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SECTION 1
INTRODUCTION

1.1 PURPOSE AND OBJECTIVES

The purpose of this study is to ascertain whether the anticipated impacts of establishing and
operating a fiber optic cable landing facility will have a significant adverse impact upon the
environment. A determination (Negative Declaration) that the anticipated impacts of the
proposed project will not have a significant adverse effect upon the environment is sought.

GTE Hawaiian Tel proposes to develop an interisland submarine fiber optic cable system
which will link the Islands of Kauai, Oahu, Maui, and Hawaii to supplement its existing
interisland radio system. The system will include three interisland submarine cable segments
with 5 landing sites (see Figure 1). The proposed landing sites are in the vicinity of Wailua
Golf Course on Kauai; Kahe Point Beach Park and Sandy Beach Park on Oahu; Mokapu
Beach on Maui; and Spencer Beach Park on Hawaii. The purposes of the project are to
provide additional telecommunication capacity to accommodate projected interisland
telecommunication traffic; to increase system integrity; and, to provide additional path

diversity.

GTE Hawaiian Tel is Hawaii’s largest phone service provider. In 1990, Hawaiian Tel
processed over 7 million calls per day, or over 4,800 calls per minute. Annually, this
accounted for approximately 2.6 billion calls. The current level of service experienced by
GTE Hawaiian Tel is at the forefront of a growth trend that has continued uninterrupted,
since at least 1981, when Hawaii had almost 432,000 telephone access lines. Today that
number has increased by almost 30 percent io over 555,000 lines (The State of Hawaii Data

Book, 1990).
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GTE anticipates that by 1993 its existing radio facilities will be unable to adequately process

interisland phone transmissions, due to continuing and increasing levels of service demand.
To overcome this limitation GTE proposes to carry out planning and implementation of a
submarine fiber optic interisland cable network to handle the increasing volume of telephone

traffic.

12 PROJECT LOCATION

The proposed landing site for the Oahu to Kauai segment of the submarine interisland fiber
optic cable system is Kahe Point Beach Park. Kahe Point Beach Park is located along the
southwest coast of Oahu, to the north of Barbers Point (see Figure 2). The shoreline in this
area is rocky, consisting primarily of low limestone sea cliffs approximately 15 to 20 feet
high. The proposed landing site is within a developed beach park. Existing features of Kahe
Point Beach Park include two comfort stations, a pavilion, camping and picnic area with
barbecues, fourteen marked camping sites with parking, and access via the Kahe Point

Beach Park Access Road.

Figure 3 illustrates the proposed alignment of the GTE Hawaiian Tel submarine cable from
the landing site to the GTE Hawaiian Tel Central Office (CO). A new reinforced concrete
manhole will be constructed at Kahe Point Beach Park approximately 300 feet makai of
Farrington Highway. From the new manhole the cable will be instailed in a trench to
Manhole No. 3455 located on the mauka shoulder of Farrington Highway. The trench will
cut across the Park’s access road and Farrington Highway. From Manhole No. 3455 the
fiber optic cable will be pulled through existing ducts to connect to the CO at 92-1389
Aliinui Drive within the Ko’ Olina development.
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SECTION 2
PROJECT BACKGROUND

2.1 CABLE TECHNOLOGY
The following is 2 discussion of existing telecommunication cable technology and how the

determination was made to use fiber optics.

2.1.1 Copper and Fiber Optic Cables
The alternative to fiber optic cable is the use of copper wire cable. Copper cables function

using a large number of plastic-coated copper wires housed within 2 plastic or synthetic

outer casing. If necessary, steel or other protective materials would be added to ensure
strength and resistance to abrasion and breakage. In order to receive a voice transmission
an electrical signal must be sent through a pair of copper wires to a receiver, where the
electrical signal is converted back into sound. A typical copper cable, approximately 4" in
diameter (without the outer protective casing), would house 600 copper wires with the

capacity of approximately 3,600 voice circuits.

The copper wire cable will also require use of a repeater to boost the electrical signal over
long distances to ensure adequate signal strength at the receiving station. Repeaters will be
necessary approximately every 6,000 feet and require a high voltage power source to
operate. Repeater dimensions for a 1,200 voice circuit will be approximately 1 to 2 feet in
diameter by 3 feet long. Therefore, to accommodate the 4-inch diameter copper cable

described above, at least 3 repeaters would be required every 6,000 feet with a requisite

power source supplying power to the cable.

In contrast, fiber optic technology relies on use of optical fibers and the transmission of light
pulses which are converted into voice signals by the telephone company receiving station.
The proposed fiber optic cable would contain approximately 12 fiber optic strands and would
be housed in a plastic and steel casing no more than approximately 3 inches in diameter (see
Figure 4). Like the copper cable, steel or other protective materials would be added as
needed for strength. Each pair of fiber optic strands would be capable of
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handling approximately 8,000 voice circuits, for a combined total on the order of 40,000+
voice circuits (2 strands=1 pair, 12 strands=>5 pairs working plus 1 pair spare, and 5 pairs
x 8,000 vpice circuits = 40,000 voice circuits). In addition, in order for an copper cable to
achieve the capacity of a fiber optic cable, it would have to approach a diameter of

approximately 8 to 10 feet, would require repeaters, and a high-voltage power line in

addition to the copper cable.

Fiber optic technology was selected because:

> Fiber optic cables pravide superior capacity and do not require high-voltage
repeaters;
> The smaller diameter fiber cable ensures there will be minimal disturbance

necessary to site the cable. There is less land needing to be graded, cleared
and stockpiled in order to site a 3-inch diameter cable versus a 10-foot in

diameter cable;

- Sensitive areas that might otherwise be disturbed because of larger equipment

and increased mobilization and noise problems would be greatly reduced; and

> Length of time on site would be greatly minimized. Sensitive public or open
space areas would not require a lengthy stay by the construction team and
therefore would minimize any hardships upon beach users including swimmers,

fishermen, surfers and other users.

22 SUB INE CABLE ROUTE

The submarine cable route selection process involved identification of areas warranting
study, based on a set of minimum evaluation criteria. The criteria includes rapid erosion,
giant landslides, drowned coral reefs, seismic activity, dumping areas, ship and airplane

wrecks, other cables, and the length of routes.

a—
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In August 1991 a study was conducted by Seafloor Surveys International (SSI) to
preliminarily identify an ocean route for the GTE Hawaiian Tel Submarine Fiber Optic
Cable System. The route selected was one that minimized potential hazards to the
installation, and eased maintenance and operation of the cable over a projected 25 year

lifetime.

The following provides a detailed description of each of these criteria:

2.2.1. Rapid Erosion
The greatest danger to this cable system, in the submarine portion of the route, is related

to the geologically young age of the "Hawaiian Islands and the resulting extremely high
erosion rates. The rapid erosion places large volumes of unconsolidated sediment into the
shallow waters surrounding the islands. These sediment deposits move rapidly down the
steep island slopes when they become unstable. This down-slope sediment movement can
be initiated by earthquakes, storm runoff, and storm waves. Installation of cables on steep,
sediment-covered submarine slopes should be avoided if possible. Where these slopes
cannot be avoided, the cable should traverse as dirzctly up the slope as possible” (SSI,
August 1991).

2.22 Giant Landslides
Over the past several years, mapping of the Hawaiian Exclusive Economic Zone by the U.S.
Geological Survey, using the long range Gloria sonar system, a relatively low-resolution,
reconnaissance sonar, has discovered a series of large landslides surrounding the Hawaiian
Islands (Moore, et.al,, 1989). "The primary danger presently posed to the cable by these
inactive landslides is their extremely rough surface. The seafloor in the slide areas are
known to be littered with huge volcanic boulders. These boulders have been observed from
submersibles to often be the size of a house. These slide surfaces pose a serious threat by
producing unacceptable cable spans where the cable is draped over individual blocks, as well
as the possibility of having the cable getting tangled if it had to be retrieved for repair" (SSI,
August 1991).




2.2.3 Drowned Coral Reefs
A series of drowned coral reefs surrounding the islands are considered dangerous to the

Interisland Fiber Optic Cable System. "L ocally steep slopes associated with these reefs could
cause unacceptable cable spans in areas where strong bottom curTents can be expected"

(SSI, August 1991).

2.2.4 Seismic Activity
"The greatest danger to the cable from earthquakes is not the actual fault displacement

itself, but the possibility they will initiate movement of unstable sediment deposits on the
slopes of the islands. Epicentral locations of earthquakes with magnitude 3 or larger in the
Hawaiian region should be avoided by the fiber optic cable”" (SSI, August 1991).

"Seismic activity in the Hawaiian Islands is concentrated in the vicinity of the active
volcanoes on the Island of Hawaii, where it is primarily related to the on-going volcanic
activity. There are also earthquakes related to the tectonic subsidence of the islands due to
the load that the growing volcanoes is putting on the earth’s crust. These tectonic
earthquakes are also concentrated in the area surrounding the Island of Hawaii, where the

greatest subsidence is taking place" (SSI, August 1991).

2.2.5 Dumping Areas
"A large, presently inactive, explosive dump is located west of Oahu. This dump will have

to be avoided by the fiber optic cable. Navy authorities maintain this area has not been
used for ordinance disposal since shortly after World War II. However, they advise against

laying cables through the area" (SSI, August 1991).

"Dredge Spoils disposal sites authorized by the U.S. Army Corp of Engineers are also
located close to all major jsland harbors and should be avoided by the cable route” (SSI,

August 1991).

-10-




2.2.6 Ship and_Airplane Wrecks
A complete, high resolution side-scan survey of the proposed cable route should be carried

out to determine that the route is free of man-made hazards such as ship wrecks and lost
airplanes. There have been numerous ships and airplanes lost at sea in the Hawaiijan area

which have never been located.

2.2.7 OQOther Cables

There are several other cables in the planning stage including Pac-Rim East {from Hawaii
to New Zealand), HAW-5 (from California to Hawaii), the Hawaii decp water electric
transmission cable (from Hawaii to Oahu via Maui), and the Tri-Island power cables (linking
Maui, Molokai and Lanai). Aside from these commercial cables, the University of Hawaii

plans to install a fiber optic cable for neutrino research offshore from Keahole Point north

of Kailua, Kona.

Along parts of this route the cable will have to be laid in close proximity to other, presently
existing communications cables. In these areas, the recommendations of the International
Cable Protection Committee (ICPC) should be used as a guideline. At their 1985 Plenary
Meeting in Sydney, Australia, ICPC recommended that no previously existing cable be
crossed at less than a 45 degree angle, the closer the crossing can be to a right angle the

better, and where possible a spacing of five miles should be maintained.

Prior to making final decisions on cable placement, ICPC also recommends that American
Telephone and Telegraph (AT&T) be contacted to determine if there are conflicts with

military or other government cables.

2.2.8 Length of Routes Less Than 200 Kilometers

All routes are designed to be less than 200 kilometers in length in order to be serviced by
repeaterless cables. The fiber optic cable will operate on a single light transmission source
generated from its Central Office and transmitted to 2 receiving Central Office. Since
repeaters will not be required to retransmit the signal, no electrical power will need’ to be

routed through the cable.

-11-




2.3 LANDING SITES SELECTION
In August of 1991 a study was conducted to select landing sites for the GTE Hawaiian Tel

Fiber Optic Cable System connecting the Islands of Kauai, Oahu, Maui, and Hawaii. A set
of criteria was used to reduce the field of potential landing sites. The advantages and

disadvantages of each site were evaluated to provide the basis for comparing the sites.

The following is a brief discussion of criteria for determining landing sites:

2.3.1 Shofe]ine[ﬂcarshorc Conditions

The shoreline and nearshore conditions are a consideration because the depth of the water
from the landing site towards the ocean must be deep enough to protect the cable,
Approximately 50 to 60 feet of water will be required before wave forces diminish to levels
where wave action does not affect the cable. Areas with extensive shallow water far from
shore (i.e.4,000’+) were considered difficult or suboptimal in providing protection during

storms and other high wave conditions.

The composition of bottom conditions limits acceptable landing sites. Sandy bottoms are
preferred in order to minimize any possible environmental impacts of anchoring, armoring,
or trenching through rock or coral in order to securely fasten the fiber optic cable. Also if
the ocean bottom has extensive sand deposits, especially adjacent to the shoreline the cable

can eventually be covered by sand, providing maximum protection against wave forces.

2.3.2 Public Use Considerations
It is anticipated that impacts to public recreational areas will be minimal given the short-

term and relatively minor requirements for installing a fiber optic cable. However because
of potential for conflicts with area users, landing sites in areas of major public use are

considered a constraint to selection.

Areas of potential historical and archaeological significance in close proximity to cable
landing sites are also considered a constraint to selection, due to the possibility of destroying

a historic site.




2.3.3 Environmental/Natural Resource Considerations

The landing sites should not be within proximity to rare or endangered species or their

habitats in order not to disturb them.

Impacts to shoreline and ocean water quality should be kept to a minimum. Sites which
would require extensive ocean anchoring and cable protection work (i.e., shielding/dredging)
and/or on-shore excavation in ground conditions which promote soil erosion should be

avoided.

2.3.4 Alternative Landing Sites
Three possible landing sites were identified for the Oahu to Kauai segment of the fiber optic

cable where underwater geology would be most suitable: Kahe Point Beach Park, Pokai Bay,
and Nanakuli Beach Park. Kahe Point Beach Park was selected as the preferred landing
site because the site exhibits positive characteristics including nominal land side conditions,
workable nearshore waters, and low public use. Another positive site feature of Kahe Point
Beach Park is the low likelihood for discovery of archaeological/historic sites (Discussion
with DLNR, Historic Sites Office).

Should Kahe Point Beach Park be removed from consideration, Pokai Bay would be the
alternate landing site. The proximity of Pokai Bay to a small boat harbor could create
potential problems due to future harbor expansion and/or marine dredging. Pokai Bay also
has potential for discovery of archaeological remains in the backshore area according to the
Department of Land and Natural Resources Historic Sites Office.




SECTION 3
CONSTRUCTION ACTIVITIES

3.1 GENERAL

Construction of the project will be accomplished in two phases. The first phase involves all
land side construction activities; and the second phase includes all work necessary to prepare
the landing site and actual landing of the interisland submarine cable.

The land-side construction activities involve the construction of a new manhole at Kahe
Beach Park and approximately 350 feet of underground ducts and cable from the landing
site to the new manhole to an existing manhole (No. 3455) located on the mauka side of
Farrington Highway (sce Figure 5). From Manhole No. 3455 the fiber optic cable will be
pulled through 11,000 feet of existing underground ducts to connect to the GTE Hawaiian
Tel Central Office (CO) at 92-1389 Aliinui Drive,

The second phase involves landing the submarine fiber optic cable, pulling the cable through
the steel ducts and connecting it to the new manhole at Kahe Point.

The following provides a detailed description of each of these phases:

32 LAND-SIDE ACTIVITY

A new 5-foot x 10-foot x 6-foot deep reinforced concrete manhole will be constructed at
Kahe Beach Park approximately 300 feet makai of Farrington Highway.

The new manhole will be the terminus of the land-side activities and it shall be constructed
to accept the submarine cable. Seaward of the manhole, two six-inch diameter steel conduits
encased in concrete will be embedded within the limestone cliff and rock outcropping
fronting the ocean. Boring and trenching equipment will be utilized during the installation
of the conduits. Landside of the manbhole, four 4-inch diameter PVC ducts will be installed
in a trench from the new manhole to Manhole 3455 located on the mauka shoulder of
Farrington Highway. The duct lines will be encased in concrete and buried

-14-
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under 3 feet of earth cover. The trench will cut across the Kahe Beach Point Park Access
Road, a railroad right-of-way, and Farrington Highway and traffic wiil be detoured around
the construction equipment during the trenching operations. Traffic control procedures such
as rerouting the traffic onto the shoulder of the highway with the aid of necessary safety
measures such as temporary traffic contro] devices (cones) and/or use of flagmen to direct
traffic will be implemented during work activity. Two-way traffic on Farrington Highway
will be maintained at all times, Approximately two weeks will be required to complete the

trenching work within the Farrington Highway right-of-way,

shall be restored after work within the railroad right-of-way is completed.

33 NEARSHORE ACTI VITY
The second work Phase involves landing the submarine fiber optic cable and establishing a

connection to the new manhole at Kahe Point,

the prevailing tides may be required. For this process, manual or mechanical means wil] be
used to remove the upper layers, Remaining sand or rubbje will be removed using a hydro-
jet. If necessary, and bags will be used to prevent sand from reentering the open trench.
Rock outcrops and other hard substrate which cannot be avoided will be also removed using

similar methods,

cables to aid in the cable laying process. The Tange targets will be piaced on temporary
structures and will be removed following the cable landing. The range targets will not
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A cable laying ship provided by the cable vendor will serve as the primary means of laying
the fiber optic cable. The following procedures describe the activities involved during the

cable landing operations.

The ship’s captain will approach the landing site using the two range targets to align the ship
as it approaches the shore. The range targets will be placed by a cable receiving party
according to previously surveyed coprdinates. Once the ship approaches the shore landing
to the minimum depth allowable, it will fix its position relative to the landing site using
anchoring, tugboats, side-thrusters, or other means. As the ship fixes its position, it will

begin laying out cable.

The ship will lay cable while its personnel attach suspension floats at regular intervals to the
cable. As the cable is lowered to the water, it will float, allowing it to be pulled toward

shore using a winch, small motor boat, or other mechanijcal means.

The shore landing will be specially prepared to accept the cable. As the cable nears the
shore, it will be fed into the steel conduit previously buried in the sand and pulled to the
new manhole. When the cable is sefured in the manhole, it will be temporarily anchored

while the divers readjust the suspension floats in the water to obtain a proper nearshore to

shoreline alignment.

A study of the ocean bottom along the Proposed cable alignment at the landing site indicates

the following characteristics:

Immediately offshore, there is a 380-foot wide band of hard bottom, consisting of alternative
ridges and channels, with scattered boulders and coral with vertical relief of about 3 to 4
feet. The water depth at the seaward end of this band is approximately 15 feet. Seaward
of this point, there is a 100-foot wide transition zone, with the bottom consisting of a flat
sand bottom with interspersed limestone and coral outcrops. Vertical relief through this
zone is 2 to 4 feet. The water depth at the seaward end of the transition zone is 18 to 20

feet. The percentage of sand in the transition zone increases proceeding seaward.

-17-




CORRECTION

TR AL R R I T TR T T S T TN T T AW AT T e U M AT R I YW TP ey !

" THE PRECEDING DOCUMENT(S) HAS
BEEN REPHOTOGRAPHED TO ASSURE
LEGIBILITY
SEE FRAME(S)
IMMEDIATELY FOLLOWING




A cable laying ship provided by the cable vendor will serve as the primary means of laying
the fiber optic cable. The following procedures describe the activities involved during the

cable landing operations.

The ship’s captain will approach the landing site using the two range targets to align the ship
as it approaches the shore. The range targets will be placed by a cable receiving party
according to previously surveyed coordinates. Once the ship approaches the shore landing
to the minimum depth allowable, it will fix its position relative to the landing site using
anchoring, tugboats, side-thrusters, or other means. As the ship fixes its position, it will

begin laying out cable.

The ship will lay cable while its personnel attach suspension floats at regular intervals to the
cable. As the cable is lowered to the water, it will float, allowing it to be pulled toward

shore using a winch, small motor boat, or other mechanical means.

The shore Janding will be specially prepared to accept the cable. As the cable nears the
shore, it will be fed into the steel conduit previously buried in the sand and pulled to the
new manhole. When the cable is secured in the manhole, it will be temporarily anchored
while the divers readjust the suspension floats in the water to obtain a proper nearshore to

shoreline alignment.

A study of the ocean bottom along the proposed cable alignment at the landing site indicates

the following characteristics:

Immediately offshore, there is a 380-foot wide band of hard bottom, consisting of alternative
ridges and channels, with scattered boulders and coral with vertical relief of about 3 to 4
feet. The water depth at the seaward end of this band is approximately 15 feet. Seaward
of this point, there is a 100-foot wide transition zone, with the bottom consisting of a flat
sand bottom with interspersed limestone and coral outcrops. Vertical relief through this
zone is 2 to 4 feet. The water depth at the seaward end of the transition zone is 18 to 20

feet. The percentage of sand in the transition zone increases proceeding seaward.
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An extensive deposit of medium grained calcareous sand begins approximately 500 feet
offshore and continues for approximately 2,200 feet to the 70-foot depth. There are no
exposed outcrops of limestone or coral in the deposit. The ocean bottom from the 70-foot
depth to the 100-foot depth comprises of limestone, scattered coral, and coral rubble with

sand.

Depending on subsurface conditions, the cable may need to-be curved around fixed
underwater obstacles such as coral heads, finger coral, and rock outcrops. Coral, rock and
other hard surfaces that cannot be avoided will have to be removed or circumvented using

various methods such as:

1. Coral and limestone beds may need to be trenched to a width and depth of
approximately 1 to 2 feet, or more, to accept the fiber optic cable. If
necessary, tremie concrete can be poured into the trench where it can harden
under water. The impacts can be minimized depending on the depth of
trenching necessary to accommodate the relatively narrow diameter of the
cable. If tremie concrete is used, it will provide a new surface for growth of

coral and other marine organisms; or,

2. Shielded cable may be laid with split pipe fastened around the cable and then
bolted to the hard rock or coral bed using pneumatic or mechanically driven
bolts. This practice will result in minimal environmental impact since little or
no coral will have to be displaced to site the cable.

The cable will be anchored in shallow water with a hard rock or coral bottom to prevent
abrasion resulting from wave action, Under this situation the cable will be exposed to
abrasion from movement against hard surfaces caused by weather or geologically (tsunami)
induced wave action. In deeper water, cable movement is significantly reduced and the need
for wave related abrasion protection is less of a concern. According to Seafloor Surveys
International, in deeper waters trenching is generally unnecessary since there are no man-
made activities capable of dredging the cable off the ocean floor and damaging it (only
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for wave related abrasion protection is less of a concern. According to Seafloor Surveys
International, in deeper waters trenching is generally unnecessary since there are no man-
made activities capable of dredging the cable off the ocean floor and damaging it (only

commercial trawlers would pose this concern and none are located in Hawaiian waters in

the vicinity of the proposed cable alignment).

Once the cable is aligned, the divers will cut the remaining floats-away, allowing the rest of

the cable to sink to the acean bottom, and the cable will be permanently installed in the

manhole.

Following this action, the cable ship will commence with cable laying operations to the next
landing site. The ship will follow a prescribed survey route until it reaches the other landing

site where the end of the cable can be similarly connected.

3.4 CABLE LANDING PROCESS

T N A A

The cable landing process includes the use of the landslide range targets (alignment

markers) to assist in the alignment of the cable as it is being installed. The cable laying ship

may be assisted by two tugboats to maintain proper alignment of the cable ship. This

assistance is essential to ensure that the cable is placed within the cable easement. Once
the cable laying ship is properly aligned, the cable will be towed from the ship by one of the
tugs to a transfer location nearshore. At this location, the leading end of the cable will be
attached to a wire rope connected to land based pulling equipment (i.e., winch) and pulled
ashore. Once the cable is placed within the steel conduit, the leading end of the cable will
be secured within the manhole and spliced together with cable emanating from the central

office.

Once the cable has been secured, the open trench will be backfilled and all reasonable

efforts will be taken to restore the beach to its original preconstruction condition.

3.5 SAFETY CONSIDERATIONS
During the construction phase on the beach (approximately 2-7 calendar days, May-June
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During the cable laying process (approximately 2 days depending on the weather conditions),

the nearshore waters will be closed to ocean activities (surfing, diving, boating, swimming)

1o ensure the safety of ocean users. The area that will be closed will be approximately 100-

150 feet wide and 1,000-2,000 feet long. The actual area may be more or less depending on

the tides. The period when the waters will be closed is not expected to be more than two

days, weather permitting. This short-term "closure” of nearshore water areas will be
Further, during the

achieved by publishing a notice to advise mariners to avoid the-area.

cable laying process, project personnel will advise beach users to avoid the project site both

on land and in the water via small powered water crafts.

3.6 SCHEDULE AND ESTIMATED COST
and-side activities) of the project is scheduled tentatively for March and

g operations)

The first phase {1
April 1993. The second phase (installation of interisland cable and cable landin
n cost for the first phase is

is scheduled tentatively for May and June 1993. Constructio

estimated at $243,550.




