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SUMMARY SHEET

Project Description: Voyager Submarines Hawaii Artificial Reef Installation

Install two artificial reefs (sunken ships) approximately 3/4 of a mile offshore of Ala Moana

Beach Park (TMK offshore of 2-3-37) in water depths of 90 to 100 feet to enhance the
- habitat and promote fish and coral growth.

Install six submerged buoys to facilitate site access and prevent anchor damage to the
! marine environment.

Applicant: Voyager Submarines Hawaii, 680 Iwilei Road, Suite 720, Honolulu, Hawai‘i
96817 :

Agent: Sea Engineering, Inc., Makai Research Pier, Waimanalo, Hawaii 96795

i

Accepting Authority: State of Hawai‘i, Department of Land and Natural Resources

L

Significant Beneficial and Adverse Impacts: Significant beneficial impacts include habitat
enhancement to promote coral and fish growth, and use of mooring buoys to prevent anchor’
damage to coral, and increased public access and recreational opportunities. Adverse
impacts should be minimal, and may include a small loss of sand habitat, and temporary
disruption of boating traffic during vessel deployment. Possible adverse impacts include
"" conflicts between Voyager and other site users, unforseen introduction of poliutants into the
-~ water during deployment, damage to the sea floor during deployment, vessel movement
"during storms, and increasing the susceptibility of fish to being caught.

SO

L :--l'-,'

;
- Proposed Mitigation Measures: Proposed mitigation measures include thorough vessel
‘] cleaning, preparation and inspection prior to deployment; careful site selection in barren
~ sandy substrate at least 100 feet away from sensitive coral areas; tightly controlled vessel
- sinking in the designated location; use of concrete to ballast the ships; use of conservative
B design waves in the anchoring analysis that will prevent movement of the ships even during
Severe storms and hurricanes; six mooring buoys at the site, two of which will be dedicated

'T¢ for public use; and a multi-year biological monitoring program to evaluate impacts.
Alternatives Considered: Alternatives considered included use of the Atlantis reef site,

deploying the vessels at alternative sites, use of alternative reef structures, and maintaining
operations as they currently are,

T et e e M s e et s arn s e e
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Unresolved Issues: An unresolved issue is whether artificial reefs locally enbance production,
or simply aggregate resources already present in the area and increase their susceptibility

to being caught and depleted.

The project also involves the use of submerged lands which are designated as ceded lands.
Ceded lands are held in trust by the State, and the appropriate use of ceded lands remains an
unresolved issue.

Compatibility with Land Use Plans and Policies, and a Listing of Permits: This project
involves the use of submerged lands classified in the resource subzone, and will require a
board permit. The objective of the resource subzone is "to develop, with proper
management, areas to ensure sustained use of the natural resources of those areas"” (Hawaii
Administrative Rules, 13-5-13). The proposed project includes identified land uses
permitted in the resource subzone (R): R-2, artificial reefs D1; and R-6, marine
construction (installation of mooring buoys anchors/anchor pins, D1 (HAR, 13-5-24). A
board permit is required for this use. Voyager’s understanding is that land disposition will be
by a direct non-exclusive easement to Voyager, and that, prior to the issuance of the easement,
Voyager will be required to obtain Legislative approval by concurrent resolution and Govermnor
approval. The project is also consistent with main aspects of the State’s Environmental
Policy (Hawaii Revised Statutes 344-3), and State and National artificial reef programs. The
project permits and status are outlined below.

o Department of Land and Natural Resources, Conservation District Use (CDUA) -
The CDUA was accepted for processing on August 5, 1997.

o Department of the Army, Section 10 and Section 404 - The DA PROVISIONAL
PERMIT was issued on September 24, 1997. Following receipt of the signed permit
documents from Voyager Submarines, the Corps is prepared to issue a valid DA
permit authorizing the reef installation to proceed. The DA permit correspondence

is included in Sections 14 and 15.

o Department of Health, Section 401 Water Quality Certification - The Section 401

WQC was issued on October 13, 1997.

o Office of Planning, Coastal Zone Management Program Certification of Consistency -
On August 25, 1997 the project was determined to be consistent with Hawaii’s CZM
program (see Section 15 for correspondence), on the conditions that the project
features outlined in the Environmental Assessment and this Environmental Impact
Statement are implemented.
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1.0 PURPOSE AND NEED FOR THE PROPOSED ACTION

Voyager Submarines Hawaii commenced operations in November 1994 to provide passenger
submarine tours of Hawaii’s marine aquatic and reef ecosystems. The company currently
operates two 48-passenger submarines out of Kewale Basin, offering submarine tours at a
site located approximately 3/4 mile offshore of Ala Moana Beach Park, in water depths of
60 to 110 feet (Figures 1.1 and 1.2). The 45 minute tour follows the edge of a limestone
shelf with a 5 to 10 foot ledge at the seaward margin, There is little live coral growth on
the limestone platform; seaward of this is barren sand. Because of the depleted fishery and .
limited live coral in the sand bottom area, Voyager proposes to sink two vessels on the site
to serve as artificial reefs to enhance the habitat and promote coral and fish growth. The
vessels will be cleaned and prepared according to State and Federal regulations, will be
placed in the barren, sandy areas at locations approved by the reviewing agencies, and will
be ballasted with concrete to prevent movement during extreme storm conditions. The
deployment procedure will be carefully designed to ensure that the ships settle in the
selected location. In addition, Voyager proposes to install six submerged mooring buoys at
the site; one on each sunken ship, and four others in the immediate vicinity of the ships.
The two buoys on the ships will be dedicated for public access by other site users. Two
other buoys will be used to moor the Voyager support vessels. The remaining two will be
shared by Voyager and other site users. Day-use surface mooring buoys will be attached to
the submerged buoy daily by the Voyager personnel. The surface buoys will alert divers and
fishermen to the position of the ships, and will provide them with an easy and safe
alternative to anchoring, which is destructive to coral reefs, and also might endanger divers
and the submarines below. The addition of these features to the area should benefit the
marine environment and commercial and recreational users. The addition of these features
will not substantially change the current operating procedures.

