the terms and
conditions of this settlement. If a stipulated judgment is to be
entered, the parties will stipulate to certification of the
plaintiffs’ class described in the Complaint and notice of this
settlement shall be provided to the public as required by the
Court. The plaintiffs will agree that the statute of limitations
with respect to prescriptive vehicular access rights of any
description with respect to both the mauka-makai and longshore
accesses discussed in this agreement both on the O’oma and
Rohanaiki properties is tolled or interrupted effective on the
date of this agreement.

It is also agreed between Nansay Hawaiil, Kahala Capital
Corporation, and the plaintiffs that the undertakings of Nansay
under this proposed agreement would be subject to Nansay receiving
approval of its petition for a Special Management Area permit,
approval of its public access plan, final plan approval as
necessary for Nansay to complete construction of improvements on
the Kohanaiki property. It is also understood that the
undertakings of Kahala under this proposed agreement are subject
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to Kahala’s obtaining appropriate reclassification, zoning, and/or
Conservation District Use Permits from the State of Hawaii and/or

County of Hawaii to enable Kahala to construct improvements on the
O’oma property.

It is agreed that this agreement may be executed in
counterparts with the various counterparts taken together to
constitute a complete agreement.

I will be submitting this agreement to6 my clients today
for their review and signatures. If they have any changes or
corrections, I will so inform you immediately. I ask that you do
the same so that we move with all deliberate speed to execution of
this letter agzeement and preparation of a final stipulated
settlement agreement or stipulated judgment in consultation with
the State of Hawaii and County of Hawaii.

As always, if you have any questions or need any further
information, please contact me at 329-5811.

Very truly yours,

Linee & Ehow L

Roy A. Vitousek III
for
CADES SCHUTTE FLEMING & WRIGHT

APPROVED AND AGREED:

FRIENDS OF KOHANAIKI, INC.

L

KAHALA CAPITAL CORPORATION WEST HAWAII SURFING ASSOCIATION

SURFRIDER FOUNDATION

By,

e
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to Kahala‘’s obtaining appropriate reclaseification, zoning, and/or
Consarvation District Use Permits frem the State of Hawaii and/or

County of Hawail to enabie Kahala to construct improvemants on the
O'’oma property.

It is agreed that this agreemsnt may be axecuted in
counterparts with the variosus countexrparts taken togethexr to
constitute a complete agreement,

I will be asubmitting this agreement to my clients today
for their reviaw and aignaturer. If they hava any changes or
corroctions, I will s;o infoxm you immediately. T ark that you do
the same so that we move with all deliberats speed to execution of
this lettar agreement and preparaticn of a final stipulated
sattlement agreement or stipulated judgment in consultation with
the State of Hawaii and County of Hawalil,

As always, if you have any questions or need any further
information, please contact me at 329-5811. :

Vary truly yours,

Roy A, Vitousek III
for

CADES SCHUTTZ FLEMING & WRIGHT
APFROVED AND AGREED:? .

NANSAY HAWAII, INC. FRIENDS OF KOHANAIKI, INC.

By____ . .. By

RAHEALA CAPITAL. CORPORATION WEST HAWAII SURFING ASSOCIATION

-
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SURFRIDER FCUNDATION
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to Kahala’s obtaining appropriate reclassification, zoning, and/or
Conservation District Use Permits from the State of Hawaii and/or

County of Hawaii to enable Kahala to construct improvements on the
O’'oma property. .

It is agreed that this agreement may be executed in
counterparts with the various counterparts taken together to
constitute a complete agreement. ' :

I will be submitting this agreement to my clients today
for their review and signatures. If they have any changes or
corrections, I will so inform you immediately. I ask that you do
the same so that we move with all deliberate speed to execution of
this letter agreement and preparation of a final stipulated
settlement agreement or stipulated judgment in consultation with
the State of Hawaii and County of Hawail.

As always, if you have ény questions or need any further
information, please contact me at 329-5811.

Very truly yours,

Roy A. Vitousek IIX
for
CADES SCHUTTE FLEMING & WRIGHT

APPROVED AND AGREED:

NANSAY HAWAII, INC. FRIENDS OF KOHANATKI, INC.

By BY_M;AW(C?’

WEST HAWAII SURFING ASSOCIATION

KAHALA CAPITAL CORPORATION

By, By,

SURFRIDER FOUNDATION

By,

e P AT T




KEVIN SEITER
ATTORNEY AT LAW
KONA INN VILLAGE

75-5744 ALII DRIVE
SUITE 245
KAILUA-KONA, HI 96740

November 8, 1990

-k

Mr. Roy A. Vitousek, III
Attorney at Law

Cades Schutte Fleming & Wright
Suite B-303

75-170 Hualalai Road
Kailua-Kona, Hawaii 96740

Dear Mr. Vitousek,

This is to inform you and your clients, Nansay Hawaii,
Inc. and Kahala Corporation that I received authority from my
clients: Friends of Kohanaiki, West Hawaii Surfing Association
and the Surfrider Foundation to substitute their signature page
(page 5 of the agreement dated November 2, 1990) to the revised
agreement. My authority is based on my clients accepting the
reference to Exhibit "B" which is currently referred to and
attached to the revised agreement.

Sincer

Attorney at/ Law
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In tamiy, please reler to:
REF:DOPAW

Mr. Duane Kanuha -
Planning Director

Hawaii County Planning Department

25 Aupuni St., Rm. 109

Hilo,

Hl 96720
Dear Mr. m@m’

The Division of Forestry and Wildlife's Na Ala Hele Statewide Trail and Access Program
is aware of the public controversy over the vehicular, lateral coastal access road fronting the
proposed Kohanaiki Resort. As the State program focusing on Hawait's trail and access concams,
it has been studying the issue and is taking the following position.

The Na Ala Hele Program opposes motorized vehicular access along that coastal stretch
because:

1. Na Ala Hele's priority trail project, the "Ala Kahakai", first planned and proposed by the
State in 1973, is intended to be a continuous, pedestrian lateral shoreline trail from the Old
Kona Airport in Kailua to Kawaibae. As much as possiblc the trail is to incorporate
existing, historic Hawaiian shoreline trails and maintain a trail experience that is preferably
removed from motorized vehicles and conducive to enjoyment and protection of the coast's
rich natural and historic resources. This trail concept is consistent with the Kaloko-
Honokohau National Historical Park’s plan adjacent to Kohanaiki, and other sections of the
Ala Kahakai which are currently in place or being restored at Kaupulehu, Kiholo, Waikoloa, '
Kalahuipuaa, and from Puukohola Heiau, to Spencer Park, and to Mauwumae Beach in
Kawaihae. Thus, continued use of motorized vehicles in and along the Kohanaiki shoreline
would be contrary to the Ala Kahakai’s basic objectives.

2 Continued public vehicular-use of the coastal road at Kohanaiki, in combination with the
future mauka-makai accesses and parking lots required of the resort by Hawaii Caunty,
would result in major management responsibilities and concerns which include:

a. Potentially unsafe conditions when uncontrolled amounts and types of motorized
vehicles share the same route with pedestrians of all ages;

EXHBIT_8__
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Mr. Duane Kanuha
Page 2
October 15, 1990

b. Potential overcrowding and overuse of coastal resources, resulting from increases in
the numbers of people accessing the coastline and no controls over commercial
enterprises wanting to use the road (e.g. dint bike remtals, seuba diving, snorkeling
and scenic tours, etc.); and

c. The State does not presently have the regulatory and back-up enforcement
capabilities that would be required to manage the resources and the expanded public
use of the coast that can be expected if the subject road were to remain open to
motor vehicle use by the public.

We note that the current impacts of public access use of the road demonstrate the need
for active management, even before the anticipated access “improvements” by the planned resort.
Biologically sensitive anchialine ponds along the coastal road were closed at the reacommendation
of the Department of Health following confirmation of pond contamination by human and animal
fecal marter. People are apparently using the ponds as toilets and dumping garbage which is
boosting the mongoose population.

Nz Ala Hele considers the ancient Hawaiian coastal trail that pre-exisied the 4-wheel drive
access 10 be owned by the State and prefers that the traditional Hawaiian coastal trail system be
restored in that area to become another increment of the Ala Kahakai demonstration trail,

If you have questions regarding this position statement please call the Division of Forestry
and Wildlife's Administrator, Mr. Michae! Buck, in Honolulu (548-8850) or Ms. Deborah Chang
Abreu, Na Ala Hele's Program Coordinator in Kona (325-7381).

Sincprely,

cc:  Mr. Michael G. Buck
M. Roger Evans
Mr. Fred Fujimoto
M:t. Ralston Nagata
M. Kevin Seiter
Mr. Roy A Vitousek 111
Mr. Charles Wakida
Mr. Mason Young
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BASELINE ASSESSMENT OF THE
MARINE ENVIRONMENT IN THE VICINITY OF THE
O'OMA Il RESORT DEVELOPMENT

PREPARED FOR
HELBER, HASTERT, VAN HORN & KIMURA, PLANNERS

JULY, 1986

L1t
’ STEVEN DOLLAR

Marine Research Consultant

44-130-5 Mui Place / Kaneohe, Hawaii 96744 /808 247-2440




INTRODUCTION

Coral reefs and other marine environments are often
some of the most valuable aesthetic and recreational
features of coastal tropical and sub-tropical communities.
Thus, addressing the potential for degradation of marine
environments that might arise during construction, and the
ensuing operation, of coastal developments is a matter of

critical concern in early planning stages.

on the Big Island of Hawaii, Kahala Capital

Corporation is proposing to develop an intermediate TesoTt
on 313 acres of open land situated just south of the
Keahole Airport (see Figure 1). The development concept
for the subject property, called "0'oma II", incorporates &
variety of land uses comprising a resort community centered
around one 600-room hotel, 600 resort condominiums and an
18-hole golf course. 1In addition, the development may
provide space for high-technology users to complement the
neighboring Hawaii Ocean Science and Technology (HOST) Park
facility currently being developed on adjacent property by
the State of Hawaii.

With such development scenarios there is inevitably the
potential for undesirable habitat changes and possible
jrreversible destruction of marine ecosystems. In the case
of 0O'oma I1 the need for caution in recognizing the
potential for environmental degradstion may be especially

important owing to the proximity of the Natural Energy




g 3 3

Laboratory of Hawaii (NELH), which relijes on clean ocean
water. Such degradational processes, if they exist, can be
minimized if the proper information is assembled early on
in the development scheme. Environmental data cap serve
to identify areas that may be particularly susceptible to
man-induced stresses, or conversely, particularly resistant

to such stresses. Comparison of the magnitude of natural

environmental impacts to anticipated anthropogenic (man-

induced) stresses can serve to pPut into perspective the
ultimate effects of the activities of man. In the present
study, alteration of the marine ecosystems from waves
generated from a recent winter storm in the North Pacific
Presents a dramatic example of the forces that naturally
affect marine community structure.

One objective of the proposed study is to establish
quantitative baseline information to accurately depict the
community structure of the indigenous marine populations
inhabiting the areas offshore of O'oma II. Marine
community structure can be‘defined as the abundance,
diversity, and distribution of stony and soft corals, other
attached benthic fauna and flora such as algae and sponges,
motile benthos such as echinoderms, molluscs, and
crustacea, and pelagic species such as reef fish and sea
turtles. This information will serve to identify any
living marine resources that may be of significant
commercial or recreational value, or that Tepresent rare oOr

unique ecological features that may be especially

-------



susceptible to human-induced stress.

The emphasis of this report is not, however, directed
at a compilation of either lists of organisms inhabiting
the area, or extensive tabulation of chemical measurements,
as is often the case with environmental assessments.
Rather, emphasis is placed on characterizing the offshore
environments as integrated communities that are under the
influence of specific physio-chemical processes.
Describing the cause and effect relationship of these
processes in shaping biotic community structure is the
major intent of the survey.

A quantitative data set can also serve as a baseline
from which actual changes that may result from construction
can be ascertained. If such changes are identified,
temedial action can be applied to eliminate the stress
factors causing environmental alteration after a minimum of
change has occurred. With such management ﬁractices
optimal utilization of marine resources may occur, while at
the same time preserving a high level of environmental
integrity.

With these jdeas in mind, permanent baseline stations
or "benchmarks" were established in order. to allow
monitoring of the same stations in the future. This
provision is in accordance with the State of Hawaii
(Department of Health) Chapter 54 of Title 11,
Administrative Rules entitled "Water Quality Standards",

which specify that permanent benchmark stations be
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established for monitoring of marine biological
communities. Water quality standards shall be deemed met
if time-series surveys of benchmark stations indicate no
Telative changes in the relevant biological communities, as
noted by biological community indicator organisms which may
be applicable to the specific site.

In the context of time-series surveys, the most useful
biological communities for direct evaluation of
environmental impacts are benthic (bottom dwelling)
communities. Because benthos are generally long-1lived,
immobile, and intimately affected by exogenous input of
sediments and other potential pollutants, these organisms
must either tolerate the surrounding conditions within the
limits of adaptability or die. As members of the benthos,
stony corals are of particular importance in nearshore
Hawaiian environments. They contribute a large portion of
the reef biomass and their skeletal structures are vital in
providing a complex of habitat space, shelter, and food for
other species. Since corals serve in such a keystone
function, coral community structure is considered the most
"relevant” group in the use of reef community structure as
a means of evaluating past and potential impacts associated
with land development. For this reason, and because
alterations in coral communities are easy to identify,
observable change in coral population parameters is a
practical and direct method for obtaining the information

that is required to meet existing environmental



regulations.

The most important, objective of this assessment is to
evaluvate the potential for impact to the marine environment
Tesulting from the proposed development. In order to
accomplish this-objective it is first necessary to evaluate
the adaptation of nearshore benthic communities to natural
stress (sedimentation, wave scour, etc.). Because impacts
caused by the development would be superimposed on natural
effects, it is necessary to estimate cause and effect by
comparing the existing community structure of stations
subjected to varying degrees of natural disturbance to the

conditions that would exist if the development proceeds.

METHODS

All field work was carried out on July 11-13, 1986,
and was conducted from a 19 foot boat. Several methods
were employed in the collection of qualitative and
gquantitative data. Qualitative Teconnaissance surveys
covering the entire area fronting the development parcel
were conducted by slowly towing a2 diver behind a small
boat. These surveys were useful in making relative
comparisons between areas, identifying any unique or
unusual biotic resources, and providing a general picture
of the physiographic structure and benthic assemblages
occurring throughout the region of study.

Following the preliminary survey, four quantitative

transect sites were selected offshore of the development
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area (see Figure 1). 1In addition, a control Eite was
selected at a location south of the development parcel at a
site protected form north swells, The control sites serves
as a reference station for subsequent time-series surveys
to identify if observed changes are the result of man-
induced or natural environmental perturbations. Because

the control site was protected from winter storm waves, it

also serves as & reference from which it is possible to

estimate the effects of natural disturbance at the

development site.

All site locations were accurately determined angd
recorded using a hand-bearing compass ans! triangulation
sightings of distinguishable landmarks. At each site, line
transects were conducted at depths of approximately 20, 30,
and 60 feet. These depths correspond to the three
generalized major West Hawaii reef zones described by
Dollar (1975) (see Figure 2).

Transects were 200 feet long and were oriented parallel
to the shoreline in areas deemed to be representative of
community structure. The ends of each transect were
permanently marked for possible future moﬁitoring studies
by pounding steel stakes into the substrate (see Plate 1).
A surveying tape was laid out over the reef surface
parallel to depth contours between two marker stakes. An
aluminum quadrat frame with dimensions of one meter by two-
thirds meter was sequentially placed over ten random marks

on the transect tape so that the tape bisected the long
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FIGURE 1. Map showing location of O'oma 1I development
site, and locations of four transect sites, used to

quantify marine community structure.
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axis of the frame. At each quadrat location a color
photograph recorded the segment of reef area enclosed by
the quadrat frame. In addition, a diver with knowledge of
the taxonomy of resident species visually estimated the
percent cover and occurrence of organisms and substrata
types within the quadrat frame. Only macrofaunal species
greater in size than approximately 2 cm were noted; no
attempt was made to identify or enumerated cryptic species
dwelling within the reef framework.

Following the period of field work, quadrat photographs
were projected onto a grid enabling units of bottom cover
for each species and bottom type to be calculated. This
information was combined with the in-situ cover estimates
and the combined assessment‘provided the data base for the
benthic community structure analysis. Species diversity
was calculated using the Shannon-Wiener index, and can be
equated with the equitability, or dominance, of
distribution of the species occurring on each transect.

The practical adventages of photo-transects are
numerous: most species can be easily and accurately
identified from transparencies, and the transparencies
provide a permanent record for subsequent time-series
comparisons. Also, photo-quadrat sampling is rapid and
efficient with respect to time and data collected - an
important consideration under conditions where underwater
time is restricted by cost, depth and exposure.

Quantitative assessment of reef fish community

8
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PLATE 1. Diver pounding transect stake into reef substrate

at the origin of 8 30 ft. transect station.

&



+
.

| N—

Etructure was conducted in conjunction with the benthic
surveys. As the transect tape was being laid along the
bottom, all fishes observed within a band approximately
three meters wide along the transect path were identified
to species and enumerated. Care was taken to conduct the
fish surveys so that the minimum disturbance by divers was
created, ensuring the least possible dispersal of fish.
Only readily visible individuals were included in the
census. No attempt was made to seek out cryptic species or

individuals sheltered within coral.

RESULTS AND DISCUSSION

Shoreline Area

The main structural feature of approximate one mile of

shoreline of the O'oma II development is a basaltic ledge

of pahoehoe lava with interspersed pockets of white

calcareous sand (see Plate 2). The intertidal platform,
which is constantly subjected to the wash of waves, is
flooded in places to form tide pools. However, none of
these pools appeared to be separated from the ocean on a
Permanent basis so they do not constitute unique or rare
habitats. Rimming many of pools formed in the basalt bench

are dense bands of the intertidal seaweeds Ahnfeltia

concinna and Ulva fascista (see Plate 3). The submerged

portions of the intertidal pools are lined with various

forms of encrusting red algae, and contain numerous sea

10
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PLATE 2. Basaltic bench that typifies the shoreline of the
O'oma II property. Small sand beach to the left of the
trees at the northern border of the property constitutes

the best shoreline access to the water for swimmers.

TR s

Plate 3. Typical tidepool in the basalt shoreline bench.
Pool is connected to the ocean and is filled by wave

action.
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urchins Echinometra matheai, Echinostrephus aciculatus and

Colobocentrotus atratus, as well as numerous juvenile reef

fish. The seaward edge of the lava shoreline is composed
either of basaltic boulder '"beaches" or vertical shoreline
sea-cliffs 2 to 5 feet in height. Access to the water from
the basaltic bench is difficult, and potentially dangerous.
The one exception is a small area at the northern border of
the property where a small sandy beach reaches the

waterline.

Offshore Marine Environments

Water Quality

A comprehensive water quality sampling program was not
part of the present investigation. Such a sampling during
the three days of field work would be relatively
meaningless owing to the natural variability typical of the
chemistry of surface ocean waters. There does exist,
however, & very comprehensive data set of surface water
chemical parameters, collected near the NELH site located

just to the north of the O'oma II property. This data set

consists of weekly measurements spanning the last & years.

In summary, surface waters near the O'oma II site éontain
Telatively low concentrations of dissolved nutrients
(nitrogen and phosphorus), but exhibit a natural cyelic
variability that is apparently related to seasonal

influences. This data set could serve as a excellent

12
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preliminary baseline to monitor changes in water chemistry
resulting from development activities.

Descriptively, the nearshore waters off the O'oma 11
property are classed by the State Department of Health as
AA, and can be considered pristine. Lack of suspended
material results in extreme water clarity. There are no
streams entering the sea along the development frontage, -
and ground water seepage of fresh water appears to be
relatively minimal. Present usage is restricted primarily

to shoreline fishing.

Coral Community Structure

L]

In general, the geologically young age of the Island of
Hawaii results in very undeveloped true ''coral reefs'.

Rather, the majority of the offshore environments can be

| R

called "coral communities’. The distinction is that, for

the most part, corals are growing on substrata composed of

basement rock, rather than on calcareous rock of organic

(reef) origin.

The typical coral community structure of the west coast —
of Hawaii, has been described in detail by Dollar (1975). =
The community structure of the O'oma II property —
corresponds well with the typical pattern. Three zones,
each characterized by a distinctive substratum type, depth
range, range of physical conditions, and single dominant

coral species make up the coral community. Figure 2 shows -

13
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FIGURE 2. Schematic diagram of typical reef zqnation
pattern off West Hawaii. For the O'oma II survey, 20 ft.
transects were conducted in the P. meandrina-boulder zonme,
30 ft. transects in the P. lobata-reef bench zone, and the

60 ft. transects in the P. compressa-slope zone.
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a diagramatic representation of the west Hawaii coral
community structure, while Figure 3 and Tables 1 and 2
summarize quantitatively the results of the benthic
community transects off O'oma II and the control station.
The relative uniformity of the shoreline off the entire
O'oma 11 property results in a fairly uniform marine
environmental structure. Therefore, the zonation pattern
described below represents the environment fronting the
entire development.

The most shoreward zone is comprised of the seaward
continuation of the basaltic shoreline bench and scattered
basaltic boulders (see Plates 4 and 5). Seaward of the
shoreline, the basaltic bench becomes a shallow submarine
terrace, which receives moOst of the force of breaking

waves. Pocillopora meandrina, a sturdy hemispherical

branching species is the dominant coral colonizer of the
near-shore areas. This species rTapidly colonizes newly
cleared surface, has a small adult colony size of short
densely packed branches, and is able to flourish in areas
that are physically too harsh, particularly in terms of
wave scour, for other species. The 20 ft. transects

conducted off O'oma II all traversed the Pocillopora

meandrina-boulder zone.

Seaward of the edge of the boulder field the reef bench
is predominantly a flat basaltic peavement, interspersed
with lava extrusions and sand channels (see Plate 6).

Porites lobata is the dominant coral in this area, and
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TABLE 1.

benthic transects.

Percentage of non-coral substrata on O'oma 11

TRANSECT STATION

SUBSTRATA TRANSECT 0-1 0-2 0-3 0-4 CON
TYPE DEPTH (ft)
Sand 20 0 30.0 0 1] 0
30 0 0 - 0 9.5
60 0 6.5 9.7 ] 0
Limestone 20 21.0 24.9 10.8 4.3 14.3
30 2.4 10.0 5.7 2.3 23.2
60 ] 8.3 11.2 0 0
Coral 20 6.9 0 10.0 23.9 1.0
tubble
30 50.9 27.5 70.2 10.8 13.6
60 59.5 47.5 57.4 54.5 30.0
Basalt 20 52.3 23.5 77.2 63.4 58.6
30 35.4 28.7 13.3 64.2 18.1
60 59.5 0 1.1 38.6 o
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TABLE 2. Percent cover of jndividual coral species, total
coral cover, number of coral species, and coral species -
diversity on benthic transects at O'oma I1I.

TRANSECT STATION —
CORAL TRANSECT 0-1 0-2 0-3 0-4 CON '
SPECIES DEPTH (ft)
Porites 20 19.3 20.2 16.9 9.7 23.0 =
IDBB!I
- 30 11.2 13.7 3.0 8.7 36.5 .
: 60 4.4 24.8 14.5 4.2 0
. Porites 20 0 0.6 o 0 0 n
H compresEa
! s 30 ) 1.6 1.5 0 0
| 60 3.2 10.0 4.3 1.1 65.5 T
' ; Pocillopors 20 0.1 0.6 7.6 1.7 3.0 !
- Cor : meandrina e
e ! - a0 0.4 1.5 1.2 15.3 1.0 o
LD ! ,
D ; 60 0.6 1.8 0.7 1.4 0 ]
. . [
P : Montipora 20 0.2 ) 0 0 0.1 -
7 : i patula Vo
' 3 i 30 0 0.2 0 0 0 o
60 0 0 0 0 0.1 ‘
. Montipora 20 0.2 0.1 0.2 0.5 0 P
} Verrucoss —
e - 10 o 0.1 0 0.1 0.1-
i 60 0 0 0 0.1 0 -
| ; |
a | Leptastres 20 0 0 0.1 0.7 o
! urpures
i BUIBEEES 30 2.1 0 0 0 0 -
i 60 0.2 0 0 0.1 0 Lo
4 ;
] H
! ssrcothelis 20 0 0 0 0 0 - |
; =dmongsoni I !
; - 30 2.1 0 0 0 0 ]
: — £
a 60 4.1 1.6 1.1 0.1 3.5 i
|
; Pavona 20 e
5 Varisas 0 0.1 0 0 0.1 Ll
E % ° 0 0 0 0 = |
i 60 0 0 0 0 0 - ‘
i {0
' 33'{3‘1’: 20 15.8 21.6 22.8 12.7 . 26.1 I
COVER 30 13.7 17.1 5.7 25.0 35.6 g
60 40.5 37.6 20.6 6.9 70.0 o '
NUMBER OF 20 -
CORAL 5 3 3 4 4 i
SPEC1ES 30 4 5 3 3 3 i \
i
CORAL 20 ) i
SPECIES 0.144 0.311 0.779 0.779 0.403 ?Ml }
DIVERSITY 30 0.842 0.695 1.017 0.639 0.147 Lo
60 0.762 0.906 0.845 1.102 0.221 :
B
i
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FIGURE 3. Bar graphs showing total coral cover and coral

cover diversity on O'oma II transects.
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occurs in a variety of growth forms, but pPredominantly
takes the shape of short, thick lobed colonies (see Plate
7). Because of incressed water depth and distance
offshore, reduced wave scour results is greater proportions
of coral cover on the reef bench. It is in this zone that
the most number of corals occur, and where "reef formation"
is occurring. The 30 ft O'oma I1 transects bisect the

Porites lobata-reef bench zone.

At the seaward edge of the basaltic bench, the slope of
the bottom increases sharply to approximately 40°, and the
substratum consists Primarily of unconsolidated rubble and

sand (see Plate 8). Poritesg compressa, commonly called

"finger coral" typically covers the reef slope in the form
of dense interconnected thickets that extend to a depth of
approximately 90 ft. (see Plates 8 and 9). The 60 ft.

transects off O'oma II traversed the Porites compressa-

slope =zone.

The most significant result of the transects data, as
well as the qualitative appearance of the reef communities,
is that coral cover on all of the O'oma II transects is
reduced compared to the control (see Figure 3, Table 2).
The decrease is attributed to the physical destruction of
coral colonies brought on by a severe winter storm that
occurred in February of 1986. The direction of wave
propagation (from the northwest) was such that breaking
waves estimated at 15-20 ft in heigﬂt impacted directly the

O'oma II site, but not the control site.
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Averége coral cover for the four O'oma II transects
was 6.8% less than the control at the 20 ft. deep
transects, 20.2% less at the 30 ft. transects and 43.6%
less at the 60 ft. transects. It is apparent from these
differences that the greatest effects of the storm waves
occur at the deepest reef zones, which normally exist under
very calm conditions. As described above, the dominant

coral to inbabit this zone, Porites compressa is extremely

delicate and susceptible to breakage and re-distribution
down the reef slope. In contrast, the shallow boulder
zone, which routinely is subjected to water motion of
sufficient velocity to prevent coral growth of all but

Pocillopora meandrina exhibits relatively small changes at

the O'oma sites compared to the control. In corresponding
fashion, coral species diversity is greater at the O'oma
sites compared to the control. The lower diversities at
the control site are the result of community domination by
a single species within each zone. Storm damage
preferentially reduces the cover of that species, resulting
in a more equitable distribution, and hence higher
diversity, following the storm damage. These storm events
of moderate intensity seem to prevent dominance and
resource monopolization by differentially affecting both th
most abundant species or the species highest in competitive
ability.

In contrast, infrequent storm events with forces

capable of totally destroying all coral cover, effectively

20
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PLATE 4.

Nearshore boulder zone. Basaltic terrace in the

background is the seaward extension of the shoreline reef

bench.

PLATE 5.

Typical quadrat photograph on a 20 ft. transect.

Round coral colonies growing on boulders are Pocillopora

meandrina.
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PLATE 6. View of diver laying transect line on reef bench

Zone.

PLATE 7. Typical quadrat photograph on 30 ft. transect on
reef building zone. Coral colonies in center of photograph

are Porites lobata.

22



PLATE 8. Transect station in the reef slope zone.

PLATE 9.

Entire reef surface is composed of lattice of finger coral,

Porites compressa.

Typical quadrat photograph at 60 ft. transect.

23



PLATE 10. Typical quadrat photograph at a 30 ft. transect
in an area that received the full destructive force of
winter storm waves. When compared to Plate 6 the extent of

damage to coral cover is evident.

o Do g
e i A
ia#ﬂ{iﬁﬁfuﬂa

PLATE 11. Typical quadrat photograph at 60 ft. transect
that received the full force of wave stress in February,
1986. Extent of coral damage is evident when compared to

Plate 9

24



wipe out the entire zonation pattern and return the entire

teef to an essentially pioneering stage. A more complete
account of the effects of storm waves on coral community

structure is described by Dollar (1982).

Other Benthic Invertebrates

The major taxa of benthic organisms occurring on the
O'oma I1 reefs, other than corals, are sea urchins
(Echinoidea) and sea cucumbers (Holothuroidea). By far the
most abundant urchins are the two species that bore into

limestone surfaces, Echinometra mathaei and Echinostrephus

aciculatus, In the reef bench zones, densities of these

urchins is often of the order of 30 individuals per square
meter. Less abundant, but ubiquitous across the entire

reef, are the larger species Tripneustes gratilla and

Heterocentrotus mammillatus. Most common of the sea

cucumbers are the species Holothuria atra and H.

mauritiana, which occurred mainly in the P. lobata-reef

building zone. None of the assemblages of these organisms
constituted any unusual or rare community.

The design of the reef survey was such that no cryptic
organisms or species living within interstitial sﬁaces of
the Tteef surface were enumerated. Since this is the
habitat of the majority of mollusks and crustacea, detailed
species counts were not included in the transecting scheme.

No dominant communities of these classes of biota were
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observed during the reef surveys at any of the study
stations.

Frondose benthic algae are conspicuously rare on the
reefs of West Hawaii. Several plants were observed,
however, off the O'oma I1I development. These included the

brown algae Turbinarea ornata, and Padina spp.. The

encrusting red coralline algae, predominantly Porolithon

Epp. and Peysonellia rubra were commonly observed on the

deeper reef slope on the Poritee compressa reef framework.

None of the red algae communities associated with early
successional stages of recolonization following denudation

of substrate by wave action were observed.

Reef Fish Community Structure

Reef fish community structure was largely determined
by the topography and composition of the benthos. Transect
results are presented in Table 3 and Figure 4.

The reef fish community bordering the proposed O'oma 1I1I
development can be grouped into six general categories:
juveniles, planktivorous damselfishes, bherbivores, rubble-
dwelling fishes, swarming tetrodonts, and surge-zone
fishes.

Juvenile fishes were especially abundant at the deepest

transect site in areas of finger coral (Porites compressa).

it is important to note that while storm demage to the deep
slope zone substantially lowered the percentage of living

finger coral, the coral framework was not completely

26
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! TABLE 3. Reef fish community structureat O'oma 11.
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flattened. The complex habitat created by the interstitial
spaces of the finger coral framework, was partially
maintained in the aftermath of the storm event. Juveniles
belonged mostly to the family Acanthuridae (surgeon
fishes), with representatives from the families Labridae
(wrasses), Mullidae (goat fishes) and Chaetodontidae
(butterfly fishes). Planktivorous damselfishes,
principally of the genus Chromis were extremely abundant in
all areas surveyed. Members of this genus often comprised
more than a third of the total number of individuals
encountered along a transect. The species C. agilis and C.

hanui predominated at the outer edge of the shelf and in

deeper water, whereas C. vanderbilti was the primary
shallow water species.

Herbivores, primarily the acanthurids Zebrasoma

flavescens and Ctenochaetus strigosus were also abundant.

At the shallower sites, adult Acanthurus olivaceus and

scarids (parrot fishes) were also common, In areas where
coral rubble were abundant, common fishes included the

angelfish Centropyge potteri, and several species of

wrasse, notably Psuedochilinus tetrataenia and E.

octotaenia. Large numbers of the fantail filefish Pervagor

spilosoma were observed swarming in the water column. Many
of these individuals looked unhealthy in having faded
colors and a gaunt appearance. Such aggregations of
filefish appears to be a cyclic phenomenon that occurs with

at irregular frequencies.
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FIGURE 4. Bar graphs showing reef fish abundance, species

number and diversity at O'oma Il transects.
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Surge zone fishes were not quantitatively assessed
because of the difficulty in working on the wave-swept
basalt terraces that these fish inhabit. Visual
observations, however, revealed that this biotope supported
a large number of fishes, principally herbivores of the

genera Kyphosus, Acanthurus, and Naso. The wrasses

Thallassoma trilobatum and T. purpureum were also abundant

in the surge zone. Few juvenile fishes were seen

inhabiting the boulder zone environment, although inshore

tidepools are generally inhabited by young individuals.
Several species of "food fishes" were observed during

the survey. These included parrotfishes (Scarus spp.),

goatfishes (Parupaneus spp.), introduced snappers (Lut janus

kasmira), Jacks (Caranx melamphygus), grand-eyed porgys

(Monotaxis grandoculis), and groupers {(Cephalalopholus

argus). None of these fishes were particularly abundant,
and all tended to avoid divers. Squirrelfishes

(Myripristes berndti) and orange-eye surgeonfishes

(Ctenochaetus strigosus) were abundant, but tended to be

small in size.
One important characteristic of the reef fish community
off O'oma II is the relative scarcity of butterfly fishes.

With the exception of Chaetodon multicinctus, most

individuals encountered were very small juveniles that
appeared to have only recently ended their planktonic
larval phase, and joined the reef community. One

explanation for the scarcity of butterfly fishes is that
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this family is the principle group harvested by aquarium
fish collectors.

Overall, the fish community at the O'oma II site is
fairly typical of the assemblages found in Hawaiian reef
environments. The reduced size of some food fishes, their
tendency to avoid divers, and their pgeneral scarcity
indicated that this area is subjected to a substantial,
but not overwhelming, degree of fishing pressure. The
scarcity of commercially vasluable reef fishes also suggests
that the community is somewhat affected by aquarium fish
collectors.

As discussed above, the control site differed from the
O'oma II sites by having a greater percentage of living
coral cover. The fish communities at the control site,
however, did not follow the same trend, and all three fish
community parameters (number of individuals, number of
species, and species diversity) showed only slight
differences (Figure 4). The 30 and 60 foot deep transects
at the control site showed somewhat higher numbers of
individuals than the comparable O'cma I1I sites, primarily

owing to the presence of large schools of Mulloidicthys

flavolineatus and Acanthurus thompsoni. Overall, however,

it is apparent that fish community structure is not nearly
as influenced by the storm-related damage to reef corals
off the O'oma II property as might be expected. This is in
contrast to changes in reef fish community structure off

Oahu following Hurricane Iwa in 1982. Wave forces from Iwa
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caused total decimation of many reef areas, reducing the
coral habitat to a flattemed rubble pavement without
interstitial spaces suitable for shelter. As a result,
reef fish populations were drastically reduced, and
recolonization was slow (Pfeffer and Tribble 1985). 1In
contrast, the storm damage at O'oma II decreased living
coral cover, but did not result in total destruction of the

physical habitat necessary for normal fish population.

Threatened or Endangered Species

Two species of marine animals that occur in Hawaiian

waters have been declared threatened or endangered by

- Federal jurisdiction. The threatened green sea turtle

(Chelonia mydas) occurs commonly along the Kona Coast, and

is known to feed on selected species of macroalgae. No
turtlees were observed along the O'oma II property during
the course of the present survey, but several individuals
were sighted to the south of the property near the entrance
to Honokahau boat harbor.

Populations of endangered humpback whale (Megaptera

novaeangliae) are known to winter in the Hawaiian lslands,

and have been sighted in the offshore waters in the
vicinity of the development property from December to
April. In general, however, it is not common for whales to
occupy the shallow reef areas that are the focus of this

survey.

32

g



CONCLUSIONS

The ultimate purpose of the data collected during the
baseline survey is to provide estimates on the degree of
environmental impact that might occur as a rtesult of
construction of the O'oma II development.

Implementation of the proposed action would involve
grading, vegetation removal, new construction and other
changes to the existing environment on several hundred
acres of land. There are currently no plans, however, for
alteration of the shoreline for such purposes as marina
construction or beach improvement.

Based on the descriptive and quantitative data
characterizing these environments contained in the baseline
survey it is possible to predict what impacts, if any,
might occur as a result of proposed development. With
regard to the aquatic resources, the major potential impact
paraméters would be: 1) increased sedimentation from wind
or runoff as a consequence of grading; 2) changes in
groundwater discharge, especially with respect to nutrient
loads from sewage-laden irrigation and golf course
fertilization; 3) shoreline modification including changing
coastline access; and 4) changes in runoff.

Below, each of these factors is treated in turn
followed by a summary section which addresses the potential

for impacts to the O'oma Il environment as a whole.
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Increased Sedimentation

In most cases in Hawaii the greatest potential cause
for impact to the marine environment as & result of
nearshore development practices is increased sediment
loading., The offshore environment at O'oma 11 does not
appear to be subjected to any substantial level of natural
sedimentation from land runoff. Sediment could be
transported as wind-borne dust or runoff during the period
when ground cover is removed during grading. With regard
to the offshore communities, increased sedimentation is
generally regarded as one of the most‘important water
quality characteristics, especially in connection with the
ecology of corals. Increased sedimentation does not
appear, however, to be & likely source of environmental
alteration for the development scenario at O'oma 1II. The
main reason for this is that the ground cover of a majority
of the land to be graded is raw lava that has not been
weathered to any appreciable extent and has little or no
s0il cover. When moved and crushed by bulldozers a smooth
surface of cobbles 1 to 4 inches in size generally results.
In addition, only a fraction of the wind-blownh material
would be carried in a westerly direction toward the ocean.
As the size distribution of the wind-blown fraction would
probably be in the silt-clay range, it would be expected
that this material would.remain in suspension for some time

if it entered the water column, and therefore it is
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unlikely that any measurable settlement would occur
aﬁywhere in the nearshore marine environment.

Likewise, for several reasons it is not expected that
Tunofi during construction would increase oceanic sediment
loads. The climate of the O'oma II Tegion is one of the
driest in the Hawaiian Islands; therefore substantial
rainfall during construction is rather unlikely. However,
in the event of heavy rainfall, the porous nature of the
lava fields is such that sheet flow carrying suspended
sediment toward the ocean is highly unlikely. Rather, most
rainwater that enters the ocean as runoff appears to do so
following percolation thkrough the surface rock layers to
the water table and subsequent groundwater extrusion at
the shoreline. Such groundwater flow would not have the
effect of transporting sediment to the ocean since the
basal rock acts as a filter. Therefore, it appears that a
major effect of rain during the period of grading might be
to significantly decrease the amount and distribution of
airborne dust--a circumstance that would have to be
considered a beneficial side effect.

Several other scenarios around the Hawaiian Islands
can also be drawn upon to estimate the potential for impact
from sedimentation at O'oma II. 1In particular, a study
conducted at Princeville, Kauai (Grigg and Dollar, 1980)
compared the reef environments off the completed phase of
the resort with the environments off an area of pristine

coastline. The hypothesis tested during this comparison
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was that increased runoff during construction caused some
modification of the corel reef environments offshore.
Results of the survey showed that, if anything, the coral
environments were better developed off of the existing
Princeville development that was subjected to increased
runoff than off the unperturbed parcel. Even though the
resort construction might have temporarily increased
suspended sediment loads, this increase would have been
insignificant in comparison to the natural sediment loads
to which the reef communities are already pre-adapted.
Therefore, the hypothesis was rejected that developmental
alteration of land for Primceville construction, and hence
similar developments such as O'oma II1 could result in
offshore impacts to the marine environment.

In addition, while it is generally accepted that
sedimentation is 8 major source of impact on coral reefs
throughout the world, several studies show that Hawaiian
reefs may be significantly more resistant to heavy sediment
loads than other reef areas. Results of surveys conducted
at French Frigate Shoals (Dollar and Grigg, 1981) following
the inadvertent grounding of a freighter and subsequent
dumping of 2000 tons of a fine-grained mineral clay
indicated that there was no damage to the reef corals and
associated communities except where the organisms were
actually buried by clay deposits for greater than a two
week period. Another study, conducted in Hilo Bay where

natural sediment loads are very high, resulting in
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extremely turbid conditions, reported that the dominant
bottom cover consisted of nearly solid living coral - a
condition rarely found under even the most '"optimal"

conditions (Dollar 1985).