SECTION 4
DESCRIPTION OF THE AFFECTED ENVIRONMENT

4.1 PHYSICAL ENVIRONMENT
4,1.1 Climate
The project site and surrounding area is located on the south-western side of Oahu which

is generally warm and dry. The mean annual temperature is between 72 and 79 degrees
Fahrenheit and the annual rainfall is about 20 inches, most of it occurring .during winter
months. The prevailing winds are tradewinds blowing from a northeasterly direction. Winds
from a southeasterly direction (Kona winds) may be expected 5-8 percent of the time (Atlas

of Hawaii, 1983).

acts
The proposed project is not expected to impact the local climate of the project area

and vicinity.

4.1.2 Topography, Geology, Soils
The project area lies at the base of the Waianae mountain range. The predominant soil

type for the area excluding the landing site, as described in the August 1972 US.
Department of Agriculture, Soil Conservation Service publication, "Soil Survey of the Islands
of Kauai, Oahu, Maui, Molokai, and Lanai, State of Hawaii," consists of the Lualualei Series
particularly Lualualei extremely stony clay, 3 to 35 percent slopes. There are many stones
on the surface and in the profile. It is impractical to cultivate this soil unless the stones are

removed. Runoff is medium to rapid, and the erosion hazard is moderate to severe.

Soils at the landing site consist of rock land. Rock land (rRk) is made up of areas where
exposed rock covers 25 to 90 percent of the surface. The rock outcrops and very shallow

soils are the main characteristics.
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acts
With respect to the segment of the cable to be installed subsurface, no long term

surface impacts are anticipated since the project involves temporary excavation and
filling with the same material. The excavated portions will be returned to its present

status by reusing soil excavated for fill.

4.1.3 Hydrology
There are no perennial streams in the subject area. The major drainage features for the

area are Waimanalo Guich to the east, Keaneoio Guich to the north and Makaiwa Guilch
to the south all of which are dry except for the rainy season.

Groundwater for the area is brackish and is not a source for domestic use (Atlas of Hawaii,
1983).

mpacts
No adverse impacts are anticipated on surface water or groundwater since the project

will not alter existing drainage patterns or have any Jong term water requirements.

4.1.4 Terrestrial Flora/Fauna

The area’s flora is classified as lowland dry shrub and typically contain species such as kiawe,
koa haole, bristly foxtail, uhaloa, milo, and fingergrass. Homesites, military installations, and
pastures are the most common uses for this type of plant environment. No rare or

endangered species of plants are known to inhabit the site.

With respect to animal wildlife for the area, no rare or endangered animals are known to
inhabit the site. The area has a dry climate and sparse vegetation does not provide good

habitats for rare animals.

Impacts ;
Because the project area is not known to contain any rare plants or animals, adverse

impacts are not anticipated. As part of the proposed development the exposed areas

within the cable easement will be replanted.
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4.1.5 Marine Flora and Fauna
Sea Engineering carried out a qualitative reconnaissance of the Kahe Point Beach Park

cable route on 21 June 1991 and a quantitative sampling of this site was done on 6
December 1991 (see Marine Environmental Analysis of Selected Landing Sites, Sea
Engineering, Inc., and Environmental Assessment Co., Jan. 1992). To obtain an overail
perspective on the extent of the major communities occurring in the study area divers were
slowly towed behind a skiff over most of the study site from shore seaward to at least the
80 foot contour. During the course of the field work notes were taken on the number, size
and location of any green sea turtles and other threatened or endangered species seen within

or near to the study area.

Benthic communities in the vicinity of the project site are situated on hard shore substratum.
"Coral coverage may locally (over areas up to 10m?) exceed 75 percent; mean coverage is
about 15 percent (Sea Engineering, January 1992). Diversity and abundance of fish in the
area is high due to the plentitude of coral and the warm water outfall from the Hawaiian
Electric Power Plant. Invertebrate species richness and abundance is similarly high. The
intertidal bench supports normal tidal zone marine life, including starfish, crabs, smal! fishes,

algae, and sea urchins.

"The biological survey did not find any rare or unusual species or communities. There were
no sightings of green sea turtles in the area. "To the south of the beach park (i.e., offshore
of Paradise Cove and West Beach) are known concentrations of green sea turtles. Some
shelter (caves, ledges and undercuts) at sizes and scales appropriate for green sea turtle
resting areas were seen in the region adjacent to shore and macroalgal species were
encountered both subtidally and intertidally which are known forage for green turtles. No
information was discovered to suggest that nesting of sea turtles in the vicinity of Kahe Point
Beach Park has occurred in historical times. Another protected species, the humpback
whale, also was not seen offshore of the study area" (Sea Engineering, January 1992), As
noted by Herman (1979), humpback whales tend to be found in regions remote from human
activities and the proposed Kahe Point cable alignment is in relatively close proximity to the
Barbers Point Harbor which is becoming an important commercial port for Oahu.
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Impacts
The potential for impact to the shallow marine communities will probably be greatest

with the construction phase of this proposed project. "From the sea the. proposed
cable alignment enters the shallows through a substrate of sand, where most of the
organisms are mobile. Since these forms are motile, deployment of the cable across
such a substratum presents little chance of negative impact to resident species
because they would probably just move out of the way as the cable was depioyed.
Additionally since the substratum shifts, it is probable that the deployed cable will
sink into the substrate” (Sea Engineering, January 1992).

"In the shallower areas along the route, there are areas where the cable will cross
hard substratum and there js a greater possibility of impact to benthic and fish
communities. Impacts associated with these construction activities primarily include
removal of benthic communities in the cable path, and the generation of turbidity
which may impact surrounding communities. The small scale of the proposed
activities that would be Neécessary to protect the cable in shallow water would produce
' little sediment, and over a relatively short period of time. Turbidity from the
construction will be a minor impact" (Sea Engineering, January 1992).

We expect that there would be no direct impacts to the threatened green sea turtle
or to endangered humpback whales. As far as the impact to humpback whales is
concerned, if construction activities are restricted to the period between April through
October, there would be no impacts because the whales are seasonal and are only in
island waters from November through March. Even assuming that the cable
deployment occurs when the whales are present in Hawailan waters, it is anticipated
that the impacts would be minimal. The cable laying ship should not be on site more

than one or two days.

The most probable source of Jocal impact to whales would be noise generation by the
cable laying ship, the support tugs and the small boats. There are variable and
conflicting reports as to the impact of vessel traffic on whales (Brodie, 1981; Matkin
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and Matkin, 1981, Hall, 1982; and Mayo, 1982). With respect to the response of
individual humpback whales, there is sufficient information to demonstrate that
boating and other human activities do have an impact on behavior (Bauer and
Herman, 1985). Thus it is probably valid to assume that impact whales could occur
if individuals are within several kilometers of the deployment site. However, as noted
above, these impacts are of short duration, and all activity will be concentrated in a
small area. The potential impacts also need to be evaluated in light of the proximity
of the site to the Barbers Point Harbor which is becoming an important commercial

port for Oahu.

Sea turtles are permanent residents in inshore Hawaiian habitats. Although the
potential exists for problems during the construction phase if it entails dredging, the
generation of fine particulate material from dredging appears not to hinder the green
turtle in Hawaiian waters; at West Beach, Oahu, green turtles moved from an
offshore diurnal resting site about 3,300 feet offshore to a point about 600 feet from
the construction site within days of the commencement of dredging and the
generation of turbid water. The turtles appeared to establish new resting areas in the
turbid water directly offshore of the construction site (Brock 1991a). The reason(s)
for this shift in resting areas is unknown but may be related to the turtles seeking
water of poor clarity to possibly lower predation by sharks (a major predator on

green sea turtles).

4.1.6 Scenic and Visual Resources

Kahe Point Beach Park has the Hawaiian Electric Power Plant to the north end and the rest
of the area is generally void of man-made structures. Except for light poles along Farrington
Highway, the beach park has amenities such as two comfort stations, a pavilion, camping and

picnic equipment, and fourteen marked camping sites with parking,

Impacts
No long term adverse impacts are anticipated on the beach park since the proposed

cable will be Jocated below surface. From there the cable will be routed by duct lines
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under Farrington Highway to connect to the GTE Hawaiian Tel Central Office (CO)
at 92-1389 Aliinui Drive.

For two to seven days there will be a temporary impact on the coastal views from
construction activities, During the construction period, the beach portion of the

project site will have construction equipment and a mound of sand from the

excavated trench.

The beach will be returned to its existing condition at the conclusion of the cable

installation. Excess material not utilized for fili will be removed.

Therefore, after the cable is installed no long-term impact is anticipated.

4.1.7 Historic/Archaeological Resources

Cultural Surveys Hawaii conducted an archaeological assessment of the Kahe Point Beach
Park cable landing site on February 1992 (see Archaeological Assessment of the Proposed
Fiber Optic Cable Landing for Wailua, Kauai, Cultural Surveys Hawaii, Feb. 1992). “The
scope of work included inspection of the proposed landing site (Kahe Point Beach Park) and
the proposed duct line along Farrington Highway. The landing and duct line corridor were
inspected for any surface sites. Two areas of interest were noted within the Beach Park
portion but none along the proposed duct line. The two areas within the Beach Park
include a sea cave and associated crevices, and an extant section of fairly well preserved

Oahu Railway and Land Company (O.R. & L.) tracks.

No subsurface testing was undertaken in association with this assessment. This was due to
a number of facts which include: (1) The sea cave and crevices in the park can easily be
avoided; (2) The O.R. & L. right-of-way is listed as a national registered site (50-80-9714)
and a mitigation plan to get by it must be approved by the Historic Sites Division of the
Department of Land and Natural Resources (DLNRY); (3) Sub-surface testing along the
approximately 2,500 feet long duct line within Farrington Highway is not only beyond the
scope of this assessment, but based on the observed degree of land alteration associated with
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the highway’s construction (massive cut and fill), it would appear that no archaeological

resources of significance remain within the actual right-of-way itself' (Cultural Surveys

Hawaii, Feb. 1992).

Impacts
"Only two areas of interest would be impacted by the proposed route, the rail line

and the sea cave and fissures. If the cable is routed to the south of the sea cave then
no impact is foreseen for the cave and fissures. However, if the proposed cable route
will impact the cave and fissures then an archaeological survey, including sub-surface
examinations, should be conducted prior to construction. It is recommended that
DLNR be consulted to assess if any impact can be made on this section of rail line.
If impact is allowed on the rail line an archaeologist should be present during

excavation” (Cultural Surveys Hawaii, Feb. 1992).

"The proposed underground duc! line within Farrington Highway (right-of-way) from
Kahe Point to Ko’olina Resort, appears to contain no significant archaeological
resources. However, once the actual route with a surveyed and staked centerline is
chosen, it is recommended that if portions of the duct line are outside of the highway
right-of-way, a survey be conducted to properly assess the staked route" (Cultural

Surveys Hawaii, Feb. 1992).

4.1.8 Beach Erosion and Sand Transport

"The shoreline in this area is rocky, consisting primarily of low limestone sea cliffs
approximately 15 to 20 feet high and is not subject to the typical processes of coastal erosion
and accretion. The shoreline therefore has been stable in recent history. The cliff appears
to be erodible, and there are large pieces of fallen limestone at the base of the cliffs. Also
at the foot of the cliffs, at the waterline, there is a narrow limestone bench that terminates
in a drop into 3 to 5 feet of water. The nearshore bottom off Kahe Point Beach Park is
irregular with areas of hard rock bottom, alternating with patches of sand. Further offshore,
a sandy bottom predominates” (Sea Engineering, January 1990).




Impacts
The proposed project is not expected to impact beach processes. Upon completion

of construction activities, the construction crew will make every reasonable effort to
return the ground to existing preconstruction contours through use of existing

excavated materials for backfill.

4.1.9 Noise From Construction Activity

During the construction phase of the project excavation, work and cable laying equipment

and machinery will be used which will be sources of noise.

Impacts
Noise generated from machinery can be mitigated to some degree by requiring

contractors to adhere to State and County noise regulations. This includes ensuring
that machinery are properly muffied. Some work at night may be required. Night

activities may include cable splicing, cable pulling, operation of machinery, etc.

Boats (tugs and a small craft) that are used during the construction period will also
be a source of noise. The impact of noise from these vessels cannot be mitigated.

The noise impact will be temporary in nature and will not continue beyond the

construction and cable laying period.

4.1.10 Air Quality

Air quality of the proposed project area is good due to low emission levels and the almost
continual presence of tradewinds or on-shore breezes. The major factors affecting air quality

in the area are vehicular traffic and the Hawaiian Electric Power Plant.

1

Impacts :
During the excavation process, loose sand and dirt may be cast into the air by wind.

The release of sand into the air can be prevented by requiring the contractor to

periodically wet down the work area. The areas that are used for the placement of

the range targets will also be exposed during the construction period. The target sites
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should be similarly wetted to control fugitive dust. The work site will be returned to

its original state after the cable laying process is completed.

Operation of construction vehicles is expected to temporarily contribute carbon

monoxide pollutants in the project vicinity.

4.1.11 Water Quality

Nearshore waters are rated Class "A" by the State Department of Health. Offshore waters
are very clear with excellent underwater visibility over reef slopes. Water temperature and

salinity are normal for ocean water with evidence of fresh water inflow along the shore.

Impacts
It is anticipated that the nearshore waters may be clouded during the trench

excavation and backfilling operations. Silt screens may be erected by the construction
crew to lessen and minimize effects of turbidity. Water collected during the

dewatering process will be discharged on the beach adjacent to the work area.

4.2 SOCIQO-ECONOMIC ENVIRONMENT

4.2.1 Population

Although the population within the Waianae area numbers 10,246, the population of
Honolulu County as of 1989 was 841,600, and is projected to increase to 999,500 by 2010
(The State of Hawaii Data Book, 1990). This projected population increase of 157,900 over
the 1989 level requires that the County’s communication system be upgraded and expanded

to meet future communication needs.

Impacts
No adverse impact on existing resident and worker populations of Waianae are

expected.




4.2.2 Surrounding Land Use

Kahe Point Beach Park is owned by the City and County of Honolulu and is primarily in
recreational use. The Hawaiian Electric Power Plant is located mauka of Kahe Point Beach
Park, across Farrington Highway, and its outfall pipes are located just north of the Park.
Barbers Point is located five miles south of Kahe Point Beach Park.

Impacts
No short or long term impacts are expected from the development of the proposed

project. The proposed cable will be routed by duct lines subsurface and will not

adversely impact surrounding uses.

4.3 PUBLIC FACILITIES

4.3.1 Transportation Facilities

The project site is served by Kahe Point Beach Park Access Road. Trenching through the
roadway and Farrington Highway will involve excavation of the pavement and subsurface,
placement of the conduits within the exposed trench, and restoring the roadway and

Farrington Highway to their original condition after installation of the cables.

The construction of the trench across Kahe Point Beach Park Access Road and Farrington
Highway will affect traffic. Traffic may be detoured around the construction equipment.
Traffic control procedures such as rerouting the traffic onto the shoulder of the highway with
the aid of necessary safety measures such as temporary traffic control devices (cones) and/or
use of flagmen to direct traffic will be implemented during work activity. Two-way traffic
on Farrington Highway will be maintained at all times. Approximately two weeks will be
required to complete the trenching work within the Farrington Highway right-of-way.

The Kahe Park Access Road may be partially closed to vehicular traffic during construction.
The City and County of Honolulu, Department of Transportation Services, operates The Bus
on a supply and demand basis, subject to availability of resources. Existing public transit
service to the vicinity is provided by the City, with Route 51 between Honolulu and Makaha

passing on Farrington Highway fronting the project area.
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Impacts
The proposed project is expected to have no impact on the existing traffic or bus

services, after completion of construction activities. Construction will take

approximately two to seven days.

43,2 Recreation Facilities
Although the landing site is located within an existing recreational facility, the installation

and maintenance of the cable will not restrict recreational use of the park other than in the

immediate area of construction and only during installation or repair.

Impacts
Construction will take approximately two to seven days during which time the

immediate area surrounding the cable landing site will have to be cordoned off to the
public for safety reasons. The major portion of the park will not have to be closed
and will continue to be accessible to the public. Upon completion of the installation,
the park grounds will be restored to its original condition. No impacts on the cable
are expected from park users since the cable will be buried in sufficient depth and

encased in concrete.




SECTION 5
RELATIONSHIP TO STATE AND COUNTY LAND USE PLANS AND POLICIES

5.1 THE HAWAI STATE PLAN

The Hawaii State Plan (Chapter 226, Hawaii Revised Statutes) provides a guide for the
future of Hawaii by setting forth a broad range of goals, objectives, and policies to serve as
guidelines for growth and development of the State. The proposed project is generally
consistent with the Hawaii State Plan. The following objectives of the State Plan are

relevant to the proposed project:

Section 226-10.5: Economy‘- Information Industry

The proposed project serves to assist in the State’s objective of positioning Hawaii
as the leader in information services in the Pacific. The proposed project will
continue development and expansion of Hawaii's telecommunications infrastructure

and will help to accommodate future growth in the information industry.

Section 226-14 Facility Systems - In General
The proposed project supports the State’s goals for achieving telecommunications

systems necessary for Statewide social, economic, and physical objectives.

Section 226-18: Facility System - Energy/Telecommunications

The proposed project will help to ensure adequate and dependable
telecommunication services for Hawaii by promoting efficient management of existing
and proposed facilities, and by promoting installation of new telecommunications

cables.

5.2 STATE FUNCTIONAL PLANS
The Hawaii State Functional Plan (Chapter 226) provides a management program to control

and utilize Hawaii’s natural resources to improve current conditions, and attend to various

societal needs. The proposed project is consistent with the following objectives of the State

Functional Plans:
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Education Implementing Action A(4)(c):

The proposed project will help to ensure adequate telecommunication services

necessary for Hawaii’s schools.

Education Implementing Action B(3)(d):

The proposed project serves to promote and expand the appropriate use of
telecommunications to deliver distance education as well as enhance the

learning process and communication competencies of students.

Education Implementing Action(3)(e):

The proposed project enables schoo! library media centers to effectively

manage and provide access to information and knowledge through

telecommunications.

5.3 STATE LAND USE LAW

The State of Hawaii Land Use District classifications designate Kahe Point Beach Park as
"Urban", and the surrounding areas as "Urban" and "Agriculture”" (see Figure 6). The
"Urban" classification is defined as "areas characterized by city-like concentration of people,
structures, streets and other related uses." The purpose of the agriculture district is to
maintain a strong agricultural economic base and to prevent unnecessary conflicts among

incompatible uses." The proposed project does not require any amendments in the current

State Land Use classification.

54 COUNTY ZONING
Zoning for the Kahe Point Beach Park area is general preservation (P-2). The areas

surrounding Kahe Point Beach Park are zoned intensive industrial (I-2), restricted agriculture

(AG-1), general agriculture (AG-2), and country (see Figure 7).

5.5 CITY AND COUNTY OF HONOLULU GENERAI PILAN

The General Plan of the City and County of Honolulu provides a statement of long range

social, economic, environmental, and design objectives for the Island of Oahu and a
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statement of policies necessary to meet these objectives. A specific objective of the General
Plan relating to the proposed project is the maintenance and expansion of existing utilities

systems. The proposed project is generally in conformance with the goals and objectives of

the City and County General Plan.

5.6 SPECIAL MANAGEMENT AREA
The City and County of Honolulu has designated the shoreline and certain inland areas of

Oahu as being within the Special Management Area (SMA). SMA areas are felt to have
a sensitive environment and should be protected in accordance with the State’s coastal zone
management policies. The project area is within the SMA Boundary as defined by the City
and County of Honolulu (see Figure 8). A SMA permit will be necessary for development
of the proposed project. Review of the project under SMA criteria will be conducted during
the processing of the SMA permit with the Department of Land Utilization (DLU), City and

County of Honolulu.

The proposed project, portions of which are within the shoreline setback area, is also subject
to the provisions of the Shoreline Setback Rules and Regulations of the City and County of
Honolulu. Figure 9 shows the certified shoreline and shoreline setback line in the area

where the project crosses the shoreline setback area. A Shoreline Setback Variance Permit

will be required.
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SECTION 6
ALTERNATIVES TO THE PROPOSED ACTION

6.1 NO ACTION
The no action alternative will contribute to further degradation of current inadequate

interisland telecommunications facilities. A primary disadvantage of this alternative would
be that without the development of a interisland fiber optics ‘cable GTE will not have
sufficient capacity to meet all interisland traffic in 1993. Losses resulting from this

alternative would include:

> Lost employment opportunities which would have been realized in connection

with the cable laying procedure, maintenance and operation; and

> Lost tax revenues for City and State governments from the cable vendor, and

increased public and private tclecommunication usage; and

> Lost attainment of the City and County of Honolulu General Plan’s objective

of expansion of existing utilities systems.

6.2 ALTERNATIVE SITES
The area considered for the leeward Oahu cable landing extended from the Barbers Point

Naval Air Station to Pokai Bay, a distance of approximately 14 miles. Existing facilities
which limit the selection of cable route areas include cooling water intakes and discharges
for the Kahe Generating Station, a U.S. Navy underwater test range, an ocean cutfall for

domestic sewage, and a small boat harbor.

The coastline south of Kahe Point was excluded from further consideration during the office
study due to extensive resort, commercial shipping, industrial and military use. Activities
include a major resort development, a deep draft harbor, and offshore oil moorings and
associated underwater pipelines. This existing usage precludes a cable landing anywhere

along the coastline between Kahe Point and Ewa Beach.




The following is a discussion of the areas initially considered but not selected:

6.2.1 Camp Malakole
Camp Malakole has an "uneven, irregular bottom out to the 70 foot depth, requiring cable

protection, trenching or anchoring for a 4,000 foot distance" (Sea Engineering, January
1990). Other constraining factors are the potential for discovery of archaeological remains

and damage from increasing shipping activities around Barbers Point Harbor.

6.2.2 Nanakuli Beach Park
Nanakuli Beach Park has optimal nearshore conditions which include a sand channel

extending all the way to shore and deep water near shore. However the area is unavailable
due to an existing U.S. Navy submarine test range (FORACS Range) which has several
cables running offshore. "Discussions with the range manager indicated that the Navy would
not permit placement of a cable across their existing cables, due to their requirements for
cable maintenance and possible expansion of the range. An incoming fiber optic cable
would cross most, if not all, of the hydrophone cables. This site was therefore eliminated

from further consideration” (Sea Engineering, January 1992).

6.2.3 Pokai Bay
One disadvantage of Pokai Bay is its proximity to the Waianae Small Boat Harbor which

could create potential problems due to future harbor expansion and/or marine dredging.
Other constraining factors are the potential for discovery of archaeological remains in the

backshore area and public use impacts.

Pokai Bay is a heavily used recreational area. The north half of the beach is restricted to
military personnel, and there are three surf sites off the military beach. The waters in the
south half of the bay are calm due to the protection offered by the breakwater. According
to AECOS (1978), Pokai Bay Beach Park has the best protected and most stable sand beach
along the entire Waianae coast. Activities include swimming, wading and canoe paddling.
The heavy recreational use of the bay has resulted in past conflicts between swimmers and

boaters. State boating regulations now separate the two activities.
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6.2.4 Ulehawa Beach

"A sand channel off the beach park corresponds to the mouth of Ulehawa Stream. Inshore
the sand channel is winding and irregular, with a typical width of 150 to 200 feet. The sand
channel terminates approximately 300 feet offshore. The bottom between the inshore limit
of the sand channe! and the beach is scoured limestone shelf, with pronounced surge
channels and ridges. The irregularity of the bottom in this zone increases with distance
toward shore. Because of the bottom conditions and the shape of the sand channel, cable
protection would probably be required out to the 40 foot water depth, 2000 feet offshore.
At this point, the channel opens into a large sand deposit. The area just off the beach
would present a particular problem due to the vertical relief, and extensive trenching wouid

probably be required to prevent bridging of the cable across the surge channels" (Sea
Engineering, January 1990).