Submerged lands in Hawai‘i are deemed to be in the Conservation District, and are
governed by the Department of Land and Natural Resources through the submittal of
Conservation District Use Applications (CDUA), and issuance of board or departmental
permits. This project involves the use of submerged lands classified in the resource subzone,
and will require a board permit. The Department of Land and Natural Resources is
therefore the approving agency.

1-1
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The objective of the resource subzone is "to develop, with proper management, areas to
ensure sustained use of the natural resources of those areas” (Hawaii Administrative Rules,
13-5-13). Land uses permitted in the resource subzone (R) include artificial reefs (HAR,
13-5-24, R-2) and marine construction (installation of mooring buoy anchors/anchor pins,
R-6. A board permit is required for this use. Voyager's understanding is that land disposition
will be by a direct non-exclusive easement to Voyager, and that, prior to the issuance of the
easement, Voyager will be required to obtain Legislative approval by concurrent resolution and
Governor approval,

Submerged lands are designated as ceded lands. Ceded lands are held in trust by the State, and
the appropriated use of ceded lands remains an unresolved issue.
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2.0 PROJECT DESCRIPTION

The objective of this project is to install two artificial reefs (sunken ships) at the Voyager
dive site in water depths of approximately 90 to 100 feet to enhance the habitat and
promote coral and fish growth, and to install six submerged buoys to facilitate site access
and prevent anchor damage to corals. This section describes the proposed project,
including: current Voyager operations, and the proposed artificial reef and submerged buoy
installation and project schedule.

2.1 Current Voyager Operations

21,1 Daily Operations

Voyager currently operates two 48-passenger submarines out of Kewalo Basin, offering
submarine tours at a site located approximately 3 /4 mile offshore of Ala Moana Beach Park
(Figures 1.1 and 1.2), in water depths of 60 to 110 feet. Daily operations begin at Pier 41
in Honolulu Harbor, where Voyager’s two support vessels and two submarines are docked
and maintained. The support vessels, named Lopaka and Ho‘okele, are work/crew boats
38 feet and 40 feet in length, respectively. Equipped with twin diesel engines, they are
designed to provide the power and maneuverability required to tow the submarines to and
from the dive site as well as provide comfortable quarters for offshore crew members
throughout the day. They are equipped with an underwater communications system, VHF
radio, emergency dive gear and divers, position markers, life rafts and fioats, and an
emergency locating device. The support vessels can shadow the submarine during its dive
to manage surface traffic. However, they typically anchor at the edge of the operating area,
and a inflatable hard bottom skiff is used to divert surface traffic away from the surfacing
area.

Each morning, after completion of the pre-operational vessel checks and daily briefings, the
support vessels tow the submarines out to the dive site. Also in tow behind one of the
submarines is a rubber inflatable equipped with twin outboard engines. This vessel is used
to transport crew members to and from the submarine and support vessels throughout the
day. During the tow, crew members are stationed on the decks of both the submarine and
the tow vessel to act as lookouts, 2 pilot is at the control of the submarine, and a licensed
captain operates the towing vessel. An offshore supervisor is charged with all daily
operations, including all submarine and surface vessel activity during transiting and diving
operations. A designated surface controller is responsible for the descent and ascent
procedures during daily operations, and reports to the offshore supervisor.

2-1
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Upon arrival at the dive site, the tow lines are disconnected and the Lopaka and Ho‘okele
transit to their mooring locations approximately 50 yards inshore from the submarine
submerged operating area, where they drop anchor on a sandy bottom in approximately 60
feet of water. They remain at their stations throughout the day. The Lopaka, serving as the
main support vessel, is manned by Voyager personnel at all times. The submarine, once
disconnected from the support vessel, is maneuvered to a holding area to await the arrival
of the passenger transfer vessel. '

Passengers are transported to the dive site from Kewalo Basin aboard the Voyager transfer
vessel Palani, The Palani is a 72-foot wooden/fiberglass catamaran with a U.S, Coast Guard
approved maximum capacity of 149 passengers and 6 crew members. The transfer vessel
departs Kewalo for the dive site every hour, on the hour, between the hours 8 a.m. and 4
p:m,, transferring passengers to the submarines. The Palani crew consists of a captain, deck
hands, a deck supervisor, a narrator and a retail customer service representative. All
personnel on-board the vessel are trained in basic line handling, customer service skills and
basic first aid and CPR.

The captain of the Palani must receive clearance from the surface controller before entering
the vicinity of the dive site. The Palani is designed to tie-up alongside the submarines.
Modifications to facilitate this include hydraulic winches to control the spring lines and the
bow line between the submarine and the Palani, and a custom built ramp design to safely
transfer passengers to and from the vessels. After carefully approaching the submarine, the
transfer vessel is tied up securely to the submarine to allow unloading of the passengers.
Crew members and attendants man positions at both ends of the boarding ramp, and at the
fore and aft hatches, to assist passengers and ensure safe onloading and offloading.

Typically, sixteen dives, of approximately 45 minutes duration each, are conducted daily
between 7 a.m. and 4 p.m. The dive route is conceptually illustrated in Figure 2.1. It
follows the edge of the limestone shelf and ledge. Water depths along the route vary from
68 to 105 feet. The dive is accompanied by live narration and a video presentation, During
the dive, the submarine pilot must maintain regular radio communication with the surface
controller, and must maintain a minimum distance of 15 feet from any object and 6 feet
from the seafloor. The submarine’s speed is typically 0.5 knots. Ballast is kept slightly
positive, ensuring that the submarine will automatically float to the surface in the event of
power loss. The pilot informs the surface controller when he is three minutes away from
the designated surfacing area. Upon receiving clearance to surface, he maintains contact
with the controller while surfacing. Upon surfacing, the passenger transfer vessel ties up to

2-2
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212 Submarine Description
Voyager utilizes two SM 100/50 submarines to conduct 16 dive tours daily. Technical
specifications of the submarine are presented in Table 2.1; a schematic diagram of the sub

. Is presented in Figure 2.2, The submarines, purchased in 1994 from SEAPATH, are 73 feet

long, weigh 98 tons and are capable of carrying 48 passengers and 3 crew. The submarines

in the bow of the pressure hull, where there is an acrylic viewport for navigation, and where
all control systems (electrical, Steering, air, thrusters, ballast, life support, and
communications) are located. The air-conditioned passenger compartment is 10 feet wide,

personal flotation devises, a manually released signal buoy, and an émergency transponder
attached to the top of the sail of the submarine,
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Table 2.1. SUBMARINE TECHNICAL SPECIFICATIONS