Increased Nutrient Loading From Irrigation and

Fertilization

Because operation of the O'oma II resort calls for
irrigation and fertilization of the pgolf course with
treated sewage effluent, the potential for impacts to the
aquatic ecosystem exists owing to high Tates of nutrient
loading. When subjected to substantial increases in
nutrients, the response of marine and freshwater systems is
termed '"'eutrophication', and consists of increased growth
of a portion of the community, generally at the expense of
normal community intergrity. The overall result of this
process is usually a degradation of environmental quality.
In the past, coral reefs in some areas of Hawaii, primarily
Kaneohe Bay and off Sand Island on Oahu, have been severely
damaged in this manner by sewage impacts.

At O'oma II, it is not anticipated that such impacts
will occur for several reasons. Most importantly, the
unrestricted circulation of the offshore zone by tides,
current, wind, and wave action promotes rapid dilution and
water exchange. Residence time of a parcel of water &t any
one location over the reef is probably on the order of

hours, so buildup of any nutrient materials is unlikely.
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Another reason that the marine envitonment will
probably show no effects ag a result of golf course
irrigation is that much of the nutrient load is taken up by
the vegetation on the golf course. Other chemical
Processes including cation exchange, fixation and
adsorption on the s0il, and leaching will also lessen the
nutrient load that could potentially reach the marine
environment through groundwater Ttunoff.

Another factor that accounts for the lack of potential
for impact is the secondary level of sewage treatment
planned for the development effluent. Studies done at
several of the ocean discharges on Oashu that intentionally
discharge much greater volumes of secondary sewage into
marine environments indicate there 1isg no detrimental
effects whatsoever due to the discharge. 1In faet, the
impacts that have been reported all can be considered
beneficial since they result in increased fisgh populations,
apparently in response to increased particulate food and
shelter due to the outfall structure.

The negative effects of sewage impact on open ocean
reefs that have been reported in Hawaii all have been due
to point source discharge of raw Bewage over a time span of
years. Since there appears to be no provisions which would
allow raw Bewage to enter the marine environment under any
of the O'oma II development plans for even the shortest
length of time, it can be concluded that there does not

appear to be any potential for impact to the marine
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environment.

Potential for negative alteration to marine ecosystems
owing to pesticides and herbicides also seems to be nil,
It has not been found necessary to utilize substantial
quantities of pesticides on golf courses in Hawaii, and
only very small applications of herbicides are periodically
made to the greens. Such small quantities do not appear to
be of a magnitude great enough to leach through the soil
and lava, be carried to the ocean via groundwater
extrusions, and then bioaccumulate to the point of

producing a noticeable effect.

Storm Runoff

Changes in storm runoff patterns have the potential to
affect the quality of coastal waters and the marine biota
that live within them. At this time no estimates exist of
how drainage patterns might be changed as a result of the
development plans. There appear to be no areas offshore of
the O'oma Il boundaries where marine systems have been
adversely affected by runoff to date. It is expected that
this would remain the case. However, if analyses indicate
that the proposed changes in land use and drainage patterns
might result in substantial changes in water quality,
additjonal field surveys will be conducted to determine the
best location for the discharge of drainage and to assess
the significance of expected water quality with respect to

marine community structure.
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Shoreline Modification

There are currently no plans for direct alterations
of the shoreline area. As such, any environmental changes
Tesulting from development would come about via the
indirect mechanisms discussed in the previous sections.
Future plans may, however, call for structural changes to
the shoreline, probably in the form of beach modification.
As described above, the majority of the existing shoreline
along the property is composed of rugged bassltic
structures, that do not present a suitable environment for
access to the water for swimmers. Modification of one of
the small existing beaches to improve access would probably
entail removal of a8 section of the basaltic substratum,
followed by deposition of sand to create an "artificial"
beach. Observation of this type of constructional Process
at a site to the north of the O'oma II site (Mauna Lani
Resort) revealed that the initial grading and rock removal,
accomplished by heavy equipment, resulted in temporary high
turbidity plumes near the beach site. These plumes
dissipated in less than 24 hours, and surveys of reef biota
indicated that the increased sediment loading had no

adverse effects on community structure.

Effects to NELH

0f special concern to the planning scenarios of the

O'oma II resort is the possibility of effects to water
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quality parameters in the vicinity of Keahole Pt, the site
of the Natural Energy Laboratory of Hawaii (NELH). The
high-precision surface water nutrient monitoring program
being conducted at NELH could potentially be influenced by
material input at the O'oma II site. This concern is
amplified by the occurrence of periodic strong northerly
currents, which could tramsport water from the development
site past Keahole Pt.

The perspective origin of any nutrients which could
constitute a spurious signal to the NELH data is most
likely runoff from the golf course (i.e. sewage effluent).
As discussed above, it appears that such runoff is unlikely
owing to the structural qualities of the basal lava rock,
and the lack of sheet flow reaching the ocean. There has
not been to date, however, a hydrelogic study to determine
the actual magnitudes of nutrient materials that reach the
ocean via golf course jrrigation/fertilization. Therefore,
jt is recommended that in the event of golf course
construction, a comprehensive time-course monitoring
program should be instituted in the vicinity of O'oma II to
identify any potential alterations to natural water quality
parameters.

The principal facility of the NELH program is a cold-
water intake pipe located at a water depth of about 600
meters (1900 ft.) off Keahole Pt. It does not appear that
any modification to the marine environment brought about by

the implementation of the O'oma II development could alter
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the chemical characteristics of the intake water.

Summar

With regard to the O'oma II resort, the potential for
direct impact as 8 result of development to the offshore
communities appears to be very small. None of the
developmental activities appear to have the potential to
induce large changes in physio-chemical water quality
parameters. In addition, as described in the RESULTS
section, the offshore reef areas adjacent to the
development property are constantly exposed to natural
stresses, especially in the form of storm waves, that are
the primary factor determining the make-up of the reef
communities. The most relevant point of illustrating the
effects of such natural phenomena is to show that marine
environments are routinely subjected to stresses of massive
proportions that are much more influential (or destructive)
than the incremental changes that could result from any
development activity. If some unexpected event related to
development activities does occur, the resulting
alterations to marine community structure would probably be
negligible, and recovery rapid once the stress factor is
mitigated. Tolerance to such changes appears to already
be part of the physiological range of the community.
Observations of the response of marine ecosystems to such

shoreline development as Princeville, on Kauai, Kaanapali
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on Maui, Kailua-Kona on Hawaii and even Waikiki on Oahu
substantiate the overall conclusion that the marine
environment is capable of withstanding shoreline
development activities without suffering any loss in
quality.

It can be concluded that 85 long as the normal
Teasonable steps are taken in construction practices, and
operational procedures for the golf course and Eewage
treatment systems are carefully maintained, there should be
no adverse impacts to the marine environments, However,
the baseline marine biological studies were implemented in
such a way that replicate surveys conducted in subsequent
Years can show actual changes in marine community
Etructure. Regardless of how unlikely, there is always the
Potential for an unexpected event. 1If any development
Practices cause changes in physical-chemical parameters
which lead to changes in environmental integrity, these
effects could be quantified through time-series Burveys.
Therefore, it is recommended that the planners of O'oma IT
utilize the bench-mark stations to the fullest by
incorporating into their long-range plans subsequent marine
surveys. 1If, and when, development construction near the
shoreline émmmences, it would appear to be a prudent action
to initiate a monitoring program at that site during the
activity. With such an ongoing program, it would be

possible to quickly pinpoint any detrimental processes as
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they happen and remedy the situation before significant or

irreversible environmental damage occurs.
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INTRODUCTION AND PURPOSE

Kahala Capital Corporation is currently in a second stage of planning for the O'oma I Development on
the West Coast of the Island of Hawaii. The 300-acre development, which extends from the ocean
landward to Queen Kaahumanu Highway, lies between the Hawaii Ocean Science and Technology
(HOST) Park, to the north, and the planned Kohana'iki Resort to the south. The property is one mile
south of the Keahole Airport, and seven miles north of Kailua-Kona. The current O'oma I plan
includes a variety of land uses including: a golf course, hotel, shopping village, marine park and ocean
science center, water recreation park, office business park, condominiums, single family residences,
and an 18-acre waterfront lagoon and beach park.

A concern of the local community, as well as various regulatory agencies, is likely to center on the
potential for environmental degradation of the nearshore ocean resulting from the project. This
concern is especially critical for the O'oma Project owing to the close proximity of the Natural Energy
Laboratory of Hawaii (NELH) and HOST Park facilities, which rely on pristine ocean waters.
Significant questions include the potential impacts from runoff of soil, fertilizers, and other chemicals
which could cause alterations to water quality and marine life. In addition, as the project plans call for
excavation of lagoons behind the shoreline, it is important to assess if, and to what extent, this action
will affect groundwater discharge into the nearshore ocean.

in the interest of addressing these concerns and assuring maintenance of environmental quality, it has
been deemed appropriate to conduct a marine environmental survey and potential impact analysis of
the nearshore areas off the O'oma |l property. In 1986, a "Baseline Assessment of the Marine
Environment in the Vicinity of the O'oma |I Development" was prepared. This study presented a
detalled description of the physical and biologica! setting at four representative areas fronting the
property. It did not include, however, analyses of water chemistry constituents that contribute to water
quality in the nearshore reglons that are most likely to be affected by the proposed project. The
present report describes the results of a survey designed to characterize the present water quality in
the vicinity of O'oma . '

The specific objectives of the survey are to establish a quantitative baseline set of water chemistry
parameters that delineate the present environmental conditions of the nearshore ocean offshore of the
site planned for development. Particular attention is given to evaluating the influence of groundwater
entering the marine environment. Consideration is also given to comparing water chemistry off the
existing NELH-HOST Park tacility in order to compare effects from potential land uses at O'oma.

|

)

'
]
i




[

o L ) e

—J L.J i

(-

——

METHODS

Three survey stations were established in the vicinity of the O'oma property: Station 1 was located off
the public bathhouse located to the north of the northern property boundary (this site was selected so
as to be able to differentiate inputs from the O'oma area and neighboring facilities); Station 2 was
located off the approximate center of the property; and Station 3 was located near the southern
boundary (see Figure 1). :

Water quality was evaluated at each station on transects that were oriented perpendicular to the
shoreline and depth contours. Water samples were collected at 6 locations on each transect from just
seaward of the shoreline to approximately 200 meters {m) offshore. Such a sampling scheme was
designed to span the greatest range of salinity with respect to potential freshwatar efflux at the
shoreline. Sampling was more concentrated in the nearshore zone because this area is most likely to
show the effects of shoreline modification. With the exception of the two locations nearest to shore,
samples were collected at two depths; a surface sample was collected within approximately 10
centimeters (cm) of the sea surface, and a bottom sample was collected within 1 m of the sea floor. In
addition, samples were collected from a potable well located upslope from the O'oma property, and
from an open ocean station located approximately 2 kilometers from shore.

Water quality parameters evaluated inciuded the ten specific criteria designated for open coastal
waters in Chapter 11-54, Section 06 (Open Coastal waters) of the State of Hawaii Department of
Health (DOH) Water Quality Standards. These criteria include: total nitrogen (TN), nitrate + nitrite
nitrogen (NO4™ + NO,", hereafter referred to as NOg4"), ammonium nitrogen (NH4+). total
phosphorus (TP), chlorophyll a {Chl a), turbidity, dissolved oxygen, temperature, pH and salinity. In
addition, orthophosphate phosphorus (P04'3) and silica (Si) were also reported because these
parameters are sensitive indicators of biological activity and the degree of groundwater mixing.

All fieldwork was conducted on September 13-14, 1990 using a 19-foot boat. Water samples were
collected by opening 1-liter polyethylene bottles at the desired depth. Subsamples for nutrient
analyses were immediately placed in 125-milliliter (ml) acid-washed, triple rinsed, polyethylene bottles
and stored on ice. Analyses for NH4+. PO43'. and N03' were performed using manual
spectrophometric techniques on a Brinkman fiber-optic colorimeter. TN and TP were analyzed in a
similar fashion following digestion. Dissolved organic nitrogen (DON) and dissolved organic
phosphorus (DOP) were calculated as the difference between TN and dissolved inorganic N, and TP
and dissolved inorganic P, respectively. The chemistry procedures were performed according to
standard methods for seawater analysis (Strickland and Parsons 1968, Grasshoff 1983).

Water for other analyses was subsampled from 1-liter polyethylene bottles and kept chilled until
analysis. Turbidity was determined on 60-m! subsamples fixed with HgCl to terminate biclogical
activity. Fixed samples were kept refrigerated until turbidity was measured on a Monitek Mode! 21
nephelometer, and reported in nephelometric turbidity units {NTU). Chl a was measured by filtering
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300 ml of water through glass-fiber filters; pigments on filters were extracted in 90% acetone in the
dark at -5° C for 12-24 hours. Fluorescence before and after acidification of the extract was
measured with a Turner Designs fluorometer. Salinity was determined using an AGE Model 2100
laboratory salinometer with a readability of 0.0001 ©/o0.

In-situ field measurements included water temperature (measured with a hand-held mercury
thermometer readabie to 0.1° C), and pH {measured with portable meter with a readability of 0.01 pH
unlts).

RESULTS OF WATER CHEMISTRY ANALYSES
Horizontal and Vertical Stratification

Table 1 shows results of all water chemistry analyses for samples collected off the O'oma site.
Concentrations of eight dissolved nutrient constituents in surface and deep samples are plotted as
functions of distance from the shoreline in Figure 2. Values of salinity, turbidity, Chl g and temperature
are shown in Figure 3.

Several patterns of distribution are evident in Figures 2 and 3. It can be seen in Figure 2 that the
dissolved nutrients Si, NOg", PO43'. TP and TN, display a marked elevation in concentration in the
samples collected 1 and 5 m from the shoreline at Station 1. Salinity displays the opposite trend, with
sharply lower concentrations within 5 m of the shoreline at Station 1. These substantially different
nearshore values are not evident at Stations 2 and 3.

These patterns appear to be a result of concentrated input of groundwater through a lava tube at the
shoreline at the origin of the sampling transect at Station 1. Low salinity groundwater, which contains
high concentrations of Si, N03”. and P043' (see values for potable well water in Table 1), percolates
to the ocean at the shoreline, resuiting in a nearshore zone of mixing. In many areas of the Hawalian
Islands, such groundwater percolation results In horizontal gradients of increasing salinity and
decreasing nutrients moving seaward. It can be seen in Figures 2 and 3, however, that at Station 1
groundwater Is mixed to oceanic levels within 10 m of the shoreline. At Stations 2 and 3, there is only
a very slight indication of increased concentration of the nutrients found in groundwater in the
nearshore samples.

In addition, groundwater efflux often results in a surface lens with lower salinity and higher nutrient
content relative to subsurface water. At the O'oma sites, there is a slight indication of vertical
statification of salinity, and the nutrient constituents found in groundwater.

Water chemistry parameters that are not associated with groundwater input do not show the same
pattern of decreasing concentration with respect to distance from the shoreline. NH4+ displays
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higher vaiues at the nearshore samples at Station 3, as well as higher values in the most seaward
samples. DOP and DON appear to be lower in concentration in the samples collected 1 m from the
shoreline. Beyond this distance, these constituents do not appear to display any recognizable patiern
with respect 1o horizontal or vertical stratification, and are essentially invariant with distance from the
shoreline (Figure 2).

Turbidity and Ch! g exhibit highest concentrations at nearshore samples at Station 3. The remainder
of the sampling sites show no apparent pattern with respect to distance from shore or location in the
water column. Temperature is lowest at the nearshore sampling sites at Station 1 owing to the input of
cool groundwater. At Station 3, nearshore samples displayed higher temperatures than offshore
samples, probably as a result of solar warming of the surface layer. Beyond the nearshore zone (10 m
from the shoreline) the water column was slightly stratified with the surface layer slightly warmer than
the deeper layer.

Compliance with DOH Criteria

Also shown in Table 1 are samples that exceed DOH water quality standards for open coastal waters
under “dry" conditions. The criteria for dry conditions are applied to the O’oma site as this area
probably receives less than 3 million galions of groundwater input per mile per day (T. Nance,
personal communication).

The sample set for the initial phase of monitoring was coliected during what appeared to be “normal”
summer weather, and is likely to represent the typical conditions that characterize the area.
Comparing water chemistry results from the O'oma samples to DOH standards reveals that 2
measurements of N03'. 5 measurements of NH 4+. 1 measurement of TP, and 2 measurements of TN
exceeded the "not to exceed more than 2% of the time" standards. TN values are essentially
reflections of N03'. and TP values are indicative of PO 43' concentrations.

As discussed above, NOg4” and PO 43' are normal constituents of groundwater. The concentrations
found in waters off the survey sites appear to be the result of groundwater discharge at the shoreline.
All of the values that exceed DOH standards for these two constituents occur at Station 1, where
substantial freshwater is entering the ocean. Along the two transects fronting the O‘'oma property,
there are no concentrations of N03' and PO 43' that exceed DOH standards.

Examination of NH4+ as a function of salinity indicate that there is little relationship between
concentrations in nearshore ocean samples and inputs from land. Thus, it appears that the
measurements of NH 4+ that exceed DOH criteria are a result of normal marine processes in the area.

Thus, by comparison of the water chemistry constituents with DOH criteria, it is apparent that under
the present conditions (prior to any construction activities), natural processes can cause
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measurements of water quality that exceed specified DOH limits.

No measured values of turbidity or Chl a at any of the sites exceeded DOH specific limits.

Comparison with NELH Monitoring Program

As part of the ongoing "*Keahole Point Comprehensive Environmental Monitoring Program®, coastal
seawater samples have been collected from a series of stations that extends along the shoreline
southward from the approximate location of Station 1 in the present survey. In order {o determine if
water quality off the O'oma site differs significantly from nearshore waters to the north, data from the
present survey and the Keahole Point Program were compared.

Figure 4 shows plots of dissolved Si and N03' as functions of salinity from the present survey
(labelled MRC), and three sites from the Keahole Program (NELH 1-3). NELM 1 corresponds to sites
C-25, 26,and 27; NELH 2 corresponds to sites C-22, 23, and 24, while NELH 3 corresponds to C-19,
20 and 21 (see Figure §). Thus, NELH 1 lies closest to O'oma, while site NELH 3 is farthest away.

Considering dissolved Si, it can be seen in Figure 4 that for both salinity ranges (5-35°/00 and 34-
35°/oo). data from the present survey falls in a fairly straight line. Data from the NELH program does
not prescribe as clear a line with respect to Si concentration as a function of salinity. There is no
indication, however, of a pattern of influence with respect to position along the coastline for the NELH
data. The essentially random distribution of data points, especially in the 34-35°/oo plot, suggests
that no conclusions can be drawn relating to differential input of freshwater along the coastiine.

With respect to input of NOS'. similar conclusions can be drawn. Owing to the scatter of data, there
does not appear to be any substantial differences between input along the O'oma property compared
to the NELH sites,

SUMMARY

1. Evaluation of nearshore water chemistry off the proposed Q'oma |l site was carrried out in
September 1990. Thirty-two water samples were collected from three stations located in the vicinity of
the project. Water samples were collected on transects perpendicular to shore, extending from the
shoreline to a distance of approximately 200 m offshore. Analysis of 13 water chemistry constituents
included all parameters specified in DOH water quality standards.

2. Several dissolved nutrients (NOg", TN, and Si) displayed horizontal gradients with highest values
closest 10 shore and lowest values at the most seaward sampling sites. Correspondingly, salinity was
lowest closest to the shoreline, These patterns indicate that groundwater is entering the marine
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environment near the shoreline and mixing with oceanic water. This pattern was especially evident at
Station 1, in the proximity of a major seep of groundwater.

3. Along with horizontal gradients in some water chemistry constituents, there is a slight indication of
vertical stratification within the water column. Such stratification is the result of incomplete mixing of a
low density surface layer originating from groundwater input at the shoreline.

4, Other water chemistry constituents that are not related to groundwater efflux do not display
discernible gradients with respect to distance from the shoreline. Turbidity and temperature appear to
be slightly elevated at Station 3.

5. Several water samples exceeded State DOH standards for N03', TN, NH4'". TP and TN. These
samples appear to contain dissolved materials in excess of standards solely as a resuit of natural
processes of groundwater effiux and biological activity. Off the O'oma site (Stations 2 and 3), the only
constituent to exceed DOH criteria was NH 4"'. No measured values of turbidity or Chl a were in
excess of DOH standards.

6. Comparison of the data collected for this survey with data from the Keahole Comprehensive
Environmental Monitoring Program indicates that there are presently no major discernibie differences
between inputs at the O'oma site and at more northerly locations toward Keahole Point,

7. Results of the water chemistry analysis indicate that presently there does not appear to be any

unusual inputs or processes occurring off the O'oma site. Water chemistry in the area is indicative of
typical nearshore oceanic conditions, without significant influences from land.

A e e mr ] b et i e bk,

U




REFERENCES CITED

Grasshoff, K. 1983. Methods of seawater analysfs. Verlag Chemie, Weinheim, 419 pp.

Strickiand J. D. H. and T. R. Parsons. 1968. A practical handbook of sea-water analysis. Fisheries
Research Bd. of Canada, Bull. 167. 311 p. —_

€]

L3

-

L

<
F 1

!
i

- et e

L - e d A B G -I"!ﬂ;;i}"n.i&. '-:'ml"“‘;mi =



00°1 00'L 9821 &bL ¥a0 b1 %2 '3'L'N
05'0 050 982F 60 £6°0 120 %01 "3 LN
Hoa
818 622 800 BI@YE 900 8L G20 669 610 ¥l 620 108 Z00 0002 G ‘OO0
818 1'B2  $00 EEgPE  BOO 186G 820 &5 120 €2t 600 Q9 00 0002 S ‘OO
14ve S 200 26LPE 2V0 L €20 €09 610 ¥¥'L [vv0 [108 v00 002 G 9-t
21’8 22 010 68LVE 820 129 €20 955 020 v9'L [S90 |08 EO0D 002 S 9-€
V8 §L2 200 vELVE  ZK0 SI'S /20 O01'S 610 €2°F 500 108 800 0OF @ S-E
L1'8 622 OO0 66LVE S0 94v  S20 MLy 10 SB'L SO0 108 800 00F S S-€
Z1'8 842 010  VSLVE 920 €9r v20 ¥Sb 910 62E 600 a8 800 OS5 G b€
91'8 08 110 K9VE S0 g¥S  S20 IS G100 SLS 110 020 OLD 05 S V€
91’8 €82 600 IS9VE 1O €9S €0 WS 610 LE9 600 €10 v00 OL Q@ £-E
aI'e 282 110  VEYVE 220 IE8  S20 SI'L  lgo 829 [880 |820 w00 OL S €€
91's €82 220 9LVVE /20 VELL ¥e0 6¥6 91'G  8KOL [S¥L |OVO 800 S S 2-€
91'8 S82 640 vISVE EE0 89S S20  9ES  SL'0  ¥B'E 200 S20 01O ¢ S 1€
Z1'8  9%2 600 008'YE S20 258 vE0 S28 OE0 492 Z20 08 00 002 Q 92
L8 92 600 S6LVE B0 209 £20 €6'S 020 2E¥ 600 108  £00 002 S 9-2
L1’'8 S 130 BRLVE  60C  Z¥'9 080 89 @220 62 SO0 SO0 800 00F Q §-2
L8 LZZ2 1V0 0LYE 600 6@ 0 IS8 E20 MES €20 E20 ILD 0Ol S §-2
L1882 V0 B2L'vE M0 L8 S0 0ZF 10 g 600 8OO 800 0S A ¥-2
L8 822 010 299'v€ 610 €' 520 €0y H1'0 €0 600 €20 LL'O OS S vz
ZI'B L'£2 W0 VELPE OO0 LBV ¥20  E€Z¥ 910 6FE 6000 SO0  BOD 0L  Q E-2
'8 822 600 89%€ g0 0S¥ €20 2E¥ S10 €6F SO0 €10 800 0L S £-2
9’8 £ZZ €10 [29vE g20 ve8  S20 18L 810 669 [0S0 |evo zoo S s 2-2
91'8 942 600  vBFYE  S1'0 0V'S  ST0  SE'v 10 690l 600 990 800 | S 1-2
18 L2 600 S6LVE  OL'0 ¥6'S 820 ¥6S 020 vk'hk 108 109 800 002 4 9-1
'8 Lz L0 SOB'PE  BOD  ZV9 £20 9l' 020 vl 1E0 108 200 002 S 9-1
9’8 §4¢ 110 98LVe 80'0 89S 00 99 €2C S8l 108 108 100 00L 4 S-1
918 S22 L0 I6ZvE 900 809 080 66S 610 62 600 108 410 00L S S-1
91’8 @'z BO0O L69YE 210 €29 820 S29 BIC SIS 020 820 OLO OS5 4 bl
9’8 822 EV0 LISYE 020 252 80 2G9  #10 ISH yl0 990 ¥20 OS S vl
9t°'g 9°22 0oL°o E£r9°FE 600 EL9 0E0 S19 0c'0 LE'9 S0°0 £5°0 010 a1 a el
91’8 Lu2 O0V0 2W9YE 600 00L  1E0 L9 020 €9 SO0 8r0 110 OF S €1
ve'8 S22 600 SBETE 910 LSEl |es0 89S St'0 2829 S20 [vLZ |i€0 S S -1
808 292 200 996'0L 010 6S'v9 j¥6°L |8LE 200 E96VY SO0 | 9219 |81 1 S 1-1
(O6op) (B4 (ooro} (M) (WD (Wh  (wd) (WD (WD (WD) (W) WH W)
HE  dW3L BIHD ALINNYS BHNL NOL  d40L NOG  d0Q 1S VHN EON +0d 'S'd'd  NOILVIS

*1 ainBt4 93s ‘SuoIIEI0] UORE|S 104

suonpuod LAIp,. 10pUN S1vlEM weaso uado o) sprepuels Algenb Jojem *H"0"Q PadIxD SaxX0q L) SanjeA ‘shiun) 0)qeI33N8p Majoq = 1'q'g

“a|dwes daap = ,q, ‘eidwes a2ems = ,§, 'UBad0 uado = ‘0" ‘BI10yS WOy BUBISIP = 'S'4°]
“Airadosd Bwo () 8Y) )10 SI90SUEB B2 UO PAINSEIL SIUANINSU0D ANSILIBYD JBIBM *) JIEVL

T A L 0 U e A D R VO R SR H e I

-1 T

)




- .
STATION 1

HAWAIL

Facific

Ocean  gramione

.'---.. / .'..
STATION 3

\ Puhili Point

1000 fee?

-

v
—__

I

FIGURE 1. Map showing location of water sampling transects in the vicinity of the planned O‘oma
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FIGURE 2. Plots of dissolved nutrients as functions of distance from shore in surface (S) and deep (D)
water samples collected on three transects (T-1, 2, 3) off the planned O'oma development. For
transect station locations, see Figure 1.
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INTRODUCTION

Kahala Capital Corporation is currently in the second stage of planning for the O'oma 1! Development
on the West Coast of the Island of Hawaii. The 300-acre development, which extends from the ocean
landward to Queen Kaahumanu Highway, lies between the Hawaii Ocean Science and Technology
(HOST) Park, to the north, and the planned Kohana'iki Resort to the south. The property is one mile
south of the Keahole Airport, and seven miles north of Kailua-Kona. The current O'oma Il plan
includes a variety of land uses including: a golf course, hotel, shopping village, marine park and ocean
science center, water recreation park, office business park, condominiums, single family residences,
and an 18-acre wateriront lagoon and beach park,

A concern regarding implementation of the project is the potential for impacts to the marine
environment owing to changes in land uses. This concern is especially critical for the O'oma Project
owing to the close proximity of the Natural Energy Laboratory of Hawaii (NELH) and HOST Park
facilities, which rely on pristine ocean waters. Significant questions include the potential impacts from
runoff of soll, fertilizers, and other chemicals which could cause alterations to water quality and
marine life. In addition, as the project plans call for excavation of lagoons behind the shoreline, it is
important to assess if, and to what extent, this action will affect groundwater discharge into the
nearshore ocean.

In the interest of addressing these concerns and assuring maintenance of environmental quality, it has
been deemed appropriate to conduct a marine environmental survey of the nearshore areas off the
O'oma i property. The survey is composed of two components, an assessment of marine water
chemistry, and a survey of nearshore biological community structure.

This report describes the results of the baseline survey of the nearshore marine communities. The
survey is a continuation of previous work performed in the vicinity of the O'oma Il property. In 1986, a
“Baseline Assessment of the Marine Environment in the Vicinity of the O'oma Il Resort Development”
provided a detailed description of the physical and biological setting fronting the property. The
strategy of the present report was to replicate the 1986 survey. Repeating the survey, using the same
techniques in the same locations, provides a descriptive and quantitative baseline of biotic
communities off the proposed development that addresses change over time as well as space. Such
a characterization of biotic assembtages will provide a basis for estimating alteration of community
structure as a result of modifying the shoreline. This baseline will also serve to identify any specific
biotic communities that may be especially susceptible (or resistant), to the potential alterations that
may result from the planned development. As this aspect of the survey will be repeating the
investigations conducted in 1986, it will provide information on the degree of natural variability in
community structure.

An Important part of this investigation is to provide an evaluation of the degree of natural stresses
(sedimentation, wave scour, freshwater input, etc.) that influence the nearshore marine environment in
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the area that could be potentially influenced by the proposed project. Typically, water quality and the
composition of nearshore marine communities are intimately associated with the magnitude and
frequency of these stresses, and any impacts caused by the proposed project may either be mitigated
in large part, or amplified, by natural environmental factors. Therefore, evaluating the range of natural
stress is a prerequisite for assessing the potential for additional change to the marine environment
owing to shoreline modification.

Marine community structure can be defined as the abundance, diversity, and distribution of stony and
soft corals, motile benthos such as echinoderms, and pelagic species such as reef fish. In the context
of time-series surveys, the most usefu! blological assemblages for direct evaluation of environmental
impacts to the offshore marine environment are benthic (bottom-dwelling) communities. Because
benthos are generally long-lived, immobile, and can be significantly affected by exogenous input of
sediments and other potential pollutants, these organisms must either tolerate the surrounding
conditions within the limits of adaptability or die. As members of the benthos, stony corals are of
particular importance In nearshore Hawailan environments. Corals compose a large portion of the
reef biomass and thelr skeletal structures are vital in providing a complex of habitat space, shelter,
and food for other species. Since corals serve in such a keystone function, coral community structure
is considered the most "relevant” group in the use of reef community structure as a means of
evaluating past and potential impacts associated with land development. For this reason, and
because alterations in coral communities are easy to identify, observable change in coral population
parameters is a practical and direct method for obtaining the information for determining the effects of
stress in the marine environment. In addition, because they comprise a very visible component of the
nearshore environment, detailed investigations of reef fish assem blages are presented.

METHODS

All fieldwork was carried out on September 22-23, 1990, and was conducted from a 26-foot boat.
Biotic structure of benthic (bottom dwelling) communities inhabiting the reef environment was
evaluated by establishing a descriptive and quantitative baseline between the shoreline and the 20
meter (m) (~60 foot) depth contour. Initial qualitative reconnaissance surveys were conducted that
covered the area off the O'oma property from the shoreline out to the limits of coral reef formation.
These reconnaissance Surveys were useful in making relative comparisons between areas, identifying
any unique or unusual biotic resources, and providing a general picture of the physiographic structure
and benthic assemblages occurring throughout the region of study.

Following the preliminary survey, four gquantitative transect sites were selected offshore of the
development area at the same sites as in the 1986 survey (see Figure 1). Station 1 was located at the
northern property boundary, Stations Il and Il were located in the central area, and Station IV was
located off Puhlli Point, at the southern boundary of the property. At each station, three transect sites
were selected, one in each of the dominant reef zones. Each transect was oriented paralle! 1o depth
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contours so as to bisect a single reef zone. Care was taken to place transects in random locations
that were not biased toward either peak or low coral cover. In total, twelve quantitative transects were
conducted.

Quantitative benthic surveys were conducted by stretching a 50-m long surveying tape in a straight
line over the reef surface. An aluminum quadrat frame, with dimensions of 1 m by 0.66 m, was
sequentially placed over 10 random marks on the transect tape so that the tape bisected the long axis
of the frame. At each quadrat location a color photograph recorded the segment of reef area enclosed
by the quadrat frame. In addition, a diver knowledgeable in the taxonomy of resident species visualiy
estimated the percent cover and occurrence of organisms and substratum type within the quadrat
frame. No attempt was made to disturb substrata to observe organisms, and no attempt was made to
identify and enumerate cryptic species dwelling within the reef framework. Only macrofaunal species
greater than approximately 2 centimeters were noted.

Following the period of fieldwork, quadrat photographs were projected onto a grid and units of bottom
cover for each benthic faunal species and bottom type were recorded. Results of the photo-quadrats
were combined with the in-situ cover estimates and community structure parameters (percent cover,
species diversity) were calculated. The photo-quadrat transect method is a modification of the
technique described in Kinzie and Snider (1978), and has been employed in numerous field studies of
Hawaiian reef communities (e.g. Doflar 1979, Grigg and Maragos 1974), and has proven to be
particularly useful for quantifying coverage of attached benthos such as corals and large epifauna
(e.q., sea urchins, sea cucumbers). While this methodology is quantitative for the larger exposed
fauna, many coral reef invertebrates are cryptic or nocturnal. Coupled with the generally small size of
cryptic Invertebrates, quantitative assessment of these groups requires methodologies that are
beyond the scope of the present monitoring program.

Quantitative assessment of reef fish community structure was conducted in conjunction with the
benthic surveys. As the transect tape was being laid along the bottom, all fish observed within a band
approximately 2 meters wide along the transect path were identified by species name and
enumerated. Care was taken to conduct the fish surveys so that the minimum disturbance was created
by divers, ensuring the least possible dispersal of fish. Only readily visible individuals were included in
the census. No attempt was made to seek out cryptic species or individuals sheltered within coral.
This transect method is an adaptation of techniques described in Hobson (1974).

RESULTS AND DISCUSSION
Physical Structure

The main structural feature of the approximately one mile of shoreline of the O’'oma Il developmentis a
basaltic ledge of pahoehoe lava with interspersed pockets of white calcareous sand. The intertidal

s A

R N e B RS R




NS S WU T T

T SO VU S VU S N U VAU S W R WO

I

i
e d

{

platform, which is constantly subjected to the wash of waves, is flooded in places to form tidepools.
None of these pools, however, appeared to be separaled from the ocean on a permanent basis so
they are not classified as "anchialine”. Rimming many of the pools formed in the basalt bench are
dense bands of the intertidal seaweeds Anhfeltia concinna and Ulva fasciata. The submerged portions
of the intertidal pools are lined with various forms of encrusting red algae, and contain numerous
urchins of the species Echinometra matheai, Echinostrephus aciculatus, and Colobocentrotus atratus,
as well as numerous juvenile reef fish. The seaward edge of the lava shoreline is composed of either
pasaltic boulder fields, or vertical sea cliffs 2 to 5 feet in height. The one exception is a small area at
the northern border of the property where a small sandy beach reaches the shoreline.

Beyond the shoreline, the structure of the offshore environment at O'oma generally conforms to the
pattern that has been documented as characterizing much of the west coast of the Island of Hawail
(Dollar 1982). The zonation scheme consists of three predominant regions. Beginning at the
shoreline and moving seaward, the shallowest zone beyond the shoreline Is comprised of a seaward
extension of the basaltic shoreline bench, along with scattered basaltic boulders that have entered the
ocean after breaking off from the shoreline. Pocillopora meandrina, a sturdy hemispherical coral is the
dominant colonizer of the nearshore area. This species is able to flourish in areas that are physically
too harsh for most other species, particularly due to wave stress. The shallow transects conducted off
O'oma all traversed the Pociliopora meandrina-boulder zone.

Seaward of the nearshore boulder zone, bottom structure is composed predominantly of a gently
sioping reef bench composed of basalt, interspersed with lava extrusions and sand channels. In some
areas, the bench Is characterized by high relief in the form of undercut ledges and basaltic pinnacles.
Fine-grained calcareous sediment also comprises a component of bottom cover. Water depth in this
mid-reef zone ranges from about 20 to 50 feet. As wave stress in this region is substantially less than
in the shallower areas, and suitabie hard substrata abound, the area provides an ideal locale for
colonization by attached benthos, particularly reef corals, and generally the widest assortment of
species and growth forms are encountered in this region. The intermediate depth transects at each
survey station were located on the reef bench.

The seaward edge of the reef platform (at a depth of about 50 feet) is marked by an increase in slope
to an angle of approximately 20-30 degrees. In the deep siope zone, substratum changes from the
solid continuation of the island mass to an aggregate of generally unconsolidated sand and rubble.
The predominant coral cover in the slope zone is typically interconnected mats of “finger coral”, which
grow laterally over unconsolidated substrata. In some areas, notably Station I, the deep reef slope is
covered primarlly with rubble fragments generated by breakage of P, compressa from wave forces.
Moving down the reef slope, coral settlement and growth cease at a depth of approximately 80 feet,
beyond this depth the bottom consists mostly of sand, with occasional basaltic outcrops. The deep
transects at each survey station were located on the upper portions of the reef slope.



Biotic Community Structure
Coral Communities

Table 1 shows abundance estimates of invertebrates observed throughout the region of study. The
predominant taxon of macrobenthos (bottom-dweillers) throughout the reef zones off the Q'oma
property are Scleractinian (reef-building) corals. Results of quantitative line transects conducted
within the three dominant reef zones provide a data base characterizing coral community structure.
Table 2 shows the quantitative summary of coral community structure from the 1990 transects, while
Appendix A is comprised of individual transect results. Table 3 shows similar transect data collected in
the 1986 survey.

in total, fourteen species of “stony" corals, and two "soft corals” were encountered on transects, while
the number of coral species on a single transect ranged from three to seven. Only one species of coral
(Bocillopora evdouxi) was observed in the study area that did not occur on any transects (see Table
1). The dominant species on all of the O'oma transects was Porites lobata, which accounted for about
60% of total coral cover. The second and third most abundant species, Pocillopora meandrina and
Porites compressa, accounted for about 33% of coral cover. Thus, these three species comprised
about 93% of living coral cover. In 1986, the distribution of coral cover was remarkably similar (see
Table 3); P.liohata comprised 60% of coral cover, and the three dominant species totaled 94% of
living coral cover. [n total, coral cover accounted for 44.8% of bottom cover.

With respect to zonation of coral cover, the most abundant species on the shalliow 15-20 foot
transects were P, lobata and P. meandrina. Other species that were common in the shallow boulder
covered areas were Montipora verrucosa and Leptastrea purpyurea. The mid-depth reef platform zone
had the highest number of coral species at each of the survey stations. The dominant species,
however, was P, iobata. This species occurs in various growth forms including flat encrustations and
large dome-shaped colonies, which are responsible for much of the true "reef* accumulation in the
mid-depth zones. '

At the seaward edge of the reef bench, the slope of the bottom increases, and the substratum
consists primarily of unconsolidated rubble and sand. In areas that are protected from damage from
storm surf, this region is generally covered by P. compressa, which assumes a spreading growth form

that extends laterally over areas of unconsolidated substratum in a manner that is not possible by

other species. Owing to a fragile skeletal growth form, however, this species is especially susceptible
to breakage by storm waves. On the deep reef transects off O'oma, P, compressa accounted for large
percentages of bottom cover at Stations 1 and 2. Observations of the deep reef zones at Stations Il

and 1V, however, revealed P, compressa cover of only about 2%, while substantial bottom cover
consisted of rubble fragments composed of broken P, compressa branches. Such levels of rubble

cover suggest a relatively recent storm event that resulted in substantial damage to the P. compressa
mats.
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Figure 2 depicts coral community structure in histograms that are useful in showing relationships with
respect to depth zone and station location. it can be seen in the histograms that there appear to be no
substantial patterns with respect to distribution of any of the community parameters. Coral cover
varles with respect to depth between all of the stations. At Station 1, cover is highest on the deep reef
slope, owing to a relatively intact P. compressa framework, and lowest in the shallow boulder zone.
At Stations 2-4, cover was lowest in the deep slope zones owing to apparent recent storm damage.

At each station, the number of coral species is similar at the shallow and mid-depth transects, and
decreases on the deep transects. The number of species appears to be lower on all transects at
Station [I, relative to corresponding sites at other stations.

Coral species diversity also did not exhibit any repeatable pattern within stations. This result is
somewhat unusual in that the “typical" zonation pattern for West Hawail is usually reflected in highest
diversity in the mid-reef zones, and lowest diversity on the deep reef slope (Dollar 1982).

In 1986, coral cover at all of the O'oma survey sites appeared noticeably reduced compared to other
nearby areas. The decrease was attributed to the physical destruction of coral colonies brought on by
a severe winter storm that occurred in February of 1986. The direction of wave propagation (from the
northwest) was such that breaking waves estimated at 15-20 feet in height directly impacted the
O'oma site. It was apparent the greatest effects of the storm waves occurred at the deep reef zones,
which normally are not subjected to severe water motion.