6.3 ALTERNATIVE TECHNOLOGY

The following describes the alternatives to fiber optic cable technology:

6.3.1 Microwave Radio Systems

The use of additional or modification of Hawaiian Tel’s existing interisland microwave radio
systems is not a feasible alternative due to the linear arrangement of the main Hawaiian
Islands. The linear arrangement of the main Hawaiian Islands limits the possible
transmission paths between the islands and leads to transmission congestion. Problems

associated with transmissign congestion of microwave radio systems include:
> Introduction of distortion to voice hand data and voice transmission; and
> Loss of signal strength and signal reliability.
In comparison with microwave radio systems, fiber optic technology is the only means of

providing the capacity necessary for interisland digital circuits without distortion in voice
band data and transmission, and problems with signal strength and reliability.




6.3.2 Satellites
Satellites are not a feasible alternative based on the large interisland cap
ected in the GTE Hawaiian Tel forecasts. Extreme disadvantages associated with use

acity requirements

proj
of satellites include:

Transmission delays due to technical and atmospheric limitations involving the

distance the radio waves must travel;

> Visual and aesthetic intrusion caused by the need for ground stations and

radio antennas which must be constructed to accept the satellite transmissions;

and

> Difficulties associated with "double hops" which occur when data must be

retransmitted in order to establish a secure voice circuit.

In comparison with satellites, fiber optic technology is the only means of providing the

capacity necessary for interisland digital circuits without transmission delays and major visual

and aesthetic problems.

6.4 RECOMMENDED ACTION
The recommended action is to proceed with the establishment of a submarine fi

tem with a landing at Kahe Point Beach Park. From there, the cable would be

ber optic

cable sys
located underground or overhead within existing rights-of-way.




SECTION 7

RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF THE
ENVIRONMENT AND THE MAINTENANCE AND -
ENHANCEMENT OF LONG-TERM PRODUCTIVITY

No short-term exploitation of Tesources resulting from development of the Project site will
have long-term adverse consequences. The appearance of the land portion of the existing _
site will not be altered. The cable will be visible on the ocean bottom portion of the project

site and will alter jts appearance. _

Once construction activities are completed there will be no affect on recreational activities, —_

marine life, or wildlife.

Long-term gains resulting from development of the Proposed project include provision of
more effective State telecommunications systems (by means of fiber optic cables). The —
proposed project will maintain and enhance economic productivity by increasing =

telecommunications service between islands,
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SECTION 8

IRREVERSIBLE/IRRETRIEVABLE COMMITMENT OF
RESOURCES BY THE PROPOSED ACTION

Development of the proposed project will involve the irretrievable loss of certain
environmental and fiscal resources. However, the costs associated with the use of these
resources should be evaluated in light of recurring benefits to the residents of the region, the

State of Hawaii and the City and County of Honolulu.

It is anticipated that the construction of the proposed project will commit the necessary
construction materials and human resources (in the form of planning, designing, engineering,
construction labor, landscaping, and personnel for management and maintenance functions).
Reuse for much of these materials and resources is not practicable. Although labor is
compensated during the various stages of development, labor expended for project

development is non-retrievable.
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SECTION 9
NECESSARY PERMITS AND APPROVALS

9.1 STATE: _
Department of Land and Natural Resources
Conservation District Use Permit -
Right-of-Entry '
Establishment of Offshore Easement —
Office of State Planning
Coastal Zone Management Consistency Review —_

Department of Health
Section 401, Water Quality Certification —
Department of Transportation
State Highway Rights-Of-Way

92 CITY AND COUNTY:
' Department of Land Utilization
Shoreline Management Area Permit
Shoreline Setback Variance

9.3 FEDERAL:
U.S. Army COE
Corps of Engineers Section 404/Section 10




SECTION 10

CONSULTED AGENCIES AND PARTICIPANTS
IN THE PREPARATION OF THE ENVIRONMENTAL ASSESSMENT

10.1 FEDERAL AGENCIES
U.S. Army Corps of Engineers
U.S. Coast Guard

102 STATE AGENCIES
Department of Land and Natural Resources
Office of the Chairperson
Aquatic Division
Land Management Division
Conservation and Environmenta] Affairs
Office of State Planning
Office of Coastal Zone Management
Department of Transportation
Department of Health
Department of Business and Economic Development

103 CITY AND COUNTY OF HONOLULU
Department of General Planning
Department of Land Utilization
Department of Public Works
Department of Parks and Recreation
Mayors Office
Councilman John Desoto

Councilwoman Donna Kim




SECTION 11

COMMENTS AND RESPONSES TO THE
DRAFT ENVIRONMENTAL ASSESSMENT




191y a3 Buysn 1apysuod pInoys Juedtidde ayp  *( 233 ‘alged IT1IIR
Jajen daap TTemeH 'G-MyH '1SE3 WIM-Obd) $31qEd Jayl0 Jo JuawkoTdap paxeld
ayl uofjuaa sunaop 39fans Ayl *abewep TRIUAIOITAUG BUYZTWlUT
Joj UOTIEIaPYSLOD SITIaw sjuubire 21qed autiewans Buflepilosuod *ATTEUT4

*UDTINUISU0D WO} SIoedT 3SIBADE IATS53Ixa pUR LOFICNISIP SZTwuTw

03 asn a1y pue uisard 1oy parTrbal sajqed ayy Buydep Jepysuod prnoys
quedtidde ay) ‘arqyseay 7 *sbujraacd Teuolitepe pue Buyysusilar sueaw
sa[qed Teuofitpoe Jo Gujdef juacbasgns *pasn $] JURD yjta BuTlaand pue
Gujymuary JI (@50 Juasard 10 pauuerd ST 200 A[UO YIyr JO) 335 JuToy
ayed ayj 10j 53JNpUad Z pue (Isn Juasald 10) paneld ST aua ATUO YITUM Jo)
2315 yoeag Apues ay) 10 passe(d $3THEUOD § UOTIUAL SIUNNIOD 3Dafgns ayy

*$221n0sal dFienbe 03 $I2eAMT $5AT IATOAUT PInoa 3T se *Eupyoualy
ueyy Iayjel sdrd 3TT0s Gupsn 31ged ayy GUTISAGY J0AR) OSTE PYAOA
UOTSTATQ @yl “aulTaloys Y3 JO PIEMeas 310JJ2 UOFIONTISU0T 10w axjnbal
swalsds aqed Itayy Ays 0} se uoseas ayy A TIerd prnoys suotieafidde 319
ay] "Iei1qey suTlew 0] s3dedu] IINPAY pue AJIDIGING SZywiuiw O3 JpIO Uf

SAUTIALNS ). (A QLEARIS 3A3) QL GUANA ATUO QINOA WRAA LATARSRAXA AR,
pajedroTiue JuedlTdde &) ‘uofiEdTrdde STyl ul ‘Aed (eweyoyop) efneaeay

3€ $37Qed 31300 Jaqp) autiewnns axoys o) Gutbutig pasodolrd Aueduwod
LRIV &y) 'SuoJIedT[Ode AJUNOD JBTTWIS LD SUDWLDD IO Isanbal Tayjoue Ul

“(WT0d ey 10} 393 DOS Pue yoeag

Apues 10) 133 056) sauelsTp Ouor A7aTey a0 adid J11ds B YITa SIaten
JIoysIeau uF 1R Ay Jo CuTIaAcd 10 pue Bupyauar) aqTIsep papjacad
SUNO0p W]  “SuoTiedTidde SAYY 03 312905AI YITA ISTIE SUIDIUOD Telanag

FSUID]) S3AIN0SEH J1jendby JO UOTSTATO

. *uabtTe aiged
S37 Uy @sn 0} sasodord JUEDTTOOE Yy YOTys 375003p pues alluet e ST Way)
'quauwbrTe a1 DUOTE A10ys wal) 333) 00K INOQE Y +(3933 0Z ST YItep
wrwyxew) JYBTay UT 1931 v PUB Z UIAAAq JITTST TEIJIIAA YITA Telod pue
au0sawlT ‘pues Ag PITTI930e1eyYd ST 139y OOT Ixeu &yl *Jybray ut 3334 ¢
0] ¢ ST JayTal 1eJ]3134 *SPeay [BI0] puUe SIapTN0Q Paldyleds pue ‘sTauueyd
‘5abpT1 yITm wD30Q pIey ST (1989} 0BE) YIdp 353 ST ayd Inoge 0]
uTTAIONS ay) *UTOY ayBxd 104 *{393) Z¢ ST YIC9p unUixEw) PURS PUB Speay
TBIOD PAI91RYS YJTA DUOISIWTT JeTl E PRAZTIIYIRIBYD ST ) OSE Jrau &)

*bTay uT 193 £ Pue ¢ usanlag JajTaAr

Teor3133A DuyaRy $30paT Aq pazriajdeleyd ST B2IE STyY) JO UOTIREI] Ja39)

05T 03 QQT PIeapas 3| “(ISIXEIP UT 123 ¢ 01 ) S13P1NOQ YITA FUOISHT
187} ‘w0310q pIey ST (3934 D09) WILQOST I00-02 yJ 03 AUITINS

a1 ‘yoeag Apues 104 -sjuawibiTe yiog Joj AJOUIAUT s@aIn0sal Ifienbe
PUE LOTIEZTIFIDRIEYY DIBIISONS PAUI0SIAC JURITNSUOD S,Juedfldde o)

YZL-26 1TON 3T

[}

-z 663713 "a "I

-~ —

4

*a11s ysea
je sAep z ey 03 pRYdadxa ST arqed ayy burder 20) HIoA Jajem-ur] R ECT
005 18 pajewyysa sT \Ibual sTwl *Jutod ayey ¥ "wojuse) STYI Uy PaIsaYaId
9Q 0] 3A|| pinon (A104s WOIJ) 3[OED JO 1333 056 I511) ) IBUY paydadea

ST 3T 'yoeag Apues Jy  “SYICOD Tajem mOTTRYS UT 37 333304d 0] (ajerysgns
13 03 paIT0q SUATId3s adid ITTUS YITA) PAIIADI JO JUALID YITA PAIIADD
Y0313 e UTYITA) PATING IYITD G Uyl PINOM ITGED M *SIUI I[QED
PIERDUET D} payIe]IT DUE IBIU0I UT pasedud fupdid 1aas ybnolyy pafind
9q prnos pua Guipeat ay) atoysuo aug  “aloys oy pua Butpeay s,arqes

ay) Tind 03 Juaudinba paseq-puet asn pue *aloys 0% Ifdissod se IS0

se dys 31qed e GurIq 0) Saso0kad Juedfjtde &y Bujlowe Bujses Ave
INCYITA J33eTH UT SAUT aaayy ATalewyxaldde ST atqed S7I00 1aqr) AL

*HIEJd 4ORaE WTOY BYEH JO PUA WIIISEM ByJ 1BRu PUE

H1ed 4oeag Apues JO Pud UIAISEd &y} JE 3q PINGA JIOUSE X0I PINGA JTQEd
13ef{gns ay) atays s3T5 nyep pasodord ay)l  *AjTTIgeden SUOTFEITUNRLIIBT ]
TEUOTIIPPE apTanad 03 waishs I7qed DTIdo-Jaqy) auflewqns pUBTSTIIUT

ue TTeIsuy 03 sesodord juediTdde ayy “$IUIMWOD pUE MITAAL BUTITITTOS

ST pue 10afaid pasodoxd ay3 10 suOTIEIfTddE ASS PUE WS Bufssanard

ST UOTIBZTITIN PUe] Jo Juawiaeda ‘ninjoucy Jo A3uncg pue A3Tg ay)

1w0y3d}13s3q Jatag

*sjuamod BUTMDTED) A3
ARy pUB SJUALSSISTE TEJUAILOITAUD DI}ITUONs ay) DAAITASE 3ARY 8§ "1911Pw
STUY U0 JU3WI0D 03 AJTunodds sy uanaedaq 100 Butatb 10) nok wweay

ST *€-Z-6 PUB 7 121-6-C Ml ‘TYEMEH ‘ruED ‘s1ed ydesg quiog
e puR IBd YIEIE ApURS 10) SIUSKISSASSY TRIURLOITAUI (ASS)
HIRQIIS AUTTRIONS PR (S) I 2SN EdTy Juassbeuvert Tepdads  :103°ANS
:b6a1g Iy 103

£1895 TTesed *nintoucy

J9a115 Buty YIS pge

AnToucy Jo Aunoy e A313
VOTIEZTITIN PueT jo Juauwtiedag
10333170 ‘BSa13 pIeueq ITqetouny ay)

. 68 i
veLl-26 *

92 37 R0 10 34

281 91 NYT

SO ) Ow o wLivi

WS04

S Y OGN
xle Og
$32JUNOSIY TYUNIYN ONY GNYY 20 INFMIEYLIO

IVMVH 40 31v1S
IR s Oy

Iorvw Y0
b el g
hiin

$IVGE M rgh 1ve Oy 0w ) 10 Dk
MISHMENO A1t & AT

weo-th

st S e e O s B e T e I A A

e A el b o Sy S .




Alyd "R WITIIK

s‘.}%

*sinod ATnay ATp

*suofysanh Aue aaey oA PINOYS 'Li£0-105
1e 's17e)y TRIUAUUCITAUI PUPR UOTIBAIaSUOY JO 80130 INO 18 OULRT) wes
1182 0] 231) 193 I5€3[d °JaJIBW STYI UT LOTIEad00D INDA 30) nOA yuey)

393 ‘eueymio) pue 'nndexed 'ByEned e

YIS pagInISTp u3aq APEar(? SAby YITYa SEATE UT PIIEd0T 3 SIUAIsed afqes
aInjng Aue JeY) PUALWODWT BA ‘JUAMIOITAUD AIOUSIEAU PUE aUTT3IOYS &) Lo
BuTTQEd jo Jdedul @3 |onpaa 0} ‘*voTytppe uE  Cpuel palaawns pue sayoesq
91835 uo sBuTpuel 37qed pasodord ay3 1o} parjrbar aze wojlTsodsTp PUET
pue (ynaJ) vorieafTody asn 39113510 LOTIEATISUO] B ‘uoTiERaojuY 1m0k J04

fEUMIDO) SITEJJY TEIUARIOITAUI PUE UOTIBAJESUO]) JO 931470

*pAATIAID aJe asay) se yxford wied yieaq

JuI0d ey y) 10) suerd parjelap CuTaaTAI 03 PIBA20) 40OT a4 *3dafotd
s1ed yleag Apues ay3 o) 9197dW0d ST S53D01d AITASI UDTIBAIASAI] ITIOSTY
] "SUASSISSY TEURMCITAUT TRUTY &y3 T padnpordaa ATTnyyitel

318 SUOTIEpUAUDOIBI 35| “5I%afoad Isayy 10} sjusssasse Tedtboroseyte
a3 JO SUDTIEPUARIVIDT A} YITA PALINTUCD PuUe PAAITASI SeyY 9I[J40 In0

1SUIaI0) UOTSTATQ UOTIBAT#Salg OTI015TH

*SIUAWIOITALD AICYSIRa §,TTEAEH OUY UOISNIUT
a2TwuTe PINOA 3ININJ 3yj UT pue mou SiUawesed afqed Burieptosuo)

*{319 put 191v YIog J0) Isn I[QED SUTIEWGNS J0) PRSTIGRISA S| JUHWSED
STUl) S1qed nyeg 03 Jney s3Y 20) Aeg euncuey UT Juawssea aged Bupystxa
a1 Bulsn 1appsucd osTe PINCD Ayl *aTqed Auyep 03 Teney 531 10) juakTre

YZL=Z6 < TON OITJ - 66213 "0 "IH




auoqe pannbar aq nomredrs amng pmoys *ajqes pasodasd 3y jo apy oAt ap pualaq
8T ATy J0) PIpUAUY AR KNS Fuipoa] Y1 Jo 3 TR SUNPUOS TRUONIpRE JO M Y|

“WIAUMOIAUD Y1 0 Inregmistp Lressassuun

PUR $3|qR3 [RUONIPPY JO] PIAU ITIWIUIW ©) LOJR we Jjas 5 pue Kipqedes Sunisessio)
1559 5,[7], TVREMYH 10 U0 pateq st syl *Amiusa 15[Z 3y o 3 e ao) suonasfoxd
SJ2L teiRasH RO 193w 0) paudissp 51 pue Iy 301093 + ez parefoxd ¥ sey ojqed
pasodead a1 ~Aojouyra) sndo aqy Rummn vy e 1ofem ¢ e Obedes aming
ALIDVdYD SHMLNA Y04 a33aN

“Pudun 252ape uz1.u0] ® AMSUCO Jou [T PR 3qED I Joj totiyaioxd
pue £ajes Jqnd Joj pasu 3 o paseq aq v ‘s LoKs 3q [jvs suonzsado 3 1oy ‘adid
ids pue 2uipyaan oq Jummn vl 1y 20U 3 ENGEY Ut o) soeduy 10} Eenuanod
20npas puv Apigms azUTUW ©) pazian 2q [ odid uds “sasamoy sjqies; rasaiayy

‘perioad 3q 01 Lrages anjqnd pe 3(qe 311 10§ 2900 UL YIRAG 1T10] MY PUB yIeag Apueg
12 futiouere 21qed 10 Fullpuan op 1w B, URIremrl 310 epAEEL N IsureSe 100§ 1SN
1Y 20 1 Jn0 din PMOoo UOIALES ISMEIHG *AI0ysreau gy Fuofe pasodxa 1af 1 3jqe2 aypp
Xsuve s1apes aigqnyg Oapsonqnd Joj 119 11 pue £a210) aawm isureSe uondAosd umuxew
sapuosd 1f sswoaq ‘pausped 51 Juppusyy,  padsiaid 3q mw 1 qdap np sayoess
JqEd IM U] QRS AN PILT J0U FIOP UOHIE AL Ve S} OF YRUIUNP $3:0)
e 210J3q pasmba 9q s 121esm J0 193§ 09 01 0 Aewpoxddy ‘s1atem 210gsreau ut
PRICIPUR 10 PAIACO 5] e txdo 12q) o1 Fuumsus Jo) s1013e) Jofew atn are Kages sygnd
PA% 2[qR3 U Jo UONDAI0LY “uoKIOd SPITPUT] 1 URIR 1O UDNIRISUOD 0L SISTION
ST pUw ‘3105 3 jo uonued suprewqns s st wWASs 3|qed v o1 s8uep ysowasd ayy

LHOII3 NOLLONYLSNOD

“3qes a1 waoud

o} pawaw3(dun 3q Fuvoyue did ids 20 *Buigouan 1aqua ey annbas [ umiensqns
Lpos a1 "yweg WIng FUEY pur APUrS 1B 5B I 51 YN S0 51 wniensqns ay) n
3|qtssod you Ajsnotago st iyt (susodap pues) wmiensqns oy jo Susyiys Furtmoso Aremien
2 Aq pasaacs 5q pUE S1RASANS 3 oWl YoIs 01 3} 10y Anmuoddo pood sea asayp paopdap
e D|EI AP OO WEPEATIY Ty TSURAUOYS 0L KBANR[RI 3AY YPRIF Iy SRy pue
Apueg 10q searys ‘ware 2soysreau Apues © sey Aeg (RwRyonoA ) emesedy suonipuco
UOYSIEIU 01 NP I VONOAASUCD U1 AP Ly} *a10s vo 3(qes dndo 1eqy supewgns e
Fuipue; Jajoan sfoxd (91 meiesE ILO pue (Aeg emesean]) LPLY 31 Nioq yinoyy
NOLLV2OT 3LIS

*ALmo35 10] P3IU ST SISSAPPE PUE “SROYQ [ENU3) 9] ueiRMEH
aLn o Aumosd poad vy are 53115 Yoeag 10 e pur (awag Apueg oyl (saoueqmisip

z 9%y
2661 ‘0 Amg
fieg -m urminm Iy

sisfwuwig UONONNEUDS  Si0LeAang " - g siseuRuR

MuisiRs P 'suuors Jofew ‘wsyepuna mnve wpos “§9) sprezey [emiws pue apew
-UYw Ioq woy Hunies pae (1S 2Mu 01 pabiasuco pue psulissp o INYO [ERLD)
peg ~2puod s 2qed opdo Jaqy 34 2014195 SUOHERIUNWIOD PurR|sLIiL 3D JojAnpqesgas -
Ppue uoH100d amsus 01 Poau I JO MBI ArESIE03U 1 SIYT SO TN s fweduroo
suond a1 01 2yqeonsesd 8 9sOp KB PAESG] 3q S ando 1aqy Y1 1B WSKAmMba
5131 UBIRMzH )5 to paseq £123re] are wiod syey pue yeag Apues y1oq jo uansspes

SINTWWOD 5304N0STA J1LVNOV 40 NOISIAIQ

“ajoyuew 91 Uy A|qes 3y efd e Yoy *Kared 210ys Bunese m o n_Ew g
waz) 3{qed g [d s (owipaz “§+3) woq Aqele)yut pOTUOIOW 10 SIF[RYM UDISOq
58 P0s S|355 Joegms [[ewWs ‘310 0) 350 opsod ¢ ssumsse diys 3jqea syt 30U

"WoN0q UBA0 A 01 A|qEd ) Jopaw diay 01 pue Lohsiosd Fqes EUOppE
spuosd 01 pasm 3q [ Funiousre odid uids “sa1wa 21qea 33 w1 spuwns ando 1aqy-7)
31N spUnoLms yaitpw JuLioutre Sjqea sapnpul 31qes 3do Jaqi 3y Jo smvwep € YL

“Astare Fuipue)
2[qe> ando 33q1) 3y jo vondiosep wip Fuipredal paurep> 9q pmoys sinod Suwsoyioj ay)

SINTFWINOD TVHaNID

UMW Suvaonio) 3 nok 13310 01 yEm ax ~ua Ag sn o) PopIeMID) Sem YdYm ‘Z661
‘g1 un parep ‘woreTMI} pue jo iratnred3q =0 Y 03 49113] mok 01 ssuodsar up s gy

PUR XI7d Y3Rag APURS 10) SISSISFY [RITIRLOIALT (A §S) 2oURIRA .
WRAIF 2121045 Pu (JNS) Nurad asny eary wawadeuepy prads  :13grgns

fieg U reaq

60896 feav ‘ninjoucy

129 xof ‘O'd
SVMORY EmIeN pue pue jo wauedaq
uossadieyy
Aied “m urenpm
7661 'OF Amf

LCOT-EVE WOU XVl CTINUWE BOW IVCT-LISRO IH NINIOUSH  T16s DM OHUSHTINM OB

NOILVIOIWOD TTIMOI "IN I




JLWY AN "I WD NS

31 URilemeH 310 ‘nepy youneg

NMCUOR 3% N1 ‘ouexe) wof
1Rl Jouag
EpaaR), UELY

T

=mok £jun Koy

“SI2Ippe 240QE MO 1 N PEIL0 Fseajd iusunueo
reuonippe Aue axwwn 01 yswe nok pmogs  puodsy o) Ammueddo sin 207 nog quBYy )

3y
2661 ‘0 Amp
Aieg m urmimM W

PROMN 623 ApEarne 3ABY (PG 250U SE AWLS I 9q 10U PMOD GIIYM FUONEIO]
paumbar g R 21xads 0O pasEq PAod)es aram saus Suipue] 3 *palou se t1aaamo}
TEYYOOA POT IADER YT ST NS PIQIMISIP 039G APROITE JARY IYM tRarm
U1 p1E20| 9q PINOYS SIUIMmaEes 2]qed [eopoesd uaym e 9318 ap “spowy pedrowgns pue
SIPeq 1S vo sforpo] pesodaud atp 20j papy Fusaq 2re uonisodsip pav) pr VD V

SINTWIWOD SHIVALY TYINTWNOUIANT ANV NOLLVANISNOD 40 21430

efoxd yoeag wjod Ty I 10) SUOLTRPUAUNDOODS
Fxdojoseipre  Bunusoucs  WONAIG  UONRAIMIY] DUOIMH  $30mosoy [emey
poe poeT Jo waunrda(] 341 ive Sopyon Apuosand s am “wafosd yreg qoweg Apires
a1 205 arpdwoo 51 559000d a2 vonearssaxd 3uciny A re1p Furuinjuos Joj nok yueyy