Minimum CIEW . .ooceeassossnnrssasusatesenssrses
Design Depth ..o cvnenvrnaecnnreserunrenrnseenes
Maximum Operation Depth .. .ocvvnererneoneeens Pees
GrosSTOMS +.covvvranoanesosnrenososermnuaeescss
Hull Material Thickness .....ccosereeneearsreomerecss
Surface Displacement .. ..eoerrmarsmar ooy
Submerged Displacement ... ...overeeennrr et
Payload Capacity ......ceescrsrnsorsnrmeoorssrorse
Length Overall . oouconuaraornereoeeeroarmeenences
Length Pressure Vessel . oovveevnaneereennrrsernees
Width Overall ....cvevcerorsensoctsnnrruenmcanees
Width Pressure Vessel .. .ooeeeercarrnoonrvnrrneees
Width Pressure DEck o vooevvnoonncnnavvnneennnnens

Draft ..

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

Height Overall . ....vvornnrrearnenamenrmaererrrese
Frecboard (waterline to top of batch) «..occverervacases
Height Waterline to Passcoger Deck oovvvcorncaoonnsnes
Sail Height ....... R R R CRE R R R R
Hatch Opening Siz8 .. .oconorevrrrerrvrsrarerores
Hatch Weight/Counter Weight .. .ovcvavrronrvenreees
Width Pilot VIEWPOT .. vcocarerrasmsuonunoersrneres
Phickness PO VIEWPOTE « e vvveonnvrnssressnssssess
Width Passenger VIEWPOILS . . oo vvavrrsneaorrnrreees
Thickness Passenger VIEWPOILS « o ocvvrecnraurenconens
High Voltage Battery Capacity . ..ve-esesvvonssnnraoss
Low Voltage Battery Capacity .. ..cocreanensrsneecesee
Emergency Battery Capacity «....occevensneorrnneces
Max. Speed Surface .....oiorenronraearaanenrenty
Max. Speed Submerged ... ..coieaeinene Ceraeeaaas
Main Thruster
Lateral Thrusters (2) «coeeeseearcanencenoncnonenses
Vertical Thrusters (2) < coocvresroroanesennaessseens

Rudder

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

Dive Planes
HP Air Cylinders ....ooeecrennresornnnmrasronvenes
Oxygen Cylinders ...cooveeereeennnannncuere reeans
Soft Ballast Tanks .. .ccuvarcnvrorsraraonarsersees
Hard Ballast TanKs .+« «evevseaormoeessrnnssoasnanes
Emergency Drop Weights .. ...ovuevenverivernennees

328 Feet

150 Feet

98

1 Inch

3,290 Cubic Feet
3,505 Cubic Feet
11,000 Pounds
72.8 Feet

64.37 Feet

9.9 Feet

9.2 Feet

7.2 Feet

10.4 Feet

12.4 Feet

22.5 Feet

2.8 Feet

2.8 Feet

6.9 Feet

2.56 Feet

155 kg/185 kg
3.6 Feet

1.5 Inches

29.2 Inches

4.4 Inches

248 Volts/1080 AH
24 Volis/830 AH
24 Volts/640 AH
7 Knots

5 Knots

105 HP

13 HP cach

- 13 HP each

1

2

2/3000 psi35:3 Cu. Ft; 7,204 AT PRESSURE
16/3000psi/142 Cu. Ft; 4,665 AT PRESSURE
8/40.37/322.96 Cu.Ft. ‘

1321 gallons total; Aft=727 gallons; Fwd=2594 gallons
2/2,200 Lbs, each
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Minimum Submarine System Requirements

* 150 psi per blow with 100psi cushion

Table 2.2,
SYSTEM MINIMUM QUANTITIES SIZING CRITERIA
Q2 Storage Systen
Operating bank 300 psig 51 people x 2hrs
Reserve Bank 2800 psig 51 people x 72 tws
Air Storagn
Operating bank * 500 psig in Port eylinder 2 complete air ballast
. tank blows
. Reserve bank * 250 psig in stbd cylinder compiete air ballast
tank blow
Power Sypplies
248VDC Bus 230Volts 20% Charge
24 VDC Bus 22.2Voits 20% Charge
24 VDC emergency 27 Volis 100% Charge
Emergency Supoiies
CO2 Absorbent Materiaj 880 bs 51 people for
72 hours
Inflatable ife Jackets §1 Lifa Jackets 1 per person
Respirators 51 Rebreather units 1 "bar parson
Food,Pacicages 51 Datrax Aed Ration 1 per person per
2,400 cais total aach package 3days
Water 204 sachets Drinking water 4 per person per
(4.227 oz each sachet) 72 hr period
Gas analyzer. 1 pump + analyzer tubas:CO2 84
Q2, H2, Cl . 20 each




of both normal and emergency operational procedures. It also describes the command
structure, including authority, responsibilities and duties of all staff positions. The normal
operational procedures section of the manual presents a step-by-step description of all
activities occurring during daily operations, and the specific staff responsibilities during those
operations. Specific operating restrictions are outlined to ensure safe operations. These
include the following:

o submarine operations shall not commence unless there is a support vessel for
each submarine on site '
the submarine shall only operate at the dive site specified on the vessels
Certificate of Inspection
the maximum dive depth is 150 feet
the submarine shall not operate in sea conditions greater than sea state 3
the submarine shall not operate when underwater visibility drops below 50 feet
the submarine shall not operate when currents exceed 2.5 knots
the submarine shall not operate if surface visibility is less than one nautical mile
the submarine shall not operate at such a speed that it cannot be completely
stopped within 75% of the actual visibility
o underwater telephone and VHF communications must be in operating condition

throughout submarine operations.

0

O 0 0 0O O

The emergency section of the manual contains emergency response plans developed by
Voyager, as well as detailed descriptions of specific emergency operating procedures. The
response plans include a self-help plan and an outside help plan. The self-help plan is for
minor problems that can be solved by company personnel and equipment, therefore not
requiring outside assistance. A least two rescue certified divers, and two complete sets of
emergency dive gear plus spare scuba tanks are always on board the support vessel in the
event of an emergency situation. When outside assistance is needed, the outside help plan

- lists local sources of assistance for the following: diving services; crane and tug services, U.S.