Table 4 shows coral community parameters from both the 1986 and 1990 surveys, as well as the
differences between the two surveys. Differences In community structure parameters is in part an
inevitable result of imprecision of relocation of transect locations. It is also apparent, however, that
differences between years also is indicative of major processes that have influenced community
structure. With respect to coral cover, on only one of the twelve transects (1-15') was cover higher In
1986 compared to 1990. The greatest Increases occurred in the mid-reef zones, where total cover
increased from between 14% to 43% during the years between surveys. The number of species
remained unchanged on four transects, and increased in 1990 on seven transects. Species cover
diversity increased on six transects. A documented result of storm stress on Hawaiian reefs Is an
increase In diversity owing to reduction in dominance by a single preferred species (Dollar 1982). it
appears that since the 1986 storm, which was responsible for decimation of much of the living coral
cover off O'oma, the community is returning to prestorm conditions.

Other Benthic Macroinvertebrates

The other dominant group of macroinvertebrates are the sea urchins (Class Echinoidea). Table 5
summarizes the occurrence of sea urchins at all of the survey stations. The most common urchin is



Echinometra matheai. which occurred in all reef zones. E. matheai are small urchins that are generally
found within interstitial spaces bored into basaltic and limestone substrata. E. matheai were most
abundant at the mid-reef transects where the number of individuals ranged from 7 1o 137. This
species was least abundant on the reef slope transects where solid substrata was not common.

Tripneystes gratilla, and Heterocentrotys mammillatus are other species of urchins that occurred
commonly on many transects. Both of these urchins occur as larger individuals (compared with E,
matheai) that are generally found on the reef surface, rather than within interstitial spaces,

Sea cucumbers (Holothurlans) observed during the survey consisted of three species, Holothuria atra,
H. nobllis, and Actinopyga obesa. Individuals of these species were distributed sporadically across
the mid-reef and deep reef zones (Table 1). The most common starfish (Asteroidea) observed on the
reef surface were Linckia spp.. Several crown-of-thorns starfish (Acanthaster planci) were observed
feeding on colonies of Pocillopora meandrina. Numerous sponges were also observed on the reef
surface, often under ledges and in interstitial spaces. The green conical-shaped sponge lotrochg
Rroteg was observed throughout the mid-depth reef zones.

Frondose benthic aigae are conspicuously rare on the reefs of West Hawail. Several plants were
observed, however, off Kohana'lki. Most common were the encrusting red calcareous algae
(Borolithon spp,, Pevsonellia rubra, Hydrolithon spp.). These algae were abundant on bared

limestone surfaces, and on the noniiving parts of coral colonies. Frondose algae observed on the reef

included Valonia sp., Lyngbya majuscula, Halimeda spp., and Galauxura spp.

The design of the reef survey was such that no cryptic organisms or species living within interstitial
spaces of the reef surface were enumerated. Since this is the habitat of the majority of mollusks and
Crustacea, detailed species counts were not inciuded In the transecting scheme. No dominant
communities of these classes of biota were observed during the reef surveys at any of the study
stations.

Reef Fish Community Structure

Reet fish community structure was largely determined by the topography and composition of the
benthos. Transect results are presented in Table 6 and Figure 3. On individual transects, the ranges
for species diversity, numbers of species, and numbers of individuals were 1.74-2.86, 20-46, and 239-
616 respectively. A total of 4895 individuals representing 89 species was recorded during transect
surveys. It can be seen in Figure 3 that no significant pattern is evident with respect to distribution of
fish species, number and diversity with respect to depth, or station location.

The reef fish community off O'oma is typical of that found along most of the Kona Coast, as described
by Hobson (1974), and, Walsh (1984). Fish community structure can be divided into six general
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categories: juveniles, planktivorous damselfishes, herbivores, rubble-dwelling fish, swarming
tetrodonts, and surge-zone fish.

Juvenile fish belonged mostly to the family Acanthuridae (surgeon fish), with representatives from the
families Labridae (wrasses), Mullidae (goat fish) and Chaetodontidae (butterfly fish). Juveniles were
most abundant on the deepest transects of the reef slope zone (60 feet) in areas dominated by finger
coral (P, compressa), or basalt boulders. The complex habitat created by the spreading growth form
of P. compressa provides shelter for small fish. Apparent storm damage to the mats of finger coral in
the deep slope zone in many areas appeared to lower substantially the percentage of living finger
coral. Because the coral framework was not completely flattened, habital complexity was partially
maintained in the aftermath of the storm event(s). Itis apparent that fish abundance is not related
directly to composition of intact living coral, but rather to the degree of shelter afforded by coralline
structures, whether alive or dead.

Planktivorous damselfish, principally of the genus Chromis were abundant in all areas surveyed, and
often comprised more than a quarter of the total number of individuals encountered along a transect.
Agile chromis (Chromis agilis) were very abundant along the outer edge of the shelf and in deeper
water, whereas blackfin chromis (C. vanderbilti) was the primary shallow water species.

Herbivores, primarily the yellow tang (lau'i-pala, Zebrasoma flavescens} and goldring surgeonfish
(kole, Ctenochaetus strigosus) were also abundant, On the shaliower reef terrace, adult whitebar
surgeonfish (malkolko, Acanthyrus leucopareiys), orangeband surgeonfish (na'ena'’e, A. glivaceus),
brown surgeonfish (ma'i'i’i, A, nigrofuscus) and parrotfish (uhu, Scarus spp.) were also common. In
areas where coral rubble was abundant, common fish included potters angelfish (Centropvge potteri),
and several species of wrasses, notably fourline wrasse {Psuedochilinug 1etrataenia), eightline wrasse
( B. octotaenta), and yellowtail wrasse (aki-lolo, Coris gaimard).

Surge zone fish were not gquantitatively assessed because of the difficulty in working on the wave-
swept basalt terraces that these fish inhabit. Visual observations, however, revealed that this bictope
supported a large number of fish, principally herbivores such as rudderfish (nenue, Kyphosus
bigibbus), surgeonfish (Acanthurus spp.). and unicornfish (mostly umaumalei, Nasq iityratys). Saddle
wrasse (hinalea lau-wili, Thallassoma Irilobatum) and surge wrasse (hou, I, purpyreym) were also
abundant in the surge zone. Few juvenile fish were seen inhabiting the boulder zone environment.
Black durgon (humuhumu-ele’ele, Melanichthys piger) and pinktall durgon (humuhumu-hi'u-kole, M,
vidulg) were also observed congregating in the water column over the reef platform,

Several species of "food fish” {taken by subsistence and/or recreational fishermen} were observed
during the survey, Schools of several hundred individuals of goatfish (weke, Mullpidichthys
flavolineatys), Hawailan mackeral (opelu, Decapterys macarellus), and blue-lined snapper (taape,
Lutianus kasmijra) were observed while diving. Numerous grand-eyed porgeys (mu, Monotaxis
arandoculis) were observed. Rocky ledges and large coral heads sheltered fair numbers of
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squirrelfish (u'u, Myripristes berndti). Other food fishes included parrotiish (uhu, Scarus spp.),
goatfish (moana kea and malu, Parupaneus gyclostomys and P, bifasciatus), jacks (papio, Caranx
melamphygus), and grouper (rol, Cephalopholus argus). None of these species were particularly
abundant. Orange-eyed surgeonfish (kole, Ctenochaetus strigosus), while abundant, were generally
not large enough to be considered suitable as *food fish”.

Overall, fish community structure at O’oma is fairly typical of the assemblages found in undisturbed
Hawaitan reef environments. The presence of large schools of some food fish indicates that the area
has been subjected to moderate amounts of tishing pressure, by agquarium fish collectors and
fishermen,

Endangered and Protected Species

Three species of marine animals that occur in Hawailan waters have been declared threatened or
endangered by Federal jurisdiction. The threatened green sea turtle (Chelonia mydas) occurs
commaonly along the Kona Coast, and is known to feed on selected species of macroalgae. The
endangered hawksbil! turtle (Eretmochelys imbricata) is known infrequently from waters off the Kona
Coast. While turtles undoubtedly occur in the nearshore areas off O'oma, no individuals were
observed during the course of the present survey.

Populations of the endangered humpback whale (Megaptera novaeangliae) are known to winter in the
Hawalian Islands from December to April. The present survey was conducted in September, when
whales are not present in Hawaiian waters.

CONCLUSIONS

Implementation of the proposed O'oma project would involve grading, vegetation removal, new
construction, and other land use changes. There are no plans, however, for alteration of the shoreline,
or offshore environments in any manner. The 1986 report describing the marine environment off of
O'oma presents a detailed discussion of potential effects from activities on land, including
sedimentation and changes in groundwater discharge with respect to fertilizer input. This discussion
will not be repeated in the present report. In summary, the proposed project does not appear to
present the potential for alteration of the offshore environments. None of the proposed development
activities appears to have the potential to induce large changes in physico-chemical properties that
could affect biotic community structure.

As described above, the reefs off O'oma are constantly exposed to natural stresses, primarily from
storm waves, that are the major forcing function determining the make-up of reef communities. If
some unexpected event related to shoreline development did occur, the resulting impact would likely
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be negligible in comparison to impacts caused by natural factors. Unexpected changes associated
with a temporary situation of increased sedimentation during the construction phase at O'oma are not
likely to result in noticeable change to the nearshore community. Observations of the response of
marine ecosystems to shoreline development at Princevilie on Kauai (Grigg and Dollar 1980),
Keauhou Kona (Marine Research Consultants 1990a), and even Walkiki on Oahu {Marine Research
Consultants 1990b) indicate that marine environments are not necessarily impacted by shoreline
development.

It can be concluded that as long as reasonable steps are taken in construction practices, and
operational procedures for the shoreline projects do not involve substantial changes in material
delivery to the nearshore ocean, there should be no adverse impacts to the marine environment. An
ongoing monitoring program is in place to assess if shoreline activities at O'oma are resulting in
changes to nearshore water quality. Such changes in water quality would be indicative of potential
changes to marine community structure. Thus, any changes in water quality owing to shoreling
development would trigger mitigative action, hopefully at a leve! below that capable of inducing
change in biotic structure.

SUMMARY

1. Assessment of the benthic and reef fish community structure off the proposed Q’oma Il
Development was conducted on September 22-23, 1990. Twelve transects were evaluated at four
stations located offshere of the property. Transect surveys were repeated at the same locations as a
previous survey of the same region conducted in 1986.

2. Physical structure of the nearshore region consists predominantly of sandy beaches that abut rocky
basaltic shorelines that form the land-sea interface. The reef area is divided into three major zones; a
shallow nearshore zone characterized by basaltic boulders and substantial water motion from
breaking waves, a mid-reef zone which comprises the major "reef-building area”, and a deep reef
slope. Substrata on the shallow and mid-reef consist predominantly of solid limestone and basalt,
while substrata on the deep reef slope are predominantly sand and cora! rubble.

3. In general, the coral communities off O’oma are typical of the type that occurs throughout much of
the west Hawaii coastline. Sixteen coral species were encountered on transects, and total coral cover
was approximately 45% of bottom cover. The dominant coral species at all sites was Porites lobata,
which comprised 60% of total coral cover in both the 1986 and 1990 surveys. The three dominant
coral species accounted for 93% of coral cover in 1990, and 94% in 1986.

4. Quantitative estimates indicate that coral cover ranges from about 15% to 72% on individual

transects. There were, however, no consistent patterns between coral cover and reef zones at the four
survey stations. It appeared that coral cover is relatively high in the shallow zones owing to the steep
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shoreline cliff which absorbs wave energy. Coral cover was also relatively low at several of the deep
reef slope transects owing torecent storm-induced breakage of finger coral mats. -

5. Comparison of coral cover between 1986 and 1990 indicates higher cover on eleven of the twelve
transects in the more recent survey. The consistent increase appears 1o be a result of regrowth -
across the entire reef following a particularly intense winter storm in 1986, which preceded the survey.

6. The other dominant benthic macrofauna are sea urchins. The most abundant urchin is
Echinometra mathael, which occurs predominantly in the shallow and mid-reef zones.

7. Reef fish community structure at O'oma Is fairly typical of the assemblages found in undisturbed
Hawalian reef environments, and is characterized by six general categories: juveniles, plantivorous
damselfishes, herbivores, rubble-dwellers, swarming tetrodonts, and surge-zone fishes. The presence

-
of large schools of some food fishes indicates that the area has been subjected to low to moderate :
amounts of fishing pressure, both by aquarium fish collectors and fishermen.

-ﬁ
8. It does not appear that the planned development at O’'oma has the potential to cause adverse *
' impacts to the marine environment. Stresses from natural forces that are presently the dominant
: factors in influencing community structure appear to be substantially greater than those that could ""}
result from shoreline development. The absence of plans to modify the shoreline or nearshore ved
environment eliminates the potential for direct alteration of ecosystems. Secondary impacts
1 [ ]
associated with runoff of materials associated with the development do not appear to present the !
| potential for changes based on similar, existing projects, and proper management scenarios. -
-
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TABLE 1. Marine Invertebrate occurrence at Survey stalions in the vicinity of O'oma,

For station locations, see Figure 1.
Abundance code:

"R*" = rare (D - § individuals or colonies sited on station)
=O* = geeasional (5 ~ 20 individuals or colonies sited on station)
“C” = commoen {more than 20 individuals or colonies sited on station)
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{Sea Urchins)
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TABLE 2. Coral species percent cover, non-coral substrata cover, and coral community statistics for
transects off O'oma in 1990. For transect station locations, see Figure 1.

TRANSECT
| | | 1l ! ] n ! ]| v v v
CORAL SPECIES 15' 30° 60’ | 15° 30° 60" [ 15° 40 60" | 200 30° 60
Porites lobata 75 27.1 248|353 456 21.1| 3.5 188 18.7|229 238 21.6
Porites compressa 0.5 37.9 19.6 2.3 2.6
Porites brighami 03 06
Porites evermanni 0.1
Pocillopora meandrina 32 04 15| 28 0.1 i8.4 26.8 1.7]151 14.6 04
Montipora patula 1.9 04 04 1.0 04 04
Montipora verrucosa 1.6 1.0 23 04 0.2 07 01| 03 03 0.6
Montipora flabeliata 0.3
Pavona varians 06 0.2
Leptastrea purpurea 11 0.2 01 0.2 0.1 04 01 0.3
Pavona duerdeni 1.1
Palythoa tuberculosa 0.1 1.2 0.2 02
Porites canvexa 0.1
Anthelia edmondsoni 0.2 7.7 1.5
Cyphastrea oceliina 0.4 0.1 0.2
Fungia scutaria 0.1
TOTAL CORAL COVER 15.5 29.8 72.0 |41.7 46.7 40.8 |23.9 485 23.1|40.2 399 256
NUMBER OF SPECIES 7 7 5 5 5 3 6 7 6 7 7 6
CORAL COVER DIVERSITY |1.42 0.45 1.03 |0.59 0.21 0.71 079 0.95 0.680.92 0.86 0.5%
NON-CORAL SUBSTRATA
Limestone 25 64 25| 1.2 45 25| 24 48 14[143 243 140
Sand 1.3 6.5 11.6 245 34 93 3.1 13.0
Basait 80.4 59.8 571 358 151723 41.0 17.5[455 314
Rubble 1.6 2.7 19.0 i4 30.7| 1.4 23 48.7 1.3 474




TABLE 3. Coral species percent cover, non~coral substrata cover, and coral community statistics for
transects off O'oma in 1986. For transect station locations, see Figure 1.

TRANSECT
l 1 | H] il ti 1 )i i v v v

CORAL SPECIES 15 30" 60’ | 15" 30" 60" (15 40" 60' | 200 30 &0

Porites lobata 19.3 11.2 4.4 20.2 13.7 248|149 3.0 145 9.7 87 4.2

Porites compressa 31.2) 06 1.6 100 1.5 4.3 1.1

Pocillopora meandrina 09 04 O6| 06 15 18| 76 12 07| 1.7 1563 14

Montipora patula 0.2 0.2

Montipora verrucosa 0.2 0.1 041 0.2 06 01 041

Pavona varians 0.1 0.1

Leptastrea purpurea 21 0.2 0.1 0.7 0.1

Anthelia edmondsoni 21 44 1.6 1.1 0.1
TOTAL CORAL COVER 19.8 158 4051216 171 382|228 57 206|128 244 7.0
NUMBER OF SPECIES 4 4 5 5 5 4 4 3 4 5 3 6
CORAL COVER DIVERSITY |0.14 0.84 0.76 |0.31 0.69 0.80 |0.78 1.02 0.85 (0.77 0.63 1.10
NON-CORAL SUBSTRATA

Limestone 210 24 100|249 100 831|108 57 11,2} 43 23 0.0

Sand 30.0 6.5 9.7

Basalt 523 354 659.5|23.5 28.7 77.2 133 1.1}63.4 64,2 38.6

Rubble 6.9 50.9 59.5 27.5 47.5(10.0 70.2 57.4123.9 10.8 54.5
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TABLE 4. Differences in coral community parameters between 1986 and 1990 reef transects at O'oma.

TRANSECT
| | l Il il ] n i m - w v v
18' 30° 60" | 15° 30 60’ | 15 40° 60' | 20' 30 60
TOTAL CORAL COVER
1990 15.5 29.8 72.0 [41.7 46.7 40.8 |23.9 485 23.1 |40.2 39.9 25.6
1886 18.8 15.8 40.5 {21.6 17.1 38.2{228 57 206|128 24.1 7.0
DIFFERENCE =43 14 315|201 296 26| 1.1 428 25274 158 18.6
NUMBER OF SPECIES
1980 7 7 S 5 5 3 6 7 6 7 7 6
1886 4 4 5 § 5 4 4 3 4 5 3 6
DIFFERENCE 3 3 0 0 0 - 2 4 2 2 4 0
CORAL COVER DIVERSITY
1990 | 142 045 1.03]0.59 0.21 0.71(0.79 095 0.68 (0.92 0.86 0.59
1886 0.14 0.84 0.76 [0.31 0.69 0.90 |0.78 1.02 0.85 |0.77 0.63 1.10
DIFFERENCE 1.27 -0.3 0.26 10.27 -0.4 -0.1|0.01 -0.0 -0.1 [0.14 0.22 -0.5




TABLE 5. Sea urchin abundance on benthic transects off Q'oma. For transect station locations,

see Figure 1.

TRANSECT -

! I 1 I f 1 m mwm wm w wv v

SEA URCHIN SPECIES 15 30' 60° 15 30" 60 15 40" 60' 200 30° 60 —

Echinometra matheai 34 71 7 65 102 5 36 6 14 4 135 17 L

Echinostrephus aciculatus 12 32 3 6 1 TR

-

Heterocentrotus mammillatus 1 1 1 1 2 1 1 1 1 ‘ .J

Tripneustes gratilla 3 6 5 4 1 1 6 1 4 L

A

Echinothrix diadema '
1 3

Echinothrix calamaris 1 P

.

TOTAL URCHIN COUNT 49 110 8 74 107 7 44 7 16 11 137 Ssi:l
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TABLE 6. Reef fish abundance on transects off O'cma.

FAMILY
Species

|
15’

| |
30° 60

TRANSECT
n nomou
15 30" 60° 15° 40’

]
60’

v
20

v
30

v
60'

MYLIOBATIDAE
Aetobatus narinari

MURAENIDAE
Gymnothorax meleagris

AULOSTOMIDAE
Aulostomus chinensis

KYPHOSIDAE
Kyphosus bigibbus

CIRRHITIDAE
Cirrhitops fasciatus
Cirrhitus pinnulatus
Paracirrhites arcatus

MULLIDAE
Mulloides flavolineatus
Parupeneus multifasciatus
P. pleurostigma
P. bifasciatus
P. porphyreus
P. cyclostomus

SERRANIDAE
Cephalopholis argus

CARANGIDAE
Caranx melamphygus

LUTJANIDAE
Lutjanus kasmira
Aprion virescens
Aphareus furcatus

10

18

20 2 &6

-—d

[ I

12

10

[



TABLE 6. continued

TRANSECT
FAMILY i ] ! no n m m m v v w
Species 18' 30° 60" 15' 30" 60° 15" 40' 60' 20° 30' 60

LETHRINIDAE

Monotaxis grandoculis 7 6 8
CHAETODONTIDAE

Chasetodon lunula 2 2 2

C. quadrimaculatus 2 1 2 4 2 4 2

C. miliaris 2 3

C. ornatissimus 2 2 2 2

C. multicinctus 4 5 2 4 8 6 6 6 8 6

C. fremblii 1

C. kieinii 3

C. auriga 2

C. lineolatus 2 2

Forcipiger flavissimus 4 3 2 1 8 7 3 4 2 b

Heniochus diphreutes 2 15

Hemtaurichthys polylepis 30
POMACANTHIDAE

Centropyge potteri 2 1 4

C. fisheri 2
POMACENTRIDAE

Abudefduf abdominalis 15 25 15

A. sordidus 3

Plectro. johnstonianus 1 1

P. imparipennis 3 1 2 1 3

Stegastes fasciolatus 2 2

Dascylius albisella 3 35 12 20

Chromis agilis 400 12 112 60 30 210

C. hanui 30 5 10 11 30

C. vanderbilti 60 150 80 120 150 120 90 70

C. ovalis 100
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TABLE 6. continued

FAMILY { l |
Species 15" 30' 60

]
15’

i
30’

TRANSECT
nm
60' 15’ 40’

m
60’

v
20

v
30

v
60’

LABRIDAE
Novaculichthys taeniourus
Cheilinus unifasciatus
Cheilinus bimaculatus 3
Pseudocheilinus octotaenia 2
Coris gaimard 3
C. venusta
C. flavovittata
Thalassoma duperrey 12 12 6
T. trilobatum
Gomphosus varius 2
Labroides phthirophagus 1
Macropharyngodon geoffroy
Pseudojuloides cerasinus
Stethojulis balteata
Halichoeres ornatissimus 1 1

SCARIDAE
Scarus sordidus
S. perspicillatus 2
S. rubroviolaceus
juvenile Scarus

N

ACANTHURIDAE
Zebrasoma flavescens 45 13 44
Acanthurus achilles
. triostegus
. guttatus 30
. leucopareius 55
. thompsoni
. olivaceus 22 7 3
. dussumieri 10
. blochii 5
. nigrofuscus 70 35
Ctenochaetus strigosus 15 8 48
C. hawaiiensis

P> >

25
15

28 40 24
35

15
140

11 40 20
70 25

NN

W =N

20

21

16

95

25

80

80
65

13

33

50
54

21

32

78

12
43
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APPENDIX A. Coral transecl data.

REEF CORAL TRANSECT DATA SHEET

| ;
? {PERCENT COVER) !
i : 1
TRANSECT SITE: OOMA MEAN CORALCOVER 15.5 % i
TRANSECTID #:  I-15° STD. DEV. 9.7 :
DATE: 08/26/90 SPECIES COUNT 7 :
SPECIES DIVERSITY 1.421 '
SPECIES ' QUADRAT SPECIES
i 1 2 3 4 5 6 7 8 9 10 TOTAL
Porites lobata 120 100 240 5.0 13.0 3.0 3.0 3.0 75.0
Pocillopora meandrina 1.0 3.0 6.0 160 6.0 320
Montipara verrucosa 120 4.0 16.0
Montipora patula 5.0 8.0 20 30 1.0 19.0
Leptastra purpurea 3.0 8.0 11.0
Palythoa tuberculosa 1.0 1.0
Porites canvexa 1.0 1.0
IQUADRAT TOTAL 13.0 19.0 37.0 17.0 2.0 13.0 6.0 11.0 27.0 10.0 155.0
REEF CORAL TRANSECT DATA SHEET :
(PERCENT COVER)
TRANSECT SITE: OOMA MEAN CORALCOVER 9.8 %
TRANSECT ID #: 1-30° STD. DEV. 7.6
DATE: 08/26/90 SPECIES COUNT 7
| SPECIES DIVERSITY 0.451
I
l, SPECIES QUADRAT SPECIES
% I 2 34 5 6 7 8 9 10 TOTAL
iPurites lohata 260 300 230 290 430 27.0 180 19.0 270 29.0 271.0
1Porites compressa 5.0 5.0
'Pocillopora meandrina 1.0 2.0 1.0 4.0
iMontipora verrucosa 1.0 2.0 3.0 20 30 10.0
iMontipora patula 0 1.0 1.0 4.0
Leprastra purpurea 2.0 2.0
Anthelia edmondsoni 2.0 20
{QUADRAT TOTAL 27.0 33.0 25.0 35.0 48.0 31.0 220 19.0 280 30.0 298.0
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APPENDIX A, Coral transect data.

REEF CORAL TRANSECT DATA SHEET

(PERCENT COVER)
TRANSECT SITE: OOMA MEAN CORALCOVER 2 %
TRANSECT ID #: 1-60° STD. DEV. 249
DATE: 08/26/90 SPECIES COUNT 5
SPECIES DIVERSITY 1.033
SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL
Porites lobata 120 60 60 20 60 630 61.0 150 4.0 73.0 248.0
Porites compressa 26,0 850 50 560 73.0 260 350 620 11.0 379.0
Pocillopora meandrina 3.0 1.0 3.0 8.0 15.0
Montipora patula 1.0 1.0
Anthelia edmondsoni 21.0 30.0 26.0 77.0
QUADRAT TOTAL 590 9.0 11.0 880 80.0 850 90.0 50.0 67.0 92.0 720.0




APPENDIX A. Coral transect data.

REEF CORAL TRANSECT DATA SHEET
{PERCENT COVER)

[}
TRANSECT SITE: OOMA MEAN CORALCOVER 41.7 % =
TRANSECT ID #: -15 STD. DEV. 16.0 i
DATE: 08/26/90 SPECIES COUNT 5 i
SPECIES DIVERSITY 0.598 I-'-
SPECIES QUADRAT SPECIES |—
| 2 3 4 5 6 7 8 5 10 TOTAL |
Porites lobala. 36.0 25.0 21.0 420 320 36.0 43.0 354.0 520 120 353.0 |—
Pocillopora meandrina 6.0 1.0 3.0 280}
Montipora verrucosa 18.0 o0 0 3.0
Leptastra purpurea 1.0 1.0 }—
Palythoa tuberculosa 12.0 120 )
QUADRAT TOTAL 36.0 43.0 21.0 42.0 32.0 570 450 550 71.0 150 417.0 l
I
i
-
REEF CORAL TRANSECT DATA SHEET i~
(PERCENT COVER) i
5
TRANSECT SITE: OOMaA MEAN CORALCOVER 46.7 % L
TRANSECT ID #: 11-30° STD. DEV. 21.7 _
DATE: 08/26/90 SPECIES COUNT 6 b
SPECIES DIVERSITY 0.209 L
SPECIES QUADRAT SPECIES [~
1 2 3 4 5 6 7 8 9 10 TOTAL |
Porites lobata 43.0 240 61.0 460 51.0 81.0 6.0 352.0 3550 3.0 450.0 L
Porites evermanni 6.0 6.0
Pocillopora meandrina 1.0 Lot
Montipora verrucosa 1.0 1.0 2.0 4.0 |
Leptastra purpurea 1.0 1.0 2.0
Cyphastrea ocellina 1.0 1.0 1.0 1.0 4.0
QUADRAT TOTAL 43,0 26.0 630 47.0 53.0 91.0 60 520 55.0 31.0 467.0
L
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APPENDIX A. Coral transect data.

REEF CORAL TRANSECT DATA SHEET

(PERCENT COVER)
TRANSECT SITE: OOMA MEAN CORALCOVER 45.5 %
TRANSECT ID #: 11-60 STD. DEV. 25.2
DATE: 08/26/90 SPECIES COUNT 3
SPECIES DIVERSITY 0.707
SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL
Porites lobata 600 6.0 460 120 30 360 6.0 2.0 2.0 29 211.0
Porites compressa 21.0 120 140 240 140 31.0 72.0 8.0 18 196.0
Leptastra purpurea 1.0 1.0
QUADRAT TOTAL 8.0 6.0 58.0 260 27.0 50.0 370 93.0 29.0 48.0 408.0




P APPENDIX A. Coral transect data.

! REEF CORAL TRANSECT DATA SHEET

l (PERCENT COVER)
- TRANSECT SITE: OOMA MEAN CORAL COVER 239 %
TRANSECT ID #: ili-15° STD. DEYV, 1.5 -
DATE: 08/26/90 SPECIES COUNT 7
SPECIES DIVERSITY 0.791
SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL |~
Porites lobata 2.0 4.0 1.0 3.0 4.0 2.0 5.0 1.0 - 1.0 33.0
Poriles evermanni 1.0 1.0 20|
Pocillopora meandrina 21.0 26.0 160 26.0 240 18.0 19.0 14.0 20.0 184.0 § - _
Montipora verrucosa 1.0 1.0 2.0
Cyphastrea ocellina 1.0 Lo ™
Palythoa tuberculosa 1.0 1.0 20| .
Anthelia edmondsoni 15.0 15.0
: QUADRAT TOTAL 26.0 30.0 17.0 29.0 40.0 140 23.0 24.0 15.0 21.0 239.0 ."
B
REEF CORAL TRANSECT DATA SHEET o
(PERCENT COVER) b
TRANSECT SITE: OOMA MEAN CORAL COVER 48.5 % "—,
TRANSECT ID #: In-30° STD. DEV, 24.0 ~—
DATE: 08/26/90 : SPECIES COUNT 7
SPECIES DIVERSITY 0.952 .
SPECIES QUADRAT SPECIES| |
1 2 3 4 5 6 7 8 9 10 TOTAL | —
Porites lobata 16.0 26.0 8.0 4.0 8.0 27.0 18.0 4.0 46.0 31.0 188.0 —_
Pecillopora meandrina 42.0 53.0 15.0 6.0 60 380 21.0 460 12.0 29.0 268.0 | —
Moniipora verrucosa 5.0 1.0 1.0 7.0
Montipora patula 2.0 7.0 1.0 10.0)
Pavona varians 6.0 6.0}
Leptastra purpurea 4.0 4.0
Palythoa tuberculosa 2.0 20 ™
' QUADRAT TOTAL 580 84.0 230 11.0 160 650 400 500 77.0 61.0 485.0
D

SN
ety «f,,;,,j—u-i.-,;_:_,f:;a-\;ﬂ;_-_b‘:._gw



R

]

APPENDIX A. Coral transect data.

REEF CORAL TRANSECT DATA SHEET

(PERCENT COVER)
TRANSECT SITE: OOMA MEAN CORAL COVER 4%

TRANSECT ID #: 1i1-60" STD. DEV. 10.5

DATE: 08/26/90 SPECIES COUNT 6

SPECIES DIVERSITY 0.681
SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL
Porites lobata 310 20 50 310 17.0 120 12.0 27.0 24.0 260 187.0
Poriles compressa 2.0 14.0 20 5.0 23.0
Pocillopora meandrina 1.0 20 20 100 2.0 17.0
Montipora verrucosa 1.0 1.0
Pavona varians .0 L0 2.0
Fungia scutaria 1.0 1.0
QUADRAT TOTAL 320 7.0 80 320 17.0 120 260 28.0 360 33.0 231.0
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APPENDIX A. Coral transect data.

REEF CORAL TRANSECT DATA SHEET

(PERCENT COVER)
TRANSECT SITE: OOMA MEAN CORAL COVER 40.2 %
TRANSECT ID #: Iv-20° STD. DEV. 15.1
DATE: 08/26/90 SPECIES COUNT 7
SPECIES DIVERSITY 0.920
SPECIES QUADRAT SPECIES
1 2 -3 4 5 6 7 8 9 10 TOTAL
Porites lobata 32.0 120 160 46.0 10.0 240 260 6.0 13.0 440 229.0
Pocillopora meandrina 26,0 17.0 21.0 31.0 140 240 140 40 151.0
Montipora verrucosa 3.0 3.0
Montipora patuia 4.0 4.0
Montipora flabeilata 3.0 3.0
Pavona duerdeni 3.0 8.0 11.0
Leptastra purpurea 1.0 1.0
QUADRAT TOTAL 58.0 20.0 170 67.0 41.0 27.0 44.0 33.0 300 56.0 402.0
REEF CORAL TRANSECT DATA SHEET
(PERCENT COVER)
TRANSECT SITE: OOMA " MEAN CORALCOVER 399 %
TRANSECT ID #: IvVv-30 STD. DEV. 24.6
DATE: 08/26/90 SPECIES COUNT 7
SPECIES DIVERSITY 0.859
SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL
Porites lobata 170 80 160 190 80 210 51.0 38.0 18.0 420 238.0
Porites brighami 3.0 3.0
Pocillopora meandrina 5.0 6.0 16,0 240 19.0 520 140 10.0 146.0
Montipora verrucosa 1.0 2.0 3.0
Montipora patula 2.0 2.0 4.0
Leptastra purpurea 2.0 1.0 3.0
Cyphastrea ocellina 1.0 1.0 2.0
QUADRAT TOTAL 23.0 8.0 240 22,0 260 450 70.0 93.0 340 54.0 399.0
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APPENDIX A, Coral transect data.

REEF CORAL TRANSECT DATA SHEET
(PERCENT COVER)

TRANSECT SITE: OOMA MEAN CORALCOVER 256 %
TRANSECT 1D #: 1V-60 STD. DEV. 6.4
DATE: 08/26/90 SPECIES COUNT 6
SPECIES DIVERSITY 0.594
SPECIES QUADRAT SPECIES
I 2 3 4 5 6 7 8 10 TOTAL
Porites lobata 21,0 12.0 21.0 260 28.0 32.0 220 18.0 17.0 216.0
Porites compressa 2.0 1.0 3.0 40 7.0 3.0 3.0 26.0
Porites brighami 6.0 6.0
Porttes evermanni 1.0 1.0
Pocillopora meandrina 1.0 1.0
Montipora verrucosa 2.0 2.0 6.0
QUADRAT TOTAL | 260 13.0 24.0 32,0 35.0 33.0 28.0 21.0 20.0 256.0
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INTRODUCTION
Purpose

With the recent increase in planning for shoreiine developments in West Hawaii, the potential for
detrimenta! Impacts to nearshore marine is currently a subject of substantial controversy. Integral 1o
many of the planned developments is the construction of golf courses. All of the planned courses will
require application of fertilizers to sustain optimal turf growth. In some cases, such fertilization will
utilize treated sewage effiuent, generated from on-site facilities. Such effluent, owing to the lack of
industrial wastes, consists essentially of crganic carbon, nitrogen and phosphorus. In situations
where treated sewage effluent Is not used, agricultural fertilizers will be applied to promote optimal
grass conditions.

The possibility exists that fertilizers applied in excess of the uptake capacity of the plant-soll complex
will leach to groundwaters, and subsequently cause changes in the chemical properties of nearshore
marine and anchialine pond waters, and cause changes to associated biotic communities. Particular
concern is focused on planned developments in the vicinity of Keahole Point, the site of the Natural
Energy Laboratory of Hawaii (NELH), and the Hawaii Ocean Science and Technology (HOST) Park.
These facllities require pristine warm and cold ocean waters, and any factors with the potential to
influence oceanic water quality should be carefully considered.

The O'oma |i Development is a proposed project on a 300-acre site located on the West Hawali
shoreline between Kailua-Kona and the Keahole Airport. The proposed plan Includes various land
uses including a golf course and marine education and recreational complex. Maintenance of the
existing pristine nature of the marine environments fronting O'oma is a requisite of the project. Thus, it
is important to address all questions regarding the potential for negative effects to water quality and
biological community structure from construction and operation of the project, and especially the golf
course. Because O'oma is located adjacent to NELH and the HOST Park, attention Is also focused on
the potential for negative effects to water quality that may impinge on the Keahole Point area.

In February of 1988, a report entitled "The Effects of Golf Course Irrigation and Fertilization on
Nearshore Marine Waters off West Hawaii® was prepared by Marine Research Consultants. The
purpose of this study was to address the effects of golf course operation on nonpoint source
discharge of groundwater and subsequent effects to the marine environment. The major objective of
this study was to answer two questions: 1) what proportion of the “upstream"” (landward)
concentration of sewage-fertilizer material was added to groundwater by the time the flow reached the
shoreline. and 2) if there was augmentation to groundwater, what happened to the terrigenous
(derived from land) input in the nearshore environment (between the shoreline and *true” oceanic
conditions)? With respect to the first objective, the role of the land margin was defined as a "source”
or "sink" for materials applied to golf courses. With respect to the second question, were nutrients
released from land taken up within the nearshore zone (potentially aitering biotic structure and
function), or were these nutrients passively diffused offshore?



The investigative strategy for the study was based on assessing the effects from four existing golf
courses in West Hawaii (Mauna Kea, Mauna Lani, Waikoloa, and Keauhou). Several of the existing
courses also had been using treated sewage effluent for fertilization/irrigation for several years. Thus,
evaluating the magnitude of impacts from actual situations provided the basis of a "long-term
experiment” that was used to make valid estimates of the potential effects of the future developments.

In July of 1989, a second study was prepared to repeat a portion of the 1988 sampling program.
Assessment of inputs to the marine environment from two of the golf courses (Keauhou and Waikoloa)
that are fetilized with treated sewage effluent was conducted to augment the data base of the earlier
survey.

The present study constitutes the third investigation of the West Hawail golf courses. The four courses
that were the subject of the initial investigation were reexamined in September of 1990. The purpose
of the 1990 study is to establish if the results obtained in the previous surveys remain unchanged, or if
there have been measurable changes in the intervening years. The results of the 1988, 1989, and
1990 surveys provide a basis for evaluating the potential impacts to nearshore marine waters from the
planned O’'oma golf course.

Sampling Sites

The four investigative sites are in the vicinity of existing golf courses in the North Kona-South Kohala
region. Moving south to north, the golf course at Keauhou utilizes secondary treated sewage from a
County-owned wastewater treatment plant to Irrigate the entire acreage. Treated efiluent is pumped
uphill to several holding reservoirs prior to irrigation. This pracedure has been employed at Keauhou
for approximately 20 years. An additional 8 holes were added in 1985 to the original 18-hole course.
Keauhou Bay, which is surrounded by the goif course, extends about 500 meters {m) inland from the
open ocean.

The Waikoloa Beach Golf Course is approximately 10 years old and presently is irrigated with effluent
from a treatment plant on site. Owing to a thin soil layer that promotes rapid percolation of water,
rates of sewage effluent irrigant have been higher than normal at Waikoloa (T. Nance, personal
communication). The Waikoloa Kings Course, which opened in 1989, is located adjacent to the older
course. Directly downsiope from the Walkoloa Golf courses is a serles of "anchialine” ponds. These
ponds do not have any surface connection with the ocean, and contain brackish water that is a
mixture of seaward flowing groundwater and shoreward diffusing seawater. As these ponds receive
input of materials percolating to groundwater, it was deemed necessary to sample water from the
ponds as well as the open ocean directly fronting the golf courses.

The Mauna Lani golf course has been operational for approximately 10 years, and is presently
employing commercial fertilizer mixes only. The golf course surrounds Pauca Bay, a small crescent-
shaped indentation in the basaltic coastline. Recently, the Ritz-Cariton Hotel was constructed on the
shoreline of Pauoa Bay. Water samples from Pauoa Bay, extending from the shoreline to the open
ocean constituted the sampling scheme for this area. It should be noted that Pauoa Bay was not
sampled in the previous surveys.
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The golf course at the Mauna Kea Beach Hotel has been operational for about 25 years. Presently,
sewage effluent from a secondary treatment plant on the resort property is not being applied to the
course acreage. Effluent is passed through ponds filled with vegetation as a natura! filter, and is
subsequently used to irrigate plants at a nursery on the treatment plant site. The Mauna Kea course
lies directly upslope from Kaunaoa Bay, which can be described as a crescent-shaped indentation in
the shoreline bounded by basaltic projections at either end. Sampling to determine the inputs from
the Mauna Kea course was conducted at the borders of Kaunaoa Bay where groundwater input was
most evident,

MATERIALS AND METHODS
Hydrographic Model

The approach used in this analysis employed a standard hydrographic model that relates the
concentration of any material in question to conservative mixing. Based on these relationships, it is
possible to quantify the degree of material removal, or subsidy, within the system under study. Such
an approach is commonly used to evaluate the chemical behavior of estuaries or other bodies of water
that typically exhibit a strong gradient in salinity.

The present investigation employs a modification of the one-dimensional hydrographic mode! as
presented by Kaul and Froelich (1984), Officer (1979), and Smith, et al. (1987). Hypothetical
graphical representations of the model are shown in Figure 2. Quantitatively, the essence of the
model is based on simple mixing. If waters of two different compositions are mixed, relative
admixtures should produce straight lines on 2-dimensional plots. It follows that plots of any material Y
versus salinity should yield straight lines if only mixing is involved. On a salinity versus Y plot,
deviation of Y from the straight iine between end members implies some additional source or sink of
material.