SINIWWOD NOISIAIA NOLLVANIASTYI DI HOLSIH

“Azanedau posaia 2q £jqeqosd pmom yoRsq ) Jo amsop Aresodus
put vonIAIY WE00 J0j 1enbay Are pue 'Asg sumeuvy Jo uonsAoxd EITIMLONALD
mead s0) puewnsp puw wamw oiqnd Suons ussq Apeane sey sy ‘uopippe
up pMoidap sem 2(qud PO I EIpa Awa A3 B HoUI ‘PAYSHOWSD 3q 0] SARY PMOs
sdnoino a4 pw [2100 Jofem N5 S AMN 01 13020 U] *296] VI PAYRGRISS *PLISI
UONEPAIIRIOY) 9JI] LR Avg wwmuwel a1 JO wed D0 AW P NUUNPIS pue (9102
£q parn0s 039 S0U]s SR JUSLIISED PUR BIqED L0 ALL SqEd M3U v K2} 01 pannbal Niom
TORINOSIC) 1) 01 INP PIPUIRNUOIDS 10U 51 A1 RUMUURE] U] INIWISE I[qed PO I Jo 25

{aoTW) 1OM1SIa NOLLYAYISNOD F417 INTHVIN AVHE VWNVYNVH

“SMUIDE UOHEARIYD
auis Jolews 10j p3stt U PSR ARY PNOM WRG 2loys-uo dads pue Yy ¢ pue 23py
as0qsyo sa1emsopum daals v vopippe uj “Suuonue pue ‘Funoysee Fuppuan 31qes aasuans
paumbaz aaeq pmos pue sdomING V0O PUE X001 SNAIILMY JO ROISISUCO BAIY AIOYSRIU
Gl *WYIO RAUID INYF] I JRIU FUOHIPUOD itN5ead Jood 01 anp Teney sea 3]qIses) 10u
s 1Y) 3530 pis Aruo 3y ajqussod e a0 mone) a1 au se saus Furpuey 9jqes aq
210001 01 p2aT 31 A PIURASUCS 51 10q ‘PAUIPIUOD R suwudiR 3yqed Jo vonepijosuoy

SINFWNDITV 378V 40 NOLLYATIOSNOD

*9jqea oixdo 13q1 msu © aus uede o) Aranse vonanuIsued apisasoys
apsuane Jo) padu Uiy diy [ve NMPUOS [EUONIPpPE A0 ‘peasd o) suonebe

£ a8y
z661 '€ Amr
Areg -p wmImp T




slelivuwiy UOHIONIBUCD sIolssini mspnawnreiBoioyd sisuBYL stesutBiy

JLWY AS ™MD ‘aqy
121 tRiRaRH FLO ‘TR Yotned
nmouoH 390 o) prueg . 2

(g 1008
TpINRL welg

s
‘smok Amn KA

‘ssaIppe
240QR MO 32 s 1o swajd SuILRNeD Jo suopssnb Euonippe Aue aaey nod pmoys

"saque)
Torem JuUNSIS 3A[GAUL SINWIPE UOTENNSUCY AU PMOGS $21S Ared eag wiod Siey

pux yoeag Apues o1 o) SBusesp uonInasuco ps papisosd aq jive nok parsanbas sy

UIUNIOP IS JO MILA21 Mok paerdaxide
24 AW YR 110g SRy pu ymd pwag Apuss e Buipuw) J1qe) andp 1eqid
121 WRIRaRH 1O pesodoxd 21 01 Bunwpal ‘2661 '81 3unf parep 5a113] Mok a0 hok ey

TG
yred Ywag W0d YR PUT AIRg Yoeag Apues 1e I[qe) ndQ 1qiy
¥ pUE] 01 (3] UN)RATH H10) 10) SWIUIY 1UDLISTISTY [EIUSWUONALT  LDIMANS

®piyseiey N B

£4896 IMmeH ‘ninjouch
19308 NURING INOS 0L9
nmoucy Jo Qunoy pue A1)
ftddng srep jo preog
sadug iy pue sivuey
epiyseheyy nrey

2661 0T Amp

LEBD'EFE SO Bvd CCITNYE WMOF  (#OV- LIPS IH ninjoucH  T1v8 ‘P onueNEITM DES

NOILVVOJIANTOD TIIMOL ‘N "3

s AR - piew oLy i wbw

‘GETE-1TS 1 ©AOINY g 1o a5e3)d ‘suonsanb Lue aary nodk 5

-eacadde pue matass Ino 0] paunugns 3q pinays stuaesp
uomINDsuoY ay) ‘sonMory 1atem Sunstea Ino payje Lew ssford pasodaid sty a1aym reare o3

qred ypeag Wog ayey pue
Wed yaeaq Apues 1e spaford wasks AqeD Indp seqiy pasedasd 3 o) suop3Afqo ou aaey M

ST EFL6 AL WUV HOVEE INIGd
AUV ANV Z 1Z1-6°E AL MUVd HOV3E AQNVS ‘WILSAS FTEVD DLLIO
Y38l QNVISIHIING TIL NYIIVMYH 41D Q350404 JHL Y04 SININSSASSY
TYLNIWNOYIANT *(S00 ¥ FOO-AS/ZS) “(AS) "FONVIHYA NIVRLAS INTTIUOHS
aNv ‘(v B U-VINS/Z6) "(dWS) "LIWYId 350 YIUY INTWIDVNYI

s TVID2dS FHL ONIGYYDTY T661 ‘T1 AVIN GLLVO WNANYUOWEW YNOA  :1DHrEns

. % KT440S ¥ALVM 20 AHVOS

HFINID THO QNV YIDVNVI VOIHSYAVH NZvi 804 :WOUd

HOWVYZILLN ANV 40 INTRLEVYId
HOLOTUIA '9DTTD V GTVHOA 0L

e
-
(==
-
=
-5
=
o
o

[P N PP, VIV FIVY Y
TCAT 0y e

TO61 'BL sunf

T8

uy ang

CHRS5 nYMyH NWNI0HDM
133015 Yv 1330 HINOS 009

NWVIONDs: 30 AITHNOD ONY ALLD

Ada1S H3aLYM S0 aodvoa




snBwuwyyg vonlonnsuon w30dvaihg l.-i-b-lEEiL!Q-B:-h Slbuiiwlgy saseutBuy

QLAY A8 M) ‘Fery
L USIIARH 310 ‘e Yoy
PMOUoH 3% D pruog
JJuuRld Josg
EpIe] ey
‘smod A Ao

RIppe
J0qE MO 1B M 1WA H#EId HUILALOS 1o suopsanb [Ruonippe Aue sary nof pmoyg

"IEURIRAY 'feg 1204 1 voisuedys
ioqmy jo amny uwuzm sy fuprela UoIBYLR jo wied mok patou aspe ey g

‘Teaoxdde pue mstnos so) ‘Aemjo.s1ySu
Anandpy areig 3y uitm pawanpuco aq 01 0 (17 JO s3utme 1p uomIRNSUGS Yiva papoad aq
M uoinug steay®iy i .mok ‘paisenbas sy “Ausumsop 101 JO MIN2) MoK paredasdde
M “msodosd 1sfgns s Bupumouco ‘T661 S unp pawp 1anap mak 4o} nof uwyy
L]
Hd GR2g JU10d 2quY pus Y1eg ywag Apuss 8 2jqu) audg Jaqy
¥ PUTT 01 [IL tretremrE] ) 6) 10) tusmay WRWSTSTY [ustnonaly i1 9argns

Wosutjor Iy mag

L605-C1896 lemel ‘nmiouoy
12208 pmoqupimy 98
uoneuodswesy jo waunredag amig
101911 ‘uosuyar ' xay

661 ‘0z &g

LEOTEPE WOR xv g ERIL-Nv® /0@ teas-LiegaIH TMINOUOH  ttes DM SILEnTIYM OB

NOILVIOINTOO TTIMOI ‘W '

.

uoyjejacdsuesl jo d030011Q
mcomc__oa i) xml

‘Kredoourys
‘Sjuswuod epracid oy A3Tun3aoddo sy oqvfooadde oy

‘33cdaa juonssesse Tv3ueuuoITAUS BYy Jo ‘ydesbried Isey

‘Lt abeg uo pajwys se Azq 1Yy uy uoysuevdxe aoqawy B8aInang ang
suerd Aue jo uiwaaesun ‘e3o03e3x0yy ‘eae pue I0qIPH 3v0Q DeuRTRy
843 o3 sBy3717o%] Buyyvoq Aeg T¥)od ano Jo e PBlEDOTEY BARY By

‘1vacadde pue aoyasz a07 uoIsyAtqQ

.sAeaybrH ano o3 PaI3TUqNS By 3snm Aen-Jo-saybya Avaybty eje3s ayy
UTYITA aoa 3oy suerd e !2espmoy ‘SBTITTYOR] uoTjwiaodsuvay
Ino joedut ATosieape TTIA JTeAvH pue ‘inep ‘nyeo ‘teney jJo

PURIST @u3 YUTT O3 we3sis eyqes or13do 19qyz euyxeugns puRISTIOqUY
ue doteasp o3 [wsodoad 8,10) ueyteAwy 310 3IRY] BABTaq

30U Op puv jucmugsasgw T9iuvsucataua Joefqns oyg PaMdTADY By

SJUBASROEEY Tejuasuoayauy
{AS) ®oueyaey ASvYI8g surteloys
bPue (dHS) 3tuwaed esp wveay Juamabruey teyjoads 11o3rans

:bbaty -ay awag

EIBI6  TIEAPH ‘nintouoy
398235 Buly yInos ggo
nInfouoy jo Kjunod pue A310
UOTIRZTITIN Puet jo Jusmiaedeg

a4
i Acyoaatg ‘66aTd *y prwuog "IN
=S
2
=
bt
>
M ZE6T ‘s sunp
ar .
_.ua @ usma_-d!l«:.:.-:on.la:
STLY 8 dis ROULYAHOJSHYLL 40 INIMIYYII0
i iumm HYMYH 40 2uVI1S
S
Dirvd Ty
!—H—nq
W00 i
LR B o




§91IN80ToU3

Butaasuybu o 10339110

*ged 90% ﬁ@

‘1 Z1a120U3s
*@ auoz uy pajwdoy Sy a31s 3dafoad

jy1wd yoevag jujod ayey syl ‘ (PIsordus Adod) 0661 ‘gz laquajdag
pajep *2-0ET10-1000ST Taued ‘WHIJ oy} 03 buypicoav ‘2

=-g= -

“({oaa] was

ueaw asoqe Jaa) €] JO UOTIRAITI POOTF 25vq © PUC Splvzey A3joolsa

Y3irh poot) [RIseos 1ead-001 243 AQ pajvpunul Seaie) A ouoy pue

! {poujaiajapun ale spiezey pool3 YIJys Uy BUIIR) Q U0z (1QAI]

B35 uUeaw JAao0

1 ay3 Aq pajepunuy seaiw) 3aV¥ SUCZ U] pajedo] SI a331s

30alo1d yaed yoway Apues ayi ‘(pasoraua Adod) 1gET ‘v Jaquajdas

pPajep 'g-5TT10-100061 Toued * (WYIJ) dew 23wy edueinsul poold
8,40uaby juawabouri Aouabilsw3 [eiapag @yl o3 Buypioaay °q

qe 3393 0°E] JO UOTILAI[S PooTI 98%q ¥ Y3Ta ‘pool3

*Jagqunu

9113 Ayl 231> pue @sZ6-gEF I¥ UOISTAIP Suorlwiadg ayz oejucd
aseatd ‘suor3ysonb Aue aawy nok prnoys -3oafeoad syy3 o3 paubisse

uaaq sey gL0-Z60d4 lequnu ayyd -paaynbar sy 3ymaad Away ayy jo
Juawiledag ® 3IPY FAEAR IV PuUER UOTBTATQ SuoTIRid0 93 43atma 0w

3ApY uoTIR10d30D TITMOL W °H ayj wolJ saajjeiussaidsy ‘e

' 30V 821IVNIOURS PUR Yd1gasey

‘UOTIDPI0Id BUTIRH aY3 PUR f6GBT IO IOV SIOQIRH pum SIIATH
Y3 {30¢ 3330M ueaTd oy3 aapun syywaad Auiy ayy Jo juamyaedag
3NSST 03 puv 0961 FO A9V TOIJUGD POOTd Y3 JIPUN UOTIREWICFUY
PINIRY pPOOYJ IjRUIWISSIP 03 8AY3ITIOYINe s13aurhuz jo sdio)
03 juensind pepyacid saew ejuamwod BUjAOTIO3 2yl “nywQ f(eTE~2
. =6 NHL) ¥aed yowad Jutod SUEy puvw (Z:z1-6-f NHI) ¥Ivd yovas Apues
I® waysds atqued 27340 219q13 pueTsSTIajul Tal uvyyesnry 3io pasodoad
3yl 107 suojEOTIAdde pue BIUBUSESBEE [PIUIWUOITAUD (AS) BoueTIen
32Rq3las AuTtalcys pur (dHS) JImIad As) LIV Jusuabeusy Teioads

843 uo JuswwWOd PUR MITA2] 03 AjTunziodde ay3 103 nok yueyl

166atD *1H iwag

£1896 TIeARH ‘nIn[ouoH
382235 bujy yinos pg9
ningoucy 3o Ajunod pue A37D
UOFIRZITIIN puw’l Jo juauwlaedag
USTIRZITIIN PUNT JO 10303110
66312 *¥ prvuea *iH

uoysialq buyuuerd

A0 NSHLIMILLY
T66T *Z1 aunp o_>=.:.

CIvd SEES EvvM WILIvS L2
OCF O NG
MNINTONOH ADIHLASIO UIATNIDONT AWHY 'S N

AWYY 3HL 30 INIWLMV4aa




VIR BiHL NO NMOHS INITTWOHS
AL 40 QUVMONYT ATNO Ay
SHOLLYARYE 0001J BEVE T¥LSYOD
‘310N

Ui
3V INOZ

o -l ;
' e
IV 3INOZ R
a3ND2z s -

[ ril .
IV INOZ 7/ P

vl 13
] 3A INOZ

| A0
a:'t\t;:x(':z »";o

o8 3
IA 3NOZ
(LIS ki
3V INOZ
I
"\'
|
|
.
* -! I o P
EoqMImnR Yy ype e Wy ¢ 5 E g gz £ |
i i b AN R N BB J B e
bt . nhn b e} B - i {158 58
of bl iy i 11 1o I H B - YA s &
gy e ne S ’I-Iriihimfi;i:!j o B 3 T
.35.1![1:]:51 Hills i:’f.iizal’!i e | i Eg g%% 5; ,_ ]
—i.11 » T3 E. .. ‘ = =! 585
PHier pi it fii ’ii ? ! e s L N——
1 —E0 0 1] T s =




T e e T s i o e st ea

seBwuey sononnevon sa0Leaany !-u.-u.sl..lo-u:.a BASUUNlg Sreewun B

LY NS 9D ‘5ay
[PL USRASH 16 ‘megy ypoumeg
PMiouoH D% T pruog 2

ey touog
epayR) meug

T722>

, . “$S21ppe
3A0qE 1Mo 3¢ sn Pvno Hesyd fuswnum Jo aom.gcﬁcou_ﬁﬂ-aﬁ u..u___._iu_sa:m

Tuwad aE._.< 0 Jo waunrdaqg ) oy o)
Apeas azw am yoym s TSISSE [T jgm HoneuLofu| mpsn papansd watnredap moy ze61
‘Z1 sunf panep ‘sdepy My xremsu| pool Y34 PAYRNR pUw 39013] mod Joj nok yumyl

]
Hed (2R 10104 ey puv Nrey eIy Apues 18 a(qe ondp raqiy
¥ PUFT 01 3L temresel F16) 10§ 219y Juawrssassy [EitauueIug  :393ra0¢

Bunagy 1y raq

OFPS-BS896 Iemel “ymys Loy

07 furpping

TMEUOH "1nnq 1wdug fwry 50
- Awny aip jo wiunndsg
Supsaudug jo Jopang

T Ty ynsry

2661 ‘0z Amnyp

ALOTBYE BOU R s CTIT XY o TO%-LI1806 'H Ninjouoy TIvr PM SRV M O

NOILvEOogwro0 TTTIIMOIL "I 2T

AR A B T S A S S B

LT LT NS S TV S




ssBwuwypy UONOTLIISUOD o fearnm neLnsuiurwi ooty BiSUwl L aeautBuy

JLWY ¥S O '3ay
PL IRIMAVH Jt0 're daeneg
nmouol 3%) W pvwog
UUR[] JoMeg
wpaaeL Uug
72T
‘smok Amn £rop

*SSUPPE 310G Mo 0}
LIS B3NP 03 31R1s3Y 10u 0p aseafd swwaunues 1o suonsanb puonippe Aue aaey nok pmoyg

"RUIUMOOP 35N JO M3a3s mok parenasdde
2M ARd Peaf wi0d YRy pue ey peeg Apes e sBupen siqe andg iy
{PL wwieary 319 pesodosd i 01 fupwpas ‘2561 '6 UL parep a3 mok 105 nok yreyy

ey
WEd GG WI0d Su3 PUV ivq yeag Apuvs je 9iqeD) andQ Joqy
¥ PUR] 0) PL tWIRARH LD 20} 639y ISR [IUANOIALT  11931ans

‘U] Qg reaq

10896 remel ‘nmjouoy
BLEE Yoq 'O'd

i3y jo waunmdsqg nms
wopang

‘AW ‘U] 3 uyor

2661 ‘0z [

LACOT-UTE BON XvE LTIT:BeE WOS: 1%O+-LINGDIH NinjouoH 1T%s PW U TIYM OB

NOILVOJIMOD TIIMOL ‘I S

Yteel jo 10329210
“Q°H "RIMIT *D HHOP

Y iy Ay

‘Areasouys

TORT3 STU3 J° I0]J0 03 SjUDUMEOD Ou BARY @M -3sanboa
392[qns oyl uo JusuMOD puwr ARTAR1 03 sn HurmoTie® J03 nok yueyy

STE-Z-6 PUR ZIZT-6-€ =MML
nyeo
"YIed yoveg juyod eyey pue yaed yovag Apues
weysds arqed oy3do aeqra PURIBTIDIUT TOL
URTTRAPH 31D 207 WOUUTARA ¥ORQIBS BuUf[LIOYS .
{dHS) 3ITWI24 BB} waay Juemabruel teyoads t309({qgns

1BBaTY -ay aweq

[24:1:11 FIRARM ‘nInyouoH

392138 BuTH YInos gs9

nintouoy 3o Xjunon pur £3fo

UOYIRZITTIIN PUR] jo jJuamyivdeg ‘Io3oeayg
BEatd ‘¥ prwuog IR

odafor1-z6 Z661 ‘6 wungp

WAL et i [T R (.
ﬁmwv wet 08 0y
HLTYAH 40 INBMLUHYdR0
IWMYH JO 3ivis
N it - =

0n o7 py SN g6,
=)W 5 ey Yonm
LL T} V- -

a— IR SOENRAS
1ere il

'\l,.l-lq . .=




e Bux

neLnsunvIBooyg sleVUwlg

sofesang

sisfvuwy{ UCLIONNIEUOD

OLIWY 35 D ‘Tay
PL UmIEAMRH 310 ‘TR ypLneg
nEoy DD Wap prroqg  »
Jauue|g Jomas
epaye] meug
/A et A
‘smod A K1ap

"$SIppe
uSﬁ._so:Eg_cauao_mnuuﬁcﬁ.an_o@ﬂ:wﬂ:oz.aﬁaﬁ ?-._apa_u_.zo:m

"#33) 30} fem-jo-148 nmjovoy Jo Limony
¥ A1) 9 itm oM e J0) SIQ © paniugns 3q [ swwd lopanswey 7

PO® 120U3AY nowemesy puw feayfiy
JOFTNIUR[RY JO UOIOATINUL AN v dois Mq A Jo wonwaojar Amiodurs
an Buprdas peapewo 2q e Ouopny WSTEI] dNqNg HiNjouoH ayy 1
:olqeqrea 51
UONBULIOTU] ATess302U 341 52 UDOS S° U3XwLIIpUm 34 M 3utwopio) 31 parsanbos aawy nok sy

"FUILINOOD 35943 JO Matads mak pampaxdde

M AR WRIE W0d Y puUT Ay \peIg Apues e sfuipre) s(qe andp saqig
PL Aty 310 pasodasd 3 o1 Funefa1 ‘2661 'y Sunf pa1sp Ja119] Mok 10) nok ury (

RO
§g PRag Wjod HEY pur Xreg g Apurs ie 21qe) ondp 1aquy
 pue] 01 OL URiRARH 10 J0] SIUIY WIWSHTY [RURMLGNAYY 1] 31aNS

prefey 1y g

E1896 Ity ‘nmjovoy

193ng Fory yInog g0

n[noucH ja Atunogy puw K13

$20012g uopeusdsuely jo juzunmdag
dowang “uf “predey “w ydasop

661 °0Z Amf

LES1-EVE BSOS AVd CCIT-OF8 O 1%0%-LIBGOTH NINouoH  TIes PR OIHUTR T M Ol

NOILVEOIETOD "TIIMOIL "X "

“HL 'IOIVOVH "W ﬁwmon
“66TY Ted0Y 3w JJeas Aum

3o sqeueyvm 20ouUR] JoR3U0D Aswerd ‘suocyisenb Auw aavy nod prnoysg

'A3TAR1 307 jusmiledep ano o3 pa3zjtugne Bq pIhoys
Aen-3o-3yb1a 85,4313 8 UTU3ITA ¥2am TR Joj suwid uoj3oniysuoy

*enuaAy noyetean pue Leaybyy eloRURTURTRY

30 uopjoesrajuy eyl e dois sngq 43 Jo uorjmdorea Axvaoduay eyy
buypavbaa pajsujuca oq PInoys Ajyiouany 3jtsuexl 2119nd ninioucy
ey3 ‘asasmoy !9oeford pasodoad Y3 o3 suoT109f{qo ou \ARY oy

"IUDNEERSET TRIULEUCITAUR I0e{qne sYy3 uo sjusmmos ano burysenbax
T66T ‘17 AvH pajwp mnpuviousm anok 03 esucdsex uy sy sty

+AHL

ot TE0-T-6 ¢ rrY-&-t

& INANSSASSY TTVINIRNONIANI ‘SEISAS 31Gvo
o OIld0 YILId ANVTISIHIINI T3L KYIIVMYH 319 :153rEns
——
m HOLDFHIA ‘*ur 'IGTVOVH ‘H Hdasor o (1 F ]
= ROTLVZITIIN ORVT 40 INFHIMVAIg
HOLO3¥IaA ‘99375 v IVHOQ 0L
= RITORVEORTIR
oy
>
ZEET 'y Bunp
651°1°267d
T90Z-31L
R
imweamee R
LML} [T e s demvay

EilYbarire AVIYONDw
1Nais SwveafnL gL

2
?ﬂt‘d.!"!)’uﬂ‘?
NINTIONOH 20 ALNNOD ANY ALID

SADAYIS NOLLYIHOISHYHL JO LNINLHYdIO

A9k Th), 1]




I TUUY Y UONONIISROD 1oleattim HewWire s PO1oY g SLUUNIE sJeetnNux

JLWY NS D ‘T0Y
L UBIEARH 310 ‘MR g
nouoH O3 B pruog o
uos._.:m uouaom
¥payEL TRLg
by a2 A
'smok A Ksap

. “ssuppe
3A0qR MO ¥ 5N 1R 52ayd WAL 10 suonsanb [®oonippe e aey nok pmoyg

"PALUNLIPY 2q OSTE [jbe [wsodosd
wAgns 34 Joj pammbas 3q five e stenjoayfu Jo susuases Aimn ird

PR ‘payyuap) 3q M wawudie
3qe> posodaxd o YT [ Y Aradaud Ay wo suonwol Aynny g

*9qU(TEAR 51 UONBULIOJUL ATess3I3u
I 52 uoos se waweda mok o) paptacad aq s Burnofio} ot ‘parsanbas vy naf sy

"NUAWMOP 3531 10 mIaL mok parepasdde
M URd 1Raq auiod ey pue g goeag Apuvs 1w sBuipwe) sjqen apdo Jeqig
RPLuvessy 310 prsodosd ap o Supegas ‘2661 2z fepy Pep 1309 mod 10 nok ey

L]
W YR 1Uj0d IYRY puT Aid 1pesg Apues 1 3iqeD ando aqi
¥ P 0) [2, URIWMRH 31.0) 10f $8ASY IWHISSISTY Ritaumonaug I3 1ENS

N9eNg Iy Mg

£1896 Iremey ‘nmjoucy

wang Juny yinog oy

NM{Cuay 3o Auno) pue £t
oM Jand jo waunredaq
Feuidug P pue sopang Suoy
WIS PRI D

Z661 0z Ay

LCOL-NVD BON ETL CLHI-W™E MO8 18-6%-L1800 1H NIMGUoH Tiwve P OTILTR ST M DR

NOILVEOJIYOD T TIMOI "I ‘I

I3autbug jayyy pue x030a37g Bupaoy
LEJHLS TAYHIIW D

PR D

¢3rafoad pasodoad ayy aogz pazxgnboe
2q 03 paatnbax aq ghea-30-3ybT: I0 SiuTwesEs AITTTAN ITIH -2

*PRTFTIUAPT aq prnoys A3zsdoxd 4372 ut sBuop3esor fy11n 1

{8juaiwod BUTMOTT0F By) 2a€y pue yg Wwafqne ay3 pamayasx aney ag

SUE-2-8 ¥ ZLT-6-1T
RALSAS 376D Jild0 JEEId aNVISIYEIRI gL KRVIIUMVH
{V3) INTHSSESSY TVINGHNONIANE :IJECEns

YEEANIONA ABTHD QNY HOLDAHIO ONILOV ‘IHSNLS TEVHOIH D 37 .02.7 4
ROIIVZITILN anyl 30 JNBHLYYagq
HOLIZYIA ‘D937 V¥ aTYNOQ T R 0L
..2.. - HORTaoTm
o -
i
[ g
[ Sy
W 66T ‘Lz Ay
o
1228 -
S3IN) P P amaag Sy ﬂJ
AVEEIS VivHem 3 n\.m.':u
i‘l‘Il -----
—rYrerTeg

1508 -Cbjen]

Ciesdwrnen AW WONO-
AP D o D6

NMINIONOH Ho ALNNOD anNny AL

SXEOM DINANd 20 ANINLYYdIn




slsBwtepy UORONJINUOD saodeasng LU E;TRTTITIL 3 2313 aJIsUUNTL siveumBuny

JLWY S ‘¥ ‘3ad
[P TRy LD ‘nepy Wy
. omiouoy DD Fap prucg .