Coast Guard Search and Rescue, marine inspection services, diving medical services
(hyperbaric chamber), and hospital services. A specific personnel contact list is also
provided.

The operations manual describes in detail the procedures and initial responses to be
followed by the crew during an emergency. Possible emergency situations include
communications loss, fire, flooding, entanglement, collision, lost submarine, and equipment
and systems failures. The emergency procedures that should be followed for each of these
situations are described in detail, and include the following: emergency ascent, diver assisted

2-8



ascent, position marking, emergency buoy release, drop weight jettison, submarine recovery,
surface evacuation, and 72 hour life support system activation.

22 Proposed Artificial Reefs, Submerged Buoys and Mooring Pins

Voyager proposes to place two artificial reefs (vessels) on their dive site offshore of Ala
Moana Beach Park. This section describes the proposed artificial reefs and buoy, potential
sites, and emplacement operations.

221  Artificial Reef Description
Voyager proposes to sink two vessels to serve as artificial reefs on their dive site offshore
of Ala Moana Beach Park. Only steel ships are being considered because they are more

durable, more dense and therefore more stable than wooden or fiberglass boats. Ships are

. effective artificial reefs because they offer complex internal spaces, large amounts of surface

area, high profiles and promote rapid coral growth (NOAA, 1985; Bailey-Brock et al, 1994).
The preferred vessel size is approximately 180 feet long, 40 feet wide, and 40 feet high.
Smaller ships on the order of 100 to 140 feet long are also being considered for placement
on the shallower site. Candidate vessels currently being considered include the ex-Tunica
(ATA-178, approximately 190 feet long) presently moored at the Naval Inactive Ship
Maintenance Facility in Pearl Harbor, the U.S. Coast Guard BT Mallow (180 feet long)
presently being decommissioned, and the fishing vessel Betty Ann (90 feet long), currently
moored at Honolulu Harbor.

The ships to be used as artificial reefs are not planned to be procured until permits for the
project have been granted because of the expense of maintaining and docking such vessels.
Once the ships have been procured, detailed descriptions, photographs, and preparation and
deployment plans will be submitted to the U.S. Coast Guard, DLNR and other interested
agencies.

222 ificial Reef ( Ship) Preparati :
Preparation for sinking will entail a thorough cleaning to U.S. Coast Guard, EPA and State
DOH standards. Petroleum products, other possible pollutants and floatable debris will be
removed. Cleaning methods to be used include the following:

o Pumping out fuel, fluids and sludge from all tanks and holds using a vacuum truck.
0 Pressure steam cleaners or hot water blasters to clean all residual fuel, material and
debris. This residual material is then pumped out with a vacuum truck.

29



0 For double bottom tanks that are inaccessible, the vessel will be listed (tilted) to
allow all material to be pumped out. The listing will be controlled using water
tanks on board the ship to bailast the ship in the appropriate manner. If residual
material remains in inaccessible tanks and holds, then these areas can be filled and

sealed with concrete.

0 Floatable debris will be removed by pumping out all tanks and holds, and by
physically removing all debris in all accessible areas of the ship.
0 All fluids and waste will be disposed of by a firm specializing in hazardous waste

treatment and disposal. Fuel and petroleum products will be recycled, if possible.

In addition, holes at least 4 feet by 4 feet in size will be cut into compartments and decks
to promote water circulation through the ship, increase light penetration, enhance habitation
by fish, and’ permit safe access by divers. All doors and hatches will be removed,
entanglement hazards by objects such as cables and wires will be minimized, and hazardous
compartments (such as the engine room) will be sealed off. A thorough inspection of the
vessel will be conducted by all interested agencies prior to deployment.

223 Proposed Locations
Figure 2.1 illustrates the submarine tour route, and three possible locations of the artificial
reefs. The dive tour follows a limestone shelf and ledge (Figure 2.3A). It is estimated that
the limestone shelf is composed of an ancient coral reef that formed 79,000 to 110,000 years
ago. This ancient reef was subsequently exposed and eroded during periods of lower sea
level, and then drowned by sea level rise. Wave action during periods when the shelf was
approximately at sea level probably cut the ledge (Fletcher and Sherman, 1995). The
- limestone shelf now harbors sparse coral growth. The artificial reef sites are located in the
barren sand bottom seaward of the limestone shelf and ledge. The preferred site (Location
S1) is at the southeast end of the dive tour, at a water depth of approximately 100 feet.
Alternative sites include Location S2 (Figure 2.1), at a water depth of approximately 100
feet, and Location S3 (Figure 2.1) at the northwest end of the dive tour at a depth of
approximately 90 feet. These possible sites have been selected for the following reasons:
o They are located on barren, unproductive sand located seaward of the limestone
shelf and ledge. Artificial reefs located in these sites have little environmental
impact, and will provide a new habitat in previously unproductive areas, Figures
2.3B&C illustrate the sandy, barren bottom at these sites.
o0 Depths are at least 100 feet, thereby minimizing storm wave impacts, and
impacts to sensitive coral areas.
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o Depths do not exceed 105 feet, thereby minimizing depth related hazards to
recreational divers.

© Water depths are great enough so that the ships will not protrude within 40 feet
of the water surface. The ships will therefore not be navigational hazards.

© In the general vicinity of the ledge, so that one tour can encompass all the
features.

o The ships will placed a distance of 100 feet or greater from the ledge to ensure
that the ledge will not be affected by deployment of the reef.

224 ificial Reef Depl nt, Sinking and Ballastin

Once the vessels have been procured and cleaned, preparation may proceed for vessel
deployment, sinking and ballasting. An engineering analysis of storm wave forces on the
ship will be conducted to determine the amount of concrete ballast required. The first step
in this process will be to determine the appropriate design wave height for the project site.