Derivation of the mixing model Is presented in the 1988 and 1989 reports and will not be repeated.
Based on the mixing model, the equation to calculate flux (Ry) of material (Y) to the ocean is:

Ry =F *[Yy-Y;-(Sg ™ dY/dS)]
where F is flux of water from land to the ocean. In the case of West Hawalii, rainfall, evaporation, and
stream flow are small relative to groundwater (F). Salinity is represented as S, and the subscripts "o"
and "f" denote the composition of the ocean and groundwater flow, respectively,

Water Sampling

Water samples were collected at each of the four sites over the widest possible salinity range during
September of 1990. The sampling strategy was to get both a wide salinity range, to "spread” the
salinity-Y plots, and to infill the plots with intermediate salinity points. Groundwater endpoint samples
were collected from existing wells located from “above" the golf courses. At Waikoloa, where




anchialine ponds were present, water samples were collected over a spatial range with respect to
distance from the shoreline,

Ocean water samples were collected from the shoreline in areas where groundwater seepage was
evident, and seaward to distances of approximately 100 m from the shoreline. Ocean endpoint
samples were collected a distance offshore deemed to be beyond major influence of groundwater. Al
ocean sampling was conducted in embayments, as these areas are often sites of increased
groundwater discharge. Thus, sampling was conducting in Keauhou Bay, Anaehoomalu Bay
(Waikoloa), Pauoa Bay (Mauna Lani), and Kaunaoa Bay (Mauna Kea). In all, 159 water samples were
collected and utilized in the analysis.

Water samples were collected in 1-liter polyethylene containers; subsamples for dissolved nutrient
analyses were immediately filtered through glass-fiber filters into triple-rinsed, acid-cleaned, 125-
milliliter polyethylene bottles. Subsamples for dissolved nitrogen and phosphorus were immediately
frozen on dry ice, while subsamples for dissolved silica were chilled, but not frozen. Salinity of each
sample was determined in the field using a hand-held refractometer with readability of 0.5 ©/co. In the
laboratory, salinity was determined to 0.0001 using an AGE salinometer.

Dissolved inaorganic analyses for NOS' + N03', NH 4"'. PO 43' and Si were performed using manual
spectrophometric techniques on a fiber-optic colorimeter. All chemistry procedures followed
standard methods for seawater analysts (Strickland and Parsons 1968).

RESULTS AND DISCUSSION
Summary of 1988 and 1989 Results

The overall strategy employed in the original 1988 study was based on the supposition that existing
golf courses, located in similar hydrogeological settings and irrigated in a similar fashion as planned
courses, present valid representations of the expected behavior of the planned courses. Thus,
assessment of the effects to nearshore water quality from existing courses was assumed to be
indicative of the effects to be expected in the future.

Four existing golf courses were sampled and assessments were made using the hydrographic mixing
model described above. It was found that in all cases, Si exhibited essentially conservative mixing
properties along the range of salinity from groundwater to open ocean water. Such conservative
mixing indicated that this material was not added, or removed, from the system except by physical
dispersive mixing. PO43' showed similar behavior at all sites without anchialine ponds. There was no
addition of PO, from golf course irrigants to the nearshore ocean at any of the sites,

Golf courses that were shoreward of open coastal areas, and were using either no sewage effluent for
irrigation, or only effluent generated by the resort, did not provide an external source of nitrogen to the
nearshore waters, even when the courses were over-irrigated, as occurred at Waikoloa.

The situation at Keauhou was considerably different. Dissolved N concentrations were greater than
would be expected with conservative mixing. Such deviation from the groundwater-to-ocean mixing
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line indicated an external source term for dissolved nitrogen. It also appeared that there was no
indications of altered biological processes as a resuit of the additional input. The replicability of the
data between 1989 and 1990 appears to indicate that the observed nonconservative behavior was not
a result of sampling error, or an *unusual® event.

In 1988, in order to determine if the nonconservative behavior of DIN was restricted to Keauhou Bay,
or if the pattern was characteristic of the entire shoreline fronting the Keauhou golf course, a set of
samples was collected in the ocean directly offshore of the Keauhou sewage treatment plant. There
was no indication of nonconservative behavior of DIN near the open ocean shoreline. This result
Indicated that non-conservative behavior within Keauhou Bay was a function of groundwater focusing
and reduced circulatory exchange. ltis also important to note that it does not appear that the sewage
treatment plant located on the shoreline at Keauhou was contributing any nutrient subsidy to
nearshore waters. '

Results of 1990 Analyses

Figures 2-5 show concentrations of dissolved Si, NOS' and PO43' as functions of salinity from
samples collected offshore of the four existing golf courses in West Hawaii. N03' is shown, as this is
the form of dissolved nitrogen that has the most potential to leach to groundwater owing to a low
binding affinity in soils (Murdoch and Green 1989). Also shown on each plot are conservative mixing
lines constructed by connecting endpoint concentrations from well waler samples located upsiope of
each golf course, and from the open ocean fronting each course.

It can be seen in each of the figures that the data points on plots of Si as functions of salinity produce
virtually straight lines in all cases. In addition, the data lines fall very close to the conservative mixing
lines. Such agreement indicates that the groundwater entering the ocean off the golf courses is
essentially the same groundwater that is sampled from the upland wells. In addition, the match of the
data line and the conservative mixing line indicates that Si is behaving conservatively; there is no
substantial uptake or removal of this material between the site of well samplings and the open ocean.
Thus, this material can be considered a conservative tracer in the systems under study.

Examination of the plots of P043' as functions of salinity reveals some variation between sampling
sites. At Mauna Kea (Figure 2) and Mauna Lani (Figure 3), PO43' concentrations fall on or near the
conservative mixing line, indicating that at these sites there is no subsidy from land to the ocean, At
Waikoioa (Figure 4), the situation is different. At salinities below about 15%/00, PO 43‘ concentrations

lie substantially above the conservative mixing line; at salinities above 15°/oo. PO43' concentrations

fall on the conservative mixing line,

This clearcut shift in distribution is a resuit of the differences in the environments from which samples
were collected. The lower salinity suite of samples was collected in the anchialine ponds that lie
between the Walkoloa Golf Courses and the ocean, while the higher salinity samples were collected in
the nearshore regions of Anaehooraiu Bay. It is apparent from the distribution of data that P043'
concentrations in the ponds are substantially elevated as a result of the leaching of golf course
fertilizers to groundwater. While it is evident that nutrient enrichment has occurred in the ponds, it is
not apparent from the data if the subsidies are resulting in adverse changes to the pond environments,



Observations of the ponds do not suggest that the subsidies are resulting in any alteration in water
quality or biotic composition. As the ponds are not nutrient limited, it does not appear that the
subsidies are responsible for changing the trophic status of the environments. Similar conclusions
have been reached by R. Brock (personal communication) as a result of an ongoing monitoring
program conducted on the Waikoloa Anchialine Ponds.

While the ponds are clearly experiencing input from land, such input is not evident in the ocean.
Water from the ponds flows to the ocean on falling tides. It appears, however, that the residence time
of water in the nearshore zone is sufficiently short so that the excess nutrients are rapidly mixed to
"conservative” levels. Thus, with consideration only of the nearshore ocean, there is no indication of
any measurable input of land-derived PO 43' to the nearshore ocean.

At Keauhou Bay (Figure 5}, the distribution of PO 43' data points lies above the conservative mixing
line. Such a pattern indicates a slight input of P043' to the coastal waters, likely as a result of
percolation of fertilizer materials from the golf course to groundwater.

Examination of the plots of NO4” reveals different patterns for each of the golf courses. At Mauna Kea
(Figure 2), all data points fall near the conservative mixing line, suggesting that there is no measurable
subsidy of N03' reaching the ocean, At Walkoloa (Figure 4), the situation for NOg ™ Is virtually identical
as described above for PO 43'. Substantial subsidies from golf course leachates are apparent in the
anchiafine ponds. There is no indication, however, of enrichment in the nearshore ocean.

The situations regarding N03' subsidies at Mauna Lani (Figure 3) and Keauhou (Figure 5) appear to
be similar. At both locales the distributions of data points lie substantially above the conservative
mixing line, and prescribe straight lines. Both of these sampling sites are embayments which are
observed to concentirate groundwater input. At the Mauna Lani site, sampling was conducted through
Pauoca Bay soon after completion of excavation of a swimming lagoon behind the shoreline. Creation
of the lagoon also appeared to enhance, or at least concentrate, groundwater discharge at the
shoreline of Pauoa Bay. It is clear that in these situations there is a substantial enhancement of N03'
to nearshore waters of the receiving environments,

Application of the mixing model to the NO3' concentrations at Keauhou and Mauna Lani allow an
estimate to be made of the percentage increase of delivery to the nearshore ocean. A best estimate of
groundwater flux in these areas ranges from 4 to 8 million gallons per mile per day (9.4 to 18.7 x 108
m3 km"! day"). At Keauhou Bay, which encompasses approximately 1 km of coastline, and has a
cross-sectional distance across the mouth of about 250 m, groundwater flux is concentrated by
approximateiy a factor of 4. At Keauhou, the intercept of the regression line of N03' data indicates
that the external subsidy is about 127% of natural inputs from groundwater. In terms of material flux to
Keauhou Bay, the external subsidy ranges from about 27 to 54 pounds of nitrogen per day. Average
fertilizer use rates for golf courses developed on lava flows in Hawaii is about 165 pounds of nitrogen
per day for the 27 holes at Keauhou (Murdoch and Green 1989). Thus, it appears that from about 25%
to 50% of the nitrogen applied to the course is entering Keauhou Bay.

Downslope from the Mauna Lani course, Pauoa Bay encompases approximately 0.5 km of coastline.
The regression line of data points suggests that external sources supply approximately 270% of NOS'
to the Bay compared to natural inputs from groundwater., The external flux ranges from about 30 to 60

-
&

.



i
—

L.

—

i

pounds of nitrogen added to Pauoa Bay per day, an estimate that is very close to the extenal flux at
Keauhou. As the 1890 investigation is the first increment of sampling in Pauoa Bay, it is not possible
to establish if the external flux is a result of recent completion of construction in the area, or is the
result of long-term percolation from the surrounding golf course.

A study by Brown et al. (1982) on highly porous sand golf greens in Texas compared the amount of
nitrogen fost by leaching from various nitrogen sources. lrrigation was applied at relatively high rates
to provide leaching opportunity. Results of their study showed that over a five-month period,
approximately 23% of the nitrogen applied as a soluble N source (ammonium nitrate) was leached.
Tavares (1983) showed that high application rates of soluble nitrogen sources at high irrigation rates
in Hawaii resulted in leaching of about 10% of the total N applied in the first 2-4 days after application.
These leaching rates are of the same order of magnitude as those calculated for entry into Keauhou
and Pauoa Bays.

Examination of the lines prescribed by the data points for Keauhou Bay.and Pauoa Bay at Mauna Lani
shows that they are essentially straight, with no indication of curvature. The lack of curvature
suggests that either the nutrient subsidy is mixed seaward by purely physical processes, or that the
nutrient subsidy Is of such a magnitude that the maximal uptake by biological communities is not
sufficient to produce a measurable degree of uptake from the water column.

Examination of the chemical makeup of the water columns of both Keauhou Bay and Pauoa Bay
reveals distinct vertical stratification, with a surface layer of low density water formed from
groundwater. Formation of the low density surface layer results in a continuous seaward flow that
reduces overall residence time of water within the embayments. Such a two-layer flow has also been
described for Honokohau Harbor, which receives substantial input of low density groundwater along
the landward margins (U.S. Army Corps of Engineers 1983). In Honokohau, the potential for
eutrophication in the back basins owing 1o increased nutrient concentrations appears to be
substantially lessened as a result of the rapid flushing rates caused by the persistent seaward outflow.

Because the nutrient subsidies from the golf courses enter the ocean entrained in groundwater fiow,
the surface layer contains higher nutrient concentrations than underlying waters. It appears that the
excess nutrients that are delivered to the nearshore zone are removed from the region via seaward
flow of the surface layer. As such, the dissolved materials contained in the surface layer do not have
the opportunity to mix with bottom water. The maintenance of the surface layer prevents nearshore
benthos from exposure to excess nutrients, minimizing the potential for any changes in ecosystem
structure or function.

It is also possible to evaluate the temporal variability of the detected nutrient inputs over the time span
of the three surveys. Figures 6 and 7 show plots of all data for the two sites (Keauhou and Waikoloa)
that were analyzed in all three sampling years (1988, 1989 and 1990). At Keauhou, it is evident in all of
the plots that there are no clear differences with respect to data collected in different years. At
Waikoloa, Si data points for the three years all fall along the same line. PO 43“ and NOS' measured in
1988 and 1989 do not reflect the increased concentrations in the achialine ponds that is evident in
1990. PO43' and NOa‘ in the samples collected in the nearshore ocean do not show distinct
differences between years. It appears that nutrient delivery to the ocean over the three years of this



investigation appears 10 essentially be in a steady state, with no indication of decreasing or increasing
rates.

CONCLUSIONS

The results of this study are interpreted as {ollows. It appears that golf courses constructed inland
from open coastlines, or embayments that do not cause substantial reduction in water residence time
(Waikoloa and Mauna Kea), do not cause deiectable nutrient input into the nearshore region. If a
proportion of nutrients added to the golf courses situated on open coasts is reaching the shoreline, it
appears that “normal” rates of water mixing are sufficient to reduce the increased input function to
below detection limits. As the golf courses sampled In this study have been operating for a time
period of 10 to 25 years, it appears safe to conclude that any cumulative impacts, should they be
accurring, would be discernible at the present time.

Owing to the sandy soil base, the course at Waikoloa is continually over irrigated, yet shows no
indication of nutrient subsidy seaward of the shoreiine. Anchialine ponds adjacent to the golf courses
appear to contain nutrient concentrations elevated above simple mixing lines, owing to leaching from
the golf course. Results of a monitoring program of the ponds at Waikoloa, however, show that
changes in nutrient parameters in ponds are within the range of natural variability, suggesting that any
changes that may be a result of the surrounding development do not have the potential to cause
alteration of biological processes {Brock et al. 1987).

As was found previously, fertilizer input is detectable in the ocean from golf courses located upslope
from embayments or areas of reduced circulation {Keauhou Bay and Pauoa Bay at Mauna Lani). This
effect appears to be primarily a result of focusing of groundwater flow into the embayment, and
reduced mixing-circulation relative to the open ocean.

in the instances where nutrient input beyond that from groundwater alone is detectable, there are no
cases where environmental changes (water quality or biological community structure) are evident. As
a function of the Increased groundwater discharge in the embayments, low density surface layers are
formed which contain the nutrient subsidies. These surface layers do not mix with underlying bottom
water until beyond the outer boundary of the embayment. As a resuit, the marine communities that
inhabit the bottom are never exposed 1o the nutrient subsidies.

These results can be related to the O'oma project in several ways. First, as the coastal area off the
project is an area of unrestricted circulation, any material that should reach the shoreline will likely be
rapidly and thorougly mixed to background oceanic levels below the limit of detection (i.e., Waikoloa
and Mauna Kea). Wave energy and current flow in the area prevent any periods of stagnated water or
restricted circulation (Noda 1988). Even if some material from the project is incorporated into
groundwater flow that reached the ocean, such material will remain in a surface layer in the nearshore
zone before being thorougly mixed.

This conclusion can be carried one step further to say that there does not appear to be any potential
for influencing intake water at NELH and HOST Park by a golf course at O'oma with structura!l and
operational characteristics similar to the existing courses. The shallowest warm water intake pipe at
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Keahole Point is situated approximately 100 m offshore, at a depthof 13.7 m. Such a tocale is far
below the depth of the surface layer (measured to be about 1 m deep), and far enough from shore ag
to be virtually unaffected by even the worst case situation that exists today for golf courses located
near embayments. It is apparent that water quality would not be adversely affected even if the
Keauhou golf course and Keauhouy Bay were situated adjacent to NELH. At an open ocean site, such
as O'oma, it appears that there will be no impacts to offshore water quality from a properly managed
golf course.

be affected. Thus, with Prudent management practices that preclude Intense over-irrigation and

These conclusions, however, are relevant only for the relatively low loading associated with the type of
land use typical of golf courses and associated development. It is entirely possible that higher
loading, such as may occur with discharge of nutrient-laden waste waters directly into the nearshore
zone, might invoke uptake and hiotic response. Even though over irrigating and rapid percolation
appear to be characteristics of some golf courses, and do not appear to result in measurable
throughput to the ocean, the potential exists for impacts with inputs of larger magnitudes.

Finally, it should be noted that measuring nutrient parameters, in the absence of some scaling, Is not
likely to be particularly informative about the potential, or realized, impacts of nutrients on the marine
or anchialine pond environments. In the present case, it can be seen that the range of nutrient
toncentrations is large over the entire salinity range. Attempting to interpret trends from
concentrations alone would prove difficult owing to the high natural variability through the system,
Scaling against a conservative property such as salinity can be a simple, yet powerful, tool for
“warning" of potentjal impacts before detrimental changes occur in marine environments.
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FIGURE 1. Map showing 'ocations of five existing golf courses where water samples were collected.
Also shown are locations of O'oma site and the Natural Energy Laboratory of Hawaii (NELH).
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INTRODUCTION

Kahala Capital Corporation proposes to develop a recreational and residential community on a
300-acre parcel along the North Kona coastline between the Natural Energy Laboratory of Hawaii
Authority (NELHA) and Kohanaiki parcels. The multi-use project would include a hotel, a small
Japanese style inn, condominium units, residential lots, a golf course, related commoercial
development, an ocean science center, and a water recreation park. Figure 1 locates the project on the
Kona coast and Figure 2 shows its proposed development plan,

The water recraation park would feature a 7-acre swimming lagoon, water slides and pools, a
wave machine, and a beach around some of the lagoon's perimeter. This study has been undenéken to
develop the most appropriate water circulation scheme for this park and to evaluate its potential
environmental effects. The investigation has been a team effort. Tom Nance Water Resources
Engineering directed the study and is responsible for its basic concepts and conclusions. Rich Heaton of
Hardscapes Hawaii and Eric Guinther of AECOS provided information and recommendations regarding
circulation turnover rates for the lagoon system and its expected water chemistry. Dr. Tony McNulty
of Mackie Martin & Associates crég.ted_a computer-based numerical model of the groundwater aquifer
system. This model has been the primary analytical 1o0) used to assess potential environmental

affects.
DESCRIPTION OF THE PROPOSED LAGOON SYSTEM AND ITS CIRCULATION SCHEME

Although the water recreation park Is the primary focus of this study, Kahala Capital's
development plan includes several other nearby water-related features which would be appropriate to
include in the circulation system. Two ponds are proposed south of the water park. One would be a golf
course amenity and the other would be a feature of the hotel, The ocean science center would be on the
north side of the water recreation park. The discussion and analyses which follow includes these three
water-related features in the analysis of the circulation system,

Table 1 lists the sizes and volumes of each of the water features which would be included in an
integrated circulation system. The largest pond, the 7-acre water recreation park, would have a
natural {unlined) bottom. Beaches would be constructed around some of its parimeter and the pond
would have an average depth of 4.5 feet at mean tide, lts water level would be elevated slightly above
sea level and fluctuate with the ocean tide. A wave machine may also be installed in this lagoon. The
water recreation park would also have a smaller, elevated pond direclly inland of the larger one. Its
water surface would be 30 to 40 feet above sea level and its bottom would have an imparvious liner.
Water would descend from this higher pond to the lower one through several slides or “rapids®,

-1 -
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Table 1
O'oma !l Watser Festures Included In Its

Circulation System

Water Area Ave. Depth Volume
Water Feature {Acras) (Feet) {Million Gallons) Construction
Water Recreation Park 7.0 4.5 10.3 Unlined Bottom
Water Recreation Park 1.0 2.5 0.8 Lined Pond
Golf Course Pond 3.0 2.5 2.4 Lined Pond
Hota! Water Feature 3.5 2.5 2.8 Lined Pond
Ocoan Science Center .- Variable 0.2 to 0.3 Aquarium Tanks

[ P PSS

* Water level will fluctuate with ocean tide; depth given above is at mean tide level.

The golf course water feature would have a lined bottom and a water surface about 10 feet
above sea level. The water feature around and within the hote! would include fish and other aquatic
animals. It would also be lined and have a water surface about 10 fest above sea level. These two
ponds would be hydraulically connected to each other and to the 7-acre pond. The ocean scianqe conter
located on the north side of the water recreation paﬁ would include a number of aquarium tanks, the

largest of which would exhibit indigenous Hawaiian marine life.
Circulation System Alternatives

Controlling growth of aquatic plant life, consisting of phytoplankion (microscopic algae
suspended in the water column) and benthic algae {micro- and macroscopic algae attached to substrata),
is the primary objective of the circufation system. Excessive phytoplankton growth would create
turbidity and color in the water column. Such algae "blooms” aré followed by death and decay of the
plant organisms, producing noxious odors and other undesirable effects. Depending on the type and
extent of benthic {attached) algae growth, it could also diminish the aesthetic appeal of the water

feature.

There are two basic approaches keeping pond water clear and growth of aquatic plant life at
acceptable levels. In small-scale systems requiring swimming pool clarity, water is usually
recirculated at very high rates through pressure sand filters and then subjected to an ozonation
process. For the volume of water in the O'oma Il lagoons, this approach would not be economically
practical. Further, it would produce waste products requiring further treatment (the filter backwash,
primarily) and it would not control benthic algae growth. Controf of temperature and salinity could also

pose operational difficulties.
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The alternative approach would be to use single pass, flow-through circulation. Supply water
would pass through the system only once and then be discharged. Contro! of phytoplankton growth is
maintained by limiling the residence time of water moving through the system and by using a source of
supply with low nutrient content. This would not completsly control benthic algae growth, however. In
fact, some of these plants may actually be encouraged by water motion and - would have to be controlled
by biological means. Herbivorous fishes, and possibly small invertebrates, could be introduced to feed

on benthic algae.

In addition to the fact that the large water volume within this system of lagoons makes
recirculation impractical, there are several other aspacis which strongly favor the single-pass, flow
through circulation approach for O'oma. A low nutrient source of water can be developed through
construction of a field of nearshore drilled wells. These would be designed to draw water from well
below the overlying brackish basal lens, thereby producing saline groundwater which would be virtually
identical to nearby surface seawater in all'important chemical respects. This water could be pumped
into the higher ponds and flow by gravity to the fowest, 7-acre pond. It would then percolate through
the porous bottom and sides of this pond and work its way back to the shoreline.

Proposed Saltwater Supply Wells and Pumping Rates

The turnover rate necessary 1o achieve acceptable water clarity in a single-pass, flow through
system Is largely a matter of judgement. Fortunately, operating experience has been gained from
similar systems at several resorts located elsewhere along the Kona-Kohala coast. Consistent success
has been achieved when the residence time from the well head through the lagoons system to disposal is
10 hours or less. For the proposed O'oma lagoon system, achieving this tumover rate would require
pumping at 25,000 gallons per minute (GPM) continuously. This would be equivalent to tuming over 36
million gallons per day (MGD).

The exact number of wells needed to achieve this flowrate wouid be determined through actual
drilling and pump testing. Experience has shown, howaver, that 3,000 to 5,000 GPM per well is a
reasonable expectation. At this yield per well, the project would require five to eight wells. These
would be arrayed around the pond perimeters for delivery inlo the respective ponds. Typical well
depth is likely to be about 200 feet. The upper 100 to 120 feet would feature 18- or 20-inch solid PVC
casing 1o entirely close off the overlying brackish groundwater tfens. The lower 80 1o 100 feet would

be well screen or simply open hole drilled out through the bottom of the solid casing.



Expected Water Quality From the Supply Woelis

The brackish basal lens beneath the O'oma site is thin and too salty for irrigation use. This is
the result of relatively limited groundwater recharge by rainfall on the inland slopes of Hualalal.
Hydrologic budget calculations suggest this rate is only 1.0 to 3.0 MGD per coastal mile, substantially
less than occurs in South Kohala {to the north) and Kailua-Keauhou (lo the south). Data from the nearby
NELHA monitoring wells support this conclusion drawn from the hydrologic budget estimate. Evidence
of limited groundwater flow discharging into nearshore waters is also provided by seawater sampling

(in Marine Research Consultants, 1990) and by infrared photography along the shoreline.

Figure 3 illustrates the salinity variation in the brackish lens at several NELHA monitoring
wells. Well W-1 is near Queen Kaahumanu Highway and 5,200 fest from the shoreline. At that point,
the lens is about 27 feet thick (as defined by the depth where groundwater salinity is 50 percent of
seawater). At the top of the lens, salinity is 5 to 7 parts per thousand (pp1). This is 15 to 20 percent
seawater, which has a salinity of 34.8 ppt. . At Well W-2 located several hundred.feet from the
shoreline, the lens is 15 to 17 feet thick and it is significantly more saline than at W-1,

Tables 2 and 3 illustrate the variation of selected chemical constituents in groundwater and
nearshore surface seawater. The concentration of nutrients {nilrogen and phosphorous compounds) in
the groundwater is one to two orders of magnitude greater than seawater. At various locations and
depths in the brackish lens, the nutrient concentrations simply reflect a relative amount of dilution with
seawater. Figure 4 shows that the concentrations at available sampling points correlate weil with

such dilution.

NELHA monitoring well data establish that the supply wells need to ba located and designed to
produce water of virtual seawater salinity in order to avoid drawing even a small amount of nutrient
rich brackish groundwater. This can be achieved if each well's solid casing extends far below the
brackish lens and is set 1o take advantage of the anisotropy of flow lavas. Typically, horizontal
permeabiliities in the direction of the lava lay down sequence are 200 or more times greater than the
vertical permeability through a series of lava flow layers. Also, the permeability among lava flows is
exiremely variable. Operating saltwater wells elsewhere along the Kona-Kohala coast have avoided
"contamination® by overlying brackish water with some degree of success. Salinities of about 33.5 ppt
have besn achieved with wells shallower than proposed for O'oma in areas where the natural
groundwater flow is two to four times greater. A salinity of 33.5 ppt suggests dilution of seawater by
three to five percent brackish groundwater. Nutrient concentrations in these saline wells confirm this

dilution.  For the O'oma project, the brackish component in water from the proposed wells, due to their
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Table 2

Varlations of Selected Chemlical Constltuents In
Seawater and Brackish Groundwater

Brackish Groundwater

Chemical Constituent Units Seawater Nearshore inland

Salinity PPT 34.80 7.62 7.03

Nitrate pM BOL 81.30 83.90

Ammonia pM 0.09 0.15 0.11

Total Dissolved Nitrogen uM 6.02 82.50 84.22

Phosphate gM 0.07 3.22 3.20

Total Dissolved Phosphorous gM 0.27 3.62 3.58
Silica M 4.32 663 690

Temperature °Cc 27.6 20.7 20.4

Notes:

Vertical Variation of Selected Chemical

1.

The seawater sample is from Marine Research Consultants (1990)
offshore station 2-6S sampled in September 1990.

The brackish groundvﬁater samples are from NELHA monituri'ng wells
W-2B (nearshore) and W-1 (inland) as sampled on August 7-8, 1890 and
reported in NELH (Oclober 1990).

Table 3

Constituenta in Groundwater

Brackish Basal Lens _ Saline
Chemical Constituent Units Surface Mid-Depth Bottom | Groundwater
Salinity PPT 7.62 17.19 28.08 33.6
Nitrate kM 81.30 51.60 24.7 2.46
Ammonia gM 0.15 0.17 0.2 0.23
Total Dissolved Nitrogen pM 82.50 52.80 25.14 --
Phosphate 1M 3.22 2.10 0.97 1.30
Total Dissolved Phosphorous uM 3.62 2.77 1.51 .-
Silica pM 663 504 283 268
Temperalure °C 20.7 19.9 18.9 --
Notes: 1. The brackish basal lens samples are from NELHA monitering weils W-2B (surface),

W-2A (mid-depth), and W-2 {bottom). Sampling was done August 8, 1990 and is

reporied in NELH (1990},

The saline groundwater sample is from Waikoloa well §552-02 in June 1990,
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greater depth and the thinner basal lens, can be expected to be less than three percent and could be one

percent or even lower,
Water Quallty Within the Lagoons

Water in the lagoons must have an aesthetically pleasing clarity, provide a healthy environment
for the aquatic fish and plant life, meet human heaith requirements in the two ponds to be used for
swimming, and not create adverse environmental effects as it seeps from the lowest pond into
groundwater next to the shoreline. The effectiveness of the cireulation systom in achieving these
objectives can be evaluated by measuremeants of turbidity, suspended solids, organic and dissolved
nutrient concentrations, bacteria counts, and the uniformity of physical and chemical properties

throughout the iagoon system.

Water from the supply wells is likely to be low in dissolved oxygen and would need to be
aerated by cascading waterfalls, fountains, and/or mechanical aerators, Nutrients in the well water,
hopefully at concentrations as tow as seawater, would be utilized in biclogical processes in the lagoon
system. Nitrates and phosphates will be taken up by benthic algae and by phytoplankion as these plants

‘grow within the system. These plants will be eaten by herbivores (fishes and invertebrates) or, upon

their death, be utilizad by bacleria. These processes produce biomass, waste products such as
ammonia, and particulate and dissolved organics. It is expected that nitrogen and phosphorous entering
the system in well water will exit the system in several dissolved forms in the seepage water or
become bound in organic and particulate matter, some of which would be retained and the balance of

which may also be lost through seepage.

A saltwater lagoon system with single-pass circulation which is in operation at a South Kohala
resort is the best available example of the chemical and physical changes saline groundwater supply
may undergo prior to its disposal by seepage. Although this particular system is smaller than proposed
for O'oma -- its ponds total 1.5 acres and contain a little over one million gallons -- the system is
similar in all other respects. It is supplied by saline groundwater from a nearby well, its lagoons
contain a diversity of marine life, it has a turnover rate of about 10 hours, and its disposal is by
seepage. Table 4 summarizes selected water quality parameters of its influent (well) supply and its
effluent which percolates back to groundwater from its lowest pond. Measurements were made
throughout a day and their geometric mean values are reported in the table. it appears that most of the
nitrate and about haif of the phosphate entering the system in well water is taken up by plants. Some of
this nitrogen can be accounted for in the effluent water as ammonia. Presumably the balance is
contained in parliculate and dissolved organics. The slight variations in total nitrogen and tolal
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Table 4

Geometric Mean Vaiues Selected Water Quality
Parameters From a Lagoon System Supplied by Saline Groundwater

Well Effluent
Constituent Units Supply Disposal
Number of Samples Analyzed -- 8 12
Temperature °C 21.7 23.4
Dissolved Oxygen MGL 5.4 7.3
Nitrate aﬁd Nitrate Nitrogen MGLas N 0.088 0.002
Ammonia MGLasN 0.001 0.007
Total Nitrogen MGL 0.165 0.175
Phosphate MGL as P 0.043 0.024
Total Phosphorous MGLasP 0.044 0.037
Chlorophylt g = MGL -- 2.58

Notes: 1. Some mechanical mixing may have infiuenced the dissolved
oxygen in the well and efflusnt samples.

2. The effluent samples were taken at three locations in the
disposal pond,

3. The chiorophyll 2 mean value is based on only thres samplss.,



phosphorous between inflow and outflow (a gain in one and loss of the other) are most likely due to the

variability in the limited data sat.

The welt supply for this smalier scale lagoon system has a salinity of 33.5 ppt, comprised of
96 percent seawater (at 34.8 ppl) and 4 percent brackish groundwater (at 4.0 ppt). Its nutrient
concentrations reflect a straightforward dilution of these two sources. As noted previously, the wells
al O'oma are expected to have an even smaller fraction of groundwater in the well supply. in other
words, their salinity will be higher and nutrient levels will be lower than in the Scuth Kohala resort
example cited above.

Water System for the Ocean Sclence Center

The ocean science center will include a large (200,000-gallon) tank to exhibit indigenous
Hawaiian marine life and other tanks to display marine species from locations around the Pacific Rim
(such as Alaska, Malaysia, Mexico, Japan, and New Zoaland). Seawater supply for these exhibits is
most likely to be from NELHA's surface ocean intake system, although onsite saline wells would be a
practical alternative. Circulation rates through these tanks will be much faster than the 10-hour

residence time in the system of lagoons. As such, they must be operated independently.

" For the 200,000-gallon Hawailan marine life tank, a flow-through rate of about 2,200 GPM is
recommended to achieve a residence ime of about 90 minutes. For this rapid turnover, the quality of
water discharged from the tank s expected to be quite good. Although very little actual data is
available to quantify these changes, they can be reasonably estimated {rom typical fish densities and

feeding practices In aquariums in Hawaii and on the mainland. The following assumptions can be used:

. Tank Volume = 200,000 Gallons (26,740 cubic feet}

. Supply/Disposal Rate = 2,200 GPM

. Living Animal Biomass @ 0.2 to.At" = 5,350 Ibs. in 26,740 ft” tank
. Feeding Rate @ 1.0% of biomass weight/day = 54 Ibs.

. Nitrogen Production in Fish Waste = 0.54 lbs./day

. Phosphorous Production in Fish Waste = 0.027 Ibs./day

if all nitrogen and phosphorous is carried in solution in the outgoing water, then this addition would
increase the nitrogen concentration by 1.4 pM (micromolar) and its phosphorous level by 0.03 pM.
These levels are far less than in the receiving groundwater and comparable to nearshore surface
seawater. Verification of the corract magnitude of the estimate for nitrogen is available from limited

Sea Life Park and Honolulu Aquarium data, Both indicate that ammonia increases of 1.5 uM are typical.
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Such small increases would not preclude disposal of this water into the 7-acre water recreation park.
Alternatively, disposal could be done separately in a series of shallow wells located between the ocean

science center and the shereline.

The display tanks containing exotic species of marine life from around the Pacific Rim should
have a different approach to water management to avoid the risk of introducing exotic species into
Hawaiian waters. A closed, recirculaling system would be most appropriate. Make-up supply could be
provided by the NELHA surface seawater syslem or by onsite saline wells. Water would be
recirculated through permanent media filters, treated with ozone, and degassed. A sidestream through
bacterial filters to reduce ammonia would also be appropriate. Filter backwash should be subjected to a
secondary trealment, including chiorination or ozonation, prior to disposal in shallow wells,

REGIONAL GEOLOGY AND HYDROGEOLOGY

Geologicat logs for drill holes in the NELHA property immediately north of the O'oma site
portray a sequence of lava flows with layers of clinker, vesicular, and vugular basalt. Layer thickness
ranges from 1 foot 1o more than 20 feet, with porosity varying from low (in vugular basalt) to very
high (in clinker zones). The nature of the lay down sequence of flow lavas gives rise to significant
anisolropy. Ratios 200:1 horizontal to vertical permeability are expeactable,

Groundwater beneath the project and in the near vicinity oceurs as a thin basal lens of brackish
water {described in Table S below). Salinity profiling underiaken in NELHA's monitoring wells W-1, W-
2 and W-3 show that the salinity of shallow groundwater ranges from 5 ppt at the inland extent of the

" project site to 9 ppt near the coast. The salinity also increases with depth (refer back to Figure 3).

The brackish lens is separated from saline groundwater by a transition (mixing) zone.

Table 5
Basal Lens Levels and Thicknesses Based on Sallnity Proflles

NELRA Distance Inland Thickness of the Lens Apparent Mean Water Level
Weljl_ (Eeet} {Feeot) {Feet msl)

w-2 300 17 0.42

Ww-1 5,200 26 0.65

- 13 -



Based on a hydrologic budget analysis for the watershed area tributary to a three-mile wide
segmant ol this coastline centered on the project site, recharge of groundwater by rainfall is estimated
to be between 1.0 and 3.0 MGD per coastal mile. For this study, a flow of 2.0 MGD per mile has been
used. This is one-quarter to one-third of the rate ostimated for South Kohala and only about half the
rate which prevails in the area around Keauhou Bay. The low flowrate in the vicinity of O'oma Is
primarily the result of iis far smaller inland watershed area, although the relatively low rainfall rate
on the watershed is also a contributing factor.

AQUIFER HYDRAULICS

Monitoring of tidal responses in the NELHA monitoring welis was done in June 1991 to provide
estimates of permeability in the flow lavas in the Keaholo area. Water level recorders were installed
in monitoring wells W-1, W-2, W-2A, W-3A, W-5A and W-6B and observed tidal responses were
compared to predicted and measured ocean lides. Table 6 summarizes the tidal attenuation and lag in
these wells, along with resulting calculations of shore to well aquifer permeability. For these
calculations, it was assumed that the effective aquifer thickness and spacific yield are 1,000 feet and
0.15, respectively.

Table 6
Estimated Permeabllity From Tidal Response Data

Distance Tidal Permeability Tidal Permeability
inland Attenuation From Atten. Lag From Lag

Well {Feet) (Hx/Ho) (Feet/Day) {Day) (FeeV/Day)
w-1 5,200 0.42 33,900 0.075 28,700
w-2 300 0.76 1,100 0.032 500
W-2A 3o0 0.75 1,000 0.034 500
W-3A 2,180 0.66 25,900 0.038 19,600
W-5A 275 0.84 2,350 0.012 3,100
w-6B 220 0.86 2,000 0.016 1,100

The calculated permeabilities are based on speculative estimates of effective aquifer thickness.
It is possible that this thickness increases with distance from the shore due to aquifer anisotropy. If
this is the case, the variation in computed permeabilities shown in the table above would be less.
However, permeability values would still be lower for the nearshore wells as compared to wells
further inland.
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NUMERICAL MODELING OF THE AQUIFER

it is difficult to assess the relative contribution of the various components in a hydrogeologic
system using classical analytical methods. These methods generally assume aquifer homogeneity in the
form of 1-dimensional equations and are more applicable in the assessment of local aquifer response.
With a computer based numerical modal, however, it is possible to simulate reglional conditions and to
assess the effect of land use and water budget changes by introducing spatial and temporal variability.
Numerical modeling also facilitates sensitivity analyses which will identify the dominant parameters
and mechanisms and define areas where additional data should be sought 1o achieve a more accurate

simulation.

For this investigation, areal hydraulic simulations and areal solute transport modeling have
been done. Calibrated hydraulic parameters were employed to assess the likely groundwater level
changes and salinity distribution resulting from seepage of saline groundwater from the 7-acre water
recreation park. The nutrient distribution in groundwater likely to result from golf course percolation

has also been simulated.

Reglonal Hydraullc Model

A distributed parameter finite elament type scheme {AQUIFEMN, Townley, 1990) was
established to simulate the shallow (brackish) groundwater system. The study region was discretised
into triangular elements, each capable of simulating vertical fluxes (such as rainfall, infiltration, and
percoiation from the golf course), aquifer hydraulic properties, and the response of groundwater levels
fo water management strategies. The regional grid used for this study is comprised of 1097 triangular
elements described by 586 nodes at their respective vertices (Figure 5). The finite slement mesh
utilizes coarse elements at distance from the 7.acre pond to simulate regional conditions and
responses. The mesh is finer in the vicinity of the pond to permit a more accurate representation of
the localized effects of pond seepage.

The shoreline is the western boundary of the model and its nodes were assigned a constant
piezometric head of 0.02 feet. Tidal water level variations at the shoreline were not considered. The
model boundaries to the north and scuth were aligned with regional flow lines {streamlines), meaning

that groundwater flows along these boundaries but not across them. The inland boundary of the model

is approximately three miles from the coast. This boundary was assigned a uniform flux (groundwater

inflow) of 2.0 MGD/mile. During the model calibration process, the sensitivity to this inflow rale was
evaluated. Rainfall recharge occurring within the modeled area is not significant and has not been

specifically included.

- 15 -
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For this study, a single-layer representation of the brackish section of the aquifer was used.
Aquifer thickness is calculated by the model as a function of the piezometric head assuming that a
Ghyben-Herzbarg lens exists over all of the modeled region. This assumes that the interface between
fresh and sait water is sharp. Although a trangsition zone from brackish to saltwater is known to exist,
a number of studies have shown that the sharp interface assumption is a reasonable approximation for

highly transmissive aquifers (Volker, 1980).

Initial efforts to calibrate the numerical model assumed that aquifer permeability was uniform
across the modeled area. However, the shape and hydraulic gradients of the basal lens, as defined by
data from the NELHA monitoring wells, are not consistent with uniform aquifer permeability.
Monitoring of the transmitted tidal signal provides additional evidence that there are significant
variations in aquifer permeability. Incorporation of this field data into the numerical model during
successive calibrations enabled reasonable matching of field conditions 1o be achieved. Figure 6
presents the calibrated and observed groundwater surface profiles as a function of distance from the
coast. Included for comparison is a profile generated using uniform aquifer permeability. The
differences are quite significant. The calibrated permeability increases with distance inland from the
coast, reaching a maximum value of 35,000 feet per day. These values are comparable to the
magnitude and variation of permeablility computed from tidal signal monitoring (Table 6).