JuuR|g 10MIS
tpaye) wepg

2
'smok Amn Kisp

‘ssoIppe
340qe Mo 18 S PRu0d mws(d susunuos 1o suonsanb euopippe Atk saey nok pmoys

“SIUIUMIOP 25N JO M1 Mok parerasdde
M AR tpweg g YRy pUR Yy goeag Apues e sTuipue) 3qe) ado sagiy
2L weimaRy 310 pasodoad 3 o3 Junepas ‘2661 *12 Aein paep 230191 mok 10j nok yuey)

TG
AMg Youag 10tod Jyey pue g tesg Apues ik 9jqe) andQ qig
* pURT 03 [PL UR{[EAMRE 10 10] S6IAY IUHISTISY [BUAWL0IMLT  11DAMANS

TWARZ() I Jea(]

£1896 UmagH ‘nnjouoy
wang Jury pinos pgo
nmjouoH jo Luno) pus £n3)

UONEINIY pue Hired jo wounrdsg
10031 ‘wARZO e

w61 "0z fmr

iCar-Ewll BOS vy CCIT-O%0 BOE 190% L1800 1H NinouoH TIks DY ofnuwxsirm O

NOILVEOJAYEOD "TTIIMOIL "W '™

40322270 'YMYZ20 *H dIALIVM

~Lwg

"963F UOTSUDIXe JT Youeag Buyuueya eouwvapy ano
0 191 1e3se] jowjuod ssweid ‘suoy3senb Lue ARy nok pihoys

. ‘welsfis arquo op3do d8q7] pueisiIojuy ol
uvyIearH 319 pasodoad BU} 307 AS puw JHS ® ao3 uoyyedy1dde
BY3 03 uUoT3oef{qo ou sary pue vz BY] POMBTARI @ARY 2N

(1r)s00-a5/26 ¥ (1r) ¥00-AS/2Z6
$lLr)ey-vis/26 ¢ (LC)UY-VRS/Z6 :-ON *dmy *roud
ST 360-Z-6 QNY T :ZI-~6-C AT AVR XVL
ABYd HOV3R INIO HHWNH
QHY N¥Vd HOVAd XQHYS SNOIIVDOT
TIAYD JLIQ0 HAFII
QNYTSIHAINT T2% HYITVMYH. J10 $1oaroud
(V3 SINANSSASSY IVINAHNOUIANT
{AS) FDNYIMVA dOVEIIS FNrTTHONS any
(dHS) IIHWZQ BSN YZUV INZHIOVHVR INIDAdS :10Zdns

YOLOAUIA 'VMVZO *H ¥IVIVM tHOYA

HOIIVZIIILN GNY1 40 IMIRLYVIIQ
HOLOAWIG ‘50F1D v QIVHOQ 0L

T66T ‘1z Auwy

- a We agnag
LR NI

[
-l-..it-..-

89 8 Ly u3 a._m.n— 6.

LI EIE TN AN YOw0N
ARINLE Dimp i AN OLE

OTINTONOH 40 ALNNOD any ALID

MIVIHI AN ONY SHHYL IO INIMWIHYY~

b rofs n

LIFFLLLTY)




—
——
-
——
~—
—
v
e
—
—
L
Lyl
b
P
bt
-t
LN
-
+
'
ot
”
Ll
o .
|
!

wwialL

UolEIATA UCTATAIRE0Id DIJOIBTH 91018
Joleraspuiupy ‘a IH

19180UlS

*{zoLz-C¥5) uoyielzcdsurzyi jo Juswiredag U1 I® OJOMAN. UEN AIEPIU0D
eseatd Aea-3Jo-14qB1I 138O Syl UIYITA Yrom Auw ejwdrojiue nok 31
£:B3003387 09 m.muqn«u“a o1 Aaessesou eq 11IA
LAT.UPYD ‘9011, 9EOY1 U0 430939, FSTIVAPY,  UN.0ART. 02T ‘pPILTMIBINP
C#87. 30ef0ad. a3 e:uv.unpou 9% .59119.072019Y - Juedj3yudye

kw-. <93 213TUSTN. 1942 689 031 U0TIFNIOJUY L IVOTITIINTIIPIT0D
pue’ 89179 01I02NTY o vousEqR 10" -uaeuaua LUY, BUINIISP. 03 A9Aans
Azojueauy: nnuaooﬁooqnouu n¢w¢u-n a o9u,9q IT1A 31 ueyy

-Ken-go-qub1a° Aeaybin: cowouau L ECUE! naﬂgou ou’ -omu 23001 943 ¥
10" uu:ouwaﬂauu v-onoun.anu Q} ccuucuuu ®q TTIA -auﬂu-uu pie oAwd

v.ﬂﬂu_ un *AUGNRFLBHE PTUL’ '30° nﬁc.—umﬁcoﬂﬂonuu ‘Y1 YIiM INdUod IM¥’

1-6 TaHL
nge,0 ‘waj. "jINTINOUCH
nge,0 199M 203 BuipueT ITqed
ayado 10qtd pesodozd Yl JO JUGEesessy [edojbojoaeydly¥ :1dIrdans

."vaMQF *aH Jea

Tr6F-LT6896 IH "NINTOUCH
11% 221NS ‘PRON OTIREYTIEM OZF

I6ELO FON DOQ uoy3e30d303 TTIACL “H'H
£Y0s OM DO Jauueld Jojues *epayel ueyig ‘IH
LNIAATTIAK] WY ONY BLiY . Z66T ‘a1 AeH
pwrrd Lvis
LMRTEWT OO
WORIA
:ﬂ‘“ﬂdﬂﬂtﬁlﬂﬁ TI00 NV MY “TUTIONOH
LIS WOALI HLS "LTIWLE DADS HLROS T
ORIt SIWON N A@ NOTSLAK) MOLLYAMZY Add DNOLEH 1118
O HOLLTAISNOD
o™ NLYH GHY CHY} 30 JNINLHYS30
o | 1_¥¥40
HnoeM N _Asg [IVMVH H0 31VIS
LORaTUARS RN PPYDY ! Ihlhbml
» st "u.mkh.c AR LEE .
= ubr.h- ey i
i T v rae T oy \Z ..“.-n_ AT 0l




10.

11.

REFERENCES

Atlas of Hawaii, Second Edition, Department of Geography, University of Hawaii,
1983.

Beach Changes on_Oahu as Revealed by Aerial Photographs, Dennis Hwang, July
1981.

GTE Hawajian Tel Interisland Fiber Optic Cable Syster: Marine Environmental

Analysis of Selected Landing Sites, Sea Engineering Inc, January 1992.
The Hawaii State Plan: Education, Department of Education, 1989.

Hawaii Interisland Submarine Fiber System_Project: Desk Top_Study, Seafloor
Surveys International, August 1991,

Soil Survey of Islands of Kauai, Oahu, Mauj Molokaj, and Lanai, State of Hawaii
United States Department of Agriculture, Soil Conservation Service, In Cooperation
with the University of Hawaii Agricultural Experiment Station, August 1972,

The State of Hawaii Data Book 1990: A Statistical Abstract, Department of Planning
and Economic Development, State of Rawaii, 1990,

Discussion with GTE Hawaiian Tel, December 1991,

Hawaii State Plan, Chapter 226

Humpback Whales in Hawaiian Waters: A Study in Historical Ecology, L. M. Herman,
1979.

Prodigious Submarine Landslides on the Hawaiian Ridge, J.G. Moore, 1989.




APPENDIX A

Marine Environmental Analysis of Selected Landing Sites




GTE Hawaiian Tel
Interisland Fiber Optic Cable System

MARINE ENVIRONMENTAL ANALYSIS OF
SELECTED LANDING SITES

Prepared For:
RM. Towill Corporation

420 Waiakamilo Rd., Suite 411
Honolulu, Hawaii 96817

Prepared By:

Sea Engineering, Inc.
Makai Research Pier
Waimanalo, Hawaii 96795
AND
Environmental Assessment Co.
1804 Faula Drive
Honolulu, Hawaii 96816

March 1992

91-85

-




TABLE OF CONTENTS

SECTION DESCRIPTION PG #

L INTRODUCTION
General ...cvvenmeesonnsesoenosssencanesssanosansnna I-1
Route Selection Process ... ....ccieeiieeetrresnrnnnnann I-1
Marine Selection Criteria  ............ e e v senr e e 1-4

II. GENERAL OCEANOGRAPHIC CHARACTERISTICS

-------------------------------------------

Prevailing Wave Climate ...........ccvtreriieinnnnnn II-1
B T = II-3
Coastal CUITENLS .. v v v s toeroerrecosassassansnsnoses 11-3

----------------------------------------

IIl. METHODOLOGY FOR MARINE BIOLOGICAL SURVEYS

----------------------------------------

Iv. KAHE POINT BEACH PARK, OAHU

Alternatives Considered ..........cieivencnrecnnnnns V-1
Description of Selected Route .............coiiiens, IV-4
Oceanographic Conditions ...........ccviiiiieeaenans IvV-9
Description of the Proposed Project ............. ... V-9
Marine Biological Setting .. .......c vttt IV-10
Potential Environmental Impacts

and Mitigation Measures . ........cceevveereacrcnaoans IV-24

REFERENCES




1. INTRODUCTION
GENERAL

GTE Hawaiian Tel is planning the installation of an Interisland Fiber Optic Cable System
linking the islands of Kauai, Oahu, Maui and Hawaii. The site selection and evaluation
process has been underway since early 1991, and Sea Engineering, Inc. has been retained
over that period by the R.M. Towill Corporation to evaluate the marine considerations for
potential landing sites and to assist in the preparation of the Environmental Assessments for
the recommended landing sites. Dr. Richard Brock of the Environmental Assessment
Company, a subconsultant to Sea Engineering, Inc., was responsible for characterizing the
nearshore marine biological conditions along the cable routes and also assisted with the

impact evaluation.

This report describes the nearshore marine selection process, the alternatives considered,
the physical and biological characteristics of the nearshore cable routes, and the anticipated
marine environmental impacts.

Figure I-1 shows the interisland cable configuration and the recommended landing sites.

ROUTE SELECTION PROCESS

This report describes only the nearshore marine considerations of the selection process.
Other considerations included land suitability, deep ocean conditions, public usage and
terrestrial and marine impacts. A series of two Working Papers, prepared by the R.M.
Towill Corporation (1991), describe in detail the overall selection process, the alternatives

considered, and the rationale for the recommended routes.

The coastal sector boundaries for the potential cable landing sites were initially defined by
two primary constraints:

1. The total cable length between central offices was limited to 2 maximum of
200 kilometers, and preferably to less than 185 km. Cable lengths over 200
km would require an expensive subsea repeater.

Proximity of the cable landing site to a central office was desirable, along with
relatively easy access to the central office via available pole lines, duct lines,
or other GTE infrastructure.

Given these constraints, sectors of coastline were delineated which bounded the potential
landing areas. An office evaluation of each coastal sector was then completed, utilizing
existing literature, color aerial photographs, marine charts, coastal inventories prepared by
state and Federal agencies, and personal knowledge of nearshore physical and bjological

I-1
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characteristics and uses. A one day field reconnaissance was then conducted in each sector
to select three potential Janding sites in each sector. If no suitable sites were found within
the sector limits, the sector was enlarged as required.

Following the consolidation of all planning considerations mentioned above (terrestrial and
marine) a more detailed field study was conducted at each site by an ocean engineer and
marine biologist. The objective of this phase was to select the primary and secondary route
alternatives.The marine biologist was incorporated into this phase of the study to conduct
a preliminary assessment of the selected alternatives and to ensure that there were no

overriding environmental constraints. '

After initial approval by the client of the recommended route, a detailed bathymetric survey
was conducted at each site. During this survey, while accurate positioning equipment was
available, a diver was towed along the route centerline, and his visual observations were
correlated with the track line and the water depth. This step provided valuable information
about the precise conditions along the route, and also ensured that there were no
unexpected conditions in the nearshore area.

One additional field trip was made to each site, for the express purpose of describing the
physical and biological characteristics of the route and adjacent areas, and to evaluate the

potential environmental impacts.

The limit of the diving surveys was the 100 foot depth contour. However, the diving support
vessels were equipped with fathometers, and track lines were run to the 180 foot depth to
ensure that no steep ledges were encountered beyond the limit of the visual survey.




MARINE SELECTION CRITERIA FOR NEARSHORE

CABLE ROUTE EVALUATION

Throughout the cable route selection and evaluation process the primary objective was to
find a suitable, safe cable route which would also result in the minimum environmental

impacts possible in that sector.

Specific selection criteria included the following:

1.

Sandy bottoms and coastlines were preferred, both for integrity of the cable and to
minimize environmental impacts. Experience at other cable landing sites on Oahu
(Makua Beach, Makaha Beach and Nanakuli Beach) indicates that cables on sandy
bottoms tend to sink into the sand. No cable cross section is exposed, and wave
forces on the cables are therefore minimal. In most of these areas, the winter surf
and shorebreak can be very large, yet the numerous cables making landfall there have
remained stable,

Hawaii beaches are usually in a dynamic balance with a large offshore sand deposit,
and the two are frequently linked by a continuous sand channel, thus providing the
ideal configuration for a cable route. In addition to the engineering advantages, the
environmental effects of a placing a cable on a sandy bottom are much less than
placing one across a diverse coral community.

Minimizing the horizontal distance from the shoreline to the 60 foot depth was
another important factor. This is the zone of maximum wave forces, and the
assumption was made that some form of cable protection or anchoring would be
required when crossing any hard bottom inshore of the 60 foot contour. This
distance is also an important factor in the cable landing process. The cable ship can
approach shore to approximately the 50 or 60 foot depth, where it is then held in
place by tugs. As the cable is towed to shore by a small boat or tug, floats are
attached to the cable as it is paid out, so that it floats on the surface until the shore
connection is secured. During this time, the cable position must be maintained along
the route centerline. Strong currents or long distances make this process more
difficult. The goal was to select a route where the distance from shore to the 60 foot
contour was less than 4000 feet.

There is a semi-continuous ledge which drops off from the 60 foot contour, and
extends through many of the coastal sectors of Hawaii. This ledge was formed during
an ancient stand of the sea, and typically has a vertical drop of 30 feet or more. This
ledge was present in the Kauai sector, both Oahu sectors and the Maui sector. It was
therefore important to find a route which either avoided the ledge or passed through
a channel in the ledge. Fortunately, the sand channels connecting the beaches to the
deeper offshore deposits often bisect the ledge.
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Routes were selected to avoid, to the maximum extent possible, environmentally
sensitive areas or areas frequented by rare or endangered species. A specific example
was the avoidance of areas used by green sea turtles for resting or forage. The
marine biological consultant was an early participant in the study, so that
environmental input was received during the initial route evaluations.




1. GENERAL OCEANOGRAPHIC CHARACTERISTICS

WINDS

The predominant winds in the Hawaiian Islands are the northeast trades, which are present
approximately 70 percent of the time with an average speed of 13 mph. The frequency of
tradewinds varies greatly with the season. They occur 90-percent of the time during the
months of April to October. The winter season (November to March) is defined by a
weakening of the high pressure system generating the tradewinds, and the frequency of
occurrence decreases to approximately 50-percent. During the winter season, low pressure
systems periodically displace the tradewinds, resulting in south or southwest winds known as
"Kona" winds. Kona wirds, which occur rarely in summer and 17-percent of the time in the
winter, range from light and variable to gale or hurricane force.

PREVAILING WAVE CLIMATE

The general Hawaiian wave climate can be described by four primary wave types; the
northeast tradewind waves, south swell, North Pacific swell and kona storm waves. These

wave types and their general approach direction are shown on Figure II-2.

Tradewind waves may be present in Hawaiian waters throughout the year, but are most
frequent in the summer 5eason, between April and September, when they usually dominate
the Hawaiian wave climate. They result from the strong and steady tradewinds blowing from
the northeast quadrant over long fetches of open ocean. Typicai deepwater tradewind waves
have periods of 5 to 8 seconds and heights of 4 to 10 feet. During gale conditions tradewind

waves may reach heights in excess of 20 feet.

South swell is generated by southern hemisphere storms, and is most prevalent during the
months of April through October. These long, low waves approach from the southeast
through southwest, with typical periods of 12 to 20 seconds and deepwater heights of 1 to
4 feet. Although their deepwater height is relatively low, the long period results in
considerable shoaling near shore with resultant large breaker heights. The surf along the
exposed south shores of the islands occasionally reaches heights of 15 feet.

North Pacific swell is produced by winter storms in the North Pacific Ocean and by
mid-latitude low pressure areas. North swell may arrive in the Hawaiian Islands throughout
the year, but is largest and most frequent during the winter months of October through
March. North Pacific swell typically has periods of 12 to 20 seconds and deepwater heights
of 5 to 15 feet. The approach direction is typically from the west-northwest through
north-northeast. North Pacific swell results in some of the largest waves in Hawaiian
waters.For example, breaking wave heights approaching 50 feet were observed in December

1969.




FIGURE H-1.
GENERALIZED WAVE TYPES
{Adapted From The Atlas of Hawali)




Kona storm waves are generated by intense winds associated with local fronts or low
pressure systems and typically have periods ranging from 6 to 10 seconds and typical heights
up to 10 feet, but during severe storms heights can approach 20 feet. These waves are most
common in late winter and early spring, approaching from the south to southwest.

Hurricane Storm Waves

Hurricanes form near the equator, and in the central North Pacific usually move toward the
west or northwest. The primary hurricane season is July through September. These tropical
storms or hurricanes usually pass south of the Hawaiian Islands, with a northward curvature
near the islands. Late season tropical storms and hurricanes follow a somewhat different
track, forming south of Hawaii and moving north toward the islands.

There are many recorded tropical storms or hurricanes which have approached the Hawaiian
Islands during the past 35 years, and hurricane waves are generally selected as the design
criteria for coastal projects. Most of these storms passed well south or west of the islands,
or weakened in intensity as they reach Hawaii, but there have been notable exceptions.
Hurricanes Hiki, Della, Nina and Fico passed within about 200 miles of the islands, Dot
passed over Kauai, and Iwa passed with 30 miles of Kauai.

The report Hurricanes in Hawaij (Haraguchi, 1984), prepared for the U.S. Army Corps of
Engineers presents hypothetical model hurricanes for the Hawaiian Islands. The model
Hawaiian Hurricane is defined as the probable hurricane that will strike the Hawaiian
Islands in the future. The characteristics of the model hurricane are based on the
characteristics of hurricanes Dot and Iwa. The predicted wave height and period for the
model hurricane are calculated to be 31 feet and 12.0 seconds.

This is a worst case scenario; the actual likelihood of this occurring at one particular site is
very low. It is more likely that the storm would pass at some distance, thus the wave height
at a particular site would depend on the storm track and decay distance over which the
waves travel,

TIDES
The tides in Hawaiian waters are semi-diurnal, with pronounced diurnal inequalities (i.e. two

tidal cycles per day with the range of water levels being unequal). The average daily tidal
range is approximately 2 feet, the maximum range is 2.8 feet.

COASTAL CURRENTS

Coastal currents in Hawaii are influenced by several factors: large scale oceanic currents,
tidal currents, wind-driven currents, waves, and island topography. Hawaii is located in the
region of the Pacific North Equatorial current, which generally flows to the west with north
current speeds ranging from 0.1 to 1 knot. The current direction may vary from west
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southwest to north-northwest, and the average speed is estimated to be approximately 0.5
knots. Eddies may form in this current as it passes through the islands. Large scale eddies
may also be caused by wind circulation patterns around the large mountains on the islands,
and small scale eddies may be caused by local landforms.

In most nearshore locations in Hawaii, the tidal flow is the primary current component.
Tidal currents are reversing and generally follow bathymetric contours. The maximum tidal
current speed in most locations is 2 knots, with speeds of 0.3 to 1.0 knot being typical.
Surface currents are modified by the prevailing winds. Past studies around Oahu have
indicated that the top 5 to 15 feet of the water column is influenced during moderate trade

wind conditions.

The circulation at any particular location is due to a combination of the above factors.

TSUNAMIS

Tsunami, or seismic sea waves, are primarily generated by submarine earthquakes and earth
movement with magnitudes greater than about 6.5 on the Richter scale. Coastal and
submarine landslides and volcanic eruptions can also generate tsunamis. The Hawaiian
Islands are directly exposed to the major tsunami wave generating areas in the Pacific
Ocean: the Kuril-Kamchatka-Aleutian region of the north and northwestern Pacific, the west
coast of South America, and the seismically active southwest Pacific. Over 80 tsunamis have
been observed in the Hawaiian Islands since 1813, and 22 of them resulted in significant
damage. The most damaging occurred in 1946 when an earthquake in the East Aleutian
Islands generated a tsunami which killed 173 people in Hawaii and caused $26 million in

property damage in Hilo alone.

Tsunami wave periods vary from 5 minutes to over 1 hour. Tsunami wave heights in the
deep ocean are only a foot or two and their passage is generally not noticeable. However,
in coastal regions, the tsunami wave may be subject to extensive transformation by the
shallow water processes of refraction and shoaling, and also resonance in bays and harbors,
and it may result in a much amplified wave height at the shoreline. Procedures have been
developed for the U.S. Army Corps of Engineers, Pacific Ocean Division to determine
tsunami wave elevations along the coastlines of Hawaii for various frequencies of occurrence
(Manual For Determining Tsunami Runup Profiles on Coastal Areas of Hawaii, 1978).
Tsunami runup elevations computed for 50 and 100 year tsunamis in the landing site areas
are presented in later sections of this report.
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.  METHODOLOGY FOR MARINE BIOLOGICAL SURVEYS

GENERAL

The quantitative sampling of macrofauna of marine communities presents a number of
problems; many of these are related to the scale on which one wishes to quantitatively
enumerate organism abundance., Marine communities in the areas surveyed for this
surveyed may be spatially defined in a range on the order of a few hundred square
centimeters (such as the community residing in a Pocillopora_meandrina coral head) to
major biotopes covering many hectares. Recognizing this ecological characteristic, the
sampling program was designed to delineate all major communities in the limits of the study
areas and to quantitatively describe these communities. Thus a number of methods were

used.