Recent analyses conducted by Sea Engineering (SSFM Engineers, Inc., 1994) using
information from Hurricanes ‘Iwa and ‘Iniki have shown that the appropriate deepwater
design wave heights for the south shore of O‘ahu are up to 70% higher than those that have
been used in the past. For example, the design wave that was used in the anchoring analysis
of the sunken yard oiler at the Atlantis Submarine dive site was proven to be insufficient
to prevent movement of the ship during Hurricane ‘Iniki. To prevent this, the analysis for
the Voyager dive site will use the conservative design waves that have been developed in
light of the severe waves generated by Hurricanes ‘Iwa and ‘Iniki. A numerical model will
then be used to simulate the refraction and shoaling that occurs as these deepwater waves
propagate to the project site. Wave forces at the project site will then be calculated to
determine the vessel weight required for stability.

The ballasting will be accomplished by pouring concrete into the ship hulls until the weight
required for stability is reached. If possible, the concrete will be emplaced entirely at dock
side and the pre-weighted vessel will be towed out to the deployment site. Weighting the -
vessel to the maximum extent possible at dockside is preferable for two important reasons:
first, it minimizes more difficult, hazardous, and time-consuming at-sea operations, and
associated environmental impacts; second, a heavier vessel can be controlled far more
accurately during sinking. The deployment site will be prepared by buoying the exact
location, and securing the vessels on site with a three point mooring. The mooring anchors
will be widely spaced with a great deal of scope on the lines to allow tight control during
sinking, It is anticipated that the vessels can be sunk to within 20 feet of the desired
location. At sea operations should last only one day per ship.
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The sunken vessels will be oriented perpendicular to bottom contours, or the shoreline (that
is, in an onshore/offshore direction). This orientation is desired for two reasons. First, it
minimizes wave forces acting on the ship by minimizing the exposed surface area. Second,
an inshore/offshore vessel orientation maximizes water circulation through the vessel. Since
currents at the project site flow parallel to the depth contours, a vessel oriented in this way
will have greater circulation in the interior spaces, and will offer more habitat in the lee of
the current. Divers also benefit from increased areas in the lee of the current.

225 Buoys and Mooring Pins

Six submerged mooring buoys will be permanently installed at the site; one on each sunken
ship, and four others in the immediate vicinity of the ships. The two buoys on the ships will
be exclusively open for other site users. Two other buoys will be used to moor the Voyager
support vessels. The remaining two will be shared by Voyager and other site users;
Voyager anticipates occasionally using these to moor a submarine when it is not in use. The
buoy configuration will be a taut line array, with the buoy located 30 to 40 feet below the
water surface. This is a Coast Guard requirement so that there is no interference with
navigation when the site is not in use. The two arrays marking the ships will be directly
shackled into the ship, with 18-inch Polyform mooring buoy attached by 1-1/2 inch line.
The other four arrays will be anchored to the bottom using either Manta Ray anchors (for
sand bottom areas) or anchor pins drilled and epoxied into the bottom (for limestone
bottom areas). Manta Ray anchors are driven into the sand bottom and upon partial
retraction, flukes open up which give the anchor its holding power. They are easily installed
and once in place, only the connecting rod or cable protrudes above the sand bottom. Both
of these anchor systems are in widespread use at heavily used dive sites in Hawai'i, for
example, Molokini Islet, and they protect the bottom from the damage associated with
frequent anchoring. Many of them have been installed by The Ocean Recreation Council

of Hawaii (TORCH) at many popular dive sites in the state.

At the start of each operational day, Voyager personnel will secure surface buoys to the six
submerged buoys in order to provide visual markers and easy access for other users. A 20-
foot long tag line will be attached to each surface buoy for use by vessels wishing to tie up

- .to the buoy. The buoys will be removed by Voyager each day just prior to securing

operations. These anchor systems will eliminate the need for the Voyager support vessels
or other users to deploy anchors, thus protecting the ocean bottom from anchor impact and

dragging.
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23 Project Schedule

Voyager Submarines intends to proceed with the artificial reef installation upon completion
of the environmental review process and receipt of the Conservation District Use Permit.
All other necessary permits have been obtained, as outlined in Section 4.0. Voyager
anticipates procuring vessels, and beginning vessel preparation and deployment operations
immediately after obtaining all necesary permits.

2-14
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3.0 ENVIRONMENTAL SETTING

31 Physical Marine Environment

3.11 General Setting

The project area is centered off Ala Moana Beach Park, at the east end of Mamala Bay
(Figure 3.1). Barbers Point and Diamond Head form the boundaries of Mamala Bay, a
long shallow embayment of the shoreline that is approximately 33 kilometers (km) long.

The coastline from Barbers Point to Pearl Harbor is relatively straight and unbroken, with
no embayments or perennial streams. An exceptionally broad, shallow reef platform lies
offshore. East of the entrance channel, a shallow fringing reef extends from the entrance
channel to Sand Island. Sections of the reef have been significantly altered by construction.
Extensive dredging created the Pearl Harbor entrance channel, the Hickam Harbor channel
and basin, and the entrances to Ke‘ehi Lagoon. Massive fill was used to create the
Honolulu International Airport Reef Runway.

The shoreline from the Reef Runway to Diamond Head, the eastern boundary of Mamala
Bay, is predominantly artificial. Some areas have been extensively altered by dredging while
in other locations the shoreline has been extended seaward by filling the reef. Many
structures have been built on this reclaimed land, Sand Island is a man-made feature that
was constructed over the years by deposition of material from harbor dredging operations.

Ala Moana and Magic Island are also man-made features. The swimming area for Ala
Moana was dredged from the reef, while Magic Island was created by filling in the reef.
The shoreline of Honolulu Harbor fronts downtown Honolulu, the commercial and
industrial center of the state. The shoreline east of Honolulu includes Kewalo Basin, Ala
Moana Beach Park, the Ala Wai Yacht Harbor, and Waikiki. Kewalo Basin is primarily
used by commercial fishing vessels and tourist-oriented cruise vessels. Ala Moana Beach
Park is an important recreational site heavily used for swimming and surfing. Waikiki
Beach, located 3 km east of Honolulu Harbor, is the center of tourism for the island and
is extensively used for ocean recreation activities, including swimming, surfing, and canoeing.