Regiona! groundwater levals for existing conditions as produced by the model are' presented in
Figure 7. These show low hydraulic gradients over most of the study area and sieeper gradients in the
several hundred feet next to the shoreline. Water levels predicted at the Kalaoa and Kaloko wells near
the inland boundary of the model are approximately 1 foot above sea level. Actual levels measured for
these walls, although not considered reliable, are between one and two feet. The influence of coastal
embayments and headlands on the path and discharge of groundwater is also evident. Groundwater flow
is focused towards coastal embayments (most noticeable immediately north of Kaloko Point) and
diverges from headlands (at Keahole Point, for example). Corresponding groundwater flow directions
for existing conditions are presented in Figure 8. Vector length on this drawing is in proportion to

relative amounts of flux through the aquifer.

Reglonal Solute Transport Modeling

Extension of the areal hydraulic model to simulate solute transport was achieved by defining
appropriate concentrations for each of the boundary conditions specified in the hydraulic model. To
simulate existing conditions, salinities are determined by the inflow salinity at the inland boundary,
which was set at 8.0 ppt. Since the natural mixing of brackish and salt water in the aquifer was not
simulated, the model reproduces this influent salinity everywhere in the model. In other words, the
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actual gradation of salinity which exists in the aquifer, with salinity increasing toward the shoreline
and with depth, is not. reproduced by the model.

ASSESSMENT OF POTENTIAL GROUNDWATER EFFECTS

Water Levels and Salinity Distributions

To simulate the effect of seepage from the 7-acre water recreation park next to the shore, it
has been assumed that the pond fully penetrates the aquifer. Pond elements weare defined as having
infinite permeability and a storage coefficient of 1.0. While this ensures that predicted pond levels are
physically realistic, it also permits the pond's seepage to occur over the entire aquifer thickness.
Another key assumption is that pumping from the supply wells at depth can be achieved without
influencing the overlying brackish lens. This assumption draws from experience with similar deep,

saline wells elsewhere along the West Hawalii coastline.

Three scenarios have been modeled to demonstrate the potential effect of pond seepage on the
brackish lens. Scenario 1 simulates seepage at 25,000 gallons per minute from the 7-acre pond using
the calibrated permeabllity distribution discussed above. Predicted groundwater levels and flow
directions for this scenario are presented on Figures 9 and 10, respectively. Local mounding of
groundwater as a result of this seepage results in a water lavel rise '2.4 feet above the existing
groundwater level in the pond itself. The seeping water moves away from the pond in all directions.
This includes movement inland 1o a stagnation point, whereupon the water turns and flows toward the
shoreline. Water level rise at the inland end of the model is about 0.5 feet (compare Figures 7 and 8),
The flux vectors (Figure 10) show the stagnation peint to be approximately 7,000 fest inland. The
natural flow of brackish groundwater toward the shoreline is diverted north and south around the

*mounding” effect of pond seepags.

Mixing saline water seeping from the 7-acre pond (assumed to be 34.5 ppt) with the natural
flow of brackish water moving toward the shoreline {at 8.0 ppt) would result in the salinity distribution
presented on Figure 11. The mixing zone is approximately 16,000 feet wide for this scenario. This
zone of influence extends beyond the properly bounds of the O'oma site by 6,500 feet on the north (in
the NELHA property) and 6,100 faet to the south {in the Kohanaiki property).

Scenario 1 is based exclusively on the model's calibrated regional permeabilities. As such, it
does not reflect, smaller scale effects, specifically lava tubes, shrinkage cracks, clinker zones, and/or
saams between lava flows, which are likely to significantly infiuence the local flow regime between the

7-acre pond and the shoreline. Scenario 2 was created to include such effects, thereby demonstrating
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more realistic head build-up and salinity responses in the receiving groundwater. This was achieved by
including more permeable elements in the model between the pond and the shoreline to simulate the
impact of local scale voids, cracks, and lava tubes. The regional influence of such voids is generally
limited because these features are not typically interconnected over great distances. At the local

scale, however, groundwater movement is substantially influenced by such features,

When these local scale effects are considered, a significantly smaller response in groundwater
to pond seepage results. A number of simulations were completed 1o evaluate the sensitivity of
regional water levels to the presence of such local scale voids. This was achiaved by incorporating a
200-foot wide zone of higher average permeability (the width of one element) between the pond and the
shore. These elements were assigned a permeability of 250,000 feet per day (as compared to the
inland regional permeability of 35,000 feet par day). The resulting water levels are shown on
Figure 12. Tha rise in the pond would be less than 0.4 feet (as compared to 2.4 feet for Scenario 1).
The rise in groundwater leve} at the inland boundary of the model would be 0.1 feet (versus 0.5 feet for
Scenario 1). Corresponding groundwater flow directions, presented in Figure 13, show a stagnation
point approximately 2,000 feet inland. The streamlines separating the seepage water flow from
diverted brackish groundwater flow are 1,100 fest north and 1,900 feet south of the O'oma property.

The predicted salinity distribution for Scenario 2 is illustrated on Figure 14. It shows a much
reduced impact of pond seepage on the brackish lens salinity. For example, a salinity increase of 2 to 3
ppt is predicted at NELHA monitoring well W-2. For Scenario 1, predicted salinity at this location is 34

ppL.

In the absance of site specific information on local scale effects, the simulations of Scenarie 2
are considered to reasonably portray probable effects on groundwater by seepage of 25,000 GPM.
Although these effects are modest and would not create an adverse impact, the predicted area of
influence would extend beyond the O'oma If project bounds. Because of this, a third scenario was
created to eslablish the magnitude of ssepage that could occur from the 7-acre pond without infiuencing
groundwater beyond the O'oma il properly. The local-scale effects incorporated in Scenario 2 were

also included in this scenario.

Simulation of this scenario indicates that groundwater changes could be confined to the
project's property at a seepage rate of approximately 10,000 GPM. The water level in the pond would
be approximately 0.1 feet above the existing groundwater level and the "mounding” effect of seepage
would be as shown on Figure 15. Corresponding flow vectors and salinity distributions are shown on
Figures 16 and 17, respectively. All groundwater effects would be essentially confined to the

O'oma |l property.
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Effect of Nutrients in Water Percolating From the Goit Course

Dissolved nutrients in water percolaling from the project's golf course may affect the
concentrations of these constituents in the receiving groundwater. Nitrogen is the most heavily applied
and most mobile of these nutrients. Environmental Tur Services, Inc. (1991) has evaluated the amount
of nitrogen which may be leached. Its most realistic estimate is 2.6 percent of the amount applied or
1,100 pounds per year; ils worst case situation is 10 percent of applied nitrogen or 4,200 pounds per
year. |f the average percolation rate from the golf course is 0.1 MGD, the average concentration of
this downward flow would be 255 pM and 980 pM, respaectively, for the realistic and worst case
estimates. Since the concentration in the receiving groundwater is 80 uM, the percolating water would

elevate nitrogen levals to at least some exlent.

Figures 18 and 19 simulate the effect of 2.6 and 10 percent leaching, respectively, without
including the effect of seepage from the 7-acre water recreation park. The dilution effect as the
percolate is mixed into the groundwater flow is obvious in both of these figures. At the 2.6 percent
leaching rate, groundwater concentrations would be elsvated to a modest extent. In fact, the 90 and
100 pM levels shown on Figure 18 are wilhin the natural variability of groundwater itself. The range
of this variability is from 60 to 100 uM. The larger effect 10 percent leaching (Figure 19) is
expectable, Its nitrogen loading would be four times greater than the 2.6 percent leaching rate.

Inclusion of saltwater seepage from the 7-acre water recreation park would dilute the effect of
nitrogen leaching from the goif course. For such seepage at 25,000 GPM and with nearshore
permeability as modeled in Scenario 2, the effects of the 2.6 parcent nitrogen leaching rate would be
fully diluted before reaching the shoreline (see Figure 20). At 10 percent leaching, a nitrogen increase
of 20 to 40 pM would occur in groundwater reaching the shoreline (refer 1o Figure 21).

Summary Conclusions and Recommendations

Investigations summarized in this report identify the most practical circulation scheme for the
proposed system of ponds at O'oma and analyze potential effects of this circulation on underlying
brackish groundwater. The most important conclusions are listed below. Also included is a
recommendation of additional data acquisition to enable the prediction of groundwater effects to be

further refined.
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Single_Pass, Flow Through Circulation. A single pass, flow through circulation system is
recommended. It can provide accepiable waler clarity and limit algae growth if the water
supply has low nutrient concentrations (similar to adjacent surface seawater) and if the

residence time from well head to seepage disposal of not more than 10 hours.

Sourcas of Supply. On-site saline wells are the most appropriate source of supply. If all of the
lagoons are included in this circulation scheme, a total supply rate of 25,000 GPM would be
needed to achleve a 10-hour turnover time. The wells should be designed to draw water from
the saline zone below the brackish lens. Five to eight wells would be needed to produce the
required flowrate.

Method of Disposai. The lowest of the ponds, the 7-acre water recreation park, should be
excavated below the water table and remain unlined. The entire influent well supply would
circulate through the other ponds first and then flow to this lowest pond. Seepage from the
sides and botiom of the pond would percolate to the underlying groundwater lens and move from
there to the shoreline.

Quality of Water Percolating From the 7-Acre Pond. Among the bensfits of developing a low
nutrient source of supply.and achieving rapid turnover through the system of ponds is that the
quality of water seeping from the lowest pond would be similar lo the incoming well supply. In
effect, the proposed circulation system would amount to a recirculation of seawater. This
conclusion is supported by data from a similar, albeit smaller scale, system which is operating
at a South Kohala resort.

Effect of Seepage Disposal on Groundwater. Computer based numerical modeling has been used
to portray the effect of seepage from the lowest pond. Three scenarios are presented to
illustrate the range of possibilities. Scenario 2 Is considered to be the most realistic
representation of a 25,000 GPM seepage rate. |t incorporates calibrated regional aquifer
parameters and some judgement as to the influence of local scale features {lava tubes,
shrinkage cracks, and seams between lava flows) which are likely to be present between the 7-
acre pond and the shoreline. Figures 12, 13, and 14 illustrate water levels, flow directions,
and salinity increases that would result from this seepage. The effect on groundwater,
although not considered to be adverse, would extend beyond the O'oma property to the north
and south. Scenario 3 was constructed to determine the greatest magnitude of seepage for
which the effect on groundwater would be confined within the O'oma Ii property. That rate is
approximately 10,000 GPM and its effecls are depicted on Figures 15, 16, and 17. |f the

supply and disposal rate is limited to this amount, then the golf course and hotel ponds should
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not be included in the circulation scheme. It would also be necessary to scale down the water

voiume 7-acre waler recreation park pond to achieve a 10-hour turmover time.

Becommended Additional Inyestigation. The contrast in predicted effects on groundwater

betwean Scenarios 1 and 2 show the importance of quantifying the influence of small scale
features in the lava between the pond and shoreline. If cracks and lava tubes are present,
water seeping from the pond will readily escape directly to the shoreline and the eflect of
seepage from the pond would be greally diminished. Numerous cracks, lava tubes, and other
void spaces are known to exist throughout the site but data is not available o quantify thair
influence. Drilling a number of small, shallow boreholes should be undertaken. Menitoring
water level responses in these boreholes to the ocean tide will enable the permeability batween
the 7-acre pond and the shoreline to be quantified. With this information, further calibration of
the computer-based numerical model can be done and more accurate predictions of the effect of
seepage on groundwater can be made.
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TABLE: 8 (continued)

LEVEL OF MANAGEMENT:

*High Malntenance’
GREENS AND TEES

Goll Course Growth

and Use Perlod;
- use parlod

« lenf growih

- root growth

inseciicldes (Group 11};
Cut Worms

Sod Webworms
Flte Ants/Army Anis

unglclde {Group I):

Leaf Spot Disease
Patch Disease

Cora Aerlficstion

IMPLEMENTATION SCHEDULES
FOR O'OMA I} GOLF COURSE

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

- -

————

Splking —_— —mmemmmm——————— —————
Vertlcal Mowing = -
Code: most likely iime of occurtence
_ - possible time of occurrence
63

TABLE: & IMPLEMENTATION SCHEDULES

FOR O'OMA Il GOLF COURSE
LEVEL OF MANAGEMENT:

*Medium Malntenance®

FAIRWAYS snd AQUGHS

Golf Courge Growth

and Use Parlod:

- use perlod

- leal growth

- Toot growth
{erigation Perlod;

- routina applicstion

(4-7 x'siwk)

Ferllizes:

Water-Soluble

Water (nsoluble
Soll Amendments

Liming/Gypsum
Harblecides (Group f}:

Presmergent
Poa Annua
Postemergant

Monocotyledons

Dicotyledons
Insecticldes (Group (1}

Cut Worms

Sod Webworms

Fire Amis/Army Ants

erification
Splking

Verileal Mowlng/Dethatehing

JAN FEB MAH APR MAY JUN JUL AUG SEP OCT NOV DEC

- E—————

- -

Code: most likely time of occurrence
_ - _ . possible lime of occurrence
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Trerspary sisulation from 1 Sep S 1030 Sep 3

Flow sisularion frem tOct 5 to 31 0et &

Traraport slsulation fros 1 0ct 5 to 31 Oct 5

Teansport simsation from 3 Oct 5 to 37 Oct 3

Tranaport slmulation from 1 O0ct 3 to 31 oct 3

Flow simulation from 1Moy 3 to 30 Mew 5

Tranaport sisulation from 1 dov 5 to 30 Nov 3

Tramspore sisulation from 1 Wov 5 to 30 wov 5

Transport simutstion from 1 Mov S 1o 30 Nov 5

Flow simlation from 10sc 5 to 3 bec S

SUMKART OF YOLUMETRIC FLOW SALANCE OUTPUT

rEmsmmsssessmEEsEREtbEitsbAAsSRNBSS TR R

Elspend simulation time s 0.31006+02
cyrrent valus of time increment =  0.10008+01

Fluid flux velue at first ede = D,IS13E-12
Fluld flux velue at last node = -0.1069E-09

NOTE: Thess *nat® values are only for tast dey of time 1tep

¥t value of fluid flux = -0 1068E<09

Not rate of volumecric atorsge = -0.11582-09

FLOW BALANCE ERROR = 0, 5050E-11
NORMAL1ZED BALANCE ERROR = 0.L080E-01

NOTE: Thase "cumylative® valuws are for the entire time step

Cusulative volumetric storspe = -0,1252E-02

Cumslative Inflow volume = 0.5497€+03
Cusulative outflow volumn = +0,54858+03

Teasport simulation from 1 Rkey S to 31 May 3

Tramaport simslation frae Y May 5 to 31 May S

Teansport sisulstion from 1 May 5 10 31 May 5

Flow similation from 1 Jun 5 to 30 Jdun 3

Transport simulation from 1 Jun 5 1o 30 Jun 5

Traraport slaulation from 1 Jun 5 to 30 Jun 3

Tearaport simulation from 1Jun 5 ta 30 Jun $

flow simylation from 1 Jul 5 to 3% Jul 3§

Tramaport simulstion from % Jul S to 31 Jul §

Tranaport simuletion from 1 Jul 510 37 Jul §

Transport slmulation from 1 Jul 5 o 31 Jul &

Flow sisutation from 1Aug 5 to I Aw 5

Transport simulacion frem 1 aug 5 to 31 Aug 3

Tramspore slmutation from 1 Ap S to 31 aug 3

Transport simulstion from 1 aug 5 to 31 Aug S

Flow simulation from 1 Sep 5 to 30 Sep 5

teamspart almulation fron 15w S0 3 fep 5

Trarsport simuation from 1 Sep 5 10 30 Sep 3
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TIME VS NEAD AT MDE

0,1000€+01 +0,3446E+03
0.50006+01 -0.34458+03
0.9000€+01 +0,34468+03
0.1300€+02 -0.3444E+03
0.17T00E002 -0, 34458403
0.21006+02 -0.3445E+03
0.2500€+02 +0,3540E+03
0.2000€+02 -0.35006+03

TINE VI WEAD AT MDE

MMSER

0.10008+01 -0.33728-03
0.5000€+01 -0,3372€+Q3
0.90006+01 ~0,33T2L+03
0,13006402 +0.3372€+03
0,1700¢+02 -0.3372£+03
0.21006+02 -0,3372¢+03
0.2500£+02 -0, 3440E+03
0,20008+02 -0.34408+03

TINE ¥S WEAD AT NODE NUMBER

0. 10006401 -0, 2991E+03
0.30008+01 -0.2991E+03
0,9000¢+01 -0.299ME+03
0.13008402 -0,2991E+03
0.17008+02 -0.2971E+03
0.21008+02 +0.29%1E+03
0.2500€+02 +0,3010£+03
0.29006+02 -0.30508+03

TINE VS NEAD AT NOOE MIMER

P LT LI T T YY)

0.10006+071  0.0000E+00
0,5000¢+01 0,0000€+00
0.9000€+01  0.0000€+00
0.13008+02 0,0000£+00
0.17006+02  0.0000€+00
0.21006+02 0, D000E+00
0.25006+02 0.D000E«00
0,2900¢+02 0.D000E~00

0,2000€+0%
0,6000¢ 01
0, 1000402
0, 14008+02
0. 1800€+02
0,2200+02
0,2500€+02
0,3000¢-02

"

0.20008+01
0.6000€+0%
0.10008+02
0. 14008402
0.18008+02
0.2200€+02
0.26008+02
0.3000€+02

)

0.2000£+01

-0, 3540€403
=0,3540€~03
+0,35408+0)
=0,35408+03
+0,35408~03
<0,35408=03
=0,3540€+03
«0,35408+03

0. 30408403
«0,34408+0)

+0.3030E+0)

+0,3030€+03

0.0000E+00

0.0000€+00

0.5000€+01 -0,3540€+03
0.7000E+01 +0.3560€+03
0. 1100€+02 -0,3340€+03
0.1300€+02 -0,3540€+05
0, 19008402 +0,3540€+03
0.2300€+02 0.3540€+03
0.27008+02 +0,3544E+03
0.3100E+02 ~0.35600+03

0.2700€+02 -0.3372E+03
0.31008+02 -0.344DE+03

0.3000€+01 +0,3050€+03
0.7000€+0) -0,30%0€+03
0,1100€+02 -0.3030E+03
0.715008+02 -0,30308+03
0.1900€+02 -0.3050E+03
0.2300£+02 -0.30508+03
0.27006+02 +0,2991E+03
0.3100€+02 -0,30508+03

0.3000€+01  0.0000€+00
0,7000¢+01  0,00008+00
0.11006+02  0.0000€+00
0.1500E+02 0,00008+00
0.1900€+02 0,0000£+00
0.23006+02 0.0000€+00
0.2700€+02 0,0000£+00
0,3100€+02 0,0000£+00

Tramsport slmulation from 1 0ec 35 to 31 Dec %

MASY TRAMSPORT BALAMCE, CNEMICAL 1

ey

NOTE: Thesa “net® values sre only for Last day of time step
nat dispertive flux = 0, 0000E+00
Net savective flux =

Nat rate of mais sccumulation »

Mat cate of formation =
Mat rate of mass decsy =

MASS BALANCE ERRDR »

0,0000€+00

0.00008+0C

0,0000¢+00
0,0000£+00
0,0000€E+00
NORNAL [2ED MAST BALANCE EAROR =  0.0000E+00

NOTE: These "cumilative” values ars for the entire time atep
Cumulative mass storsge » +00

Cumilative mass cecay =
Cunulative inflow mets »
Cumilative outflow mess =

0,00008+00
Q,0000€+00
0,00008+00

ARNUAL SLMMARY OF CUMUCATIVE CONCENTRATIONS

amsana msmarER =4 sswentered SEEEEEEREEARES

NOTEz Thess “cumulative® values sfe yeafly sumeries

Annyatl cumilative mase storage =
Anrual cumulative mesy cecay =

Annual cusulative inflow mass »
Annual cumulative outfiow mass =

TINE v CONCENTRATION AT wOE wumlER

Q.1000€+01  0.0000€+00
0.3000€+07  0.0000E+00
0.9000€+01 0.0000€+00
0.1300E+02  0.0000€+00
Q.1700E+02 0.0000E+00
0.2100E+02 0,0000€+00
0.2300£+02 0.0000E+00
0.29%00E+02 0,0000€+00

0. 1000£+02
0, 1400E+02
0.1600E+02
0,2200€+02
0.2600€+02
0,30008+02

0,0000€ +00
0,00008+00
0.0000€+00
0,0000€+00

0.0000E+00
0,0000¢+00
0. 0000E+00
0.00008+00
Q.0000E+00
1, D00OE 00
0.0000E+00
0.0000£+00

0,3000£+01  0,0000€+00
0,7000£+01 0,0000E+00
0.1100E+02  0.0000E+00
0.15008+02 0,0000E+00
0.1900E+02  0.0000£+00
0.2300€+02 0.3000E+00
0,2730E+02  0.0000E+00
0.3100£+02  0.0000E+00

0,4000£+01
0,8000£+01
0,1200€+02
0.1600€+02
0,2000€+02
0.2400€+02
0,1800€+02

0.4000¢+01
0.8000€+01
0,1200€+02
0.1600€+02
0.20008+02
0,24008+02
0,2800€+02

0,4000¢+01
0.80008+01
0.12008+02
0.1600£+02
0.20008+02
0,20008+02
0,2800£+02

0.4000£+01
0.8000€+01
0,1200€+02
0,1600€+02
0.2000€+02
0,24008+02
0.28008+02

0.4000€+01
0,8000€+01
0.1200€+02
0.1800€+02
0, 20008 +02
Q.2400€+02
0,38008+02

-0, 344803
0,34448403
~0,30404E403
=0, 3044E+03
~0.3646£403
-0, 34408403
=0, 3646E403

=0, 33728403
=0.J3TTE+03
=0.3372£+03
-0.332c-03
=0.3372E+03
=0.3372€+03
=0,3372¢-03

=0, 209103
~0,2991E-03
=0.2091€+03
0. 2071E+03
<0, 2091E+03
=0, 2971E+03
=0,291E-03

0.0000£+00




TIME VS CONCENTRATION AT MIDE MUMRER

sssimsssEAaBavEivreesssnvsASssTUSnTS

1.1000€+01
0.5000£+01

0.2100€+02
0, 25008402
0, 2900E+02

0.0000L~00
4.0000E~00
Q. 0000E+00

0.2000€+01

0, 2600€+02
0.3000€+02

TINE VS CONCENTRATION AT NCOE WUMBER

seas

0.1000£+01
0.5000£+01

0,2000€+01
0.6000€+01

TiME VE CONCENTRATION AT MOGE MUNBER

stesmsamaREEsisstamsanscesaRRERERA

0. 1000€+01
0,5000€+01

0.0000€+00
0.0000€+00
0.0000¢+00
0,0000E+00
0,00008+00
0.00008+00
0.0000€+00
0.0000£+00

0.2000€+01
0,40008+01
0.10008+02
0.14008+02
0.1800€ +02
0.2200€+02
0, 2600€+02
0.3000€+02

1n

0.0000€+00
0.0000€+00
0.0000€+00
0.0000€«00
Q.0000€+00
Q,0000£+00
0.0000£+00
0,0000E+00

%

i
éééé%éé

§§§§§

D

28882388

0, 3000801
0,7000£+01
0.1100E+02
0.1500E+02
0. 1900€+02
0.2300€+02
0.2T00E+02
0. 3100802

0,31002+02

0, D000E +00
0.00008+00
0,0000£+00
0.0000£+00
0.00008+00
0.0000€+00
0.00008+00
0,00008+00

0.0000€+00
0, 0000£+00
2.0000€+00
0,0000€+00
0,0000£+00
0.0000€+00
0.0000E+00
0,0000£+00

0. 0000¢+00
0.0000€+00
0.00008+00
0,0000€+00
0.0000€+00
0.00008+00
0.0000€+00
0.00008+00

Tranaport slmylation froe 9 0ec 3 to 31 Dec 3

MATY TRAMSPORT MALAMCE, CHEMICAL 2

w494 apamaames ssew

v ttrssaan sw

WOTE: These =nat® walues are oniy for last day of tiee step

Nat dieperalve flun = -0.14228+24
Nt advective flux » 0.137%8-17
Net rate of mass sccusuiation = -0.24372-10
set rate of formation » Q. 000¢ =00
Nat rate of meis decay # 0. 254 TE-10
MALS BALANCE EAROR = 03951812
NORMALZED MASS BALAMCE ERROR »  0,B8008£-02

NOTE: These "cusulstive® values are for
Cumsiative Sass sTorege =
Cunulative mags decay »

Cusulative inflow mess =
Cumulative outflow mess =

0. T0PSE-00
0.T8IvE-08
0.12468-07

ANMIAL SUMKARY OF CUMULATIVE CONCENTRATIONS

WOTE: These “"cumulative® values are yearly susmries

Anreusl cusulative sas3 storage 8
Arrwal cumilative ssst decay =

Arrusl cumulstive Inflow mais »
Arrwal cusulstive outfiow mess =

TIME VS CONCENTRATION AT NCOE MUMRER

ssammssmssessssEsmessibrsanREERsns

0. 10008+01
0.50008+01

0,23008+02
Q.2900E+02

C.496AE~09
0.T14TE=-0%
0,73328-09
0,T519¢-09
9.770%e-09
0.T901E-09
0.79092-09
0.8093E-09

0.20008+01
0.4000£+01
0.10008+02
0.1400€+02
0.1800¢+02
0.22008+02
1,2800¢+02
0.30008+02

TIME VS CONCENTRATION AT WODE NUMBER

Y S LLLLLETTTTTEL S Y

0.1000£+01

0.17T00E+02
0.2100£+02
0.2500€+02
0.29008+02

0.56850€-09
Q. 7020e-09
0.72128-09
0, N0TE-08
0. 7385E-09

0.7T7T3E-09
0,TA2EE~09
0.T9TRE-O?

0,2000E+01
0.8000E+01
0,1000€+02
0.1400€+02
0.1800€+02
0.2200£+02
0.2500€+02
0,3000€+02

0.23048+07
0,3114E-08
0.38308-07
0.5a182-07

0, 0348E+09
0.7130€-09
0.T315€-09
0,TS02E-09
0.7691E-09
0.70838+09
0.78932-09
Q.e07ee-09

n

0.5337¢-09
Q. 701 TE-09
0.7199€-09
0,TI84E-09
0.73T1E-09
0.TTH1E-09
0,TB10E-09
0.T942E-09

ta; entire time step

0.J000E+Q1
0.7000€+0%
0,1100€+02
0. 15008 +02
0.1900€+02
0,2300E+02
0,27008+02
0,31008+02

0.30008+01
0. TGE+01
0. 1100£+02
0., 13008 +02
0. 1900€+02
0. 2300802
0.2T00E«02
0.3100E+02

0.4000£+0t
0.8000€+01
0. 12008+02
0, 16006402
0.2000¢+02
0.24008+02
£.2800€+02

0.4000£+01
0,8000E+01
0.1200€+02
0,1400E+02
0.2000€+02
0,24008+02
0.28008+02

0, 00008 «00
0.00008 +00
0.0000€+00
0.0000E+00
0.0000E+00
0,0000€+00
0.0000E+00

0.69E-09
0. 17IE-00
0.73528¢.09
0.7TI4E-09
Q.7T3RE-00
0.7926L-09
0.8114E-09

0.4912¢-09
0.70938-09
0, T2T68-09
0.T&428-08
0,755CE-09
0,7840E-09
0.7993E-09
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i vS CONCENTRATION AT WODE WUmgee 24

evtamanssamRErissdiissnanssansarTTt

0,10006¢01 0.5T54E-09 0.20006+01 0Q.5TLSE-09 0.3000£+01
0.5000€+01  0.5878£-09 0.80008+01 0,5845E-09 0.TO00E+01
0.9000£+01 0,50108-09 0.10008+02 0.5999€-09 0,1100€+02
0.1300€+02 0.5153E-09 0.1400€+02 0.A1428-09 0.1500€+02
0.17008+02 0,4303E-09 0.18006+02 0.8291€-09 0, 1900E+02
0.21006+02 0.643BE-09 0,22006+02  0.8640E-09 0.2300€+02
0,25000+02  0.6512E-09 0.26008+02 0.54908-09 0.2700€+02
0.29006+02  0.6647E-0F 0,3000E+02 0,6634E-09 0.3100€+02

Tt VS COMCEMTRATION AT WODE wisesfn &3

ammttbrasssssanuertbbttisanasssan N

0.10006+07  D,Lb40E-09 0.2000€+01  G.4L641E-09 0,30008+01
0.50006+01  Q.4TVOE-09 0,40006+01 Q.AT91E-09 0,7000€+01
0,9000€+01  0,4925E+09 0.1000E+02  0,4918E-09 0.1100€+02
0,13006+02 0.5049€-0% 0.1400€+02 0.5039€-09 Q.1500€+02
0.17008+02 0.5172¢-0% 0.1800£+02 0.5163€-09 0. 1900€+02
0.2100€+02 0.5297E-09 0.22008+02 0.52083%-09 0,2300€+02
0.25006+02 0,53408-09 0.24006+02 0.5330€-09 0,3T00£+02
0,2900€+02 0.54402-09 0.3000€+02 0,5458E-09 0.3100€+02

Q.5734E-09
0.38538-09
0.3947¢-09
Q. 4120€-00
C.5279€-0%
. 6433€-0%
0.4389¢-09
0.64418-09

t
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Travsport similation from ) Dec 3 to 31 Dec 3

MASS TRANSPORT BALANCE, CHEWMICAL 3

drme AssasEwes Sesswess sanamsns wm

NQTE: these “nec® values are only for ;_:u day of time step
1w

uet dispersive flin o -0.2737¢-

Net sdvectiva tHlux s 0.1254E+10
Net rate of mass sccumilation s -0,2065E-03
Wat rate of formation = 0,0000E+00
det rats of mass decay = 0.2034€-03
MASS BALAKCE ERROR » 0,3t43E-05

NORMALIZED MASS MALANCE ERROR = 0.TSSTE-02

WOTE: These "cusulative™ vatues are for the entire time step

Cumilative sass storage & 0.3830¢-01
Cumylative mass decay = 0,5692£-02
Cumulative inflow mans = 0.7092e-01
Cumilative outflow mass » 0,1034

ANNUAL SUMMARY DF CUMJLATIVE CONCENTRATIONE

amamme sedtass 2s masesemean sreEwhbbsnasse

NOTE: Thess "cumulative” values sre yearly "Tﬂn
193

Annusl cusulstive mesa storsge = Q.

Arrusl cusuiative mess decay = 0,26408-01
Arrual cumtstive inflow mags = 0.24359
Avrual cumulative cutflow meas = 0.4127

TIME VS CONCENTRATION AT MCDE MUMSER 1

) samamer

0. 10006401  0,5487TE-02 0.2000£+01  0,564T0R-02 0. 3000€+01
0,5000€+01  0.&7TIVE-02 0,5000E+01 0.56781€-02 0, 7000€+01
0.9000€+01 0,4992€-02 0.1000€+02 0.69T4E-02 G.1100€+02
0,1300€+02 0.7I08E-02 0.16008+02 0.7091E-02 0.1500£+02
0.1700€+02 0.7115E-02 0.1800802 0.7099€-02 0, 1700€+02
0.21006+02 0.70088-02 0.22000+02  0.5993E+02 0.2300£+02
0.2500£+02 0.67102-02 0,26008+02 0.6696E-02 0,2700€+02
0.2000€+02 0.64232+02 0.3000£+02 0.8410€+02 0.3100€+02

TINE VS CONMCENTRATION AT NCDE wumdIR 1)

wtttiasrsasmunRssesenunEuddbbatana

0.1000€+01  0,02642-02 0.2000€+0% 0,42548+02 0.30006+01
0.50006+0%  0.6573£-02 0.6000€+07  0.63428-02 Q. 7000€+01
0.90008+01 0.4814E-02 0,1000802 0.6803€-02 0.11008+02
0.13008+02 0,59682-02 0.1400€+02 0,49368-02 0. 1500E+02
0.1700E+02 0.7020E-02 0.1800£+02 0. 70068-02 0.1900£+02
0,2100E+02 0.4P80£-02 0,2200€+02 0.604TE-02 0.2300E+02
0.25008+02 0.48148-02 0.26006+02  0.,6800€-02 0, 2700E+02
0.2000E+02 0.6469€-02 0.3000£+02 0.64568-02 0.3100£+02
TINE VS CONCENTRATION AT NODE MUMBER 24
0.1000€+01  0.4405E+02 0.2000€+01  0.&593E-02 0.3000€+01
0.3000E+0% 0.4813E-02 0.5000€+01  0.4807E-02 0, 7000801
0.9000E+01 0, 50L8E-02 0.1000€+02 0,5037E-02 T.11008+02
0.1300£+02 0.527RE-02 0,1400E+02 0.524%E-02 0, 1500E+02
0.17006+02 O,5479£-02 0.1800€+02 0,544%E-02 0. 1900€+02
0,2100E+02 0.5844€-02 0,22006+02 0.5434E-02 0.23008«02
0.2500E+02 0.5604-02 0.2600E+02 0.547SE-02 0.2700E+02
0,3900E+02 0.5753E-02 0,3000€+02 0.5762€-02 0.3100E+02

Q,645TE-02
0.ATLBE-02
0.46960€-02
0.7074E-02
0.7085E-02

0.56589¢€-02
0.4797E-02
0.5027€-02
0.52548-02
0,54582-02
0.5823E-02
0.5730€-02
0,5730E-02

0, 40008401

0,25008+02

0. 1500E+02
0.2000E+02
0.2400E+02
0.2300E+02

.

ppooooa
goERBSE
%sa$§$=
2338832

0,4725L-09
0.4853€-09
QL.49TTE-09
C,3100¢-09
0.5220E-0%
0.5330€-00
0547900

0,8457E-02
0.4704E-02
0.50584E-02
0.4928€+02
0.6879¢-02
0.4720€+02
0.6434E-02

0.4357¢-02
0.4643E-02
0.48428-02
0,4943€-02
0.5942€-02
0.4829¢-02
0.54438-02

0.4697E-02
0.49208-02
0.51512-02
0.53708-02
0.55588-02
0.5897E-02
0.5744E-02




TIME VS COMCEMTAATION AT NODE MUNGER 83

-
0.10006+07 0.29438-02 0,2000€+01 0,293%¢-02 0.3000€+01  0.29332-02 0.4000€+01 0.3057E-02 L
0.50006«01 0.3179€-02 0,4000€+01 0,J1TAE-02 0.7000E+01 0.3168£-02 0.8000€+01 0.3207E-02 v .
0,9000E+01 0,34058-02 0,10006+02 0.3L00¢-02 0,1100¢«02 0.3393£-02 0, 12008+02  0,3509€-02
- 0.13006+02 0.3425E-02 0.1400€+02 0,34198-02 0.1500€+02 0,3612€+02 0.1600€+02 0.3T27TE-02
0.1700€+02 0,3843£-02 0.10008+02 (.3834E-02 0,1000€+02 0,3829€-02 0.20008+02 0.3%42¢-02
0.21008+02 0.4037E-02 0.2200€+02 0.40306-02 0.23006+02 0.4042E+02 0.2¢006+02 0Q.4134E-02 -
. 0.2500E+02 0.4347E-02 0.2600€+02 0.4139€-02 027008402 0.4249E-02 0,28008+02 0.4357¢-02 '
! ’ 0.2900€+02 0,43308-02 0.30006+02 0.4341€-02 0.31008+02 0,43332-02 Do

7Y
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Creens Sesnario == 2nd Thrae Pesticides
(2,4+0, trichlorfon, setribuzin)
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Flou similation from 1 Jan 5 to 31 Jan 5

leaport simslation from 1 Jan 5 to 3t Jan

Tromport simulation trom 1 Jan % to 3t Jn

Traraport similation from 1 Jan 5 to 31 Jan

Flow simulation from 1 Feb % to 28 Feb 3

Traosport simuletion fram 1 Ped 5 to 28 Fab

Tramaport simulation from 1 Feb 5 to 28 Feb

Tranaport simulation from 1 Feb 5 ta 20 Feb

Flow sfmolation from 9 Ker 5 to 31 Mar 3

Transpore simulation from 1 Mar S to 31 Mar

Tronaport simulation from 1 Mer 3 to 31 Mar

ITrampart aimulation from 1 Mer § to 31 Mar

Flow simalacion from 3 Ape S to 30 dpr 5

franaport aimulation from 1 Apr 5 to 30 Apr

Transport simulation from 1 Ape 5 to 30 Apr

Traneport simulacion from 1 Ape § to 30 Apr

Flow simylation from 1 May 5 to 31 May §

Tracuport simulation from 1 May 5 te 31 Kay

Traraport simutation from 1 Mey 5 to 31 may

Trantport simulation from 1 May 5 to 31 Ray

Flow similation from 1 Jun 3¢0 30 Jun §

Transport simulation from 1 Jun 5 to 30 Jun

Trantport similation from 1 Jun 5 te 30 Jun

Transport sisulation from 1 Jun S5 to 30 Jun

Flow simplation feom T Jul S 10 3T Jul 5

Tramport simsiation from 1 Jul 5 to 31 Jul

Transport simsiation frem 1 Jul 5 to 31 Jul

Teansport simutation

from 1 Jul 5 to 31 Jul

Flow simylation from

Thg Sto03) g 5

Transport sisulation

from 1 Awy 5 to ! Ay

from 1 Aug 5 to 3t Ag

transport simulation

Transpore slmitacion

from 1 A 5 1031 A

Flow simulation from

15:p Sto30%ep 5

franspory similation

from 1 Sep 5 to 30 Sep

Transport simulation

from 1 Sep 5 to 30 Sep



Tronsport sleulation from V563 5 to 30 Sep § .
Flow simulation from 10ct 5 to 310ct 5
Transport simylation from 10ct 3 to 3 Oct § .
Tranapoft simulation from 1 0ct 5 te 31 Oct § '
Trarsport sisulation from 1 0ct 5 to 31 oct § —
Flow similation from T wov 5 to 30 Nov 3 v
Transport aimulation from 1 Nov 5 ta 3O Nov 3 ———
Trarsport sisulation from T wov S o 30 New § v
Teansport sisulation from ) wev 3 to 30 Nov 3
[ ]
Flow simslation from 10ec 3 to 31 Dec § !
LN
SUMMARY OF VOLUMETRIC FLOW BALAXCE CUTPUT
: L]
. Elapsed slsuilation time = 0,31008+02 |
i Current value of time incressnt =  0.1000£+01 i
| L |
! Fluld flux value at first node o 0.1313E+12
: Fluld flux valus &t Last node = -0.10492-09
—
NOTE: Thasa =ret* values are only for Last day of time step !
wet valus of fluld flux » -0,10688-09 )
ce ‘ Wt rete of volumetric storsge = +0,11588-09 : el
v . FLCW BALANCE ERROR = D.9050E-11
. NORMALIZED BALANCE ERROR m  0,4040€-0¢
L . NOTE: Thete “cumulative® values ars for the entire time step .
- Cumslative volumetric storage = -0,12528-02 :
Cumilative inflow valume « 0,5497E+03 L
Comitative outtiow volume = ~0,5484E+03 o
- ——
v~
' —
. ;_..
_ TIME VE HEAD AT NCOE MUeER 1
i .
} 0,10008+01 -0.34468403 0.20008+01 +0.3540€+03 0.30000+01 ~0.3540€+03 0.40008+01 0. 34440+03 :""‘
P 0,5000E+01 +0, 3e45E+08 0,60008+01 -0,3540€+03 0,70006+0% +0,3540£+03 0,5000E+01 -0,34488+03 P
: 0,9000€+01 -0, 34468+03 0.10008+02 +0.3540€+03 0, 11000402 ~0,3540€+03 0.1200€+02 -0.35A62403 J
! 0.15008+02 +0,3444€+03 0,1400€+02 ~0.35408+03 0.13500€+02 -0.. +03 0,1400€+02 -0,354088403 L
0, 17008402 ~0. 34448401 0,18008+02 -0.33408+03 0.1900€+02 -0, 35408403 0,2000€¢02 -0.3444E+03 .
0.21008+02 ~0,J444E+03 0,22000402 -0,3540E403 0,23006+02 -0.33540¢403 0,24008+02 -0.30h5E+03
0, 25008402 -0,3540€+03 0.2600€+02 -0.35406+03 0,27008+02 -0,3L48E+03 0.20008+02 -0, 3445£+03 —
0.29008+02 -0,3540E+03 0,3000£+02 -0,3540€+03 0.31008+02 -0.55408+03 " 3
¥
TINE VE KEAD AT NCOE WaER 1t h
0.1000€+01 0. 33728403 0,20008+01 -0.34408+03 0,30006+01 -0,3440E+03 0.40008+0% -0 35720+03 -

0.8000€+(1 +0,3372E+03 H
0.1200€+02 -0.33720+03 o
0.1500€+02 +0,3372E+03 s
0.20006+02 -0.33720+03

0,26008¢02 -0.3372E+03

0.6000€+01 -0.35408+03
0.1000€+02 -0,35406+03
0.1400€+02 -0.34408+03
0,18006+02 -0.3440€+03 0.1900€+02 -0.3440€+08
0.22008+02 -0.3440€+03

0.25008+02 ~0.3440E+03 0.26008+02 +0,34408+03 0.2700€+02 +0,33T2E+03 0,28008+02 -0.3372L+03 —
0.20006+02 +0,34408+03 0,3000E+02 +0.34408+03 0,51000+02 -0, 3440¢+03 N
.o
TIME VS HEAD AT WOOE MMEER 24 -’
0,1000E+QY <0, 2901E+03 0,2000€+01 +0,3050£+03 0,3000€+01 -0,3050€+03 0,40000+01 =0.2991€+03 j—
0.5000E+01 +0, 29012403 0,4000€+01 -0,3050E+03 0.7000E+08 -0,30508+03 0,80008+01 =0.2991£+03 :
0,9000E+01 -0, 2901E+03 0.10008+02 -0,3050£+03 0,11008+02 -0,3050£+03 0,12C08+02 +0,2991E+03 P
0, 1300€+02 ~0,2991E+03 0. 1400802 -0, 3050E+03 0.15008+02 -0,3050€+03 0.15008+02 +0,2991E+03 —

0.2000E+02 -0.29918+03
0.2600E+02 +0.2991E+03
0,2000E+02 +0.2991E+03

0. 19008402 -0.3050£+03
0.2300¢+02 -0,3050€+03
0,27008+02 -0.2991E+03

0,1800£+02 -0.3050£+03
0.2200E+02 <0.3050€+03
0.2500€+02 -0,3050£+03

0.1700E+02 -0.2991E+03
0.2100€+02 -0, 2P91E+03
0,25008+02 -0.3030E-03

0,2900€+02 +0,3030E+03 0.3000£+02 -0.30506+03 0:1100!002 =0.3030€+03 .