To obtain an overall perspective on the extent of the major communities or "zones"
occurring in the study area, divers were slowly towed behind a skiff over most of the study
site from shore seaward to at least the 80 foot contour. This exercise allowed the qualitative
delineation of major biotopes based partially on the presence of large structural elements
(e.g., amount of sand, hard substratum, fish abundance, coral coverage or dominant coral
species). Within each of these, stations were established and quantitative studies were
conducted, including a visual enumeration of fish, counts along benthic transect lines and
cover estimates in benthic quadrants. Besides these quantitative measures, a qualitative
reconnaissance was made in the vicinity of esch station by swimming and noting the
presence of species not encountered in the transects. All assessments were carried out using

SCUBA.

Biotopes are defined by physical characteristics including water depth, relative exposure to
wave and current action, and the major structural elements present in benthic communities.
The latter include the amount of sand, hard substratum, and vertical relief present as well
as the biological attributes of relative coral coverage, fish abundance, and dominant species
of the coral community. Biotopes are named for the distinctive features of the zone. It
should be noted that the boundaries of each zone are not sharp but rather grade from one
to another; these are ecotones or zones of transition.

The locations of stations were subjectively chosen as being representative of a given biotope.
Immediately following station selection, a visual census of fishes was undertaken to estimate
their abundance. These censuses were conducted over a 4 x 25 meter corridor and all fishes
within this area from the bottom to the water su-face were counted. Data collected included
the number of individuals of each species as well as an estimate of individual lengths of all
fishes seen; the length data were later utilized in estimating the standing crop of fishes
present at each station using linear regression techniques (Ricker 1975, Brock and Norris
1989). A single diver equipped with SCUBA, transect line, slate and pencil would enter the
water, count and note all fishes in the prescribed area (method modified from Brock 1954).
The 25m transect line was paid out as the census progressed, thereby avoiding any previous
underwater activity in the area which could frighten wary fishes.

II1-1




Fish abundance and diversity is often related to small-scale topographical relief over short
linear distances. A long transect may bisect a number of topographical features (e.g., coral
mounds, sand flats and algal beds), thus sampling more than one community and obscuring
distinctive features of individual communities. To alleviate this problem, a short transect
(25m in length) has proven adequate in sampling many Hawaiian benthic communities

(Brock and Norris 1989).

Besides frightening wary fishes, other problems with the visual census technique include the
underestimation of cryptic species such as moray eels or puhis (family Muraenidae) and
nocturnal species, e.g., squirrelfishes or ala’ihis (family Holocentridae), aweoweos or bigeyes
(family Priacanthidae), etc. This problem is compounded in areas of high relief and coral
coverage affording numerous shelter sites. Species lists and abundance estimates are more
accurate for areas of low relief, although some fishes with cryptic habits or protective
coloration (e.g., the nohus or rockfishes, family Scorpaenidae; the flat fishes or paki'is, family
Bothidae) might still be missed. Obviously, the effectiveness of the visual census technique
is reduced in turbid water and species of fishes which move quickly and/or are very
numerous may be difficult to count and to estimate sizes. Additionally, bias related to the
experience of the diver conducting counts should be considered in making any comparisons
between surveys. In the present study, one individual carried out all of the visual censuses.
In spite of these drawbacks, the visual census technique probably provides the most accurate
nondestructive method available for the assessment of diurnally active fishes (Brock 1982).

After the assessment of fishes, an enumeration of epibenthic invertebrates (excluding corals)
was undertaken using the same transect line as established for fishes. Exposed invertebrates
usually greater than 2cm in some dimension (without disturbing the substratum) were
censured in a 4 x 25m area. As with the fish census technique, this sampling methodology
is quantitative for only a few invertebrate groups, €.g., some of the echinoderms (some sea
urchins and sea cucumbers). Most coral reef invertebrates (other than corals) are cryptic
or nocturnal in their habits making accurate assessment of them in areas of topographical
complexity very difficult. This, coupled with the fact that the majority of these cryptic
invertebrates are small, necessitates the use of methodologies that are beyond the scope of
this survey (see Brock and Brock 1977). Recognizing constraints on time and the scope of
this survey, the invertebrate censuring technique used here attempted only to assess those
few macroinvertebrate species that are diurnally exposed.

Exposed sessile benthic forms such as corals and macrothalloid algae were quantitatively
surveyed by use of quadrants and the poit-intersect method. The point-intersect technique
only notes the species of organism or substratum type directly under a point. Along the
previously set fish transect line, 50 such points were assessed (once every 50cm). These data
have been converted to percentages. Quadrant sampling consisted of recording benthic
organisms, algae and substratum type present as a percent cover in six one-meter square
frames placed at five-meter intervals along the transect line established for fish censuring (at

0, 5, 10, 15, 20 and 25m).




If macrothalloid algae were encountered in the 1 x 1m quadrants or under one of the 50
points, they were quantitatively recorded as percent cover. Emphasis was placed on those
species that are visually dominant and no attempt was made to quantitatively

assess the multitude of microalgal species that constitute the "algal turf" so characteristic of

many coral reef habitats.

During the course of the fieldwork notes were taken on the number, size and location of any
green sea turtles and other threatened or endangered species seen within or near to the
study area. With green turtles, efforts were made to record the size (straight line carapace
length) of the individuals seen as well as the presence of tags, tumors or any deformities.
We also attempted to note the presence of appropriate resting and foraging areas for green

turtles.
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IV. KAHE POINT BEACH PARK, OAHU
ALTERNATIVES CONSIDERED

The coastal sector considered for a potential landing site initially extended from Pokai Bay
to the Barbers Point Naval Air Station, a distance of approximately 14 miles. The coastline
south of Kahe Point was excluded from further consideration during the office study due to
extensive resort, commercial shipping, industrial and military use. Activities include a major
resort development, a deep draft harbor, and offshore oil moorings and associated
underwater pipelines. This existing usage precludes a cable landing anywhere along the
coastline between Kahe Point and Ewa Beach.

Figure IV-1 shows the coastline from Barbers Point Harbor to Pokai Bay, along with the
known sand deposits and existing uses of the area. In general, the offshore use of even this
section of coastline is surprisingly heavy. Existing facilities which limit the selection of cable
route areas include cooling water intakes and discharges for the Kahe Generating Station,
a U.S. Navy underwater test range, an ocean outfall for domestic sewage, and a small boat
harbor. Kahe Point was the selected site and is described in detail in the following sections
of this report. The other candidate sites investigated during the field and office studies are
described below.

1. Nanakuli Beach: Nanakuli Beach Park offers ideal conditions for a cable landing,
with a sand channel extending from the beach out to an extensive offshore deposit.
The bottom is sand out to at least the 100 foot depth. There are some scattered
coral formations at the 50 to 60 foct depth, but they are not extensive, and a cable
route could be selected which misses the coral. The U.S. Navy, however, operates
a submarine test range (FORACS Range) in the area. One of the receiving towers
is located at the south end of Nanakuli Beach, and several subsea cables connect the
tower to a series of underwater hydrophones. Discussions with the range manager
indicated that the Navy would not permit placement of a cable across their existing
cables, due to their requirements for cable maintenance and possible expansion of
the range. An incoming fiber optic cable would cross most, if not all, of the
hydrophone cables. This site was therefore eliminated from further consideration.

2. Ulehawa Beach Park: A sand channel off the beach park corresponds to the mouth

of Ulehawa Stream (see Figure IV-1). Inshore the sand channel is winding and
irregular, with a typical width of 150 to 200 feet. The sand channel terminates
approximately 300 feet offshore. The bottom between the inshore limit of the sand
channel and the beach is scoured liznestone shelf, with pronounced surge channels
and ridges. The irregularity of the bottom in this zone increases with distance toward
shore. Because of the bottom conditions and the shape of the sand channel, cable
protection would probably be required out to the 40 foot water depth, 2000 feet
offshore. At this point, the channel opens into a large sand deposit. The area just
off the beach would present a particular problem due to the vertical relief, and fairly
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extensive trenching would probably be required to prevent "bridging" of the cable across the

surge channels.

3.

Pokai Bay: Pokai Bay is a former small boat harbor, which has been replaced by the
Waianae Small Boat Harbor, located one-half mile to the north. Pokai Bay is now
a recreational beach, administered as a public park by the City and County of
Hornolulu. The large offshore sand deposit shown on Figure VI-1, is connected to the
sand beach by a well defined sand channel. There are a few scattered limestone
outcrops inside the old breakwater, but the vertical relief is low. The physical
characteristics of this site are excellent, and a fiber aptic cable would require little or
no protection on the sand bottom.

Pokai Bay, however, is a heavily used recreational area. The north half of the beach
is restricted to military personnel, and there are three surf sites off the military beach.
The waters in the south half of the bay are calm due to the protection offered by the
breakwater. According to AECOS (1978), Pokai Bay Beach Park has the best
protected and most stable sand beach along the entire Waianae coast. Activities
include swimming, wading and canoe paddling. The heavy recreational use of the bay
has resulted in past conflicts between swimmers and boaters. State boating
regulations now separate the two activities. In spite of the physical advantages, Pokai
Bay was not selected as the recommended site due to its heavy recreational usage,
the distance from the Central Office as compared to Kahe Point, and potential
archaeological sensitivity of the backshore area.




DESCRIPTION OF THE SELECTED ROUTE .
General Description

The Kahe Point landing site is located in Kahe Point Beach Park on the southwest coast of
Oahu, north of Barbers Point. The shoreline in this area is rocky, consisting primarily of low
limestone seacliffs approximately 15 to 20 feet high. There are large pieces of fallen
limestone at the base of the cliffs. Also at the foot of the cliffs, at the waterline, there is a
narrow limestone bench that terminates in a vertical drop into 3 to 5 feet of water. There
is easy access to the ocean only in a small rocky cove at the southern end of the park. The
nearshore bottom off Kahe Point Beach Park is irregular with areas of hard rock bottom,
alternating with patches of sand. Further offshore, a sandy bottom predominates. The Kahe
Generating Station is located immediately north of the park. The ocean water used for
cooling by the generating station is discharged through two twelve foot diameter pipelines.
The outfall terminates in a water depth of 27 feet. North of the station, there is a 2500 foot
long sand beach known as Kahe Beach.

Shoreline History

The coast at the landing site is composed of limestone seacliffs approximately 15 to 20 feet
high that are not subject to the typical processes of coastal erosion and accretion. The
shoreline therefore has been stable in recent history.

Existing Usage

Kahe Point Beach Park occupies the backshore of the landing site area. Facilities at the
beach park include two comfort stations, a pavilion, camping and picnic equipment, and 14
marked camping sites with parking. Access to the ocean for swimming is possible only in
a small rocky cove south of the park area and immediately south of the power plant intake
basin. This cove is also a popular surf break for novice surfers. The park is primarily used
for picnicking, pole fishing, diving, and snorkeling.

Immediately to the north lies the Hawaiian Electric Power Plant and Hawaiian Electric
Beach Park. The plant discharges cooling water through dual 12 foot diameter pipes
extending 600 feet offshore to the 25 foot water depth. The cable landing site is located
approximately 600 feet south of this outfall. A major resort, Ko Olina, is being developed
along the coastline between the beach park and Barbers Point Harbor. The shoreline
consists primarily of low limestone seacliffs and benches. There is one natural swimming
cove in the resort area, and four man made swimming lagoons and beaches have been
constructed in the limestone shoreline.
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Physical Characteristics of the Selected Route

The bottom characteristics of the selected route and the surrounding area are shown in
Figure IV-2. Immediately offshore, there is a 380 foot wide zone of hard bottom, consisting
of alternating ridges and channels, with scattered boulders and coral. Vertical relief is
roughly 3 to 4 feet. The water depth at the seaward end of this band is approximately 15
feet. The inshore half of this band has less coral and less vertical relief, with more exposed
and scoured limestone bottom. Photo 5 shows the bottom characteristics of the inshore
half of this zone. Photo 6 shows a ridge and channel formation typical of the seaward half
of this zone. The channels are typically scoured limestone and the ridges have moderate to

extensive coral growth.

Seaward of the inshore zone, there is a 100 foot wide transition zone, with the bottom
consisting of a flat sand bottom with interspersed limestone and coral outcrops. Vertical
relief through this zone is 2 to 4 feet. The water depth at the seaward end of the transition
zone is 18 to 20 feet. Photo 7 shows typical conditions in the transition zone, with the coral
formations rising 2 to 4 feet above the surrounding sand bottom. The percentage of sand
in the transition zone increases with distance seaward.

The inshore boundary of an extensive sand deposit is located approximately 500 feet
offshore. From this point to the 70 foot depth, a distance of approximately 2,200 feet, the
bottom consists of medium grained calcareous sand. There are no exposed outcrops of
limestone or coral in the deposit.

From the 70 foot depth to at least the 100 foot depth (the seaward limit of the diving
reconnaissance) the bottom consists of limestone, scattered coral, and coral rubble with sand.
Vertical relief is on the order of 1 to 3 feet. Typical conditions are shown in Photo 8. At
approximately 80 feet, there is a limestone outcrop which protrudes into the area from the
Barbers Point side of the route. This outcrop rises 10 to 15 feet above the flat bottom, and
the proposed route was oriented to avoid this obstacle. The route shown misses this Iedge
by approximately 200 feet. It is anticipated that a side scan sonar survey will be conducted
by the cable vendor prior to cable placement, and the precise route for the area where the
water depth exceeds 70 feet will be selected to avoid as much of the hard bottom in this
zone as possible. The cable could be shifted slightly to the north in this zone; it is unlikely
that it will be shifted any closer to the ledge.
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BOTTOM CHARACTERISTICS ALONG
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PHOTO 5. NEARSHORE CONDITIONS: SCOURED LINMESTONE, SCATTERED
BOULDERS AND CORAL FORMATIONS. WATER DEPTII IS
APPROX. 10-FEET.

PHOTO 6. TYPICAL CONDITIONS IN SEAWARD HALF OF THE HARD BOTTOM

ZONE: RIDGE AND CHANNEL FORMATION. WATER DEPTH IS
APPROX. I5-FEET.




PHOTO 7. TYPICAL VIEW OF INSHORE TRANSITION ZONE. WHERE THE

LIMESTONE AND CORAL BOTTOM GIVES WAY TO SAND DEPOSIT.
DEPTH IS APPROX. 20-FEET.

*

PHOTO 8. TYPICAL BOTTOM CONDITIONS IN THE OFFSHORE ZONE OF
CORAL RUBBLE. WATER DEPTH IS APPROX. 80-FEET.




OCEANOGRAPHIC CONDITIONS

Kahe Point is located west of the Waianae mountain range in southwest Qahu. The

mountains are large enough to form a lee from the tradewinds, and the effect of the
tradewinds is moderate.

Currents along this coast are dominated by reversing tidal flows, that usuvally flow parallel
to the nearshore bottom contours. Currents flow to the south during flood-tide, and to the
north during ebb tide. The tidal currents, however, do not always reverse and may flow in
the same direction for several tidal cycles. Surface currents may be modified by prevailing
winds. Tradewinds tend to deflect surface currents offshore, while Kona winds would direct

surface currents onshore. The typical currents are strong along this coast, frequently
exceeding one knot,

This coastline is directly exposed to south swell, kona storm waves, and westerly north Pacific
swell. Design wave heights would occur during the passage of hurricanes to the south of

_ Oahu. The leeward coast of Oahu suffered extensive property damage during the passage
C of Hurricane Iwa in 1982.

- This area is also subject to tsunami inundation. Runup from the 1946 and 1957 tsunamis
- reached 12 and 11 feet above sea level at Kahe Beach, north of the power plant. The
- estimated inundations 200 feet inland for 50 and 100 year tsunamis are 8 and 11 feet above
_ mean sea level for this coastal area.

PIIITHT behy e i e e e By e < e 4

Nearshore waters are class "A" in the Department of Health water quality regulations.

i DESCRIPTION OF THE PROPOSED PROJECT

The fiber optic cable will be double armored in the nearshore zone to resist chafing and
abrasion. Additional protection will be required from the shoreline out to a water depth of
—_ 20 feet, located 500 feet offshore, where the cable enters the extensive offshore sand deposit.
L The exact protection method used will depend upon the selected cable vendor, but one of
the two following work sequences is most likely:

T e e s ) W T B e e prrer s s A T B

P 1 Complete the initial shore landinig with no preparatory work on the bottom. Divers
P would then remove localized high spots and other obstructions to obtain a relatively
= uniform channel next to the cable. The cable would then be shifted into this channel,
P and split pipe casing installed around the inshore 500 feet of the cable. This casing

is supplied in 39-inch lengths and is bolted in place around the cable.  Sections are
connected by articulated ball joints to allow conformance to varying bottom terrain.
— The casing will also be bolted to the bottom at intervals to prevent movement. This

method would involve the use of a small work boat and a dive team equipped with
t either hydraulic or pneumatic tools. Since the excavation would be done by hand, and
— only where needed, this method would resuit in the minimum environmental impact.

_ V-9




2, The second method would utilize a barge equipped with a crane and clamshell bucket
to remove high spots, boulders and other obstructions prior to the cable landing. The
cable would then be laid in the prepared channel, and divers would instal] the split
Pipe casing and bolt it to the bottom as described above. The use of a clamshell
bucket would clear a wider path (approximately S feet) than the above method, and
the associated environmental effects would be correspondingly greater,

No blasting or extensive trenching is anticipated during the cable protection process. It is
assumed that no cable protection will be required beyond the 25 foot water depth.

The estimated duration of the nearshore protection work is 15 to 20 working days, at an
approximate cost of $120,000.

MARINE BIOLOGICAL SETTING

alignment at Kahe Point Beach Park are the biotope of sand, the biotope of sand and
rubble, the biotope of emergent hard bottom and corals, and the biotope of boulders and
hard substratum adjacent to the shoreline. The boundaries of these biotopes are shown in

Figure IV-3,

The biotope of sand dominates the area of the proposed project coming to within 500 feet
of the shoreline, The biotope of rubble and sand occurs as a band that commences at about

The Biotope of Sand

The biotope of sand lies principally seaward of the Project site but extends to within 500 feet
of the shoreline in the vicinity of the proposed alignment (Figure IV-3). As the name

implies, the substratum in the biotope of sand is dominated by sand. Because of its shifting
nature, the benthic species found in sand habitats are generally adapted for life on an
unstable and frequently abrading environment. Many species that are found in this habitat

IV-10




[ T

D L L A I T T S L)

-

Bt e

LEGEND

BIOTOPE OF SAND :

BIOTOPE OF SAND AND RUBBLE .
BIOTOPE OF HARD SUBSTRATUM AND CORALS
BIOTOPE OF BOULDERS AND HARD SUBSTRATUM
LOCATION OF QUANTATIVE SAMPLING STATIONS

iy
\ l 7 ~
O~ fc" & M~

N o~ N

.




BIOTOPES ALONG SELECTED

CABLE ALIGNMENT

£

Q
<

JBLE

S\ TUM AND CORALS

+ ok, A i+ iRt t e e e e
ST T T N T T e TS T e T

> HARD SUBSTRATUM
:\SAMPLING STATIONS

TR L P A )




will bury into the sand to avoid predators and the abrasion that occurs with storm waves.
Thus many species in the sand biotope are cryptic and difficult to see; among those are
many of the molluscs and crustaceans such as the Kona crab (Ranina serrata). Hence,

without considerable time spent searching in the sand many species in the sand habitat will
not be seen. The biotope of sand is best developed at greater depths; where it enters the
shallow water, many of the characteristic species become less abundant. Benthic
communities on sand substrates wsually have their greatest development at depths below
which wave impact occurs (below 100 feet). Because of constraints with bottom time at
these depths, only a qualitative survey was done. Species commonly seen in the deeper
regions of the biotope of sand include a number of molluscs: the helmet shell (Cassis
cornuta), augers (Terebra crenulata, T. maculata and T. inconstans), the leopard cone
(Conus leopardus) and flea cone (Conus pulicarius) as well as the sea hare (Brissus sp.),
starfish (Mithrodia bradleyi), brown sea cucumber (Bohadschia vitiensis), the Kona crab
(Rania_serrata), opelu or mackerel scad (Decapterus macarellus), nabeta (Hemipteronotus
umbrilatus), the goby-like fish (Parapercis schauslandi), uku or snapper (Aprion virescens),
hihimanu or sting ray (Dasvatis hawaiiensis) and the weke or white goatfish (Mulloides
flavolineatus). Undoubtedly, with greater searching, many more fish species would be
encountered in this biotope. Most of these species become less evident in the shallower
portions of this biotope.

The Biotope of Rubble and Sand

The biotope of rubble and sand is situated in a "band" or zone that is encountered at depths
from 75 to about 100 feet and about 2,900 to 4,000 feet offshore. The substratum in this
biotope is a mix of sand and coral rubble; larger rubble pieces have some coral growth
present. The mean size of the rubble in this biotope is about 8 inches in diameter; the
largest pieces were on the order of about 2 feet in diameter. About 200 feet south of
Station 1 is a limestone "bench" that rises 15 to 20 feet from the seafloor. This bench
continues almost uninterrupted to the Barbers Point Harbor entrance channel. Station 1 was
established in 72 to 75 feet of water to sample this biotope approximately 3,400 feet offshore
and about 200 feet north of the massive lime- stone bench noted above. The orientation of
the transect line at this station was approximately parallel to shore. The results of the
quantitative survey are presented in Table IV-1. The quadrant survey noted one coral
species present on the rubble in the transect site having a mean coverage of 0.05 percent.
Two macroinvertebrate species were present; these were the Chinese horn shell (Cerithium
sinensis) and the long-spine sea urchin or wana (Echinothrix diadema). Because of a
general lack of cover, only seven species of fishes (409 individuals) were encountered at
Station 1; these are detailed in Appendix A. However, a school of approximately 400
mackerel scad or opelu (Decapterus macarellus) was in the transect area. These fish
comprised 99.4 percent of the standing crop which was estimated to be 771 g/m®
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TABLE IV-1.

Summary of the benthic survey conducted in the biotope of rubble and sand approximately
3,400 feet offshore of Kahe Point Beach Park, Oahu on 6 December 1991. Results of the
6m’ quadrant sampling of the benthic community (expressed in percent cover) are given in
Part A; a 50-point analysis is presented in Part B and counts of invertebrates in Pact C. A
short summary of the fish census is given in Part D. Water depth is 72 to 75 feet; mean
coral coverage is 0.05 percent (quadrant method).

A. Quadrant Survey
Quadrant Number

10m 15m 20m 25m

g
-}

Species

Algae
Neomeris annulata 0.1
Corals

Montipora_verrucosa 0.3

Sand 66.7 100 93 69.9 96 96
Rubble 3 7 30 4 4
Hard Substratum 30

B. 50-Point Analysis
Species Percent of the Total

Sand 92
Rubble 8

C. Invertebrate Census (4 x 25m)
Species Number

Phylum Mollusca
Cerithium sinensis i

Phylum Echinodermata
Echinothrix diadema 1

(TABLE CONTINUED ON NEXT PAGE)
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D. Fish Census (4 x 25m)

7 Species
409 Individuals . -
Estimated Biomass = 771g/m?

In the vicinity of Station 1 near the projecting limestone bench were seen kala holo (Naso
hexacanthus), orangeband surgeonfish or na’ena’e (Acanthurus olivaceus), threespot chromis
(Chromis verator), snapper or uku (Aprion virescens), sergeant major or mamo (Abudefduf
abdominalis), yellowfin goatfish or weke’ula (Mulloides vanicolensis) and the blue goatfish
or moano kea (Parupeneus cyclostomus). In the rubble and sand were seen small coral
colonies (Pocillopora meandrina and Porites lobata), the arc-eye hawksfish or piliko’a
(Paracirrhites arcatus), lei triggerfish or humuhumu lei (Suffiamen bursa) and the bridled
triggerfish or humuhumu mimi (Sufflamen fraenatus).