312 Climate and Winds

‘The Hawaiian Islands have a mild climate due to their tropical latitude and isolated position
in the middle of the Pacific Ocean basin. Hawai‘i is located more than 3,200 km away from
the nearest continental land mass, and the ocean has a buffering effect, supplying moisture
and moderating the air temperatures.
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The weather in Hawai'i is dominated by the influence of the Pacific High, a persistent zone
of high atmospheric pressure that typically lies northeast of the islands. The northeast trade
winds are generated by air flowing out from the Pacific High. The wind climate in the
Hawaiian islands can be divided into two distinct seasons based upon the annual variation
in persistence of the prevailing northeast tradewinds. Tradewinds predominate in the
summer months of April through October, blowing 80 to 90 percent of the time with typical
speeds of 10 to 25 miles per hour. They tend to weaken in persistence during the winter
months of November through March, blowing approximately 35 percent of the time.
Tradewinds show a slight diurnal variation, with the winds slightly stronger in the afternoon

than at night.

During the winter months, winds from the sector south through west occur intermittently.
These are known as Kona winds, and accompany the passage of storm fronts associated with
low pressure systems travelling across the North Pacific ocean. The strongest winds occur
during severe Kona storms and hurricanes.

The project site is on the south, or leeward, coast of O‘ahu and is thus sheltered from direct
tradewind effects. Wind data from Honolulu International Airport represent long-term wind
records applicable to the project area. A summary of wind statistics from the airport is
provided in Table 3.1 for the 29-year period from 1939 to 1967. The typical wind direction
is from the sector northeast to east, and occurs more than 60 percent of the time. Typical
wind speeds range from 7 to 16 knots, with an overall mean wind speed of 9.7 knots.

Monthly peak wind speeds at the Honolulu International Airport are shown in Table 3.2.
The data show the highest one-minute-averaged wind speeds derived from continuous wind
records. In the 12-year period of record the monthly peak winds ranged from 27 to 353
knots, with the typical monthly peak wind being approximately 35 knots.

Precipitation greatly varies with location in Hawai'i, with higher elevations generally
receiving greater rainfall. Heaviest rainfalls occur during the winter months with the
passage of weather fronts. Honolulu and the southern shore of O‘ahu have high
precipitation during the winter months of October through April, and typically dry summers.

3.1.3 Storms
Two major storm types can affect the Hawaiian Islands, Kona storms and intense tropical

storms or hurricanes. Kona storms are weather disturbances associated with frontal activity



ble 3.1. Percent frequency of winds at Honolulu airport (Period: 1939-1967)

Ta
: Wind Speed (knots)

Wind
Dir. 1.3 4-6 7-10 11-16 | 17-21 | 22 28 | 34 | 41- Total Mean
27 33 40 47 Speed
N 15 1.8 11 03 0.0 0.0 4.8 5.1
NNE 08 12 09 0.5 0.1 0.0 36 7.0
NE 1.2 20 6.4 78 2.7 0.5 0.0 0.0 0.0 215 112
ENE 0.6 3.0 9.9 12.6 42 0.6 0.0 0.0 309 11.8
E 0.7 19 53 46 16 02 | 00 143 10.7
ESE 0.2 04 0.6 03 0.1 0.0 00 0.0 0.0 15 89
SE 0.2 04 0.8 0.7 0.1 00 0.0 0.0 22 9.8
SSE 0.1 03 0.8 0.6 02 0.0 0.0 0.0 0.0 22 10.1
) 0.2 0.6 i3 0.6 01 00 0.0 29 9.0
SSwW 0.1 02 0.6 03 0.0 0.0 0.0 13 9.2
SwW 0.1 0.2 0.6 03 0.1 0.0 0.0 13 93
WSW 01 0.1 02 0.2 0.1 0.0 0.0 0.6 10.3
W 02 0.2 02 0.1 0.0 0.0 0.0 ' ) 0.8 73
WNW 02 03 0.1 0.0 0.0 0.0 00 0.7 53
NW 14 16 07 | 01 0.0 0.0 3.9 51
NNW 08 i2 0.6 0.1 0.0 0.0 0.0 28 55
Calm 4.7
Total 83 16.4 301 293 9.4 1.5 0.1 00 | 00 100 9.7

from strong mid-latitude cyclones that move across the north Pacific during the winter
months. A severe Kona storm can be accompanied by precipitation, high winds from the
south and west, and locally generated steep, high waves.

During the early hurricane season of July, August, and September, hurricanes generally form
from intense low pressuré vortices in the eastern tropical Pacific off the west coast of
Mexico and move westward across the central Pacific. These tropical storms Or hurricanes
usually pass south of the Hawaiian Islands, curving northward as they approach. However
they generally stay far enough offshore to only cause high surf and heavy rainfall as they
pass. Late season tropical storms and hurricanes follow a somewhat different track, forming
south of Hawai‘i and moving north toward the islands.
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Although many tropical storms or hurricanes have approached the Hawaiian Islands, most
passed well south or west of the islands, or weakened in intensity as they reached Hawai‘i.
There have been notable exceptions, however. Hurricanes Hiki, Della, Nina, and Fico
passed within about 320 km of the islands, ‘Twa passed within 45 km of Kaua‘i, and Dot and
‘Iniki passed over Kaua'l. Hurricane Dot in August 1959, and ‘Iniki in September 1992 had
a typical southwest path, while ‘Iwa, in November 1982, was typical of late season
hurricanes, forming south of Hawai‘i and moving north.

314 Waves

Four primary wave types describe the wave climate of the Hawaiian Islands. These are
northeast tradewind waves, southern swell, Kona storm waves, and north Pacific swell.
Hurricane generated waves, although infrequent, are also important.

The waters off Ala Moana are almost completely protected from north Pacific waves but
are directly exposed to south swell, Kona storm waves and hurricane generated waves. They
are also indirectly exposed to tradewind generated waves refracting around the east end of

the island.

South swell is generated by storms in the southern hemisphere and is most prevalent during
the summer months of April through October. These waves are typically long and low with
periods of 12 to 20 seconds and deepwater heights of 1.5 to 6.5 feet. South swell is fairly
common, occurring approximately 53 percent of the time during a typical year.

Kona storm waves are generated by intense winds associated with locally occurring Kona
storms. These waves approach from the south to the west, with the largest waves usually
from the southwest. Deepwater wave heights during the severe Kona storm of January, 1980

were approximately 16.4 feet; with a period of 9 seconds.