Pt

TIME VS WEAD AT NODE MUMBER 85 L—'
0.1000E+01 0.0DXICE+0D 0.2000E+01 0.0000£+00 0.30008+01  0,0000E+00 0.40008+01 9, 0000E+00

0,50006+01 0.0000€+00 0.40008+01 0.0000E+00 0.7000E+01  0,0000E+00 0,8000E+01 0.0000E+00 | P

0.9000E+01  0.0000E+00 0.10006+02 0.D000E+00 0.11006402  0,0000E+00 0,1200€¢02 0.0000£+00 1

0.1300E+02 0.0000E+00 0.1400E«02 0,0000£+00 0,15002+02 0,0000E+00 0.1500E+02 0.0000E+00 H
0,17006+02  0.00D00E+00 0.1800E+02 0.0000E+00 0,19006+02 0.D000E+00 0.2000E+02 0.0000E+00
0,21006+02 0,.0000€+00 0.2200£+02 0.0000E+00 0.2300E+02 0,0000E+00 0,2400€+02 0.0000E+00

0,2700¢+02 0.00006+00 0,2800E+02  0,00QCE-00

0.2600E+02 0.0000£+00 »
0. 3100802 0, 0C00€+00 ‘

0.J000E»02 0.0000E+00

0.2500¢+02 0.0000€+00
0.2900€+02 0,0000E«00

T e e e - e T e e e Tt - Y R T U TR il




A . ' Trarsport similation from 1 Oec 5 to 33 Dec 3
' 1 ’

o ' WASS TRANSPOR? SALANCE, CHEMICAL 1

“ene ssmasmmas d4vitams senscamn ww

— NOTE: Thasa “net® valuas are only for last cay of time atep
. | et dikpersive flus = ~0.1291E-2%
_j Nat advective flua » 0,39ME-12
B Nat rate of mess accunulation = -0,3664E-0%
Net cats of forsation = 0.0000E«00 .
Nat rate of mess decay * 0,3545E-03
MASS BALANCE ERROR = 0.9645€+07
MR NOBALIZED MASS BALANCE TRROR = 0. 1343£-01
h
!
!
e NOTE: Thess “cusulative® values are for the entire tine step
Cunilative ssss storags = 0.21188-02
Cumslative masa decay = 0.16348-03
p—— Cumslative Inflow mags = 0.3014¢-03
! Cumulative outtiow mass « 0.19542-02

Lo

ANWUAL SUMMARY OF CLMULATIVE COMCE

assanw ré4SASs Sa asussssesss ammm

NCTE: Thess "cumilative® values ere yesrly sumseries

Y
\ Anrusl cusslative mags storage » 0, 19902-01
Arrual cumilative mase decky & 0.20728-02
1 Arral cusulative inflou sess = 0.21168-0)
Arrual cumulative outflou mess » 0.38042-01
o -~ ! TINE ¥S CONCENTRATION AT NOOE MMRER 1
. - 0.1000€+01 0,1407E-05 0.20008+01 0,14098-0% 0.30008+31  0,14042-03 0,40008+01 0.9942E+08
S : 0.5000€+01 0.5018L-06 0,8000£+01 0.8029¢-04 0,7000E+01  0.8013%-04 0.8000€¢01  0,5823E-06
0.9000£+01 0,4482€-08 0,1000€+02 0.44900-04 0. 1T006+02 O,4481E-06 0. 12008402 0. J11%E-04
. . 0.13008+02 0,2041E-04 0.1400E+02 0.2088E-04 0,15008+02 0,26518-06 0,1400€+02 0,16968-04
D "'_ 0,1700€+02 0.13288-04 0.18008+02 ©,1339E-08 0.19006+02 0,13288-04 0.2000€+02 0.00T2E-07
T ! 0.21008+02 0. 70448-07 0.22008+02 0.7080€-07 0,23006¢02 0.70488-07 0,2400€+02 Q.4TT4E-0Q7
' ' L 0,2500€+02 0.ATYSE-O7 0,2600€+02 0.47082-07 0.2700€+02 0, J195E-07 0.28008402 0. 2049€-07
—d 0.2900€+02 0.2635E-Q7 0.3000€+02 0.2430£-07 0,31006402 0.2845E-07

-y
M ‘hd
1
!
g
TIME VS COMCEMIRATION AT WCOR WBER 11
- 0.1000€+01 0,10152-05 0.20008+01 0.1609€-0% 0.3000£+01 0.1B04E-05 0,4000£+01 0.1381E-03
. 0,3000€+01 0.10432-05 0,60008+01  0,1038€-03 0.7000E+07 (. 1034803 0.8000£+01 0.7T388-05
0.90006+01 0,3898£-08 0.30008+02 0,58508-04 0,1100€+02 0.58348-06 012006402 0.4333E-06
= 0,13000«02 0.32022-04 0,14008+02 0,3285E-04 0.15008+02 0,3238¢-04 0.1600E+02 0.2403E-04
0.1700E+02 0, 1T9TE-04 0.1800€+02 0, 17BBE-04 0,1900€+02 0, 1784E-06 0.2000£+02 0.1304E-04
0,2100E+02 0.9TOLE-07 0,22008+02 0.98482-07 0.23006+02 0.9629E-07 0,2600E+02 0.7009€-07
[t 0.2500e+02 0,49682-07 0.25008+02 0,48754E-07 0.2700€+02 0,4¥23E-0T 0,2800€+02 0.33648-07
0.29006+02 0.35432-07 0.3000£+02 0.)I38£-07 0.3100€+02 0,3529¢-07
ot TIME VS CONCENTRATION AT NCOE MUER 24
0.1000€+01 0,11782-03 0,2000E+01  0.1195E-03 0.3000E+01 0.11928-03 0,40008+01 0.1119€-03
177 0.5000E+0% 0,1031E-03 0.4C00E+01  0,104PE-03 0. 7000E«01  0,1047E-03 0.80008+01 0.98448-04
1 0.9000€+01 0.92688+04 0.1000€+02 0.9P2AAE+04 0.11006+02 0.9223E+04 0.1200€+02 0.8492€-04
. 0.13006+02 0,81938-04 0.14006+02 0.8171E-04 0.15006+02 0,8t53E-04 0.1600€+02 0.7693£-04
e 0.17008+02 0,7257¢-04 ¢ 0,38008+02 0,7IIVE-04 0.1900E+02 0, 72248-04 0.2000E+02 0,54208-04
0.21008+02 05439804 0.2200£+02 0,5422€-04 0,2300£+02 0.4409E-04 0,2600E+02 0.6054E-04
0,25006+02 0.4039E-04 0,2500€+02 0.6027E-04 0,2700£«02 0.54%E-05 0,2800£402 0.5379E-04
0.2000£+02 0.33442-04 0.3000E+02 0,3333E-05 0.31006+02 0,5344E-04

2

TINE VS CONCEMTRATION AT WXOE wawdER  BS

BrsssszsssssacsannerrsurysassssanaS

0,10008+01 0.2817€-03 0.2000€+0 0,28708-03 0.3000E+01  0,280%E-0% 0,4000¢+01 0,2871€-03
0.50006+01 0,2530¢-03 0,6000€+0% 0.2533E-03 0,7000€+0t  0.2528¢-03 0,8000¢+01 0.2403Z-03
t 0,90008+0t 0,2281€-03 0.1000€+02 0,2275E-03 0.11008+02 0,2270€-03 0,1200€+02 0,2135¢-03
1 0.13008+02 0,2043€-03 0.1400€+02 0,2038¢-03 0,1500£«02 0Q,)034¢-03 0.1600€+02 0.1929€~03
. Q.17008=02 0,18206-03 0.1800€+02 0.1823E-03 0.19008«02 0.1819€-03 0,2000£¢02 0, 1724£-03
0,2100¢+02 0.16326-03 0,22006+02 0.1528€-03 0,2300E+02 0.1823€-03 0.24008+02 0.1539€-03
0.2300E+02 0, 1533€-03 0,24008+02 D, 1532€-03 0,2700E+02 0.1430£-03 0.2800E+02 D0.1372£-03
0, 2P00E+02 0.1549¢€-03 0,30006+02 0.1354E-03 0.31008-02 0,1363£-03
]
; Transport simutation from 1 Dec % to 31 Dec 5
MASS TRANSPORT BALANCE, CHEMICAL 2
. WOTE: Thase “net™ vaiues are only for lest day of time step
Ngt dispersive flun « 0.35526-23
- Mot savactive flux = 0,5308E-15
Nat rate of mess scoumulation v -0.TATBE-08
Mat rats of formation = 0.0000£+00
Wt race of mass ccay @ 0.7N7E-08
[ MASS BALAMCE ERROR 0.1505E-09
: \ HORMALLZED MASS BALANCE ERRON = 0,1029€-01
1

PO



WOTE: Thess *cusulative™ values sra for the entire time step
Cusulative mass storags « 0.2637E-05

Cumulative mess decsy 0,2758E-08
Cumylative infiow mess 0.34752405
Cumulative outtlow mass » 0.38326-05

ANMUAL SUMMARY OF CLMULATIVE CONCENTAATIONS

sssase sesssen me wwesbssnsa wsenssama

NOTE: Thise “cumulative” values are vnrlyz_rln

Anual cumutstive mass atorage = 0.2059€-04
Arvual cumilstive mess decay ® 0.3450€+0%
Al cumulative Inflou mass » 0. JAPE-04
Arruat comyiative outflow mass = 0,54388-04

TINE ¥3 COMCEWIRATION AT NCDE NUWBER 1

diAsssmsmsssmssteeNETRaN TRk b ERbaS

0.1000€+01 0.1315E-06 0.2000€+01 0,1510€-04 0.3000€+01 0.1507TE-04
0,3000€+01 0.1481E-06 0,40008+01 0.1478£-08 0,7000E+01 0, 1473E-08
0.9000E«01 0, 14428-06 0.10008+02 0,1438€-05 0.1100£+02 0Q.1455E-08
0.13006¢02 0, 1454806 0.14006+02 0, 1459€-05 0.15008+02 O, 1456E-08
0,17006-02 Q.1423E-06 0,18006+02 0.14432-05 0.1900E+02 O, 1480£-08
0.2100€+02 0.1537¢-06 0.,2200€+02 0.1531E-04 0.2300E+02 0.1528E-08
0.2500€+02 0.1407804 0.26006+02 0. 1604E+04 0.2700£+02 0.1280E-04
0.Z9006+02 0.1437E-08 0.3000€+02 Q. 1454E-04 0,3100€+02 0.14518-04

TIME VS COMCEMTRATION AT WIDE MUNSER 11

e L LT LTI}

0,10008+01 0.1477E-08 0,20008¢01 0.14T4E-05 0.3000£+01 O, 14T1E-08
0.50008+0 0.1434E04 0.4000€+01 0.1433€+04 0.7000€+01 Q.1431E-0&
0,90008+01 0.1412E-06 0,10008+02 0.1409€-05 0.1100€+02 0.1406£-06
0.13006+02 0.1405E-06 0.14006+02 0. 1403804 Q.1500E+02 0.1400K-06
0,17006+02 0. 14319€-06 0.1800802 0.1417€-05 0.1900E+02 0,1414E-06
0.21006+02 0.1437E+04 0.2200€+02 0.1454€+04 0,23008+02 D.I451E-06
0.25008+02 0.1436E-06 0,26008+02 0,1433E-08 0.2700E+02 Q.1353E-06
0.20006+02 0.13NE+06 0.30006+02 0.139IE-06 0.31008+02 0.1382£-06
TIME S COMCEMTRATION AT NCDE wuwmERx 24
0,1000¢+01 0.2545E-06 0.2000€+01  0.25388+04 0.3000€+0%  0.2533€-04
0.30008+01 0.22928+0& 0.40008+01 0.22048-08 0.7000€+01 0,2241¢-04
4,90006+Q01 0.2114E-06 0.1000€+02 0,2109€-08 0.11006+02 0.21052-04
0.1300€+02 Q. 19RE+06 0.14008+02 0.1979€-08 0.1500€+02  0,1976E-04
0.1700£+02 0.1887E-D6 0. 1000802 0.18%28-08 0.1700€+02 0,1879€-0
0.2100¢6+02 0.1815E-04 C.22006+02 0.1811€-06 0.23008+02 0,1807E 06
0.25006402 0.1779€-08 0.26008+02 0,17758-08 0.27006+02 0,17328-08
0.29006+02 0,1725€04 0.3000£+02 0.1722E-08 0.31008+02 0, IT1PE-08
TIME VS CONCERTRATION AT wODE wumath 83
0.0008+01 0.2479€-04 0.2000€+01 0.2574E-04 0,30008401  0.2648E-08
0.50006+0) 0,27028-08 0.4000€+01 0.2497E-06 0.70008+01  0Q,25028-08
0.90006«01 0,2547E-08 0.10008+02 0.25618-08 0.11006+02 Q.26568-08
0,1300¢+02 0.25928-04 0.1400€+02 0.2384E-04 0. 15008+02 0.2581E-04
0.17008+02 0.2475E-04 0,18006+02 0.2,90£-08 0.19008+02 0.2483E-04
0.21006+02 0.2390€-04 0.22008+02 0, 23848-08 0.2300€+02 0Q.23802-05
0.25006+02 0,2325£-08 0.256008+02 0.2322£-06 0.270E+02 O0,2274E-08
0.20008+02 0.2223E-04 0.3000F+02 0.2213£-08 0.3100E¢02 Q.2214E-08

Teansport simlation from Y 0ec 3 to 31 0ec §

FASS TRANSPORT BALAWCE, CHEMICAL 3

wews twdbermms éSMEEaE suswmses wa

MOTE: Thesae “rat values are onty for isat day of time itep

Net disparsive flun = ~0.bk50E-22
Net sovective flur » 0.8429€-13
Net rate of mass accumulation s -0, \274E-05
Wet rate of formation = 0,0000£+00
Net rate of mass decsy 0.1252¢£-0%
MALS BALAKCE ERROR w 0, 211107

MORMALIZED WASE BALANCE ERROR o 0,B352£-02

NOTE: These “cumulative® values are for the entire tima step

Cumiiative mass storage » 0.2897%-03
Cumulative mass decay & 0.3780E-04
Cumlative inflow mass » 0.38848-03
Cumylagive cutfiow mass = 0,56339€-03

0.4000€+01
0.80008+01
0.1200€+02
0.16008+02
0.20006+02
0,24008+02
0.2800€+02

0.40008+01
0,80008+01
0.12008+02
0. 1600€+02
0.20008+02
0,2400€+02
0.2800€+02

0. 1412804
0, 1380€-04
D.1385E-08
0, 13482-04
0.1592E-06
0,1430¢-04
0.1394E-04

0.2401€-04
0.21918-04
0.20408-05

0.2228804
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ANNUAL SnelARY OF CUMULATIVE CONCENTAATIONS

Audsms LsaEBEE 82 AGEILAEAE Asbbdtbminavan

WOTE: These “cumuletive” values are yearly sumariss

Anrnial cumulstive sass sxorage »
Annual cumilative mass decay =

Anrual cusulative Inflow sese a
Arval cumulstive outflow mess »

TINE ¥S CONCENTRATION AT WODE MUNEER

ArtEssEEssssmsssssseTsEstEERanananS

0.1000£+01 0.3409¢-04 0. 2000€+01
0.50006+01 0.34T0E-04 0.4000€+01
0.9000£+01 0.3718E-04 0. 1000E+02
0.1300€202 0.3748%+04 0, 14008 +02
0.17008+02 0.3785K-04 0. 1200€+02
0.21008+02 0,3743E-04 0.2200€+02
0,25008+02 0,34788+04 0, 26008+02
0.2900€+02 0.38458-04 0.3000€+02
TINE VS COMCENTRATION AT NCOE NUMSER
0,10008«01  0,33458-04 0,20008+01
Q.5000€+01  0,3609E+04 0.8000€+01
0,9000€+01  0.346406-04 0. 10008+02
Q.13008402 0.3498E-04 0. 1400€+02
0.1700€+02 0, 3T21E-04 0.1800€02
0.21008+02 0.3727E-04 0.2200€+02
0,25008+02 0.34938-04 0. 2600F+02
0.2900€+02  0.3429€04 0,30008+02
TINE VS CONCENIRATION AT NCOE MUMBER
0.1000£+01 0,3119€-04 0.2000£+01
0.3000€+01  0.31498-04 0.8000€+01
0.9000€+01 0Q.3190€-04 0.1000£+02
0,13008+02 0.32J4E-04 0.14008+02
0.1700€+02 0.3275E-04 0.1800E+02
0.2100€+02 0.3313E+04 0, 22008+02
0,2500+02 0.33188-04 0.2400€+02
0.29008+02 0.333%€-04 0.30008+02

TINE VS CONCENTRATION AT NCOE WUMBER
0.10002+07 Q.23968-04 0.20008+01
0.3000E+01  0.2562E-04 0.6000€+01
0.9000£+01 0Q.2719€-04 0. 1000662
0.13008+02 0.27738-04 0. 14008402
0.17008+02 0,28218-04 0,1800€+02
0.23008+02 0.2B47E-OL 0.22008+02
0,2500£+02 0,J879E-04 0,2800€+02
D.2000E+02 0,2923L-04 Q.3000£+02

0.31038-02
0.37128+03
0.3182£-02
0.3907e+02

EE:E?EE_
FRRRERR?R

)

as

0,2591E-04
0.2837E-04

0,2700E+02
0.3100€+02

0,30008+01
0.7000E+01
0,11008+02
0. 15008+02
0, 157006+02
0.23008+02
0,2700E+02
0.3100€+02

0.30C0£+01
0.7000E+01

0,31008+02

0.3593¢-04

0.34312-0k

0,3531E-04
0.35952-04
035648804
0, 3684E-04
0.5708£-04
Q.37138-04
0,343TE-04
0.35148-04

0.3107¢-04
0.3137E-04
0.3177€-04
0.3221E-04
0,3243¢8-04

0, 2585804
0.2651E-04
0.2709€-04
0. 2761804
0.28106-04
0.2B36E+04
0.2901E-04
0. 2011804

0,4000€+01
0.8000£+01
0. 1200€+02
0, 16006402
0.20008+02
0,26008+02
0.2800€+02

0.35548-04

0. J126E-04

0, 2A23E- 04
0.2684-04
0.2741E-04
0,2791E-04
0,203VE-04
0.,28840E+04
0.2ViBE-04




Fairways Scenario «» Tst Three Pesticides
{chlorpyrifon, bensulide, metalsxyl)

Flow simulacion from 1 Jan % to 31 Jn §

Transport simuistion from 1 Jan 5 to 31 Jan

Tramsport aimlation from 1 Jen 3 to 31 Jan

Trensport simulation from § Jan 3 to 31 Jan

Flow simation from § Feb 5 to 28 Feb §

Transport simuistion from 1 Feb 3 to 28 Feb

Tranaport simulation from 1 Feb 3 to I8 Feb

Tramport simulation from 1 Fab 3 to 28 Feb

Flow simulation from J Mar 5 to 31 Mar §

Trampart s{suyistion from 1 dar 5 to 3 Mar

Tramsport simuistion from 1 Mar 5 to 33 Mar

Transport sieulation from 1 Mar 3 to 31 Mar

Flow similation from 1 Apr 5 to 30 Apr §

Teamport simulation from 1 Apr S to 30 Apr

Transport afmylation from 1 Apr 5 to 30 Apr

-

Trensport simulation from Y Apr 5 to 30 Apr

Flow siriation from 1 My % to 31 May 3
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Trarwport similstion from 1 May 5 to 31 May 5

Teanaport almilstion from 1 May 5 to 31 May §

Trarmport simulstion from 1 May 5 to 3% may 3

Flow simylation from 1 Jun 5 to 30 Jun &

Tearapore simiintion from Y Jun 5 to M Jun §

frensport simuiation from 1 Jun 8 to 0 Jun §

transport simulstion from 1 Jun S to 0 Jun §

Flow simulation from 1 Jul S to 31 Jul %

Trarmport slmulstion from § Jul 5 to 3t Jul 3

Transport slmilation from 1 Jul 5 to 31 Jul 3

Trargport slmilation from 1 Jul 3 te 31 Jutl

Flew simulation from T Aug 5 te 31 Aug 3

Trarsport similation from 1 Aug 5 to 3t Aug

w

Tramsport simulation from 1 Aug 5 to 31 Aug

Tracmport simulation from 1Aug 5 te3lag 5

Flow simulation from 1 Sep 5 to 30 Sep &

Trensport sisulation from 1 Sep S to M Sep §

fransport simulation frow 1 Sep 3 t0o 30 2ap §

Transport simylation from Y %ep S to 30 5ep §

Flow simulstion from 10ct 5 to 31 Oct 5

Trensport simylstfon from 10ct % to 3 Oct §

Trarapore simulation from 10ct § to 31 Oce 8

Trarmport simulation from 1 0ct 5 co M Oet §

Flow simulation from 1Moy 5 ta 30 wov 5

Tracsport simulatfon from 1 Nov 5 to 30 wov §

Trensport sisulation from § Wev 5 to 30 Wov §

framspory sfmulation from 1 Nov 5 to 30 Nov §

flow sisulation from $ Dec 5 to 31 Dec 5

FUMWARY OF YOLLMETRIC FLOW BALANCE CUTRUT

ansssass - PrTRTTy

Elspsed similation tiem = 0,31002+02

Cureant value of tise Increment = 0,10006+01

Fluld flux value at Flrst noce s -0,.08988-13
Fluid flux value at last roce = -0, 7304E-10

NOTE: These "net™ values are only for last cay of ties step
Net value of fluld flux » -0, 7896E-10

Net rate of volumetric storage = +0,7395E-10

FLOJ RALANCE ERROR s +0,5007TE-11

NORMALIZED BALANCE ERROR = -0, 32T3E-00

NCTE: These "cumulative™ velues are for the entire tiee step
Cussilative volumetric storege o +0,1233£-02

Cumjlative inflow volume « 0,4323E+03

Cumulative outflow volume = =0.43198+03




TIME ¥E HEAD AT WOOE WJWIER 1

sesasermaitsmsanssanTitasan ,

0.1000E+01 +0,34788+03 0.2000£+01 -0,3540€+03 0,3000E+01 «0.35408+03 0.4000E+01 ~0.3478E+03
- 0.5000E+0Y ~0.34T8E+03 0,560008+01 -0,3540E+03 0.7000E+01 -0.3540€+03 0.8000€+01 -0, 3T5E+03
0.9000€+07 +0, J4TBE+03 0.1000€+02 -0.3540E+03 0.1100E402 -0,33408+03 0.12006+02 ~0.3478E+03
0,1300€+02 -D.34TEE+03 0,1400€+02 -0.3540E+03 0.1500€+02 -0.3340€+03 0.1600E+02 -0,347TBE+03 —
' 0.1700€+02 +0,347BE+03 0.3B00E+02 -0.33406+03 0,19008+02 «0.3540€+03 0,2000€+02 -0,34TRE03
0.21008+02 ~0.34T8E+03 0,2200€+02 -0.35408+03 0.2300£+02 -0, 3340603 0.2¢00E+02 =0,34TBE+03
0.2300€+02 -0.35408+03 0,2600E+02 -0,354L08+03 C,2I00E+02 =0.34TBE+03 0.2800E+02 -0.34788+03
0.2900£+02 -0,35L0€+03 0.3000E+02 ~0.33%60+01 0.3100E+02 +0,35408+03
TIME VS NEAD AT NCOE MUSER 11 . —
0.1000€+01 -0,3373E+03 0,2000E+01 -0.34408+05 0,3000E+01 -0, 3440803 0.4000€+01 -0,IIVIE03 v
: 0.5000€+01 +0.XIVIED3 0.5000€+01 =0.34408+03 0.7000€+07 -0, 34406403 0.8000€401 ~0,3375E+03
0,9000E+01 -0.3375E+03 0.1000€+02 -0, 3L40E+03 0.1100€+02 +0,3440€+03 0.1200E+02 -0.53375E+0)
0.1300£+02 -0.3303E+03 0.1400€+02 -0,3440E+03 0.13000+02 -0.3400E+03 0.1600£+02 -0.3303E+03
0.1700€+02 +0,3375E+03 0,1600€+02 ~0.3440€+03 0.1900€«02 +0,3440E+03 0,2000E+02 +0,3395E+03 -
0.21008402 -0, 3305E+03 0.,2200€+02 -0.3440€+03 0.2300E+02 ~0.34408+03 0,2400€+02 +0,3395E+03 )
0.25008+02 -0.3450€+03 0,2600€+02 +0,3440E+0) 0,2700E+02 -0.3305E+03 0.2000€+02 -0.3393¢+03 .
0,20008+02 -0 J400+03 0,30006+02 ~0,34640E+03 0.31008+02 -0,34408+0) v
TINE VE EEAD AT MDDE WpRER 724 i
0.1000€+01 -0.3011E+03 0,2000€+01 =0,30500+03 0.3000£+01 -0,3050£+03 0.40001+01 ~0.3011E+03 . s
0.5000¢+01 ~0.30116+03 0.40008+01 -0.3050€+03 0.7000£+01 -0.3050€+03 0.B000E+01 -0,3011€+03 "
0.9000€+01 +0,3011E+03 0,3000€+02 -0.3050€+03 0,13008+02 +0,3050€+03 0.1200€+02 -0,3011E+03
0,13008+02 -0.3011€+03 0.1400€+02 ~0.30506+03 0.15008+02 -0.3050E~03 D.1500€+02 ~0,3011E+03
. - 0.1700€+02 +0,3011€+03 0,1600€+02 -0.3050€+03 0. 1900E+02 ~0,3050€+03 0,2000E+02 0, 3011E+03 —
" v . 0,21006+02 -0.3011€6+03 01,22008+02 -0.3050£+03 0.2300€+02 -0.3050€+01 0,24000€+02 <0,3011E+03 '
. e 0.2500€+02 -0, 3050€+03 0,26006+02 -0.3050¢+03 0,2700€+02 -0,3011€+03 0.2800€+02 +0.3011E+03
0.25008+02 -0.3050¢+03 0.3000£+02 -0.3050€+03 0,3100€+02 -0,3050€+03 e

TIME VS HEAD AT MOOE MMSER 33
.. -~

ssssssessesmscnubden

0.1000¢+G1  0.D00OES00 0.2000E+01 0, 0000E+00 0.3000E+01  0.0000€+00 0,4000€+01  0.0000E+00 .
0,3000E+01  0.0000€+00 0,5000€+01  0,0000+00 0,70006401 0, 0000E+00 0.8000E+01  0.0000E+00 et

D.FO0DE+O1  0,0000€+00 0,10006+02  0.0000E«00 0.1100€+)2 0.0000€+00 0.1200€+02  0.0000E+00

. 0,13008+02 0.0000E+00 0.1400€+02 0,0000€+00 0,1500€+02  0.0000€+00 0,16008+02  0.0000€+00
. : 0,17008+02 Q,00008+00 0.18006+02 0.0D000£+00 0.1700E+02  0.000GE+00 0.2000€+02  0.0000€+00 -
ot ' : 0.2100€¢02 0.0000¢+00 0,2200€+02  0.00008+00 0.23008+02  0,0000€+00 0.2000E+02  0.0000E+00 Lo
' 0.2500€+02 0.0000£+00 0.2600€+02 0,0000€+00 0,2700£+0Z 0. 0000E+00 0.28006+02  0,0GG0E+00 .
0,2700€+02  0.0000E+00 0,3000€+02  0,0000€+00 0.J100£+02  0.0000£&+00 Yt

L
[
ot
—
' .
} Y
! Traraport simulation fron 1 Dec 3 to 3T Dec 3
: -
‘P MASE TRANTPORT BALAMCE, CHEMICAL 1 .o
i eess smammemts Sesammus secemman mw -
NOIE7 These ®ret™ vaiues are only for Last day of time step
Nex claparsive flux = 0,0000€+00
Net sdvwctive flux » 0.0000E+00 p—
Nat rate af sk sccumulacion = 0,00008+00
uet rate of formation = 0.0000€+00 :
Net rate of mess decay ¢ 0,00006+00 i
MASS BALANCE ERROR = Q. 0000E «00
NORMAL[ZED MASS BALANCE ERROR » 0.D0COE+00
.
j—
WOTE3 These "cumilative” values are for the mntire time step !
Cumulative mess atorage ® 0,0006¢+00 L
tumulative mess decay 0.0000E +00 C. —
Tumulative inflow mess = 0.00008+00
Cumglative outflow mass = 0.00008+00
o~
AMWUAL SUURY OF CLMULATIVE COMCEMTRATIONS i :
—
. NOTE: These "cumulative™ values ere yesrly sumaeries ,
Amusl cumulative mess scorage = 0.00008+00 i
Annusl cumulative mess decay » 0,0000€+00 R
Annusl cumuletive inflow mess » 0.00008+00 s
Arnual cumsletive outflow mass = 0.0000Z+00 i '; i
L

TIME VS CONCENTRATLOM AT NOOE NUMBER 1

asamssrrrswtirisasnsssssraannscanure

0,1000E+Q¢  ©,0000€+00 0.2000£+01 0.0000£+00 0.3000€+01 0,0000E+00 0.4000E+0%  0.0000E+00 ,“ ! H
0,5000E+01 O, 0000E+D0 0.6000£+01  0.0000E+00 0.7000E+01  0.0000€+00 0,8000€+0%  0.0000E+00 j H
0,9000€+Q  0.0000E+00 0.1000£¢02 0.0000E«00 0.1100€+02 0,0000L+00 0.1200E+02 0.00008+00 L i
0,1300€+02 0.0000E+00 0.1600E«02  0,0000€+00 0.1500€+02  0,00U0E+00 0.1600€+02 0.0000E+00
0.17008+02 0.0000E+00 0.1800€+02 0.(QC00E«00 0.1900E+02  0.0000€+00 0.2000£+02 0.0000E~00
0,2100E+02  0.0000E+00 0.2200E+02  0.0000€+00 0,2300E+02 0.0000E+00 0.2400€+02 0.0000€+00
0.2500€+02 0,0000€+00 0.26006+02  0.0OOOE+0D 0.2700E+02  0.0000£+00 0.2B00E+02 0.0000E+00 [
0.2900E+02 0.00008+00 0.3000E+02  0,00008+00 0.3100€+02 0.0000E+00 M .
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TINE VS CONCENTRATION AT MODE WUMBER "
0.1000€+03  0.0000€+00 0.2000€+01  0.0000£+00 0.3000e+01 0,0000£+00
0.5000€+01 0.0000E«00 0,60008«01 0,.0000£+00 0.70002+0%  0,0000£+00
0.9000£+01 0.0000€+00 0.1000€+02 (.0000E+00 0.1100E+02  0,0000€+00
0.1300€+02 0.0000E+00 0.15006+02  0.0000€+00 0.1500€-02 0,0000€+00
0,17008+02 0.00008+00 0.1800€402  0,0000£+00 0.1900€+02 0.0000€+00
0.2100¢+02 0.0000€+00 0.2200€+02 0.0000€+00 0.23006402 0.0000E+00
0,2300€+02 0.0000E+00 0,26000€+02  0,0000€+00 0 2700e+02  0.0000E+00
0.20006+02 0,0000€+00 0.J000€+02 0.0000E+00 0,3100£+02 0.0000£400

TINE VE WI:EIT tlm AT MOOE WUMBER 24
0. 1000€+01 0, 0000£+00 0.3000E+01  0.0000¢+00
0.50008+08 1, 0000 +00 0.7000E+01  0.D000E+0C
0. 7000801 0,00008+00 0.1100E+02 0.0000+00
0. 13008+02 0.000DE+00 0,15006+02 0,00008+00
0. 1T00E+02 0, 0000£+00 0.1900€+02 0.0000¢+00
0.2100E+02 0, 0000€+00 0.Z3008+02 0.0000€+00
0, 2300E+02 0.0000¢+00 0.27006+02 0.0000€+00
0.20008+02 0.0000€+00 0.3100€+02 0.0000¢+00
0.1000€+01 0,0000€+00 0.3000E+01  0,00006+00
0.5000€+01 0,0000£4+00 0,7000€+01  0,0000£+00
0.%000€+01 0.0000E+00 0.11006+02 0,0000£+00
0. 13008+02 0.0000E+00 Q. 1500€+02 0.0000€+00
0.17008+02 0.0000€+00 0,1900E+02  9,0000€+00
0,2100€+02 0.0000€+00 0.23006+02 0.0000€+00
0.2500€+02 0.0000€+00 0,2700E+02 0.D00CE«00
0.29008+02 0.0000E+00 0.3100£+02 0,00008+00

Trensport simutation from 1 Dec 3 to 31 Dec 5
WASS TRANSPORT BALANCE, CHENICAL 2

WOIEZ These *rat* values are only for last day of time step

Net dispersive flux = 0.13948-23

Nat acvactive flux = 0,1578€14

Nat rute of mass scoumulation a -0,3439€-07

Wst rete of formation = L, 0000€+00

Net rate of masn decay = u.ssm-or

KASS BALAMCE ERROR = 0.81242-09

NORMALIZED MASS WALAMCE ERROR » 0,8083E-02

WITE: Thess *cusulstive® values are for !ht entire time step

Cumulative mess storsge = 0.54%

Cumulative mass cecay = Q. 1105!-05

tumalative Inflow sass » 0.70138-0%

Cumitative cutflow mess = 0, J1SSE-0h

ANNUAL SUMBARY BF CUMULATIVE MITHTIN!