The Biotope of Emergent Hard Substratum and Corals

Along the shoreline fronting the project site is the biotope of emergent hard substratum and
corals. This biotope commences about 500 feet offshore in water 21 to 23 feet in depth and
continies as a "band” about 400 feet wide terminating about 100 feet from shore in water
about 8 feet deep. This biotope may be characterized by emergent hard substratum that
rises from 3 to 6 feet above the sand. On the seaward edge the hard substratum occurs as
"spurs” or fingers that project up to 30 feet seaward into the sand.

The substratum in the biotope of emergent hard substratum and corals is comprised of
limestone. The spurs along the seaward edge of this biotope continue shoreward as ridges;
these ridges are from 3 to 15 feet in width and from 6 to 30 feet in length where they
project out into the sand. In the sand the spurs are spaced from 3 to 75 feet apart. These
ridges continue in a shoreward direction where small, hard substratum channels occur
between the ridges. The channels have a general orientation that is perpendicular to shore
and are from 4 to 15 feet in width, 2 to 4 feet in depth and are up to 40 feet in length.

Station 2 was established approximately 400 feet offshore in the zone of transition between
the biotope of sand and the biotope of emergent hard bottom and corals. The area is
characterized by a mix of sand and hard substratum occurring as ridges projecting seaward
as described above. The transect line at this station had an orientation perpendicular to
shore. Table IV-2 presents the results of the quantitative study carried out at Station 2.
The quadrant survey noted one algal species (Desmia hornemannii), a soft coral (Palythoa
tubercylosa) and five coral species (Porites lobata, Montipora verrucosa, M. patula,
Leptastrea purpurea and Pocillopora meandrina) having a mean coverage of 9.3 percent.
The dominant coral in this area is Porites lobata in terms of coverage. The
macroinvertebrate census noted four species including one polychaete (Spribranchus
giganteus and three echinoderms (the black sea urchin or Tripneustes gratilla, the green sea




TABLE IV-2,

Summary of the benthic survey conducted in the ecotone between the biotope of emergent
hard bottom and corals and the more seaward biotope of sand approximately 400 feet
offshore of Kahe Point Beach Park, Oahu on 6 December 1991, Results of the 6m? -
quadrant sampling of the benthic community (expressed in per- cent cover) are given in Part

A; a 50-point analysis is presented in Part B and counts of invertebrates in Part C, A short

summary of the fish census is given in Part D. Water depth ranges from 18 to 23 feet; mean -
coral coverage is 9.3 percent (quadrant method). ' -

A. Quadrant Survey ' -
Quadrant Number v
Species Om 5m 10m 15m 20m 25m

Algae :
Desmia hornemannii 0.5

Soft Corals v

Palythoa tuberculosa 1 »

Corals .
Porites lobata 19 26

Montipora verrucosa 1 0.3 .
M. patula 3 "

Leptastrea purpurea 0.8 0.7 -
. Pocillopora meandrina 0.1 5

Sand 100 100 94 100 -
Hard Substratum 74.6 67

B. 50-Point Analysis .

Species Percent of the Total

Corals
Porites lobata 12

Porites compressa 2 -
Montipora verrucosa 4 e

Hard Substratum 82 o,

(TABLE CONTINUED ON NEXT PAGE)

IvV-15




PEFITT L g i

ALATTT

I e R A T T LR S R T i

A, tam

C. Invertebrate Census (4 x 25m)
Species Number

Phylum Annelida
Spirobranchus giganteus 18

Phylum Echinodermata
Echinometra mathaei 26

Culcita novaeguineae 2
Tripneustes gratilla 9

D. Fish Census (4 x 25m)

28 Species
181 Individuals
Estimated Biomass = 35 g/m?

urchin or Echinometra mathaei and the cushion starfish or Culcita_novaeguineae.
Twenty-eight fish species (181 individuals) were censured at Station 2. The results of this
census are presented in Appendix A. Common fishes at Station 2 include the damselfish
(Chromis vanderbilti), saddieback wrasse or hinalea Jauwili (Thalassoma duperrey) and the
brown surgeonfish or ma’i'i'i (Acanthurus nigrofuscus). The standing crop of fishes at this
station was estimated to be 35 g/m? species contributing heavily to this biomass include the
many bar goatfish or moano (Parupeneus multifasciatus), saddleback wrasse or hinalea
lauwili (Thalassoma duperrey), brown surgeon- fish or ma'i'i'i (Acanthurus nigrofuscus),
parrotfish or uhu (Scarus sordidus), pinktail triggerfish or humuhumu hi’ukole (Melichthys
vidua} and the lei triggerfish or humuhumu lej (Sufflamen bursa). In the vicinity of Station
2 were seen the mackerel scad or opelu (Decapterus macarellus), moorish idol or kihikihi
(Zanclus cornutus), ringtail wrasse or po’ou (Chelinus rhodochrous), long spine sea urchin
or wana (Echinothrix diadema) and the coral (Pavona varians).

Station 3 was established about 25 feet shoreward of the terminal end of the transect line
for Station 2. The orientation of the transect line at Station 3 was again perpendicular to
shore, commencing in water approximately 18 feet deep (about 290 feet offshore) and

terminating at a depth of 10 feet approximately 210 feet offshore. This station was situated
in the area of greatest coral growth in the biotope of emergent hard substratum and corals.
Table IV-3 presents the results of the quantitative survey carried out at Station 3. The
quadrant survey noted two algal species (Amansia glomerata and Desmia hornemannii) with
a mean coverage of 0.7 percent. One soft coral (Palythoa tuberculosa) and six coral species
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TABLE IV-3.

Summary of the benthic survey conducted in the biotope of emergent hard bottom and
corals approximately 290 feet offshore of Kahe Point Beach Park, Oahu on 6 December
1991, Results of the 6m? quadrant sampling of the benthic community (expressed in percent
cover) are given in Part A; a 50-point analysis is presented in Part B and counts of
invertebrates in Part C. A short summary of the fish census is given in Part D. Water depth
ranges from 10 to 18 feet; mean coral coverage is 30.2 percent (quadrant method).

A. Quadrant Survey
Quadrant Number

Species 5m 10m 15m 20m

Algae
Desmia horemannii
Amansia_glomerata

Soft Corals
Palythoa tuberculosa

Corals
Porites lobata

Montipora verrucosa

M. patuia
M. flabellata

Pocillopora_meandrina
Leptastrea purpurea

Sand
Rubble
H_ard Substratum

B. 50-Point Analysis
Species Percent of the ‘Total

Soft Corals
Palythoa tuberculosa

(TABLE CONTINUED ON NEXT PAGE)
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TABLE 3.
Continued.

Species Percent of the Total

_rercent o1 A ~2—==

Corals
Paocillopora meandrina
Porites evermanni

P. lobata
Montipora flabellata

Hard Substratum

C. Invertebrate Census (4 x 25m)

Species

Phylum Mollusca
Conus ebreus

A e —

Pinctado marginifera

Phylum Echinodermata
Echinostrephus aciculatum 17
Tripneustes gratilla
Fchinothrix diadema
Echinometra mathaei

Echinomeltle 2ot ==

D. Fish Census (4 x 25m)

29 Species
289 Individuals

2
2
14

& fo I o)

Number

-

22
2
59

Estimated Biomass = 52 g/m?




R e o R d E R r T T —

CORRECTION

(THE PRECEDING DOCUMENT(S) HAS )
BEEN REPHOTOGRAPHED TO ASSURE
LEGIBILITY
SEE FRAME(S)
IMMEDIATELY FOLLOWING




TABLE 3.

Continued.
Species Percent of the Total
Corals
-~ Pocillopora meandrina 2
: Porites evermanni 2
P. lobata 14
- Montipora flabellata 2
C M. patula 4
M. verrucosa 8
. Hard Substratum 66
L C. Invertebrate Census (4 x 25m)
e Species Number
Pl
% _ Phylum Moliusca
RN Conus ebreus 1
Pt Pinctado marginifera 1
'“‘ Phylum Echinodermata
i Echinostrephus aciculatum 17
L Tripneustes gratilla 22
; D Echinothrix diadema 2
S Echinometra mathaei 59
| =~
Lo .
E D. Fish Census (4 x 25m)
: _ 29 Species
; 289 Individuals
! — Estimated Biomass = 52 g/m?
A
' E
E —
o
é
s
i —
i
;
i
%
E
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were also encountered. The coral coverage was estimated to be 30.2 percent. The census
of macroinvertebrates noted six species including two molluscs the pear] oyster (Pinctado
marginifera) and the hebrew cone (Conus_ ebreus) and four echinoderms including the
boring sea urchin (Echinostrephus aciculatum), the black urchin (Tripneustes gratilla), the
long-spine urchin or wana (Echinothrix diadema) and the green urchin (Echinometra
mathaei). In the fish census 29 species (289 individuals) were seen. The most abundant
species include the manybar goatfish or moano (Parupeneus multifasciatus), the damselfish
(Chromis vanderbilti), the saddleback wrasse or hinalea lauwili (Thalassoma duperrey) and
the brown surgeonfish or ma’i'i’i (Acanthurus nigrofuscus). The biomass of fish at Station
3 was estimated to be 52 g/m*and the species contributing heavily to this standing crop
include the manybar goatfish or moano (Parupenens multifasciatus), the saddleback wrasse
or hinalea lauwili (Thalassoma_duperrey), the redlip parrotfish or palukalvka (Scarus
rubroviglaceus) and the orangebar surgeonfish or na'ena’e (Acanthurus olivaceus). In the
vicinity of Station 3 were seen the corals (Pavona duerdeni and P. varians), the brown sea
cucumber (Actinopyge mauritana) and the christmas wrasse or ‘awela (Thalassoma
fuscum).Station 4 was established to sample the inshore reaches of the biotope of emergent
hard substratum and corals. The transect at this station was laid perpendicular to the
shoreline commencing about 25 feet shoreward of the previous station (about 185 feet
offshore in water approximately 10 feet deep) and terminating in water about 8 feet deep
at a distance of 104 feet from shore. There are fewer corals present in this inshore area
probably due to the greater wave impact that occurs in shallower water. Thus the
substratum has a more "barren” appearance as one approaches the shoreline.

Table 1V-4 presents the resuits of the quantitative survey carried out at Station 4. One algal
species (Desmia_hornemannii) was found in the quadrant survey as well as a soft coral
(Palythoa tuberculosa); neither contributed more than 0.2 percent to the benthic cover.
Seven coral species (Porites lobata, Pocillopora meandrina, Montipora verrucosa, M.
flabellata, M. patula, Leptastrea purpurea and Cyphastrea ocellina) were found in the
quadrant survey. These corals contributed 8.9 percent to mean benthic coverage. The
invertebrate census noted four echinoderm species; these were the black boring urchin
(Echinometra gblongata), the green urchin (Echinometra mathaei), the black sea urchin
(Tripneustes gratilla) and the boring urchin (Echinostrephus aciculatum). The most
abundant macroinvertebrate species was the green sea urchin (Echinometra mathaei - 2.7
individuals/m?). The resuits of the fish census are presented in Appendix A. In total 25
species (147 individuals) were censured and the most common species include the manybar
goatfish or moano (Parupeneus multifasciatus), the saddleback wrasse or hinalea lauwili
(Thalassoma duperrey) and the brown surgeonfish or ma'i’i’i (Acanthurus nigrofuscus). The
biomass of fish at Station 4 was estimated to be 89 g/m?and three species (the manybar
goatfish or moano - Parupeneus multifasciatus, the spectacled parrotfish or uhu uliuli-
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TABLE IV-4.

Summary of the benthic survey conducted in the biotope of emergent hard bottom and
corals commencing approximately 186 feet offshore of Kahe Point Beach Park, Oahu on 6
December 1991. Results of the 6m?quadrant sampling of the benthic community (expressed
in percent cover) are given in Part A; a 50-point analysis is presented in Part B and counts
of invertebrates in Part C. A short summary of the fish census is given in Part D. Water
depth ranges from 8 to 10 feet; mean coral coverage is 8.9 percent (quadrant method).

A. Quadrant Survey

Species

Algae
Desmia_hornemannii

Soft Corals
Palythoa tuberculosa

Corals
Porites lobata
Pocillopora meandrina

Montipora verrucosa
M. flabellata

M. patula
Leptastrea purpurea
Cyphastrea ocellina

Hard Substratum

B. 50-Point Analysis
Species

Corals

Montipora_flabellata
M. verrucosa
Leptastrea purpurea

Pocillopora_meandrina
Porites lobata

Quadrant Number
10m 15m 20m 25m

0.1

0.2

942 89.5

Percent of the Total

(TABLE CONTINUED ON NEXT PAGE)
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TABLE IV-4,

Continued.
C. Invertebrate Census (4 x 25m)
Species Number

Hard Substratum 84
Phylum Echinodermata

Echinometra oblongata 1

Echinometra mathaei 274

Tripneustes gratiila i1

Echinostrephus aciculatum 4

D. Fish Census (4 x 25m)

25 Species
147 Individuals
Estimated Biomass = 89 g/m’

Scarus perspicillatus and the orange bar surgeonfish or na’ena’e - Acanthurus olivaceus)
contributed heavily to this standing crop. Species encountered in the vicinity of Station 4

include the cone shell (Conus lividus), coral (Pavona varians), wrasse (Macropharyngodon
geoffroy) and blenny (Cirripectus vanderbilti).

The Biotope of Boulders and Hard Bottom

As the name implies, the substratum of this biotope is comprised of limestone over which
boulders are scattered. These boulders are both round (mean diameter about 2.5-3 feet)
and in the form of slabs which have a mean size of about 2 feet wide, 4 feet long and about
1 foot thick. Across the limestone substratum are potholes or depressions with a mean
diameter of about 2 feet spaced from 5 to 18 feet apart; also present are shallow channels
from 2 to 8 feet in width, up to 25 feet in length and to about 1 foot in depth. These
channels are spaced from 10 to 35 feet apart and have a general orientation that is

perpendicular to shore.

Station 5 was established approximately 50 feet offshore in water from 4 to 6 feet in depth
to sample the biotope of boulders and hard bottom. The transect line for this station was
established parallel to shore along the 4 to 6 foot isobath. The resuits of the quantitative
survey carried out at Station 5 are presented in Table IV-5. The quadrant survey noted one

algal species (Amansia glomerata) and one soft coral colony (Palythoa_tuberculosa) as well
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TABLE IV-5.

Summary of the benthic survey conducted in the biotope of hard bottom and boulders
commencing approximately 50 feet offshore of Kahe Point Beach Park, Oahu on 6
December 1991. Resuits of the 6m?quadrant sampling of the benthic community (expressed
in percent cover) are given in Part A; a 50-point analysis is presented in Part B and counts
of invertebrates in Part C. A short summary of the fish census is given in Part D. Water
depth ranges from 4 to 6 feet; mean coral coverage is 0.05 percent (quadrant method).

A. Quadrant Survey
Quadrant Number

Species Om 5m 10m 15m 20m 25m
Algae
Amansia glomerata 2 3
Soft Corals

Palythoa tuberculosa 0.1

Corals

Pocillopora meandrina 0.1 0.1
Montipora verrucosa 0.1

Rubble 1
Hard Substratum 999 g8 989 97 998 100

B. 50-Point Analysis

Species Percent of the Total

Hard Substratum 160

C. Invertebrate Census (4 x 25m)

Species Number
Phylum Mosllusca
Drupa morum 1
Conus lividus 1

(TABLE CONTINUED ON NEXT PAGE)
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TABLE IV-5,
Continued.

Species Number

Phylum Echinodermata

Echinometra oblongata 9 }
E. mathaei 97
Actinopyge mauritana 1 -

D. Fish Census (4 x 25m)

25 Species
142 Individuals b
Estimated Biomass = 79 g/m?

as two coral species (Pocillopora meandrina and Montipora verrucosa). The mean coverage
by corals was estimated to be 0.05 percent. The invertebrate census noted two molluscs, the

drupe (Drupa_morum) and the cone shell (Conus lividus) as well as three echnioderm )
species (the black boring urchin - Echinometra oblongata, the green urchin - Echinometra '
mathaei and the brown sea cucumber - Actinopyge mauritana. The fish census encountered

25 species and 142 individual fishes in the 4 x 25m census area. The most common fishes -
were the manybar goatfish or moano (Parupeneus multifasciatus), the brown damselfish -
(Stegastes_fasciolatus) and the brown surgeonfish or ma'i'i’i (Acanthurus nigrofuscus). The X
standing crop of fishes at Station 5 was estimated to be 79 g/m®and the most important
species contributing to this biomass were the saddleback wrasse or hinalea lauwili .
(Thalassoma_duperrey), the brown surgeonfish or ma'i’i’i (Acanthurus nigrofuscus), the
brown damselfish (Stegastes fasciolatus) and the manybar goatfish or moano (Parupeneus
multifasciatus). In the vicinity of Station 5 were seen the unicornfish or kala (Naso b
unicornis) and the blackspot sergeant or kupipi {Abudefduf sardidus).

The intertidal region at this proposed cable landing site is situated on a limestone bench with
large boulders present; the boulders are from 4 to 8 feet in diameter. Just shoreward of the
boulders that lie on the bench is a steep, near vertical cliff of limestone that is about 15 feet
in height. Only a short reconnaissance was made of the intertidal at this site. This
qualitative inspection noted the algae (Pterocladia capillacea and Sargassum_polyphylium)

along with the snails Nerita picea and Littorina pintado. Other species present include the .
chiton (Acanthochiton armata). '

No green turtles were seen during our survey work in the waters fronting the Kahe Point
Beach Park. To the south of the beach park (i.e., offshore of Paradise Cove and West
Beach) are known concentrations of green sea turtles (Brock 1990a). Some shelter (caves,
ledges and undercuts) at sizes and scales appropriate for green sea turtle resting areas were
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seen in the region adjacent to shore (i.e., the biotope of emergent hard substratum and
corals) and macroalgal species were encountered both subtidally (Amansia glomerata) and
intertidally (Pterocladia_ capillacea and Sargassum porphyllum) which are known forage for
green turtles (Balazs, 1980, Balazs gt al. 1987) yet no turtles were encountered. - We have
found no information to suggest that nesting of sea turtles in the vicinity of Kahe Point
Beach Park has occurred in historical times.

The biological survey of the proposed cable alignment at Kahe Point Beach Park did not
find any rare or unusual species or communities. Another protected species, the humpback
whale (Megaptera novaeangliae), was not seen offshore of the study area during the period
of our field effort, but they are known to at least pass through the area. As noted by
Herman (1979), humpback whales tend to be found in regions remote from human activities
and the proposed Kahe Point cable alignment is in relatively close proximity to the Barbers
Point Harbor which is becoming an important commercial port for Oahu.

POTENTIAL ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES

Impacts with Construction

The potential for impact to the shallow marine communities will probably be greatest with
the construction phase of this proposed project. From the sea, the proposed cable
alignment

enters the shallows through the biotope of sand as well as the biotope of sand and rubble.
As a substrate to support marine communities, sand is inappropriate for many coral reef

forms because many species require a stable bottom (e.g.,corals and many of the associated
invertebrates). Thus the species usually encountered in sand areas are usually those that are
adapted to exist in an ever changing, moving substratum. Similarly, much of the benthic
production on coral reefs occurs on hard substratum, (i.e., macroalgae require a solid
substratum for attachment). Because sand substrates are subject to movement, they may
abrade and scour organisms on this substratum. Thus the characteristics of most species
encountered in Hawaiian sand communities are (1) that they typically burrow into the
substrate to avoid scouring, (2) that they frequently occur in low abundance which may be
related to food resources, and (3) that they are mobile because of the shifting nature of the
substratum and potential for burial. Since many of these forms are motile, deployment of
the cable across such a substratum preseass little chance of negative impact to resident
species because they would probably "just move out of the way as the cable was deployed".
Additionally since the substratum shifts, it is probable that the deployed cable will "sink into"
the substrate. Personal observations made on other deployed cables shows them to often
be partially buried by the natural movement of the sand.




As the cable is brought into the shallows offshore of Kahe Point Beach Park, the cable will
first encounter hard substratum about 500 feet offshore; from this point shoreward, the
deployment of the cable will present a greater opportunity for impact to benthic and fish
communities. The construction techniques selected to protect the cable will play a large role
in the range of impacts possibly encountered; at one end of the spectrum would be the
development of an excavated channel in which the cable is laid and covered with stone
and/or tremie concrete and at the other would be the ‘no action" alternative. At this site
it is expected that the subtidal construction of a trench would entail excavation using hand
techniques and only across the intertidal would excavation be undertaken with a backhoe
and bucket. Impacts to marine communities with these activities will include those
associated with the removal of benthic communities in the trench path and the generation
of turbidity which may impact surrounding communities. The utilization of hand techniques
lessens direct impact to benthic communities because trench width can be carefully

controlled.

With any construction is the concern are over possible impacts to corals because of their
sessile nature and usual slow growth characteristics. One potential impact to corals would
be the removal of the entire benthic community in the alignment path by trenching. If
trenching were to occur over all hard substratum in water less than 100 feet in depth, how
much coral would be lost? Table IV-6 presents an estimate of the actual loss of coral
(expressed in the number of Square meters Jost) in the alignment path if all hard substratum
were to be trenched. This estimate is based on the measured linear distance of hard
substratum crossed by the cable on the proposed alignment and the known percent coverage
by coral in the biotopes crossed where corals exist. These losses are calculated for four
arbitrary trench widths which are 0.3m wide trench = 5.5 square meters of coral lost, 0.5m
widetrench = 9.3 square meters of coral lost, 1.0m wide trench = 18.4 square meters of
coral lost and with a 1.5m wide trench 27.5 square meters of coral would be Iost.

We expect that there would be no direct impacts to the threatened green sea turtle or to
endangered humpback whales (Megaptera novaeangliae). As far as the impact to humpback
whales is concerned, if construction activities are restricted to the period between April
through October, the impacts are minimal because the whales are seasonal and are only in
island waters from November through March. Even assuming that the cable deployment
occurs when whales are present in Hawaiian waters, impacts should be non-existent or
minimal. The cable ship will not be on site more than one or two days. After departure of
the cable ship, all work will be within 500 feet of shore. There will be no blasting during the

construction of the cable protection.




TABLE IV-6.

Table estimating the loss of living coral on hard sub- stratum (expressed in square meters)
if the proposed alignment at Kahe Point Beach Park, Oahu is trenched at one of four
arbitrary widths (0.3m, 0.5m, 1m and 1.5m). These calculations are based on the estimates
of coral cover derived from this study and measured linear distances that the cable would
cross hard substratum in water between shore and the 100 foot isobath. Calculated losses
for each trench width are given in the body of the table in terms of square meters.

Mean Distance

Percent Traversed

Coral on Hard Arbitrary Width of Destruction
Biotope Cover Substrate 03m O0S5m 1.0m 1.5m

Biotope of Sand
and Rubble 0.05 27m 004 007 01 02

Biotope of Sand 0 Om

Biotope of
Emergent Hard
Substratum and
Corals
a. Outer 93 55m

b. Middle 30.2 33m
c. Inner 8.9 34m
Biotope of

Boulders and
Hard Bottom 0.05 31m

Total Destruction of
Coral in m?




The most probable source of local impact to whales would be noise generation by the cable
laying ship, the support tugs and the small boats. There are variable and conflicting reports
as to the impact of vessel traffic on whales (Brodie, 1981; Matkin and Matkin, 1981; Hall,
1982; and Mayo, 1982). With respect to the response of individual humpback whales, there
is sufficient information to demonstrate that boating and other human activities do have an
impact on behavior (Bauer and Herman, 1985). Thus it is probably valid to assume that
impact to whales could occur if individuals are within several kilometers of the deployment
site. However, as noted above, these impacts are of short duration, and all activity will be
concentrated in a small area. The potential impacts should be considered in light of the
proximity of the cable landing site to the Barbers Point Deep Draft Harbor and the Kahe

Generating Station.

Sea turtles are permanent residents in inshore Hawaiian habitats thus the potential exists
for problems during the construction phase if it entails dredging. The generation of fine
particulate material from dredging appears not to hinder the green turtle in Hawaiian
waters; at West Beach, Oahu, green turtles moved from an offshore diurnal resting site
about one 3,300 feet offshore to a point about 600 feet from the construction site within days
of the commencement of dredging and the generation of turbid water. The turtles appeared
to establish new resting areas in the turbid water directly offshore of the construction site
(Brock 1990a). The reason(s) for this shift in resting areas is unknown but may be related
to the turtles seeking water of poor clarity to possibly lower predation by sharks (a major

predator on green sea turtles).