Hurricane generated waves occur infrequently with the nearby passage of an intense tropical
storm or hurricane. A hurricane wave hindcast of Hurricane ‘Iniki prepared by Sea
Engineering, Inc. for SSFM Engineers, Inc. (1994) estimated a maximum deepwater
significant wave height of 39 feet for the south coast of O‘ahu.

3,15 Design Waves :
The most severe wave conditions on Oahu'’s south shore occur during the passage of
hurricanes. Prior to the relatively recent occurrences of Hurricanes ‘Iwa (1982) and ‘Iniki

(1992) design waves were commonly based upon characteristics of Hurricanes Nina (1957)
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and Dot (1959), which were the two worst hurricanes on record to affect O‘ahu. A 50-year
design hurricane based upon Nina and Dot was developed by Dr. Charles Bretschneider and
used to compute a design wave for the Barbers Point and Sand Island outfalls. The
recommended maximum deepwater design wave height was 46.0 feet, and the significant
wave height was 27.0 feet. The maximum wave height is defined as the largest single wave
generated during the passage of the hurricane, and the significant wave height is the average
of the highest one-third of the waves.

During the passages of ‘Iniki and ‘Iwa the design waves used previously were in some cases
found to be insufficient. Damage occurred to oil delivery pipelines at Barbers Point in 100-
ft water depth during Hurricane Iwa, and numerous artificial reefs on the south shore were
moved or destroyed during Hurricane ‘Iniki. Ballasting of the sunken yard oiler at the
Atlantis Submarine dive site in Waikiki Beach, based upon a 50-year hurricane significant
wave height of 24.7 feet and wave period of 12 seconds, was found to be insufficient to
prevent movement of the ship during Hurricane ‘Iniki.

Sea Engineering, Inc., hindcast the waves generated by Hurricanes ‘Iwa and ‘Iniki as part
of the inspection and design of repairs to the Barbers Point outfall (SSFM Engineers, Inc,,
1994). The wind and wave fields were computed using a numerical hurricane model and
the measured parameters of the two hurricanes. The closest point of approach of ‘Twa to
the south shore of O‘ahu was 125 miles; that of ‘Iniki was 110 miles. Worst case conditions
for design wave calculations were achieved by transposing the storm center locations of Iwa
and ‘Iniki so that south shore sites were within the radius of maximum winds of the
hurricanes, where the highest wave heights occur. The resulting design waves are presented
in Table 3.3. These are up to 70-percent higher than those originally used for the design
of the Sand Island and Barbers Point outfalls.

For further engineering calculations, a site-specific numerical model for refraction and
shoaling will be applied to the waves in Table 3.3 in order to select the final design wave.
That wave will then be used to calculate resultant forces on the sunken vessels.

3.6 Tsunamis

Tsunamis are very long period ocean waves generated by earthquakes, submarine landslides,
and volcanic eruptions, Tsunamis are typically inconspicuous in the deep ocean, but can
significantly increase in height as they approach the coastline. Interaction with local
bathymetric and topographic features by the processes of shoaling, refraction, and bay or
harbor resonance can dramatically influence the impact of 2 tsunami at a particular location.
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Table 3.3. Selected ‘Iwa and ‘Iniki Deepwater Waves

Storm Av. Wave Period Significant Wave
(sec) ' Height
‘Iniki 9.0 359 583
‘Iniki .92 38.1 61.6
‘Iniki 9.5 40.1 64.9
‘Iniki 9.8 41.7 67.2
‘Twa 10.8 45.3 78.9

Hilo Bay, on the island of Hawai'i, has historically been the site of great destruction due to
the localized amplification of tsunami wave heights. The south coast of O‘ahu has
historically’

been relatively safe from the destructive effects of tsunamis. The major tsunamis of 1946,
1952, 1957, and 1960 caused tsunami wave heights of only 3 feet in the Hickam area, close
to the project site (Loomis, 1976).

Tsunamis wavelengths are typically on the order of 200 kilometers, and deep water amplitudes
are less than a meter. An analysis of wave orbital velocities in 100 feet of water reveals that
tsunamis generate orbital velocities that are less than one-tenth the strength of velocities resulting
from hurricane design waves. The hurricane design waves discussed in Section 3.1.5 will result
in much stronger wave forces at the site, and are the appropriate design conditions for this
project.

3.1.7 Circulation and Currents

The circulation of Mamala Bay is complex, with both seasonal and localized variations
superimposed on the prevailing patterns. The major components of circulation in the bay
are the North Pacific Equatorial Current which flows in a general westerly direction through
the Hawaiian Islands, and the tidal currents which result from the passage of the
semidiurnal and diurnal tide waves.



The nearshore circulation in Mamala Bay and at the project site is primarily tide driven.
The currents in the bay have a strong semidiurnal tidal component and reverse twice daily.
Peak tidal currents are typically around one-half knot. Figure 3.2 illustrates tidal current
ellipses measured during the Mamala Bay Study (1995) at several locations. The ellipses
show the predominant direction of tidal current movement, which is parallel to the depth

contours.

These reversing tidal flows control short term current and transport patterns. They are
superimposed on weaker underlying unidirectional currents that are driven by large scale
circulation patterns. However, the underlying flows are occasionally strong enough to
override the tidal flow and cause unidirectional flow with no reversal.

The underlying flows are important because they influence the long term transport patterns.
The Miamala Bay Study (MB-6) concluded that there are two seasonal patterns as shown
schematically in Figure 3.3. However, the authors do not give an explanation for the
seasonal differences, and stress that both modes can occur in either season.

In general, the currents at the dive site can be expected to reverse with the semidiurnal tide,

with the reversing currents paralleling the bottom contours. The overall transport, or net
transport, may be toward either Diamond Head or Barbers Point depending upon the
prevailing long term pattern. Net transport speeds are in the range of 0.1 knot or less.

During heavy rainfall events, highly turbid discharge from the Ala Wai Canal can occur for
several days. This discharge, which can be high in poliutants, can then be dispersed to the
east and west by the tidal currents, and can occasionally degrade water quality at the
Voyager dive site.

The prevailing winds influence approximately the top 15 feet of the water column. Surface
currents can therefore be expected to move consistently offshore during the summer, when
the northeast tradewinds occur 80 to 90 percent of the time. During the winter, the
tradewind frequency decreases to 60 percent of the time, and the surface flow will be more .
variable, reflecting either the prevailing winds or the underlying tidal currents.