NOTE: These "cumulative® values ars yurl.v suwaries

Anrual cumulstive mets storege = 45608 -0k

Anrual cumulstive mess decay = 0.739%44-03

Anvual cumatative Inflow mass = 0,67828-04

Annual cusulative outflow sess = 0.10662-03

TINE ¥E CONCENTRATION AT %COE MUMRER 1
0.1000€+01  0.1040€-0% 0.2000€+01 0.1038¢-0% 0.3000E+01 0.3036+0%
0,50008+01  0,1040E-08 0.40008+01 0.10382-0% 0.7000€+01 0.1036E-0%
0,9000€+01 0.1039¢-0% 0, 10008402 0,1037TE-05 0.11008+02 0,1035€-05
0.13006+02 0,10398+05 0.1400€402 0.1037¢-0% 0,15008+02 0, 1035E-0%
0.1700€+02 0.10358-0% 0,18000+02 0.7035£-0% 0.19008+02 0.1034E-05
0,2100€+02 0,10388-05 0.22006+02 0.1033€-0% 0,2300€+02 0.1013€-05
0,25008+02 0Q.10288-0% 0,26006+02 0,1024€-05 0,2700E+02 0,10188-05
0,29008+02 0,1024E-05 0.3000¢+02 0. 1022€-05 0.31008402 0.1020€-05

TIME VS COMCENTRATION AT NOOE NUMIER 11
0,1000E+0V  0,1033E+05 - 0,20006+01  0.1031E-05 0,30008+01  Q.1028E-0%
0.5000E+0%  0,1032E-0% 0.560006+01  0.1030€-05 0.7000€+01 0.1028E-05
0.90008+01  0.1031€-05 0.10006+02 0.1029€-05 0.11008«02  0,1027E-05
0,1300E+02 0.1031£-05 0.1400€+02 0, 1029€-05 0.1500E+02 0, 1027E-05
0.1700£402 0,10306-03 (. 1800£+02 0O, 1028£+0% 0.19008«02  0,1028€+0F
0,2100E+02 0.1030E-05 0.2200E+02 0,1028€-0% 0.2300€+02 0,1028€-0%
0.2500€+02  0.1026E-03 0.26008=02 0,1022€+0% 0.27008+02 0,.t020E-05
0,2P00E+02 0,1018£-05 0.3000€402 0.1016£-05 0.3100E+02 0Q.1015E-05

0,4000¢+01

0,2800E+02

0,4000€+01
0.8000€+01
0. $200€+02
0. 14008402

9. 2&00!002
0.2800€+02

0, 4000€+01
0.8000E+01
0. 1300€+02
0. 1500€+02
0. 2000802
0. 2400802
0.25008+02

0.4000E~01
0,5000E+01
0.1200€+02
0.1600€+02
0.20008+02
0.2600E+02
0.2800E+02

0, 00008 +00
0,0000£+00
0,0000€+00
0,0000£+00
0.000GE+00

0 0000E+00

0,0000€+00
0, 0000€+00
0.,0000€+00
0.0000€+00
0, 00008 +00
0,00008+00
0.0990£+00

Q.10318-05
0.1031E-0%
0.10308-03
0,10308-05
0102805
01028803
01024803

0. 1029€-05
0.10292-05
0,1028€-05
Q.10288-0%
0.1027¢-03%
0,1025€-0%
0.10206-05




TIME VE CONCENTRATION AT NOOE NUMBER

ssmssessmarmrtiaannsraniASansaRERdTy

0.1000€+01 0. 95138-05
0.50006+01 0.94B1E-04
0.00008+07  0,9440E+04

0.2P00€+02

0.2000€+01
0,4000€+01
0.7000€+02
0. 14008402
0.71800€+02

TIME VS CONCENTRATION AT MOOE WUMEER

. emamztsssesersutisANESeRRTRR iR REeS

0.70006+01 D.B1288-04
0.5000£+01 0.82158-08
0.9000£«01  0.8271€-06

0.2000€+01
0,60008+01
0.10008+02
0.1L00€+02
0,1800€+02
0.22006+02
0.2500€+02
0,30008+02
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0.2700E+02
0.3100E+02

0.947IE-04
0.94448-06
0.5423E-06
0. 94128-06
0.9607E-08
0.04062-06
0.96068+ 08
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transport sisulation from 1 Dac 5 to 31 Dec 5

MASS TRANSPORT BALANCE, CHEMICAL 3

amms ammtibsss seasessd sSasssswm =l

Net dispersive flun s

Het sdvective flux » 0. 15781-14
Nat rate of saas sccumulation s +0.3839¢-07
Net rate of formetion = . D000 +00
Nat rete of mass decay = 0.3578¢-07
MAES BALANCE CAROR = 0,6124E-09

NORMALIZED MASS BALANCE ERROR = 0.8485E-02

WOTE: These "nat* values are onty for last day of time step
0.13%E+23

WOTE: These “cumulative® values are for the entire time step
0.5439€-05
0,1108£-0%
0.70138-05
0,1155E-04

Cumilative meis storege =
cumilative mats decay =

Cumutative Inflow s =
Cumulative cutflow mess »

AMUAL SUUART OF CUPRRATIVE COMCENTRATIONS

esmazs VAEEEme aE TEisEmESEe samdtérsamceus

ROTE: These "tumilative® values sew yesrly sumacies

Anousl cuslative maas storape ©
Arral cumlative mass decay &

Arnasl cumulstive infiow mes v
Anrual cumyiative outfiow mess »

TINE VS CONCENTRATION AT WOOE NUMEER

0.1000¢+01 0. 1040€-05
0,5000€+Q1 Q. 1040€-05
0.9000¢+07  0.1039€+03%
0.1300€+02 0.1039E-05
0.1700€+02 0.10382+0%
0.2100€+02 0.10382-0%
0.25006+02 0.10258-03
D.ZP00E+02 0.1024E-03

0.20008+01

TIME VE CONCENTRATION AT NCDE WMBER

essmndmrancnsne

0.1000¢+01  0.7033€-0%
0.5000E+01  0.1032E-0%
0.9000£+01 0,103E-05
0.1300E+02 0,1033E-03
0.1700€+02 0,1030€-05
0,2100€+02 0.1030¢-05
0.25006+02 0.1024E-05
0.20008+02  .101BE-0%

P P T T

0.2000€+01
0.46000E+01
0, 1000E+02
0. 1400€+02
0.1800€+02
0,2200€+02
0.2500€+02
0.3000€+02

TINE VS CONCENTRATION AT NOOE MUMEER

0.1000E+01  0,9513E-04
0.5000£+01 0, 81E-08
0.9000E+01 0, 9440€-06
0,13006402 0,F449E-06
0.17008+02 0,Pe44E~08
0.2100E+02 0, 9443E+08
0,35006+02 0.9506E-04
0.2900E+02 0.9405E-04

0.20008+01
0.5000€+01
0. 1000£+02
0.1400€+02
0,1800€+02
0.2200€+02
0,2600E+02
0.3000€+02

0,4584E+ 06
0,7396E-05

-

Q. 102205

0.1031E-0%
0.1030£-05

0.1022£-05
0,1015£-05

0.3000€+01
0, TO00E+QY
0.1100€+02
0,1300£+02
0. 1900£+02
0.23002+02
0,27008+02
0.3300€+02

0.J000E+01
0.7000E+01
0. 1100€+02
0.1500£+02
0, 1900E+02
0.2300€+02
0.2700E+02
0,3100£+02

0.30008+01
0. 7000E+01
0.1100€+02
0. 1500802
0, 1P00E+02
0.2300E+02
0,2700E+02
0.3100€+02

0.103£-0%
0.10348-03
0. 1035€-0%
0.1033€-05
0. 1034808
0. 1033E-05
0.1018£-03
0.10208+0%

0.1028€+0%

0.6000€+0%

0,.&000€+01
0. 80006401
0. 1¢0E~02
0, 14600E+02
0,2000E+02
0, 2400€+02
0.2800E+02

0.947TE-08
0,9450€-04 '
0.9435E-04
0,942TE-06
0.9624E-04 p—
0.9424E-05 \
0. 9426€-08 '
—l
0.81568+04 '
0.82308-04 A
0.83062-04
0.8358¢-06
0. 8417E+06
0.5457€-06 ~
0., BASGE 08 .
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0,1031£-03 Yot
0.10318-05
0.1%%
0.10308-05
0,1020€-0% A
Q.10282-03 ' |
0.10284-03 —
L]
i !
0.10292-08
0.10298-03 -
0.10286-03
°'m§°,-§'°§
0.1027%-0!
0.1026£-05 f-'
0.10208-05 Ve
[
ot
i
0.977E-06 o
0,9430E-08 ey
0.9%33E-04
0.9427E-06
0.7424E-06 )
0.9624E-06 fort
0.946248-05 P
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TIME VS COMCENTRATION AT WCOE MOIER 285

amssasdttibmartttstatanaanRsantbnana

- |] 0.10008+01 0,8128£-04 0.2000E+01  0.8112€-06 0.3000E+01 0.8096¢-08 0,4&0002+01
f 0.50008+01 0.0215€-04 C.4000E«01 0.8199¢-04 0.7000E+D1  0.5183€-04 0.8000€+01
. ! 0.90008+01 0,8291E-06 0, 1000E+02 0.8275E-04 0.1100€+02 0.8259¢-06 0,1200£+02
0.13006+02 0.8356E-06 0.1400F«02 0,BMOE-04 0.1500€+02 0.B323¢-06 0.1500€+02
. 0.17006+02 0,B431E+04 0.15006+02 D.8IWE-08 0.1900E+02 0.83738-04 0,2000£+02
. — 0.2100€+02 (0.B456E-06 0.2200€+02 0.544L0€-06 0.2300€+02 0.84238-04 0.24008+02
. ' 0,2500€+02 0.B4&IE+04 0,2500€+02 0.8426E-06 0,2700E+02 0.84808-04 0,2800€+02
\'_ : ' j 0.2900£+02 0.B47T7E-CH 0.3000€+02 0.B5450E-00 03100602  (.8443E-04
. !
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fairvays Scenario == 2nd three Peaticides
12,4-0, trichiorfon, metribuzin
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Flow simalation from 1 Jden §todl Jan 5

Tronaport sisulstion from 1 Jan 9 to 31 Jen

"

teamsport simulation from 1 Jen $ to 31 Jan

w

Tremport simulation from tden 3 to 3 Jan

Flow simutacion from 1 feb S fr 5

Tramport simulstion from 1f¢p 5 to 28 Feb

w

tremport slmulation from 1 Feb 5 to 28 fad

fracaport vimulatlon frm 1¢ed 5 to 20 Feb

Ftow sisulstion from 1 Mer 5 to 3t mar 5

Tramport sieulation from 1 Har $ to 31 Mar

Traraport sisutation from 3 Mer 5 to 31 Mar

Tramport simulstion from 1 Rar $ to 31 Mar

Flow sfsulation from 1 apr 5 to 30 Apr 5

Trarsport sisulation from 1 Ape S to 30 Apr

Transport simulation-from 1 ape 3 to 30 Apr

tramport simulation from 1 apr 9§ to 30 Apr

Flow simulation from 1 May 5 to 31 May §

Trsnsport simulation from 1 May S to 31 Mey

Transpart sisulstion from 1 Kay 5 to 31 May

Transport simlstion from 1 Mey 5 to 31 May

flow simitation fros 1 Jun S to 30 Jun 5

transport slsulstion from 1 Jun % to 30 Jun

Iransport simlation from 1 Jun 3 to 30 Jun

Tramport similstion from 3 Jun 5 to 30 Jun

Flow simulacion from 1 Jul 3 to 31 w5

Tesnsoort simulation from 1 Jul 5 to 31 Jut

Traraport simsletion from 1 Jul S to 3 Jul

Transpart simutation from 1 Jul 4 to 31 Jul

flow slmulation from 1 Avg 5 to 31 Aug s

Teansport simulation frow 1 Auvg % ta 31 Awg

tramport simutation from | A 5 to 3 Mg

Transport sirulation from 1 Aug % e 3 Aug

[ ]

Flow sisulation from 1 Sep 3 0 3085 §

Transport sisulagion from 1 50 S to 30 Sep

Trangport simulacion from 15ep 5 to 30 e
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Tracaport simulstion from 1 Sep 5 to 30 Sep §

Flow siwulation from 1 0ct 5 to 31 Det §

Tremport simylstion from 1 Oct 5 to 3 Gt S

Tranaport similation from 1 0ct 5 to 31 0et §

Tremport similetion from 3 Oct 5 to 31 Det 5

Flow simulation from t Now S to 30 Mov S

transport dimulation from § Mov 5 to J0 Moy §

Tramport slsylation from | Nov 5 to 30 Nov S

Tesmaport slmulation from 1 Wov 5 to 30 Nov §

Flow simulation from 10wec S to 31 Dec §

SUMMART OF VOLLMETAIC FLOW BALANCE OUTPUT

Elapsed simulstion time = 0.3300E+02
Current value of time frcrement v 0.10008+01

Fluid flux value ag firet node = -0.98986-13
Fiuid flux value ot last node = 0, 7885810

NOTE: Thase "net” values are only for last day of time step

Nat value of fluld flux » -0.7896E-10

Wat rate of volumetric atorage = +0,73935E+10
FLOM BALANCE EXROR » -0.5007E-11

NORMALLZED BALANCE ERROR v -0,32758-01

NaIE: These "cumulative® values are for ‘3; antire time step

Cumulative volumetric storsge = -0,1233E-
Comulative inflow volume v 0.4325E+03
Cumilative cutflow volume = -0,43198+03

TIME ¥S HEAD Al NCDE MUWER 1

semssungssLinnnmanansatnna

0. 1000€+01 -0,3478E+0Y
0.5000€+01 +0.347BE+03
0.9000€+01 ~0,34TBE+03
0.1300€+02 0, 347BE+03

0,2000€+01 -0.33402+03
0.4000€+01 -0,3340€+03
Q. 1000€+02 -0, 3340003
0. 14008402 +0, 33408+03

0.1700E+02 0,34 TBECY
0.2100€+02 +0.3472¢+03
0.25008+02 +0,35L08+03
0.29008+02 -0.33408+03

TIME VS NEAD AT MOOE

0.1000€+01 -0, 3I30SE+03
0,3000€+01 -0.33975E+03
.9000£+01 +0,33938+03
0.1300€+02 -0,3393E+03
0. 1700€+02 -0.3303€+03
0.2100€+02 +0,3375E+03
0,25008+02 +0.3440€+03
0. 2P00€+02 0. 34408 +03

Ting

aneaness

0, 1000€+0% ' +0., 3011E+03
0.5000€+01 +0,3011E+05
0.9000£+01 -0.3013€+05
0,1300£+02 -0.3011€+03
0.1700€+02 +0,30112+03
0.21008+02 +Q.3011¢+03
0.2500€+02 -0, 3050€~03
0.2900£+02 -0,3050£+08

TINE V3 KEAD AT MODE MUMBER

sasssasiteerecnsansvsananay

0.1000€+01 0, 0Q0E+00
0,3000E+01 0.00008+00
0.9000E+01 0,0000E+00
0.1300E+02 0.0000E~00
0.1700E+02 O, 0000E+00
0.2100E+02  D.0000E+00
0.2500E«02 0,0000€+00
0.29006+02 Q.CO00E-00

WEAD AT MODE WCNBER

messtvevananansen

0,1800€+02 -0, 35406+03
0.22008+02 +0,35406+03
0. 2600E+02 -0.35408+03
0.3000£402 0. 55408+03

n

0.20008+01 «0,34400008

0. 26000402 +0,34400+03
0.30006+02 +0.3440€+03

2%

0.2000€+01 +0,3050£+03
0,4000€+01 -0,3050€+03
0,7000E+02 -0,3030E+03
0.1400¢+02 -0,30501+03
0, 1800£+02 -0.30508+03
0.22008+02 -0,3050€+03
0.26006+02 +0.3030E+03
0,3000E+02 +0.3050¢+03

1}

0.2000€+01  0.0000E~00
0.6000E+01  0,0000E+00
0.1000E+02 00000800
0.1400£002 0,0000E+00
0.1800E+02 0.0000E+00
0.2200E+02 0.0000E+Q0
0.2600E+02 0.0000E+00
0.3000£+02 0.0000€+00

0,3000€+03 +0,3540€+0)
0,7000€+01 -0.35408+03
0.11008+02 <0.35408+03
0,1500€+02 -0.35406+03
0,1700€+02 -0,33406+03
0,2300€+02 -0,3%408+0)
0,2700E+02 -0, 347BE+03
0.31008+02 ~0.33400+03

0.3000E+07 -0.J440€+03
0,7000€+0T ~0,34406+03
0. 11006402 -0, J4400+03
0.1500€)2 -0.3440003
0.19006+02 -0.3440€+03
0.2300£+02 +0, 34406403
0.27008+02 -0,33PSE+03
0,3100€+02 -0.34408+03

0,3000€+01 -0.3030€+03
0.7000€«01 -0, J0$0E+03
0.1100E+02 -0.3050E+03
0.1500£+02 -0, JOI0L+03
0.1900¢+02 -0.3050€+03
0,2300€+02 -0.3050£+03
0.27006+02 -0.3011E+03
0.3100£+02 -0.3030€+03

0.J00CE<01 Q.0000¢+00
0,7000€+01 G.0000E+00
0.1100€+02 0.0000E+00
0,1500€+02  0.0000E+00
0.1900E+02 0.0000£+00
G.2300E+02  0.0000€«00
0.2700E+02 0.0000E+Q0
0,3100E+02 0.0000E+00

0.4D00E«0Y -0, 3478E+03
0,80006401 -0.3478E+03
0, 12006402 -0,34782+03
0,1500€+02 +0.34788+03
0.2000£+02 +0,3478E+03
0.2600E+02 -0,3478E+03
0.28008+02 «0.3478E+03

0.40000+01 0.3395E-03
0.B000E«01 -0,3395E+03
0. 1200€+02 -0.3395E+03
0. 16006402 -0.3395£+03
0.20006+02 +0.3373€+03
0.24002+02 -0.337E+Q3
0.28008+02 -0,3375E+03

0.40008+07 <0, 3011E+03
0.8000€+01 -0.3011€+03
0.12006+02 +0.3011E+03
0.1800£+02 -0.3011E+03
0.2000£402 -0.3011203
0.2400€-02 -0,3011£+03
C.2BOOE+02 -0.30%12+03

0.4000€+01  0.00008+00
0.8000€<01  (,00008+00
0.1200£+02 0.0000E+00
0. 1600E«02  0,0000€+00
0.2000E+02  0.0000€+00
0,2600E402  0.0000E+0Q
0,2800E+02 0.0000€+00




.

Trowport simulation from Y Dec 3 to 31 Dec §

MASS TRANSPORT BALANCE, CHEMICAL 1

4422 avmsvsess acansmsa Jhsamsas 8

NOTE: Thesw *met® values are only for lest day of tise step

Net disperaive flux = -0, 42535€-21
Nt advective flux « 0.59%512-12
Net rate of maas sccumulation = <0,B54TE-05
wet rate of formation w 0.0000£+00
sat rats of mass decay » 0.23168+03
MASS BALANCE ERROR w 0.2311E-04

NORMALIZED MASS BALANCE ERROR = 0.1370E-01

NOTE: Theas “cumstative® values sre for the entire Cime step

Cusuletive asss storage = 0.26638-02
Cusulative masy decey & 0,33536-03
Cumulative inflov mess = 0.1708¢£-07
Cumulative outfiow sass = 0.2499€-02

ANNUAL SPOURY OF CUMLKATIVE CONCENTRATIONS

abbhan sssmmss me ssmssitiss SsEEsEmssTean

WOTE: These “cumilstive® values are yearly summries
Arrual cumuletive mass storsge =

Arnusl cumilative mess decay » OZMSD!-N
Anrwal cumulative Inflow mess = 0.1123
Anrusl cusulative outfiow mass = 09,2032

TIME ¥S CONCENTRAT(ON AT WODE NUMBER 1

tassasssesee mewrtssassnananese

0.31000€+01 0.1IVNE-07 0.20006+01 0. 11946L-07 0.30008+01 0.1194E.07
0.5000€+01  0,5452£-08 0.60006+01 0,367TE-08 0.7000+0t  0.56648-08
0.9000€+08  0.2845E-08 0.1000€+02 0,2437¢-08 0.1100€+02 0.2632E-08
0,1300€+02 0,1221E-08 0.1400€+02 0,122TE-08 0.15006+02 0.1225€-08
0.17008+02  0.5340E+09 0.1800€+02 ©0.359TE-09 0.1900€+02 0,3384£-09
0.2100€+02 0,23088-09 0.22008+02 0.2521E-09 0.23006+02 0.25188-09
0.2500€+02 0. 1590609 0.26006+02 0. 1586¢-09 0.2700€+02 0.9TT3E-10
0.2900E+02  0.4923E-10 0.3%00e+02 0,4909E-10 0.3100€+02  0.5896E+10

TINE VS COMCENIRATION AT ¥ODE MUMBER 11

aswvsscsumannranbbrtitis st ERauTeS

0.1000€+01  0.2918€-07 0.2000€+01  0,29018-07 0.3000e+01  0,2803£-07
0,5000€+01 D, 1387E-07 0.4000E+01  0.157%E-07 0,7000€+01 0. 15T4E-07
0.9000¢+01 0,94T7E-08 0.1000€+02 0,94338-08 0.11008+02 0. PA14E-08
0,13008+02 0.43032-08 0,14006+02 0.46278L-08 0.1300€+02 0.5266E-08
017008402 0, 4&08E-03 0.1800€+02 0,4832¢-08 0.19008+02 0.4443E-08
0,2100€+02 0,3TTE-08 0. 22008402 0.3750£-08 0.23008+02 0.3733E-08
0.25008+02 ©0,3.54€-08 025006402 0, 344TE-08 0.27008+02 0.32156-08

0,29008+02 0.3019E-08 0.3000£+02 0.30132-08

TINE VS CONCENTRATION AT WKDE MMGER  2¢

YY)

€,31008+02 0.3007TE-08

0,10006+0% 0.21082-03 0.2000€+01 0,2103E-03 0.3000£+01 0,209%¢+03
0.5000€+0t 0, 19448-03 0.5000E-01 0, 1930803 0.T000E+01 0.19)5E-03
0.70006+0T  0.17¥3E-03 0.1000£+02 0.1729%¢-03 0.11006+02 0, 1706E-03
0.13006+02 0,18%58-03 0,14008+02 0.1651€-03 0.1500€+02 0, 16488-03
0.1700£+02 0,13282-03 0.1800€+02 0, 15258+03 0.1900€+02 0,15228-03
0.2100E+02 0,1411¢-03 0.22000+02 0. 14088-03 0.2300€+02 0.1405E-03
0.25008+02 0.1350€-03 0.26008+02 0.134582-03 0.270E+02 0,12788-03
0.2900£+02 0,1247E-03 0,3000¢+02 0.12458-03 0.31006+02 0,1242¢-03

TIME VS CONCENTRATION AT WODE WUMSER O3

Yy

0.1000€+01  0,5332¢+03 0.2000€+Q1 0.5319€-03 0,30006+01  0.5300€-03
0.5000£+01 0.4937E-03 0.5000€+01  0,49258-03 0.7000€+01 D.4915€-03
0,90006+01  0.43692-03 0.1000€+02 10.455¢€+03 0.3100£+02 0.434PE-03
0.1300€+02 0.4227€-03 0,14006+02 0.4217€-03 0,1500£+02 0,42008-03
0,17006+02 0.3910€-03 0.18006+02 9.3901E-03 0.1900€+02 0.3893E-03
0.27100€+02 0.3515E-03 0.2200€+02 0.3607E-03 0.2300£+02 0,3400€-03
0,2500€+02 0.3441E-03 0.2800€+02 0.3454E+03 0.2700E+02 0.3329E-03
0.2900€+02 0.3200€-03 0.3000E+02 0,31E-03 0.31008+02 0.3187£-03

Trsmtport simulation from 1 0ec Sto 31 0ec §

MASS TRAMSPORT SALANCE, CHEMICAL 2

whter vesttusew srssswry sevisssa Sm

NOTE: These *net™ values are only for last cay of time step

Wet dispersive flux -0, 1873E-2Y
Net sovective flux = 0.2531E-12
Net rate of mass sccumilation = -0,3936E-05
Net rate of formation = 0.0000€+00
Net rate of sass decay » 0,3858E-05
MASS SALANCE ERROR » 0,98268-07

WORMAL[ZED MAST SALANCE ERROR = 0.12508-01

0.4000E+01
0,5000£+01
0. 1200€+02
0, 1400802
0.20008+02
0,2400€+02
0.2B00E+02

0.773E-08
0. 3644E-08
0. 1604E-08
Q.TT72E-09
0. 35226409
0.1577E-09
0.6823%+10

0,21198-07
0.12068-07
0.T393£-08

0.3444E-08
9.3027¢-08

0.1250¢-03

0.5121€-03
0.4T740€+03
0.4386E-03
0,40582-03
0.37526-03
0,34T0E-03
0.3208&~03
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WOTE: Thesa "cumlative® veliues 8T8 far the entire tise step
0,1027E-

Cusulative mass #t0rape ® .

cumulative mass decay 0. 1497¢-03
cumutative inflow mais = 0,6125€-04
Cumulative outflow seas = 0.9352¢-03

AKNUAL SUMMARY OF CLMULATIVE CONCENTRATIONS

wemses mmssaw

WOfE: These *cumulative® values are yearly sumwar|es

Jorwsl cuomulative mass storage ®
Atvwal cumilative mass decey ®
Annual cumutstive Inflow mess =
Arnual cusulative outflow mess &

TINE VS CONCENTRATION AT WCOE MUMSER

imsemmitsasssntbssssRREssanEnuASRO

0.1000€+01 0, 2003E-04 0,2000€+01
0.5000€«03  0.1346E-04 0, 6000601
0.9000£+07  0,1185E-04 0.10008+02
0,1300£402 0.9017E-03 0, 16008402
0,1700€+02 0,67WE-03 0.1800€+02
0,2100€+02 0.5042€.03 0.2200€+02
0.2900E+02 0,39 1E-03 0.2600€+02
0.2900€+02 0.Z820€-05 0,3000£+02
TIME VS CONCENTRATEON AT WODE WMEER
0.10008¢01 0, 23738-0& 0.20000:01
0.5000€+01 0.17V3¢-0% 0.4000€+01
0,90008+01  0.1372L-04 0,1000€+02
0.1300E+02 0. 104TE-04 0.1400E+02
0.$700£+02 0.793SE-05 0.1800€+02
0.21006¢02 0.5961£-05 0.22008+02
0.2500€+02 0,30638-0% 0.2600€+02
0.2900E+02 D, 3495603 0.30008+02
TIKE VS CONCEKTRATION AT WODE WUMSER
+ 0,1000€«01 0,1477E-03 0.2000€+01
0.50008+01 0.1273E-05 0,5000£+01
0.9000E+01  0.1107E+03 Q,10008+02
0.93006+02 0.97648-04 0,1500£+02
0.17DUE-02  0.B6BOE-04 0.48008+02
0.21008+02 0,T7TLE-04 0.2200€+02
0.25000+02 D.7340E- 0.2600£+02
0,2900E+02 0.54268-04 0,3000£+02

0.9139¢€-02
0.9410€-03
0.8048E-02
0.1723€-01

1
0,2001€-04

Q.15440-04
0,3184E-04

0.2614E+03
"

¢

AT
SSREREER

ot
4

z

TiME ¥E COMCENTAATION AT NCOE NUMEER a5

P L LR R L T L L Ll

0,1000€+01  Q.13368-03 0,20000+01
0.3000€+01  0.157T3E-03 0,5000€+01
0.9000£+01 0.1583¢-03 0, 1000E+02
0.1300€¢02 0.15842-03 0., 14008+02
0.1700€+02 0.1523E-05 . 1800602
0.2100€+02 0,146688-03 0,22006:02
0,75008+02 0,3430€-03 0,25006+02
0.2900¢+02 0.13418-03 0,3000E+02

0.15338+03
0.1572€-03
0.1550¢-03
0.1561¢-03
0.1520€+03
0,1443€-03
0. 1h2TE-03
0,13388-03

0. 3000€+01
0,7000€+01
0.1100¢+02
0.1500£+02
0,1900€+02
0.2300€+02
0.2700E+02
0.3100€+02

0.3000€+01
0.7000€+01
0. 110002
0, 15006402
0.1900€+02
0, 2300£+02
0.2T00E+02
0.3100€+02

0,3000£+01
0,T000E+01
0.1100€+02
0, 1500€+02
0.19008+02
02300802
0,2700€+02
0.31006+02

0,3000£+01
0.7000€+01
0,1100£+02
0. 15006402
0,19006+02

0,2700€+02
0.31008+02

0.1530¢€+03
0.1569¢-03
0.1577€+03
0.1557E-03
0.1317E-03
0.14628+03
0.1396E-03
0,1395E-03

transport simulation from 1 Dec 5 to 31 Dec 3

MASS TRANSPORT GALANCE, CNEMICAL 3

et sEbmeseads SEsssemm $FEaTiE o=

WOTE: These “net® velues are only for lut day of time step

Nt dispersive flux o «0.1522¢+20
Het advective flun = 0,19388-12
Nat rate of mass sccumulstion v -0.3397E-05
Nat rate of formstion = 0,0000€+00
Nat rate of masy decsy 8 0,3321E-0%
MASE BALANCE ERROR = 0, 7402¢-07

NORMAL1ZED #ASS BALANCE ERfOR = 0.1131€:01

wOTE: These “cumulstive® values are for the sntire Time step

Cumitative mass storege ® 0,8319¢-03
Cumulative mag decay » 0,1199¢-03
Cumlative inflov mesn = 0.2784E-03
Cusulative outflow mess » 0.9877E-03

ANWUAL SUMMART OF CUMULATIVE CONCENIRATIONS

eeawh SsmssEs A SENAesASER drsssssseeanE

NOTE: These “cumulative® values are yearly suwaries

Arvusl cumulative mass storage =
Arvwsl cumulative sess decey ®

arrnisl cumlative inflow masp =
Ancusl cumuletive outflow mass ®

TIME VS COMCEMTRATION AT NODE NCMEER

asaETrresssasssaseTAsNSdaRTrS TATITTE

0,1000E+01  0.4290E-04 0.2000£+01
0,50008+01  Q.4114E-04 0.4000€+01
D.P000E«01  0.A0N3E-06 0, 1000E+02
0,1300E+02 0.3957E-0C 0.1500€+02
0.1700E+02  0.4033E-06 0.1800€~02
0,2100E+02  0.41688-04 0.2200£+02
0.2500E+02 0.&1TIE-06 0. 26006402
0, 29006402 0., hAOLE-0E 0.3000E+02

0, 1290001
0.1835€-02
0.1473E-01
0.25748-0

1

0,4282E-04
0,41066-04
04004804
0.3978E-04
0.4020E - 04
0,415TE~04
0.R154E-0h
0.4396€-04

0.J000£+01
0. 7000E-01
0.7100€+02
0.1500E+02
0. 1900802
0.2300€+02
Q.2700E+02
0,3100E+02

0.40008+01
0,8000€+41
0. 1200602
0, 16006402
0.2000E+02
0,2400€+02
0.2800€-02

0,40006+01
0,8000€+01
0,1200£+02
0,1600£+02
0,2000€+02
0.24008+02
0,2800E+02

0.4000E-01
0.5000€+01
0, 1200602
0.1800€+02
0. 2000E+02
0,2600E+02
0.2800E+02

0.1391E-04
0.1225€-04
9.9355£-05
0.7p85E-03
0.5310€-03
0.39332-0%
0.2021€+03

0.2032E+04
0,1349€-04
0.1154€-04
0.90088-05
0.568008-03
0,5082¢-0%
0.3509¢-05

0,1367E-03
0.1154E-03
0.1037E-03
0.9178¢-04
0,8191E-0%
0.73588-04
0.5642E-04

0,1537E-03
0.1520€-03
0,1573€+03
0.1543€-03
0,14942-03
0.14338-03
0,13546-03

0.411LE-04
0.39T8E-04
0.3915E-04
0.3927TE-04
0.4015E~-04
0.6182E-04
0.56616E-04
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A
i TINE VS CONCENTRATION A7 WOOE MUMBER 1)
\. . ) 0.,10006+01  0.441TE-0% 0.2000€+01  0,4407E-04 0.3000€401  0.43088-04 0,4000E+07  0,4273¢-04 '
0.5000£+01  0.41888-0% 0.5000€40% 0. 4ITVE-04 0,7000€+01  0,4171E-04 0.8000£+01  0,4085804
' .. 0.9000E+01  0.4059€-04 0.1000€402  0,40305-04 0.1100£402 0.40228+04 0.12008402  0,3975E-04
: . 0.13006402 0,3P45E+04 0.1400€¢02 0.395TE-04 0,1500€+02  0,30492-04 0.16008+02 0,3939¢-04
017006602 0.3P47E-0& 0.1800£+02 0,3930E-04 0.1900£+02 0,3952E+04 0.20006+02 0,3978E-04 —
0.2100E402 0,404L8E+04 0.2200£402 0.40388-04 0,2300£+02  0.40308-04 0.26006402  0,409%0-04
¢ 0.25006+02 0,40838-04 0.2600£+02 0,40706-04 0.27006+02  0,4132E-04 0,2800E+02 0,4237€-04
. 0.2P006+02 0.4229€-04 0.3000€+02 0,4221€-04 0. 31006402 0.62136+04 :
- TIM vS CONCENTRATION AT NCOE WUMBER 24
‘ rmessssasssassnsscssnsnnrsanntran e —
0,10006+01  0.9485E-04 0.20008+01 0, 9443E+04 0.30000+01 0, 96430-04 0.40006+08  0,91538-04
; 0.5000£+01 0.8374E-04 0.60008+01  0,8854E-04 0.70008¢01  0,B8348-04 0,B0006+07  0,85788-04 .
A 0,90006+01  0.83332-04 0.1000€+02 0.83148-04 0,11006+02 0.820TE-04 0.12006402 0,80718+04
S ) 0,1300€+02  0,7858E:04 0, 1400€+02 0.72418-04 0.15008402 078258+ (% 0.1600602 0, 74296-04
N : 0.17006+02  0.74468-04 0.18008+02 0, 7430€-04 0.19008402  0.74158-04 0, 20008402 0.7268£-04
. : 0,21006402  0,TONE-04 0, 2200602 0.7079E-04 0.23006+02  0.70450-04 0.2600€402 0.A0280-04 -
0,25006+02  0,6911€+04 0.2600E+02 0.489TE-04 0,27006+02  0.8773E-04 0.26008+02  0.86808+04 -
0,2P008+02 O, 66038+ 04 0,30008+02 0.64328-04 0.31008402  0.849€+04
*
. TIME VE COMCINTRATION AT NOOE MORER O3
: 0.1000€+01  0.13982-03 0.20008¢01 0,1393E-03 0.30008-01 0,1372£-03 0.40008+01  0,13708-03 o
i 0.5000€+01 0,1347£-03 0,40008+01  0,1344€-03 0.7000€+01  0.1341€-03 0,80006+07 0,13182-03
: 0,90008+01 0, 1294€-03 0.1000€+02 0.1291E-03 0.11006+02  0.1289¢+03 0.12000402 0,1265€-03 |
0.13006+02 0.1241E-03 0.1500€+02 0,1238E-03 0.1500£+02  0,1236£-03 0.1400E+02  0,1212¢-03 ..
. 0,17D08+02 Q. 11B7E+03 0.1800£+02 0.1185E-03 0,1P00€+02 0.1182€-03 0.20008+02 0.3158£+03 !
; 0,21006+02 0, }134E-08 0.2200£+02 0,1132£-0) 0.2300€+02 0.1130€+03 0.24008402  0,1306£-03 :
0.2500£+02 0.1104E<03 0,26008+02 0.1107E-03 0,27008+02 0.1078€-0) 0,2500€+02 0.1055£-03
0,29006+02 0,10%3£+03 0,3000€+02 0.10508-03 0.3100E+02 0.1048%+0) l-: !
i
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FIG 7: CIGUATERA FISH POISONING INCIDENTS 1984-1988
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’“I ’ MARINE 217 PROSPECT ST. F-2
= RESEARCH eyl 96813
_ =774 CONSULTANTS '
= September 9, 1991

|
- Scott Ezer

Helber, Hastert & Fee
733 Bishop St. Suite 2590
Honolulu, HI 96813

- Dear écqtt:

- On August 24, 1991 | examined the anchialine pond feature located at the southern
boundary of the Ooma property. Below is a brief description of the pond along with results

f—l of water chemistry analysaes.

As described in the archaology report, the pond is located in a sinkhole with a ficor
- elevation several feat lower than the surrounding lava fields. The anchialine pond in the
'_J' center of the sinkhole is faced on the seaward side by rock walls. The area of water

coverage observed during our survey at high tide was about 1 mZ. Water depth at the
deepest point in the pond was about 0.5 m. The water column throughout the pond was
extremaly clear, with no apparent turbidity from suspended sediments or phytoplankton.
No layers of surface algae or organic scums that are often noted on older ponds were

prasent.

L1 3

The dominant biota in the ponds were the rad shrimp opae'ula (Halocaridina rubra and
Matabateus lohena), and the glass shrimp Palaemon debilis). All species of shrimp were
abundant in the pond. The thres snails common to anchialine ponds (Assiminea sp.,
Melania sp. and Theodoxus cariosa were also observed. No fish were noted.

Water chemistry constituents measured in a single sample were as follows: NO, = 62.98
4N NH,* = 0.71 uM; PO, = 2.55 zM:; Si = 524.91 uM; Total nitrogen = 65.41 uM;
total phosphorus = 1.72 4M; turbidity = 0.12 ntu; and salinity = 12.959 %o00. None of
these measurements appears to indicate any unusual characteristics of the pond chemistry.
Based on a groundwater sample taken from a potable well upslope of Honokohau, the
pond:well ratio of Si is the same as the pond:waell ratio of NO,". Such agreement indicates
that there is presently no detectable nutrient subsidy to the pond from sources other than
uncomtaminated groundwater. The extremely low turbidity value also verifies the lack of
suspended material that could ultimately affect tidal exhange in the pond. In summary, the
existing chemical and biotic structure of the pond depicts the classic representation of
anchialine peols in West Hawaii that have not been affected by activities of man.

1 L 3

L1

—i i

Staven Daollar, Ph.D.

»
———

[
At



- - e T LA T TUTITeL e ST R et L T T e TN ST ST T A AT T NI T I S T L ST Y oy I M P TSN ST T BT A TR A e g e T R S A D TD G S ST L A e MM ST T 2,

B R A S INE NG T

o oty
Heh
ZEk:

APPENDIX 1
MS. TONI FORTIN
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University of Hawaii at Manoa

Hawali Institule of Marine Biology .
P.0O.Box 1346 ¢ Coconut Island » Kaneohe, Hawaii 96744-1348
Cable Address: UNIHAW

22 August 1991

Ms. Toenl Fortin

Kahala Capital Corp.

25-5751 Kuakini Highway, Suite 202
Kailua—~Kona, Hawail 96740

SUBJECT: Review of O'oma II Recreation Lake and Golf Course
Development on Adjacent Anchialine Pools

Dear Ms. Fortin,

By way of background, I am the Pend Manager for the Waikoloa
Anchialine Pond Preserve located at Waikoloa, Hawaii. This pro-
gram is administered under the University of Hawaii Foundation
with funds placed in a trust account for this purpose. Since
1986, I have carried out water quality and biclogical studles in
these ponds and for 16 years prior to that, I have conducted
similar activities elsewhere on the Kona and Ka'u coastlines.
Dr. Steven Dollar has asked me to comment on the potential im-
pacts that may occur to anchialine pocl resources at Kohanaiki
with the development of the proposed 7 acre marine water feature
and golf course on your O'oma project site. He has provided me
with the results of numerical modeling for the groundwater re-
sources of the area, specifically, a salinity isochaline contour
map, a similar map showing predicted lines of nitrate nitrogen
concentrations in the groundwater and a table of water quality
characteristics from anchialine pools at Kohanalki.

I am sure that you are well aware of the difficulties in
accurately predicting response of many biclogical communities to
subtle envirommental changes. However, much of our research has
shown that anchialine pond organisms appear to be very tolerant
to large changes in water chemistry and other environmental fact-
ors. For example, one of the most characteristic speciles, the
1ittle red shrimp or 'opae'ula (Halocardina rubra) is found
naturally in anchialine pond water with salinities from about 0.5
to about 25ppt: we have kept this species in the laboratory in
salinities ranging from freshwater to seawater with no ill
effects. At Waikoloa we have witnessed drastic changes in the
concentration of inorganic nutrients derived from the golf cours-
es present on the property. Nitrate nitrogen increased from 40uM
prior to golf course development to more than 120uM during the
"grow-in" of the Kings Golf Course. We have demonstrated that

AN EQUAL OPPORTUNITY EMPLOYER



these changes are due to the development and operation of the
golf courses at Walkoloa. Despite these tremendous changes in
the concentration of inorganic nutrients, we have not encountered
any quantifiable ill-effects to the biota.

As I alluded to above, we sample chemical parameters in the
ground, anchialine and nearshore marine waters at numerous other
localities on the Kona coast. Our dataset comprises more than
450 water gquality samples collected annually and probably repre-
sents one of the most comprehensive longterm water quality data-
sets available for the West Hawaii coast. In summarizing this
information, two main points emerge: the first is that within a
given location we find very little variation in the water quality
characteristics from year to year (assuming that no nearby
development is occurring) and secondly, that there is tremendous
variation in the parameters that we measure between sites. Thus
locations with absolutely no surrounding development may have
very low inorganic nutrient concentrations or they may be
extremely high. The "take home" message here is that the biota
of anchialine ponds is found in all of these systems thus appears
to thrive under a wide natural range in water chemistry paramet-
ers.

The end result is that despite the statistically significant
increases in the concentration of inorganic nutrients that we
have seen at Waikoloa with continuing development, these increas-
es remain within the range of concentrations that we encounter at
sites that have absolutely no surrounding development.

In summary, anchialine biota appears to live under tremend-
ously variable conditions with respect to water chemistry (in-
cluding nitrate nitrogen). Additionally, anchialine pools may be
very ephemeral in geclogical time; they may be created by a lava
flow and buried by the next flow two months or two hundred years
iater. Generally, natural infilling of pond basins limits the
l1ife expentancy of many pools to less than a couple of hundred
years. Most aguatic ecosystems evolve and exist for reasonably
long periods of time (i.e., thousands of years), but with Hawai-~-
ian anchialine pools this may not be the case. If so, this would
argue that the biota has evolved to (1) rapidly colonize habitat
once it is created and (2) that these species are also capable of
surviving under a variety of environmental conditions.

How does this relate to your project? First the proposed
marine recreation pool will increase the salinity from 1 to more
than 20ppt in the northern Kohanaiki anchiailine pools. As per -
the salinity isohaline contour map, maximum expected salinities
will be close to 30ppt, a level that should not impact the
anchialine biota. The predicted changes in nitrate nitrogen in
the northern Kohanaiki ponds due to golf course deveiopment at
O'oma fall intoc the range presently seen in some Kona coast
anchialine pools thus I would not anticipate a negative impact.
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Interestingly, there are a number of organisms found in
Hawaiian anchialine pools that are found nowhere else; some of
these species are presently only known from just a few ponds.
Oone characteristic of these rare anchialine species is that they
are restricted to anchialine pools with salinities greater than
12 to 15ppt and the salinity is usually greater than 20ppt. To
my knowledge, none of these rare species are present in the
Kohanaiki anchialine pools. Using the OI Consultants, inc.
salinity data available to me for the Kohanaiki pools, the mean
salinity is 12.6ppt (n=25). Increasing the salinity in the
northern Kohanaiki pools via your development ralses an intrigu-
ing question of whether we could cause the appearance of these
rare shrimp species where they apparently do not presently occur
by proceeding with the development.

There is a cautionary note that should be added here -— many
of the ponds at Kohanaiki have been infested with exotic fishes
that have upset the ecological balance in those poels. Without
the native herbivorous shrimp present (they are essentially ab-
sent in pools with exotic fishes due to predation) the processes
of natural infilling of the ponds may be increased. The addit-
jonal nutrient inputs may serve to enhance the growth of vegetat-
jon and the deposition of leaf litter and detritus. 1 suggest
that if your project were to go forward, you may wish to consider
a cooperative effort with the owners of the Kohanaiki pools for
the eradication of the exotic fishes from the pools. As part of
our management program at Waikoloa, we have spent considerable
time developing a strategy for removing fishes from pools; this
technology could be used in clearing the Kohanaiki anchialine
pools.

I hope that these thoughts are of use to you in your
planning process. If you wish to discuss any of the abocve, 1 may
be reached during the day at 956-2859 or in the evenings at home
at 737-3890. Thank you for the opportunity to comment on your
interesting project!

Sincerely yours,
W€ vl
oA

Richard E. Brock, Ph.D.
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An Evaluation of the Role of Coastal Development
in Incidences of Ciguatera Fish Poisoning

At the present time there is substantial concarn regarding the connection between
shoreline development and increases in incidences of a form of food poisoning termed
ciguatera. Ciguatera is a circumtropical cccurrence caused by the ingestion of a wide
variety of fishes associated with coral reefs. Ciguatoxin (CTX) is the principal toxin
involved (Scheuer et al. 1967) and is beliaved to accumulate via the marine food chain.
Other toxins such as scaritoxin and maitotoxin (MTX) may alsc be implicated in production
of the wide variety of gastroenterological and neurological symptoms reported for
ciguatera.

Ciguatera poisoning is not a recent phenomenon; reports of the poisoning in the
Pacific date back to 1606, when Spanish sailors suffered from ciguatera in the New
Hebrides (Withers 1982). Recent outbreaks have been documented in the Pacific in Hawaii,
Japan, New Caiedonia, Guam, Fiji, and Okinawa, and in the Atlantic throughout the
Caribbean and Florida (Ballantine et al. 1985).