Any trenching activity performed by dredge will generate fine particulate material that serves
to lower light levels and in the extreme, bury benthic communities. Sedimentation has been
implicated as a major environmental problem for coral reefs. Increases in turbidity may
decrease light level resulting in a lowering of primary productivity. When light levels are
sufficiently decreased, hermatypic corals (i.e., the majority of the corals found on coral reefs)
will eject their symbiotic unicellular algae (zooxanthallae) on which they depend as source
of nutrition. However, in nature corals will eject their zooxanthallae and survive (by later
acquiring more zooxanthallae) if the stress is not a chronic (longterm) perturbation.

Perhaps a greater threat would be the simple burial of benthic communities that may occur
with high sediment loading and concurrent low water movement. Many benthic species
including corals are capable of removing sediment settling on them by ciliary action and the
production of mucous, but there are threshold levels of deposition where cleaning
mechanisms may be overwhelmed and the individual becomes buried, However, the impact
of sedimentation on Hawaiian reefs may be overstated. Sedimentation from land derived
sources (usually the most massive source) is a natural phenomenon usually associated with
high rainfall events. Dollar and Grigg (1981) studied the fate of benthic communities at
French Frigate Shoals in the Northwest Hawaiian Islands following the accidental spill of
2200mt of kaolin clay. These authors found that after two weeks there was no damage to
the reef corals and associated communities except where the organisms were actually buried
by the clay deposits for a period of more than two weeks.
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Fishery Considerations

Access to the shoreline at Kahe Point Beach Park is possible but there is a 12 to 20 foot
high limestone "cliff" and/or boulders that one must cross before entering the water in the
immediate vicinity of the proposed cable landing site. Despite this impediment, many
people climb down on to the limestone bench and either fish or enter the sea. This section
of coastline has probably been used since prehistoric times. The beach park is heavily used
by people interested in beachgoing, SCUBA shore diving, surfing (on the northern end of
the beach park (when the swell is present) as well as fishing. Fishermen catch fish both
from shore as well as offshore from small boats. In all probability, some commercial fishing
occurs offshore of the proposed cable alignment. We are unaware of any individuals that
specifically and exclusively use Kahe Point Beach Park area for subsistence fisheries.
Probably most of the fishing activity in and around Kahe Point Beach Park is by recreational
fishermen. With most Hawaiian recreational fisheries, species targeted include papio and
ulua (family Carangidae), o’ic or bonefish (Abula_ wvulpes), moi (Polydactylus sexfilis),
goatfishes (family Mullidae), snappers (family Lutjanidae), surgeonfishes (family
Acanthuridae), parrotfishes (family Scaridae}, and a host of smaller species such as the
aholehole (Kuhlia sandvicensis), aweoweo (Priacanthus cruentatus) and menpachi
(Myripristes  amaenus). Fishing methods used include nets, spears, traps as well as hook
and line.

This survey noted a general paucity of fishes of commercial or recreational interest in the
inshore waters at sizes appropriate for exploitation. Many of the individual fish encountered
were small suggesting that the Kahe Poirt area may receive considerable fishing pressure.
The encounter of a school of mackerel scad or opelu (Decapterus macarellus) at Station 1
is a "chance encounter" because opelu are a coastal pelagic species that wander over large
areas and encountering such a school in a 100m? transect site is not a common event. This
chance encounter increased the estimated standing crop at Station 1 from 4 g/m*to 771 g/m?

The standing crop of fishes on coral reefs is usuvally in the range of 2 to 200g/m?(Brock 1954,
Goldman and Talbot 1975, Brock et al. 1979). Eliminating the direct impact of man due to
fishing pressure and/or pollution, or to chance encounters such as happened at Station 1, the
variation in standing crop appears to be related to the variation in local topographical
complexity of the substratum. Thus habitats with high structural complexity affording
considerable shelter space usually harbor a greater estimated standing crop of coral reef fish;
conversely, transects conducted in structuraily simple habitats (e.g., sand flats) usually result
" in a lower estimated standing crop of fish (2 to 20g/m?). Goldman and Talbot (1975) note
that the upper limit to fish biomass on coral reefs is about 200g/m®. The present study
found estimated standing crops in ranges frequently seen at other Hawaiian reef localities
(i.e., from 40 to 80 g/m?).




Water Quality Considerations

With any disturbance to the seafloor, sediment will be generated which will manifest itself
as turbidity. This may occur through natural events such as storm surf resuspending fine
material that had previously come into the area through natural events and settled, or by
human activities including the directing of storm water runoff into the ocean or by
underwater construction activities, Underwater construction (principally dredging) will
generate fine particulate material that could impact corals. The generation of fine
sedimentary material could have a negative impact to corals and other benthic forms if it
occurs in sufficient quantity over sufficient time. Studies (e.g., Dollar and Grigg 1981 noted
above) have found that the impact must be at a high level and chronic to affect adult corals.

The small scale of the trenching activities that would be necessary to protect the cable in
shallow water (if used) would probably produce little sediment. The turbidity generated by
the construction activities will be short in duration and relatively small in quantity. This
statement is supported by the fact that at a maximum, less than 590 lineal feet of hard
substratum would be disturbed. The small scale and anticipated short duration of the
project suggest a minimal impact. Other than where substratum was completely removed
(i.e., in the path of the dredge) impacts to benthic communities from dredging at the West
Beach project (within a kilometer of the present proposed cable landing site) that took 19
months to complete were minimal (Brock 1990b).

High water motion will keep fine particulate and sedimentary material suspended in the
water column, reducing the settiement or: benthic organisms in shallow water habitats thus
assisting in the advection of this material out of these areas (less than 300 feet in depth)

where corals are found.

Turbidity is a an optical property that is related to the scattering of light by the suspended
particles in the water column. The finer the particles, the longer they may remain in
suspension (Ekern 1976) and if fine materials are associated with much water motion (waves,
currents) the actual deposition rates in these turbid waters may be quite low. However, if
the suspended particles (i.e., turbidity) is great enough to reduce light levels, impacts to
corals may occur.

The deposition of sediment on coral reefs has been measured and correlated with the
"condition” of the reef corals. Loya (1976) defined a "high" sedimentation rate as
15mg/cm?/day and a "low" rate as 3mg/cm?day for Puerto Rican reefs. Low cover and
species diversity were associated with reefs exposed to "high" sediment deposition rates. In
contrast, "high" sediment deposition rates on Guamian reefs was defined in the range of 160-
200mg/cm?/day and this rate of deposition limited coral cover and diversity (here less than
10 species and 2% cover; Randall and Birkeland 1978). A "low" rate was defined as
32mg/cm?day and was associated with rich coral communities (more than 100 species and
12%+ coral cover). These comparisons demonstrate the relative nature of sedimentation
rates; the rate considered to be low in Guam is more than twice the high rate from Puerto
Rico. Reasons for this disparity relate to differences in how rates are measured (i.e., lack
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of a standardized methodology) as well as difficulty in relating environmental factors such
as water motion and sediment deposition in sediment traps. Water njotion may mitigate or
enhance the deleterious effects of sedimentation on the diversity and cover of corals in a
given area. Hopley and Woesik (1988) note a chronic sedimentation rate of 129mg/cm?/day
(7 month mean) did not negatively impact an Australian coral reef with high cover and

species diversity.

These data suggest that if needed as a means for protecting the proppsed fiber optic cable
in shallow water, the short term disturbance (probably less than two weeks) created by
small-scale trenching (probably removing less than 10m?of coral) will be a minor impact.




APPENDIX D.

Results of the quantitative visual censuses conduct- ed at five locations offshore of Kahe o
Point Beach Park, Oahu on 6 December 1991. Each entry in the body of the table -
represents the total number of individuals of each species seen; totals are presented at the
foot of the table along with an estimate of the standing crop (g/m?) of fishes present at each

location.

STATION NUMBER
FAMILY AND SPECIES 1 2 3 4 5

MURAENIDAE

Gymnothorax meleapris -1 1

SYNODONTIDAE
Saurida gracilis 1

AULOSTOMIDAE
Aulostomus chinensis

FISTULARIIDAE

Fistularia commersoni

CARANGIDAE

Decapterus macarellus 400
Scomberoides Jaysan

MULLIDAE
Mulloides flavolineatus

Parupeneus pleurostigma

P. multifasciatus 6
P. cyclostomus

CHAETODONTIDAE
Forcipiger flavissimus 1
Chaetodon fremblii
C. unimaculatus
C. lunula

C. ornatissimus
C. multicinctus 2

P!
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FAMILY AND SPECIES 1

POMACANTHIDAE
Centropyge potteri

POMACENTRIDAE

Dascyllus albisella 8
Plectroglyphidodon _imparipennis

P. johnstonianus 4
Chromis vanderbiiti 85

Stegastes fasciolatus
CIRRHITIDAE

Paracirrhites arcatus 2
P. forsteri

Cirrhitops_fasciatus

LABRIDAE
Cheilinus rhodochrous
C. bimacula
Hemipterontus baldwini
Thalassoma duperrey 14
T. baliieui
Gomphosus varius 1
Coris venusta
Stethojulis balteata
Macropharyngodon geoffroy

SCARIDAE
Calotomus carolinus
Scarus perspicillatus
S. sordidus

S. psittaceus
S. rubroviolaceus

BLENNIIDAE
Exallis brevis

APPENDIX D.

Continued.
STATION NUMBER
2 3 4 5
1
3
6
167
1 18
4 4 2
1
3 3
1
1
1
22 19 15
1
1 1
1
1 1
1
1 1 2
11
2
3
1 1
1
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FAMILY AND SPECIES

GOBIIDAE
Gnathelepis_anjerensis

PARAPERCIDAE
Parapercis schauslandi

ACANTHURIDAE
Acanthurus triostegus

A. leucoparieus

A. nigrofuscus
A. olivaceus

A. dussumieri

A. mata

Ctenochaetus strigosus
Zebrasoma flavescens
Naso lituratus

N. unicornis

ZANCLIDAE

Zanclus cornutus

BOTHIDAE
Bothus pantherinus

BALISTIDAE

Rhinecanthus rectangulus
Melichthys vidua

Sufflamen bursa

SCORPAENIDAE
Scorpaenopsis diabolus

MONACANTHIDAE
Pervagor melanocephalus

Cantherhines sandwichiensis

OSTRACIIDAE
Ostracion meleagris

CANTHIGASTERIDAE

Canthigaster jactator
C. amboinensis

Total Number of Species
Total Number of Individuals
Estimated Biomass (g/m?)

APPENDIX D - Continued

STATION NUMBER

1 2 3 4

1
3
1
32 37 45
5 4
1 1
1 1 8
1
1 2 1
1
1 1
1
1 1
1 i

1
1
1
1
3 2 1

409 181 289 147

5
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Abstract

At the request of R.M. Towill Corp., Cultural Surveys Hawaii conducted an
archaeological assessment for a proposed Fiber Optic Cable Landing at Kahe Point Beach
Park, Ewa, Oahu. The assessment included surface survey of the proposed landing site and
underground duct line, and review of pertinent literature.

Surface sites observed included a sea cave and associated trash and basalt boulder
filled crevices, and a portion of the Oahu Railway and Land Co. railroad tracks, No sites
were observed along the proposed duct line which is to be within Farrington Hwy right-of-

way (r.o.w.),

Background literature review suggests that the proposed cable landing site is within
area not intensively utilized for habitation or agricultural during pre-historic times (i.e. pre

be avoided, however, the rail right-of-way parallels the coast and is between the coast and
Farrington Hwy. Mitigation to avoid adverse impacts to the rail line should be worked out
with the Historic Sites Division of the Department of Land and Natural Resources,

Recommendations include: (1) further investigations of the sea cave and crevices if
the proposed landing corridor cannot avoid them; (2) a mitigation plan to avoid undue
disturbance to the O.R. & L. right-of-way; and (3) survey of a staked center line of the
proposed underground duct line if it is to be located (in whole or part) outside of the

highway r.o.w.
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Introduction
A. Project Area Description
Cultural Surveys Hawaii conducted archaeological assessments for four

proposed fiber-optic cable landing sites on three of the Hawaiian islands. The
proposed sites are located on O'ahu at Sandy Beach Park and Kahe Point Beach
Park, on Hawaii at Spencer Beach Park, and on Kaua'i at the Wailua golf course.

The assessments were requested by R.M. Towill Corp. and included background
" research and on-site inspections to determine the potential for encountering
archaeological resources at the four proposed cable landing sites. Sub-surface testing
was carried out at the Spencer and Sandy Beach Park Sites to gather additional
information on stratigraphy.

Individual reports treat each of the proposed cable landing sites. Contained
in eaéh report are site-specific scopes of work, field methods, a review of previous
research pertinent to the individual landing site, research results, and

recommendations for mitigation of existing cultural-archaeological resources.

The proposed Kahe Point Beach Park Fiber Optic Cable Landing Site (Figs. 1-
4) is a narrow (20-foot) corridor within the northern section of the park with a
proposed duct line extending southward within Farrington Hwy. right-of-way to

Ko'olina Resort.
The Kahe Point Beach Park is located within the district of Ewa on the dry

leeward coast of Oahu. Average annual rainfall is less than 20 inches per year.
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Topography within the Beach Park is raised reef limestone ("cr." Foot et.al. 1972) and
soils along Farrington Hwy are part of the Lualualei series ("LPE," ibid). The only
vegetation near the corridor are a few kiawe trees (prosopis paladium) and a single

Indian Coral tree.

B. Scope of Work and Methods

Specific to the Kahe Point Beach Park assessment, the scope of work included
inspection of the proposed landing site (Kahe Pt.) and the proposed duct line along
Farrington Hwy. The fiber optic cable would then connect to existing underground
utility lines at the Ko'olina Resort. |

The landing and duct line corridor were inspected for any surface sites. Two
areas of interest were noted within the Beach Park portion but none along the
proposed duct line. The two areas within the Beach Park include a sea cave and
associated crevices, and an extant section of fairly well preserved Oshu Railway and
Land Co. (O.R. & L.) tracks.

No subsurface testing was undertaken in association with this assessment.
This was due to a number of facts which include: (1) The sea cave and crevices in the
park can easily be avoided; (2) The O.R. & L. right-of-way is listed as a national
registered site (50-80-12-9714) and a mitigation plan to get by it must be approved
by the Historic Sites Division of the Department of Land and Natural Resources; (3)
Sub-surface testing along the approximately 2,500 ft. long duct line within Farringfon

Hwy is not only beyond the scope of this assessment, but based on the observed




degree of land alteration associated with the highway’s construction (massive cut and

fill), it would appear that no archaeological resources of significance remain within

the actual right-of-way itself.

Previous Archaeological Research

McAllister in his Archaeology of Oahu (1933) records no sites within two miles
of Kahe Point. Sterling and Summers (1978) similarly record no sites and oddly not
even a single reference to the Kahe Point area per se. The nearest places for which
there is any traditional lore are Pilio Kahe about a mile north at the Wai’anae/Ewa
boundary and to Ko‘olina in Waiménalo (Ewa) about a mile to the south.

In July of 1984 Cultural Surveys Hawaii performed an archaeological
reconnaissance of a parcel of land at the Hawaiian Electric Kahe Point Power Plant
and determined that "the entire property [surveyed in 1984] has been graded and
filled with quarried rock with a loose soil cover” (letter from Dr. Hammatt to Dames
and Moore; August 6, 1984:1). While no archaeological remains were observed, it was
noted that "if any archaeological remains existed here [the 1984 project area] they
would have been destroyed by the activities described above” (Hammatt, 1984:1).

We are aware of a burial discovered in the sandy beach deposits in the vicinity
of the Kahe Power Plant outfall pipe. On 28 December 1989, children found a burial
300 ft. north of Kahe Beach Park. A forensic report summarizes the police report and
this burial has been designated State Site #80-12-4061. This appears to be a

prehistoric burial (Bath, 1989: Site File on file for State Site 80-12-4061).




3 €2

B

{3

-

|

-

L3

.

{

(.3

In 1989 Cultural Surveys Hawaii conducted a reconnaissance survey of the six-
acre HECO Kahe Training Facility, within a portion of the Kahe Substation, meuke
of Farrington Hwy. One agricultural terrace wall was located during this survey.
The report indicates that "within the whole Kahe Power Plant area this is the only
site known extant.

In 1990, Cultural Surveys Hawai‘i conducted an archaeological inventory
survey of 1,900 acres for the proposed Makaiwa Hills Development project. The
Makaiwa survey was conducted on the southern facing slope of the Wai‘anae
Mountains mauka of Farrington Hwy. There was a total of 34 sites or site complexes
located during this survey. One of these sites, 50-80-12-2893, located adjacent to
Fafrington Hwy contains habitation features as well as associated petroglyphs.
Preservation and protection measures have already been implemented for this site
complex, however any work nearits location (i.e. adjacent to Farrington Hwy/Ko‘olina
Resort exit) should take into account the preservation status of this site.

The same report (Hammatt, Robins, Stride, McDermott, 1991) contains a
review of archaeological research and an overall settlement pattern for the large

ahupuaa of Honouliuli in which Kahe Point is situated. The reader is referred to

that report for a detailed discussion of these topics.

Land Use
The following is a brief overview of traditional and historic land use, based on

the references just mentioned, concerning the Kahe Point area of Honouliuli.




The apparent total absence of traditional references to the Kahe Point area
suggests that there was little if any permanent habitation in the immediate axl'ea. The.
presence of a fishing shrine or koa, Sibe. 1433, along the coast south of Kahe Beach
Park is a testimony however to the prehistoric utilization of a particularly good
fishing locality. Temporary fishing camps with possibly a few scattered permanent
habitations right along the coast would probably have been the extent of traditional

'Hawaiian occupation in the area.

In recent years, Hawaiian occupation sites at the Ko Olino development to the
south and Hawaiian Homes lands at Nanakuli to the north have been foci of
archaeological research. The low rainfall within the present project area (20"/year)
would have offered little inducement for numbers of Hawaiians to have created
permanent habitations with the necessary agricultural resources.

However, based on a chronology developed at the Ko‘olina project (Davis and
Haun, 1987) the shoreline areas of Honouliuli were probably utilized as early as A.D.
420-620. Site -2893, just mauka of Farrington Hwy, was dated to A.D. 1400-1665.
These dates suggest that the shoreline area of Honouliuli contained one of the
earliest sites on the Leeward coast and that the inland portions of the ahupua‘e were
utilized by A.D. 1400.

Most of the accounts of the traditional history of Honouliuli (ex. Kelly,. 1979)
make no reference to the vicinity of Kahe Point. The history of western Honouliuli is
dominated by the establishment of the 41,000 acre Honouliuli (Campbell) Ranch in

1877. The ranch encompassed most of the echupua’a. Whether the Campbell Ranch
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ranged cattle as far north as Kahe Point is unclear. The O.R.& L. tracks were
extended past Kahe Point circa 1895.

The Kahe Point Hawaiian Electric Power Plant property was acquired in 1960
from Campbell Estate. Construction of the first unit began in 1962 and power
generation began in 1963.

Kahe Point Beach Park was acquired in 1954 and consists of 4.7 acres of land
on the makai side of Farrington Hwy. Improvements include a comfort station and
pavilion which were built in 1962. The present parking lot was completed in 1968.

Beach park use is heavy including temporary shelter for homeless families.

Results of Fieldwork
On March 9, 1992 David Shideler and Michael Pfeffer conducted an on-site
field inspection of the proposed cable landing site and duct line. The landing site is
within Kahe Point Beach Park while the duct line will be within Farrington Hwy
right-of-way. The survey was conducted with the aim of identifying and locating all
known sites and potential sites that might be impacted by the cable route. No
archaeological sites were observed within the landing corridor or along Farrington
Hwy. The corridor (20 feet wide) for the cable landing would be through the existing
limestone bench, which Kahe Point Park is built on. The area has been entirely
graded and improved for the beach park.
Similarly, the proposed duct line is within a previously heavily impacted area
(bulldozed, graded, fill, etc.) of the corridor of Farrington Hwy. The duct line is




proposed to extend from Kahe Point to the Ko'olina turnoff where it will attach to
an existing underground duct.

Three areas of interest were located during the survey: 1) A fishing shrine
(koa); 2) an extant portion of the old Qahu Rail and Land Company, complete with
ties, rails, and a rail crossing sign; and 3) a sea cave with several rock filled
crevasses that may contain burials or other cultural matter.

The first area of interest is the fishing shrine, or koa, which is located outside
of the proposed cable route. The shrine is thought to be one of the only koa that still
exists on the island of O‘ahu and is listed as a State Site (50-80-12-1433). The shrine
is located approximately 1,000 feet (300 meters) to the south of the proposed cable
route and no impact is foreseen on the site.

The second area of interest is & poriion of the old Oahu Rail and Land
Company right-of-way (50-80-12-9714) which is in an excellent state of preservation.
The line runs along parallel to the coast and cuts across the proposed cable route.
The line itself which is listed on the Ngtional Register, runs continuously from the
intersection of Lualualei Road with Farrington Hwy in Nanakuli to 200 ft. east of
where it intersects with Fort Weaver Road in Honouliuli. Just north of the proposed
cable route (10 meters) is a railroad crossing sign that is still in excellent condition.
It is recommended that care be taken to preserve the railroad line and associated

features (the sign) if possible during construction of the cable route.

The third area of interest is a small sea cave and several associated fissures,

or deep cracks, in an exposed portion of ancient reeflimestone shelf. At the point
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where the proposed cable is to exit the Pacific Ocean there is a sea cave located
approximately 5 meters below the ground level. The cave floor is covered with a
small boulders, part of a built-up beach that is constantly washed by the prevailing
swell and there are no cultural deposits in the cave. There are also several large
fissures located on the western edge of the sea cave that may contain cultural
material. The fissures angle up from the sea cave and are located 2 to 4 meters
below the ground level. The fissures are filled with a deposit of modern trash,
however beneath the modern trash there is a loose layer of water worn boulders that
may be cultural in origin. While the rocks probably have been washed into the cracks
during large storms, there is a possibility that. they have been artificially placed into
the cracks. This may indicate the presence of burials in the fissures. If the cable
route 'is to impact the cave and/or fissures an archaeological inventory survey (i.e.
testing) of the trash-filled cracks should take place prior to construction. If the cable
is routed to the south of the cave, then no impact would be foreseen to the cave or

fissures,

Summary and Recommendations
The area to be impacted by the proposed fiber optic cable route was examined
and surveyed by Cultural Surveys Hawai‘i to determine the extent of any cultural
deposits and/or sites in the area. Three areas of interest were noted and described
above. Of the three, only two would be impacted by the proposed route, the rail line

and the sea cave and fissures. Ifthe cable is routed to the south of the sea cave then
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no impact is foreseen for the cave and fissures. However, if the proposed cable route
will impact the cave and fissures then an archaeological survey, including sub-surface
examination, should be conducted prior to construction. The rail line is in an
excellent state of preservation and is listed on the National Register (50-8-12-9714).
It is recommended that the cable route have little or no impact on the extant portion
of the rail line and the state must be consulted to determine if any impact can be
made on this section of rail line. Ifimpact is allowed on the rail line an archaeologist
should be present during excavation.

The proposed underground duct line within Farrington Hwy (right-of-way) from
Kahe Point to Ko'olina Resort, appears to contain no significant archaeological
resources. However, once the actual route with a surveyed and staked centerline is
chosen, it is recommended that if portions of the duct line are outside of the highway

right-of-way, a survey be conducted to properly assess the staked route.
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Fig. 5 Proposed Corridor Route. View to West

Fig. 6 Proposed Corridor Route. View to Northeast.
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Fig. 7 Sea Cave. View to Northeast.

Fig. 8 Sea Cave With Reference Point (Indian Coral Tree). View to
Northeast.
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Fig. 9 Crevice With Modern IMill and Possible Modification. View to
Northeast.

Fig. 10 Second Crevice With Modern Fill and Possible Modification. View to
Northwest.
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Fig. 11 View of Extant Oahu Railway and Land Company Track. View to
Northwest.

I

Fig. 12 Oahu Railway and Land Company Track With Extant Railroad
Crossing Sign in Foreground. View to Southeast,
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