The microscopic organism implicated as the source of the ciguatera toxin (termed
the elaborator) is a photosynthetic benthic dinoflageliate, Gambierdiscus toxicus that was
first identified in the Gambier Islands of French Polynesia. The dinoflagellate occurs as an
epiphyte on various species of filamentous or calcareous macroalgae and coral detritus.
Howaver it is not known whether chemotaxis or purely physical parameters govern the
selectivity of the host alga by the dinoflagellate.

It is important to note that the presence of the dinoflageliate does not guarantee
toxic conditions. Gillespie et al. (1985) found high concentrations of G. toxicus along the
Queensland coast which showed no presence of ciguatoxin. Apparently G. toxicus can
exist and grow in the wild in a non-ciguatoxic state. It is possibie that elaboration of
ciguatoxin requiras specific conditions which are not necessarily the same as those
required for growth of G. toxicus. Thus, the davelopment of blooms of G. toxicus and the
stimulation of toxin production may be two separable and distinguishable events triggered
by different factors.

Present knowledge of the environmental controls of G. toxicus remain obscure



although many theories have been suggested regarding environmental triggering of high
concentrations of toxic cells. Toxic outbreaks of ciguatera are sporadic and unpredictable
with patchy distribution in both space and time. Such patchy distribution of higher
population numbers is likely a result of the weak swimming ability of the organism together
with the tendency to attach to surfaces (Taylor 1979).

Although important questions remain unanswered, it appears that primary features
of the distribution of the organism have become established: it is positively correlated with
finely branched, bushy branched macroalgae and sunlight. in general, highest
concentrations of G. toxicus occur in shallow {0.5 - 3 m) sheltered areas in which
filamentous seaweeds are not intensively grazed, and where land runoff and turbulence is
minimal (small islands, arid coasts or where strong oceanic currents closely approach the
coast). In a study of the distribution of G. toxicus in the eastern Caribbean, Taylor {1985}
found populations dropped substantially during the stormy, rainy season, and showed a
marked increase when the waather improved. He aiso tound that shelter from wave stress
was important with populations favoring fee focales, but not regions receiving substantial
runoff from land.

Laboratory studies to determing envirenmental conditions that cause proliferation
conditions showed that increases of G. toxicus cells had some relationship with an
increase in dissolved silicates and low salinities, but showed no effects to increased lavels
of nitrate and phosphatae (Caire et al. 1985). There are no data suggesting or verifying that
increases in dinoflagelate populations are a response to nutrient loading.

Ciguatera outbreaks often appear to follow disturbance of coral reefs by manmade
or natural causes. While it is clear that every instance of reef disturbance is not followed
by an upsurge in fish toxicity (Banner 1974), Yasumoto et al.{1980) have postulated that
reef disruption provides sites for the attachment of the algal hosts, resulting in ciguatera
initiation through the eventual appearance of high populations of the organism. The
literature contains numerous references to the occurrence of ciguatera six months to a year
after hurricanes (summarized in Taylor 1985). Colonization studies suggest that it may
take four months before G. toxicus appears on new algal growth (Bagnis et. al 1985).

The theory linking disruption of the reef surface to toxic outbreaks has been
extended to implicate shoreline development as a cause of increased incidences of
ciguatera. Projects that include excavation of the reef for such facilities as entrance
channels and marinas inevitably result in bared substratum during the period of
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construction. As described above, the successional sequence of recolonization of bared
surfaces may inciude a phase where host macroalgae proliferate, resulting in an possibie
increase in toxic cells. As there appears to be some incidences where outbreaks follow
disturbances that clear substrate, such a scenario following excavation is possibility,
Howaevaer, it is important to note that the areal extent of cleared substratum by excavation
is likely to be very minor compared to the damage to reefs caused by major storms or
hurricanes. In addition, the process of baring substrata owing to excavation is a one-time
event, while storms, though unpredictable and sporadic in occurrence, occur repeatedly in
the same area. Thus, while some shoreline development activities may temporarily increase
the potential for ciguatera, such potential appears to be minor compared to natural events.

Excavation of the backshore area, with no open connections to the ocean does not appear

"to provide any potential for increased incidences of ciguatera in the natural environment.

Such construction activity does not result in aiteration {e.g. clearing) of substrata. Whiie
new surfaces are created within the artificial basin that might be suitable for growth of the
host algae, the lack of a passage to the open ocean pravents movement of potentially toxic
cells to the marine environment.

Another perceived impact of human activities is that runoff of fertilizers and
biocides can elicit ciguatera outbreaks. Such theories defy scientific evidence as well as
logic for a variety of reasons. Biocides by definition function by killing organisms; thus it is
not readily conceivable that these chemicals could act in a biostimulatory manner.

It has been suggested that fertilizers used on golf course can provide a stimulus for
ciguatera outbreaks. Controlled experiments showed that only silicates, and not phosphate
or nitrates resulted in increased abundancss of G. toxicus (Caire et-al. 1985). In Hawaii,
silicates occur in very high concentrations in naturally occurring groundwater (about 500
times higher than ocean water), and are not a component of fertilizers or other turf

‘chemicals. Thus, any stimulation of ciguateric activity owing to silicates is a result of

natural processes and is not coupled to shoreline development,

it has been demonstrated in the laboratory that the principal nutrients compaosing
plant fertilizers (nitrogen and phosphorus) do not cause increases in toxic cell abundances.
There is also additional logical evidence that nutrients from fertilizers cannot be implicated
in enhancing the potential of toxic outbreaks. Naturally occurring groundwater flows into
the ocean along the west Hawaii coastline at a rate of about 2 to 6 million gallons per day.
Nitrogen content of groundwater is approximately 400 times seawater while phosphorus



contant of groundwatgr is about 30 times seawater. At the minimum groundwater flow
rate of 2 million gailons approximately 90 pounds of NO," and 5§ pounds of F‘O4'3 are added
to the ocean along each mile of shoreline per day. At a maximum flow rate nearly 300
pounds of NO,;" and 15 pounds of PO 4‘3 reach each mile of the nearshore environmeant each
day. For the entire coastline of wast Hawaii input of NOQ,’ is about 8,000 pounds per day,
and input of PO “3 is about 500 pounds per day. Thus, the natural loading of these two
nutrients to the marine environment is substantial along the entire coastline. If, contrary to
stated findings, there were a responsa of G. toxicus to plant nutrients, such stimulation
would occur continuously and would represent the normal situation.

Numerous studies in golf coursas in Hawaii, as well on courses around the world
(Petrovic 1890), show that about 10% of applied fartilizer nitrogen and 1% of fertilizer
phosphorus may leach through the turf/soil layer to underlying groundwater. Studies
conducted off golf courses an west Hawaii reveal that such inputs are generally not
detectable along open coastlines owing to rapid mixing by waves and currents. In areas of
restricted circulation, such as embayments, nutriant delivery from groundwater is
contained in a surface layer that generally does not come into contact with the benthos,
where macroalgal hosts are found (Dollar and Atkinson, submitted). Thus, at ail levels of
consideration, there are no grounds for implying that inputs of nutrients could provide a
basis for augmenting toxic outbreaks.

Analysis of State of Hawaii health racords also provide some circumstantial basis
for assessing the connection between shorsline development and ciguatera outhreaks. As
shoreline rasorts have been in existence for several decades, it is reasonable to expect that
if a connection exists between shoreline development and ciguatera, there would be some
relationship between locale and number of reported incidences. Outside of Waikiki, the
most concentrated area of resort development in the state is on the west Maui coastline
between Kapalua and Kihei. Between 1984 and 1988, there were 4 reported cases of
ciguatera within this region. By comparison, during the same time period 63 cases were
reported from west Hawaii. Geographical breakdown of the west Hawaii incidences
showed 35 cases in the Mildlii area, 13 in the Kawaihae area, 5 in‘ﬁailua area, and 7 in the
South Point area (see map). The predonderance of toxic occurrences in west Hawaii
compared to Maui suggests that there is no clear-cut relationship between shoreline
activity and toxicity.

It is also apparent that the areas of highest number of toxic incidences on west Hawaii are
far removed from any development. However, the areas of highest incidences are locations
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of greatest fishing effort. The high number of reported cases may therefore be a response
to larger proportions of local populations ingesting reef fish, rather than a difference in
environmental conditions that trigger outbreaks. Elevated lavels of ciguatara in regions of
high fishing pressure may also be a consequence of indirect environmental alteration.
intense fishing effort may decrease populations of resident herbivorous fish that normally
feed on the host algae of G. toxicus. The lack of grazing pressure may result in increased
populations of thesa algae, which in turn could provide a favorable environment for
increases in ciguatoxic cells. To date no scientific studies have endeavored to explore the
relationship between fishing pressure and ciguatera outbreaks.

In summary, more questions than answars remain regarding causal factors
associated with ciguatera fish poisoning. Scientific studies from around the world have
narrowed down some of the environmental factors that are favorable {and unfavorable) to
the organisms responsibie for the disease. Linkages between environmental events and
outbreaks have been implied, but are not consistent enough in nature to constitute
definitive cause-and-effect ralationships. Baring of substrata has been associated with

outbreaks owing to increased occurrence of host algae as part of the successional process.

If such a pathway occurs, it would sesn reasonable that alteration of substrata by humans
would be minor in comparison to natural events (storms) which destroy massive amounts
of reef on a intermittent, but ongoing basis. Overfishing can also be invoked as an
environmental impact that could also lead to increasas in populations of host algae.

There is no evidence in the scientific literature linking outbreaks of ciguatoxin to
nutrients contained in fertilizers. Even if there were some documentation of such effects, it
is not likely that shoreline activities would cause changes in patterns of abundance.
Nitrogen and phosphorus are present in substantial concentrations in groundwater that
enters the ocean in large quantities through natural processes. Nutrients are therefore not
in limited supply in nearshore areas, and any effects to ciguatera occurrence will occur in
response to natural input. By comparison, nutrient subsidies to natural groundwater flow
from resorts is small, and existing studies have not revealed incidences where existing
development has resulted in situations of significant input of chemicals to the marine
environment. Therefore, there are no reasonable mechanisms for shoreline development to
provide the stimulus for ciguatera
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TABLE 1
ANNUAL INCIDENCE RATES OF CIGUATERA
FISH POISONING PER 100,000 POPULATION
BY ISLAND AND YEAR: 1984 - 1988

e

ANNUAL INCIDENCE
YEAR POPULATION NO. CASES PER 100,000 POPULATION
CAHU
1984 802,351 as 4.7
1985 812,784 29 3.6
1985 818,487 13 1.6
1987 830,537 40 4.8
.1988 838,194 ect. 27 3.2
KAUAI
1984 44,167 17 38.5
1985 44,679 a7 105.0
1986 48,440 8 17.2
1987 47,600 12 25.2
1988 47,700 est, 6 12.5
MAUI
1984 74,750 5 6.7
1985 76,462 5 6.5
1986 78,790 0 0
1987 81,100 11 13.6
1988 90,300 est. 10 11.1
HAWAI!
1984 107,169 26 25.2
1985 108,910 a3 30.3
1986 112,039 53 47.3
1987 114,434 43 37.6
1988 115,200 est, a9 33.9
STATE
1984 1,037,206 86 8.3
1985 1,051,481 114 10.8
1986 1,064,732 74 7.0
1987 1,082,500 106 8.8
1988 1,091,394 est. 82 , 7.5
TOTAL 482 VERAGE 8.7
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CHAR & ASSOCIATES

8otanical/Environmental Consultants

4471 Puu Panini Ave.
Honolulu, Hawaii 86816
{808) 734-7828

November 1990

BOTANICAL ASSESSMENT
'0O'OMA 11 PROJECT SITE
NORTH KONA, HAWAI'I

INTRODUCTION

The project site consists of approximately 300 acres of land,
which extends from the ocean mauka to Queen Ka'ahumanu Highway.
It is adjacent to and south of the HOST Park and north of the
proposed Kohanaiki Resort. About 83 acres, next to the Queen
Ka'ahumanu Highway, were received in an exchange from the State
of Hawai'i and are zoned "Urban"., The remaining 217 acres are
zoned "Conservation".

On 31 October 1990, field studies to up-date an earlier botanical
survey (Char 1986) were conducted. The earlier survey made in May
1986 was used in preparing the Environmental Impact Statement for
the '0'oma 11 development. In the present assessment, special
emphasis is placed on the area occupied by the strand vegetation
since it is subject to use and may have changed since last
surveyed.

DESCRIPTION OF THE VEGETATION

The scientific names used in the following discussion are in
accordance with the most recent taxonomic treatment of the
Hawaiian flora by Wagner et al. (1990). Two broadly defined vege-
tation types are recognized on the subject properiy and described
beiow.




Scrub Vegetation: With the exception of the narrow belt of
strand vegetation along the coast, scrub vegetation covers aimost
95% of the site. This vegetation type is composed of various
grass and shrub species on pahoehoe and 'a'a lava flows. Fountain
grass (Pennisetum setaceum) is the most abundant species, however,
locally common in places are pili grass (Heteropogon contortus)
and Natal redtop (Rhynchyletrum repens). Common throughout this
scrubland are smaller shrubs (subshrubs) of 'uhaloa (Waltheria

indica), 'ilima (Sida fallax), and indigo (Indigofera suffruticosa).

Widely scattered throughout the site are talier plants of kiawe
(Prosopis pallida), Christmas berry (Schinus terebinthifolius),
a'ali'i (Dodonaea viscosa), the native caper or maiapilo
(Capparis sandwichiana), and noni (Morinda citrifolia). The more
scoriaceous ‘a'a flows support some of the species previously
mentioned but in fewer numbers.

Strand Vegetation: The coastal strand vegetation varies from

300 ft. to as little as 50 ft. in width. Substrate is sand or
coralline rubble. Beach naupaka (Scaevola sericea) forms rather
dense stands, 3 to 5 ft. high, along the entire coast. Tree
helijotrope (Tourneforthia argentea), from 8 to 12 ft. high, is
also abundant, especially along the northern half of the coast.
Native species common to occasional in this vegetation type
include the native caper or maiapilo, 'ilima, Fimbristylis cymosa,
'uhaloa, 'aki'aki or beach dropseed grass (Sporobolus virginicus),
nohu (Tribulus cistoides), alena (Boerhavia glabrata), pa'u-o-
Hi'i-aka (Jacquemontia ovalifolia), and pochuehue (ipomoea
pes-caprae). The more rocky areas or areas with coralline rubble
support clumps of the silver-leaved hinahina (Heliotropium
anomaium).

DISCUSSION

In order to up-date the '0O'oma Il botanical survey conducted in
May 1986, a reconnaissance survey of the site was made in October
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1990. No officially listed threatened and endangered plants

(U. S. Fisti and Wildlife Service 1989) occur on the site: nor are
there any plants proposed or candidate for such status on the
site (U. S. Fish and Wildlife Service 1990).

Although the vegetation appeared greener and somewhat denser
during the present survey, very 1ittle or no change was noted on
the pahoehoe and ‘a'a lava flows which support scrub vegetation.
The earlier survey was made during a drier part of the year.

The strand vegetation mauka of the coastal road has remained
about the same. We did observe a few more species not found
during the earlier survey. Most of these are weedy, annuals which
appear after the rains and include hairy crabgrass (Digitaria
setigera), spiny amaranth (Amaranthus spinosus), red-flowered
boerhavia (Boerhavia coccinea), puncture vine (Tribulus
terrestris), and kipukai (Heliotropium curassavicum).

Certain portions of the strand vegetation makai of the coastal
road show some damage from use not observed during the 1986
survey. Vehicular traffic along the road was about one vehicle
every 15 minutes, surprising for a weekday. In some areas, the
sand has started to move and pile up along the seaward side of
the road, forming small banks and covering the lower branches of
the naupaka shrubs. On the northern half of the site, closer to
the HOST Park property, the coastal area appears to be more
actively used. This is where the sand and coraliine beach is
widest. Because of vehicular traffic, most of the ground cover
plants, as 'aki'aki, 'ilima, hinahina, etc., are found at the
base of the naupaka and tree heliotrope plants where they are
protected. Many of the tree heliotrope, usually a much-branched,
Dushy shrub, have been cut so that the lower branches have been
removed.
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ACOUSTICAL CONSULTANTS

#90-45
November 19, 1990

Kahala Capital Corporation
75-5751 Kuakini Hwy.
Kailua-Kona, Hawaii 96740

Attention: Ms. Toni Fortin

RE:

0°0MA 11 DEVELOPMENT

Dear Ms. Fortin:

In this report we present our findings on environmental noise aspects of the
subject project.

1.
1.1

1.2

1.3

SUMMARY OF FINDINGS

Aircraft movements are the most significant existing noise source
affecting the site. Otherwise, most of the site is exposed to
relatively low noise levels, with wind, surf and occasional distant
traffic being the only noticeable sounds. Existing daytime, background
(L90) noise levels are generally less than 40 dBA.

The most dominant aircraft noise is that from interisland jets flying
over the western section of the site after taking off from Runway 17 at
Keahole-Kona Airport. Less commonly, aircraft also fly over the site
on their final approach to Runway 35.

The existing Day-Night Average Sound Levels (Ldn’s) due to

aircraft noise, estimated from the results of a series of 24-hour
and single-event noise measurements performed at the site between
September 12 and 25, 1990, show reasonably good agreement with the
published 1990 aircraft noise contours. However, these data indicate
that the published 1990 Ldn 60 and 65 contours overestimate the cur-
rent noise exposure levels by two to three points (probably, because
of variations between the flight departure tracks assumed jin the
predictions and those actually used).

PALI PALMS PLAZA » 970 NO. KALAHEO AVENUE « SUITE A-31!
KAILUA, HAWAII 96734 + (808) 254-3318 « FAX (808) 254-5295
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1.4

1.5

1.6

1.7

1.8

1.9

1.10

The proposed future runway extension at Keahole-Kona Airport, and the
gradual introduction of progressively quieter aircraft, should reduce
future (year 2005) aircraft noise exposure levels at the project site
to about 5 dBA below existing values.

Single-event aircraft noise data recorded automatically during the
24-hour noise measurements indicate that, apart from scheduled
passenger aircraft, there were typically two or three jet aircraft
departures each night (between 10 pm and 6 am). These were probably
the older (Stage 2) B-737 aircraft used for night freight operations.

The proposed single and multi-family residential areas will be
subjected to existing noise exposure levels of Ldn 58 or less, which
is in compliance with the State Department of Transportation’s Ldn 60
residential area limit.

The proposed hotel and inn will be subjected to existing aircraft
noise exposure levels of Ldn 63 or Tess. Some land-use compatibility
guidelines note that transient lodging buildings may be constructed in
areas subjected to noise exposures of up to Ldn 65 without any special
sound insulation.

A generally-recognized 1imit for noise levels inside residential and
transient lodging buildings, due to aircraft operations, is Ldn 45.
Proposed single-event criteria include a Maximum Noise Level (Lmax) of
50 dBA or less and a maximum Sound Exposure Level (SEL) of 60 to 65 dBA
in habitable rooms.

Although not mandatory, measures such as the following would provide a
higher-than-normal degree of sound insulation and should, therefore,
reduce any impact from aircraft noise (particularly from night flights)
on the residential building occupants:

(1) Use sliding windows and sliding glass doors (with double strength
or 1/4" thick monolithic glass), that seal well in the closed
position.

(2) Avoid jalousie windows, or restrict their use to the less noise-
sensitive areas (bathrooms, laundries, etc.).

(3) Air-condition noise-sensitive areas (to allow windows to be kept
closed for noise reduction purposes).

Some additional "sound proofing" could also reduce the intrusive noise
from aircraft movements to levels more in keeping with a quality hotel
or inn environment. Additional measures could include laminated
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1.11

3.2

single-glazed, or acoustically double-glazed, guestroom windows
and sliding giass doors, selected on the basis of providing an
exterior-to-interior noise reduction of 30 to 35 dBA.

No significant noise impacts are foreseen due to increased surface
traffic caused by the project. Similarly, no significant impacts
should occur due to noise from golf course maintenance, the elub
house, stationary equipment, or construction if the allowable noise
levels in the State DOH noise regulations adopted by the City/County
of Honolutiu are also applied to this project.

PROJECT DESCRIPTION

The proposed 0’oma II Development, located just south of the
Keahole-Kona Airport, includes single and multi-family residential
areas, transient accommodation areas, an Ocean Science Center, an
18-hole gol1f course and a Marine Park (see Figure 1}. The site is
Just north of the proposed Kohanaiki Resort, but there are no existing
noise-sensitive areas nearby.

THE_EXISTING ACOUSTICAL ENVIRONMENT

General

Aircraft movements are the most significant existing noise source
affecting the site. Otherwise, most of the site is exposed to
relatively low noise levels, with wind, surf and occasional distant
traffic being the only noticeable sounds.

The most dominant aircraft noise is that from interisland Jets flying
over the western section of the site after taking off from Runway 17
at Keahole-Kona Airport. Less commonly, aircraft also fly over the
site on their final approach to Runway 35.

To assess existing aircraft noise exposure levels, measurements were
made at the ten locations shown in Figure 1 during three site visits,

“between September 12 and 25, 1990. Noise levels were recorded using

Larson-Davis Laboratories Sound Level Meters Type 700 and 800B.

Measurement Results

noise levels monitored during the sijte visits, in terms of the Maximum-

Noise Level (Lmax) and the Sound Exposure Level (SEL) recorded during
each aircraft movement. (SEL is the Equivalent Continuous Noise Leve]
normalized to a period of one second.) Apart from the periods noted
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3.3

in Table 2, Runway 17 was being used during all the single-event noise
measurements (i.e., aircraft were landing from the north and taking off

to the south).

The data in Tables 1, 2 and 3 show that the noisiest aircraft were the
DC-9 and the older (Stage 2) B-737 interisland jets, which produced
SEL’s of up to 85 to 90 dBA and Lmax’s of up to 75 to 80 dBA at the
proposed single and multi-family residential areas. The corresponding
noise levels at the proposed hotel and inn locations were approximately

5 dBA higher.

Statistical noise levels were also recorded over 24-hour periods at
Locations #2, #4, #7 and #9. The results, in terms of the hourly
Equivalent Continuous Noise Levels (Leq’s) and the noise levels
exceeded for 1%, 10%, 50% and 90% of each hour (L1, L10, L50 and L90,

- respectively), are presented in Figures 2, 3, 4, 5 and 6. These data

showed that the existing background (L90) noise Tevels at the site were
quite Tow (typically, Tess than 40 dBA during the daytime).

Single-event aircraft noise levels recorded automatically during these
24-hour measurements indicate that, apart from scheduled passenger
aircraft, there were typically two or three jet aircraft departures
each night (between 10 pm and 6 am). These were probably Stage 2,
B-737 aircraft used for night freight operations.

Estimated Aircraft Noise Exposure Levels

The estimated Day-Night Average Sound Levels (Ldn’s) at each of the
measurement locations, due to aircraft noise, are shown in Figure 7 in
relation to the published 1990 aircraft noise contours. These data
were determined from the noise exposure levels actually recorded at
each of the long-term measurement locations (after making corrections
for background noise), and the numerical differences between the
single-event noise levels recorded simultaneously at the respective

locations.

The Ldn levels due to aircraft noise (estimated from the measurement
results obtained between September 12 and 25, 1990) show reasonably
good agreement with the published 1990 contours. However, these data
indicate that the published 1990 Ldn 60 and 65 contours overestimate
the current noise exposure Tevels by two to three points (probably,
because of variations between the flight departure tracks assumed in
the predictions and those actually used). In other words, the existing
Ldn 60 and 65 (and, possibly, the Ldn 70) aircraft noise contours
should be further west than indicated by the published 1990 aircraft

noise map.

b I PP RERPENFEAPY St



AR ey

T

f
3

i

' i __l

!

)

.

L]

L.}

— L1 L3 i L3 i 12

———

Kahala Capital Corporation #90-45
November 19, 1990 Page 5

4.
4.1

The proposed future runway extension at Keahole-Kona Airport, and the
gradual introduction of progressively quieter aircraft, should reduce
future (year 2005) aircraft noise exposure levels at the project site
to about 5 dBA below existing values (see Figure 8).

NOISE STANDARDS AND GUIDELINES

Exterior Noise

Land-use compatibility guidelines are commonly presented in terms of
the Day-Night Average Sound Level (Ldn}, a measure of noise exposure
over a typical 24-hour period.

For example, the U.S. Environmental Protection Agency (Reference 1)

and the Department of Housing and Urban Development (HUD) [Reference 2]
and other federal agencies {References 3 through 5) specify that
residential and other noise-sensitive developments can normally be
constructed in areas subjected to noise exposure levels of up to Ldn
65, with no special noise control measures required in buildings of
conventional construction. Sites exposed to Ldn’s in the range of 65
to 75 dBA are considered normally unacceptable for residential
development, with building approval subject to additional noise control
measures. These criteria are generally consistent with the land use
compatibility guidelines shown in Figure 9 ecbtained from Reference 6.

In Hawaii, the State Department of Transportation Airports Division
stipulates an aircraft noise exposure limit of Ldn 60 for residential

buildings (Reference 7).

The Federal Highway Administration (FHWA) provides criteria for
defining traffic noise impact as well as a noise prediction model
(Reference 8).

At this time, only the City/County of Honolulu has adopted the State
Department of Health (DOH) noise regulations given in References 9 and

" 10 and, therefore, these allowablie noise 1imits are not enforced in

Hawaii County.

It is to be noted that land use compatibility guidelines are typically
less restrictive for transient lodging buildings such as hotels and
motels, which are normally air conditioned and better acoustically
insulated than conventional residential buildings. For example, the
guidelines presented in Figure 9 imply that transient Todging buildings
may be constructed in areas subjected to noise exposures of up to Ldn
65 without any special sound insulation.
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4.2

5.1

Interior Nojse

When aircraft noise exposure levels at a proposed development site
exceed the appropriate criteria (such as Ldn 60 for residential

areas in Hawaii), the buildings should be designed on the basis of
achieving acceptable interior noise levels, which can be specified in
terms of Ldn and/or Lmax. For example, HUD has a design goal of Ldn
45 or less for the interior spaces of dwelling units. The California
Department of Transportation’s "Airport Land Use Planning Handbook"
(Reference 11) recommends an Lmax of 40 dBA or less due to aircraft
noise in sleeping areas of residential and transient lodging buildings
(glthou§h a less restrictive Lmax criterion, of 50 dBA is more commonly
adopted).

Wyle Laboratories, a firm of acoustical consultants involved with
soundproofing homes near some of the major airports in the US, has
proposed maximum interior SEL’s of 60 to 65 dBA in habitable rooms
(References 12 and 13). The corresponding Lmax values are about 50
dBA and 55 dBA, respectively.

POTENTIAL IMPACTS AND DESCRIPTION OF CONTROLS

Aircraft Noise

Figure 6 indicates that the proposed single and multi-family
residential areas within the 0’oma II development will be subjected
to existing aircraft noise exposure Tevels of Ldn 58 or less, which
is in compliance with the State Department of Transportation’s Ldn 60
residential area Timit.

However, the data in Tables 1, 2 and 3 show that the proposed
residential areas will be subjected to SEL’s of up to 85 to 90 dBA
from the noisier interisland jets (including the night freighters)

and to corresponding maximum noise levels of about 75 to 80 dBA.
Although not mandatory, measures such as the following would provide
a higher-than-normal degree of sound insulation and should, therefore,
reduce any impact from aircraft noise (particularly from the night
flights) on the residential building occupants:

(1) Use sliding windows and sliding glass doors (with double strength
or 1/4" thick monolithic glass), that seal well in the closed
position.

(2) Avoid jalousie windows, or restrict their use to the less noise-
sensitive areas (bathrooms, laundries, etc.).
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(3) Air-condition noise-sensitive areas (to allow windows to be
kept closed for noise reduction purposes).

The above measures should provide an exterior-to-interior noise
reduction of around 25 dBA, resulting in interior Tevels due to
aircraft noise of Ldn 33 or less {with windows closed), which is
clearly in compliance with HUD’s Ldn 45 guideline, and in interior
SEL's of up to 60 to 65 dBA from the noisier aircraft.

Figure 7 indicates that the proposed hotel and inn will be subjected
to existing aircraft noise exposure levels of Ldn 63 or less. Assuming
conventional building designs and constructions, with air-conditioned
guestrooms and sliding glass doors providing access to guestroom
lanais, the estimated exterior-to-interior noise reduction should be
around 25 dBA (if the doors are well sealed, when closed). Thus,

noise exposure levels inside the guestrooms due to aircraft noise
shouid be Ldn 38 or less (with windows and sliding glass doors closed},
which is clearly in compliance with the Ldn 45 criterion mentioned
earlier. Note that jalousie windows should not be used in guestrooms.

The proposed hotel and inn will be subjected to SEL’s of, typicaily,
90 to 95 dBA from the noisier interisland jets (including the night
freighters) and to corresponding maximum noise levels of about 80 to
85 dBA. Without any special sound insulation measures (apart from
using sliding glass doors and windows provided with high quality
weather stripping), the SEL’s inside guestrooms due to the noisier
aircraft could be in the range of 65 to 70 dBA, i.e., above the
proposed 60 to 65 dBA criteria discussed earlier.

Although not mandatory, some additional "sound proofing" could reduce
the intrusive noise from aircraft movements to levels more in keeping
with a quality hotel or inn environment. Additional measures could
include laminated single-glazed, or acoustically double-glazed,
guestroom windows and s1iding glass doors, selected on the basis of
providing an exterior-to-interior noise reduction of 30 to 35 dBA.

Public areas in the proposed hotel and inn, including lobbies,

bars, restaurants and specialty shops, could, at times, be exposed to
aircraft noise levels of up to about 80 dBA (if the open designs so
common to Hawaii are used). Although the noise could be high enough
to momentarily interfere with people’s speech and telephone communica-
tion in these public areas, the total exposure time to the noise will
be relatively small (typically, less than 20 seconds per aircraft
movement, i.e., less than one minute per hour, assuming an average of
three flights per hour). Of course, any noise impact could be reduced
to insignificant levels by completely enclosing the proposed public
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5.2

5.3

5.4

areas. If an open condition is to exist, the noise impact can be
partly reduced by several decibels by incorporating sound absorbing
treatments on the finish surfaces.

Traffic Noise Impact

The projected traffic volume report (Reference 14) was evaluated

with respect to future traffic noise impact. The increase in traffic
noise along Queen Kaahunanu Highway due to project completion is seen
to be about 1-1/2 dB to the south of the project and less than 1 dB

to the north. This degree of increase is not considered significant.
The predicted traffic noise leveis from the project access road at the
condominiums and the home Jots are less than 65 dB Day-Night Average
Sound Level {Ldn) assuming a posted speed Timit of 25 mph in the noise
sensitive areas and that the structures are setback at least 100 feet
from the center of the roadway. This noise level meets federal
standards for housing. It is also to be noted that the condos and the
homes are to be air conditioned and interior noise levels from traffic
should be most acceptable to all persons.

Golf Course Maintenance Nojse

Noise from equipment associated with ground maintenance activities,
including Tawn mowers and leaf blowers, could have an adverse impact
on the proposed nearby condominiums and homes particularly when the
equipment is near the housing. However, noisy equipment is also
incompatible and disruptive with gol1f play. A1l equipment powered by
internal combustion engines will have exhaust mufflers. Schedules
will be developed so noisier maintenance operations do not occur near
residences before 7 a.m. The noise from ground maintenance operations
will not cause "unreasonable" or "excessive" noise as defined in
Reference 9.

Noise From The Club House

Noise from sources at and near the club house, such as the kitchen,
refrigeration and air conditioning equipment, exhaust fans, golf cart
chargers, pumps and other stationary equipment, should be inaudible at
the closest proposed condominium (which is more than 250 ft away) if
these noise sources meet the allowable noise levels in Reference 9.

If live music and entertainment are planned inside the club house,
provided the building structure incorporates an adequate degree of
"sound proofing," noise from these activities will alse be inaudible at
the closest homes. A public address system near the club house using
state-of-the-art "Tow level," directional Toudspeakers, should have
minimal impact on nearby residential areas.
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5.5

5.6

Stationary Equipment And Other Noises From Resort And Commercial
Operations

Noise from the sewage treatment plant, air conditioning, pumps, fans,
trash compactors, and any other stationary equipment in the resort and
commercial complexes will not exceed the allowable noise levels in
Reference 9. Trash pickup and delivery vehicles will be operated and
scheduled to cause minimum disturbance to neighboring residential units
if complaints arise. Minimally, these operations will meet the
requirements in Reference 9.

Property commercial uses also will not cause "unreasonable" or
"excessive" noise as defined in Reference 9.

Noise Impact From Construction

Development of the project site will invelve grubbing, grading,

and the construction of infrastructure and buildings. The various
construction phases of a development project may generate significant
amounts of noise; the actual amounts are dependent upon the methods
employed during each stage of the process. Typical construction
equipment noise ranges in dB(A) are shown in Figure 7. Earthmoving
equipment such as bulldozers and diesel powered trucks wiil probably
be the Toudest equipment used during the construction of housing units.
Since it is anticipated that noise generated during construction will
exceed allowable Timits in Reference 9, a permit will be obtained from
DOH assuming Hawaii County adopts the regulations in the future. DOH
may grant permits to operate vehicles, construction equipment, power
tools, etc. which emit noise levels in excess of the allowable limits.
Required permit conditions for construction activities are:

"No permit shall allow construction activities creating
excessive noise...before 7:00 am and after 6:00 pm of the

same day."

""No permit shall allow construction activities which emit
noise in excess of ninety-five dB(A)...except between
9:00 am and 5:30 pm of the same day."

“No permit shall allow construction activities which
exceed the allowable noise levels on Sundays and on...
{certain] holidays. Activities exceeding ninety-five
dB(A) shall [also] be prohibited on Saturdays."

In addition, construction equipment and on-site vehicles or devices
requiring an exhaust of gas or air must be equipped with muffiers.
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Also, construction vehicles using trafficways will satisfy the noise
level requirements defined in Reference 10.

If blasting is used in the excavation of the lagoon for the proposed
Marine Park, there will always be undisturbed land between the lagoon
and the open sea such that there will be no overpressure pulses to
injury endangered species. (namely humpback whales and green sea
turtles) or major marine mammais.

Sincerely,

C. Shearer
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TABLE 1

SUMMARY OF JET AIRCRAFT NOISE LEVELS RECORDED AT THE SITE
OF THE PROPOSED 0'OMA 11 DEVELOPMENT ON SEPTEMBER 12, 13990

Time Aircraft Location #1 Location #2 Location #3
Type Lmax SEL Lmax SEL Lmax SEL
(dBA) (dBA) (dBA) (dBA) (dBA) (dBA)
10:46 am B-737 74.5 83.4 75.0 85.5 NA NA
11:04 B-737 67.3 77.2 69.5 80.0 NA NA
11:21 nCc-9 77.3 87.3 81.0 91.5 83.5 93.9
12:08 pm B-737 74.8 86.1 79.0 89.5 84.8 93.4
12:19 DC-8 71.0 80.7 76.0 86.5 80.3 86.8
12:32 DC-9 80.5 89.9 82.0 92.0 85.0 95.2
12:34 B-737 76.5 85.8 80.0 89.0 81.5 90.6
1:41 B-737 76.0 83.6 74.5 85.2 77.8 87.6
1:42 DC-9 78.3 87.4 81.0 90.5 85.9 95.9
2:08 B-737 78.0 88.3 81.5 91.5 87.3 96.6
2:14 B-737 79.0 88.2 80.5 90.5 86.8 95.8
2:25 DC-9 76.1 87.3 78.5 89.5 84.0 94.3
3:00 B-737 (Stage 3) 64.8 74.1 64.0 75.0 70.0 79.1
3:16 B-737 76.8 85.4 76.5 85.5 79.3 88.3
3:23 B-737 73.5 83.1 74.0 85.1 75.5 87.3
3:32 DC-9 78.5 88.1 81.5 91.5 83.5 94.1
3:41 B-737 72.5 81.8 72.0 82.5 73.0 83.5
4:22 B-737 79.0 88.1 79.0 88.5 83.0 92.6
4:27 Executive Jet 57.8 67.8 NA NA 65.5 75.1
4:44 DC-9 78.5 87.8 78.5 89.0 83.3 92.5
5:09 DC-9 81.8 89.4 80.5 90.0 85.3 95.2
5:18 B-737 (Stage 3) 63.3 72.1 62.5 72.0 65.8 75.9
5:27 B-737 74.8 84.4 76.5 86.0 79.8 89.8
5:45 DC-9 NA NA 84.1 94.4 NA NA
5:47 B-737 NA NA 74.8 85.4 NA NA
6:18 B-737 73.0 84.1 76.5 88.0 NA NA
6:57 B-737 NA NA 73.5 84.6 NA NA
7:33 DC-10 NA NA 65.5 75.5 NA NA
7:49 B-737 NA NA 74.5 85.1 NA NA
8:01 pc-9 NA NA 81.0 91.0 NA NA
8:07 B-737 NA NA 72.0 82.5 NA NA

Note:

NA indicates data not available.
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TABLE 2

SUMMARY OF JET AIRCRAFT NOISE LEVELS RECORDED AT THE SITE
OF THE PROPOSED O’OMA II DEVELOPMENT ON SEPTEMBER 21, 13990

Time Ajrcraft Location #4 Location #5 Location #6

L-J

]

L3 1)

(-1
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Type Lmax SEL Lmax SEL Lmax SEL
(dBA) (dBA) (dBA) (dBA) (dBA) (dBA}
7:44 am B-737 74.0 84.0 80.5 87.9 NA NA
8:02 B-737 77.5 87.0 80.0 89.8 NA NA
8:07 DC-9 78.0 89.0 89.8 97.6 NA NA
g:15 DC-9 81.5 91.5 90.5 99.7 NA NA
9:27 B-737 79.0 89.0 86.8 95.8 NA NA
9:48 DC-9 83.0 92.5 93.0 101.5 NA NA
10:14 B-737 (Stage 3) 70.0 79.5 NA NA NA NA
10:19 B-737 77.5 89.0 87.5 96.9 NA NA
10:39 DC-9 82.0 95.5 90.0 100.3 NA NA
10:41 B-737 81.5 92.0 90.3 100.3 NA NA
11:04 B-737 (Stage 3) 68.0 77.5 77.5 85.4 NA NA
11:53 * B-737 69.0 78.1 90.8 98.5 NA NA
11:58 * DC-9 61.5 69.8 85.5 92.1 NA NA
12:34 pm * B-737 NA NA NA NA NA NA
1:19 * B-737 61.0 70.5 NA NA 68.8 80.3
1:25 * DC-9 65.0 74.3 NA NA 72.0 82,1
1:34 * B-737 65.5 77.5 NA NA 76.6 85.8
1:56 * DC-9 64.0 71.5 NA NA 74.0 8l1.1
2:03 * B-737 69.5 80.5 NA NA 87.0 95.8
2:17 * B-737 (Stage 3) 6l.5 70.4 NA NA 68.0 76.1
2:49 * DC-9 67.0 76.5 NA NA 73.3 81.1
3:01 * B-737 64.0 74.0 NA NA 74.5 83.4
3:14 * B-737 64,5 74.5 NA NA 71.8 82.1
3:54 * B-737 (Stage 3) 62.5 72.7 NA NA 65.3 76.1
4:00 * DC-9 63.0 74.0 NA NA 69.5 79.4
4:18 B-737 79.0 89.5 NA NA 82.3 92.4
4:45 DC-9 81.0 90.5 NA NA 83.0 92.2
4:56 DC-9 80.0 91.0 NA NA 85.1 94.4
5:14 B-737 (Stage 3) 70.0 79.0 NA NA 71.5 81.8
5:30 B-737 75.5 85.0 NA NA NA NA
5:47 B-737 NA NA NA NA 76.3 86.9
5:48 DC-9 NA NA NA NA NA NA

Note:

NA indicates data not available.

* _. Runway 35 in use




SUMMARY OF JET AIRCRAFT NOISE LEVELS RECORDED AT THE SITE

TABLE 3

OF THE PROPOSED 0°'OMA II DEVELOPMENT ON SEP. 24 - 25, 1990

Time Aircraft Location #8 Location #9 Location #10
Type Lmax SEL Lmax SEL Lmax SEL
{dBA) (dBA) (dBA) (dBA) (dBA) (dBA)
9/24/90
12:57 pm B-737 82.5 91.8 NA NA NA NA -
1:41 DC-9 78.3 86.8 NA NA NA NA .
1:45 B-737 82.5 92.2 NA NA NA NA o
2:05 B-737 85.0 93.8 NA NA NA NA —
2:12 B-737 79.8 89.9 NA NA NA NA .
2:26 bC-8 NA NA NA NA NA NA wet
2:59 B-737 (Stage 3) 77.8 85.2 NA NA NA NA
3:17 B