318 Temperature Structure in Mamala Bay

The surface temperature in Mamala Bay shows little variability, and changes slowly with the
seasons. There are higher temperatures in the summer months, with a yearly maximum of
about 27°C in September, and cooler temperatures in the winter, with a yearly minimum of

3-9



MSh Sl

HOL .12

MOS o219} MSS 258 MO0 351

MST.051 MOt 851

1]

NS o8

HOL.IT

z.aﬂ .-“

HS) a2

HNOZ.1Z

10GB}4 pRag |

MSPY L5

| | | _
03 oi81 MmSs 491 MO0 851 MSA .29 LI )

sjualng |ep|L ey ojdosjolseg
"(9661) Aprig Aeg eewepy oy Supmp parnseaw sasdifjo Juermd jepn vesw yidoq ‘¢ oMLy

m—— r——y ————

SRR SR S SR e S T A R e e A e
1} .

A



e -t

TS tow oW 138" OTW 15T 85w 1w 15T ATW
| | | |
Peail Hartior Schematc of Mean T
Q Mooring or ADCP
"'a\\.,\ depth < 70
|l' * dapth > 100m
b o] -t 2T ITH
B A A Wal
RO — Canal
L - J)J”/“‘—‘:e/}»h TR
§\\¥m“‘)‘ £ d“‘ S "\.:‘v‘\\\\...\“\.
N ™ o ¢ I 1 Head
b "‘%\?\R\:;&‘:;ﬂuiﬁ““ g \\ s-»‘ W\v i
e N\ §{ | "'N‘b—vt
- \. } i
h ] N‘\Q\_U =
“) T, A X #
/ ", N2
S N
wesnnia B2y Program S—— A h :
Nua-a: Ocean Current Messurements o=
bl - ' | ‘ b okl ]
1o o 15w 1S 5E'W tEraow 1T ASW
198 toW oW L - ad 1w mrww 1AW
l | l smm'dmnc;m
Peari Harbor July - Oct. 1994
) Mecring or ADCP
2 N ==
v, .( g, mam:lﬂu
O TAN furm w dopthy > 1250 o FTCTOH
— i
#—Q oy  AMawal
\__/:\ = ™~ " ‘
S },\\
\ ~ e -t IT°1IW
v, DAL e
e
“I“l \ \\i )
VA TN
h
l ' oo
1AW 15 9TW 1w
Figure 3.3. Two seasonal circulation modes in Mzmala Bay: February to June (top), and
July to October (bottom). From the Mamala Bay Study (MB-6), 1995.



about 24°C in March. The thermocline defines the bottom of the surface layers, and water
temperatures decrease significantly at the thermocline and below. The thermocline is 300
or more feet deep in the winter, and varies from 100 to 180 feet deep during the late
summer. The thermocline depth fluctuates up and down with the semidiurnal tides, so the
bottom water temperatures at the Voyager site can be expected to vary daily during the late
summer months, when the top of the thermocline may penetrate upward to the 100 foot.
depth. The daily temperature change should not exceed 3 to 4°C.

3.1.9 Bottom Characteristics

The area off Ala Moana Beach Park that comprises the Voyager dive site can be described
as an exposed limestone shelf and ledge roughly semi-circular in shape with diagonal
distance across of approximately 1,350 feet (Figures 2.1 and 2.3). It is estimated that the
limestone shelf is composed of an ancient coral reef that formed 79,000 to 110,000 years
ago. This ancient reef was subsequently exposed and eroded during periods of lower sea
level, and then drowned by sea level rise. Wave action during periods when the shelf was
* approximately at sea level probably cut the ledge (Fletcher and Sherman, 1995). In some
areas, the vertical relief of the ledge is on the order 6 to 10 feet, Sections of the ledge
contain undercuts and small ledges which serve as desirable shelter areas for fish. The top
of the limestone shelf was covered with a vencer of coarse calcareous sand and rubble
fragments. Most of the rubble fragments were identified as pieces of reef corals that had
likely been broken from the living colonies by storm waves. The depth of sand on the top
of the shelf feature was very thin; one sweep of a hand cleared the sand away to reveal solid
limestone substratum.

- The proposed sites for deployment of the vessels lie generally seaward of the limestone shelf
(see Figure 2.1). These sites consist of relatively barren sand flats. The character of the
sand surface at site S3 was somewhat different than at sites S2 and S1. Site S3 is the
shallowest site and lies just to the immediate west of the shelf edge. The sand surface in this
region consisted of only a very thin layer, and was easily brushed away to reveal a solid
limestone platform. At Sites S1 and S2, the sand surface was substantially thicker and
digging by hand revealed a depth of at least several inches.

During the underwater surveys of the ship deployment areas, the sand plains did not have
ripples indicative of wave or current motion. Rather, the sand surfaces were covered with
a thin green veneer that likely consisted of benthic diatoms or benthic algae. The presence
of this green film is indicative of quiet water conditions with water velocities insufficient to
create sediment resuspension.
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32 Marine Biology

A marine biological study was conducted to assess the marine ecosystems in the vicinity of
the Voyager dive site, as well as on sunken vessels located at the Atlantis dive site. The
study report is enclosed in Appendix A.

32,1 Macrobenthos

Figure 3.4 shows the locations of 7 stations that were surveyed for biotic community
composition. These areas were selected as representative of the main biotype in the dive
site. Below is a description of the communities that occupy each of the survey stations.

Station 1: Upper surface of the fossil reef consisting of a flat sand-covered shelf. The
predominant biota were heads of the stony coral Pocillopora meandrina. This coral grows
as separate hemispherical colonies with short blunt branches. Other corals were small flat
encrustations of Porites lobata and Montipora verrucosa. Coral cover in the area was
estimated at less than 5%. Other conspicuous macrofauna included the sea urchins
Echinothrix diadema, Echinometra matheai and E. chinostrephus aciculatus. Echinothrix
diadema are long-spined urchins commonly called wana. Throughout the dive site, numerous
E. diadema were observed on the reef surface, often occurring in large aggregations of up
to 50-100 individuals. Echinometra matheai and Echinostrephus aciculatus are smaller,
shorter spined urchins that burrow into the limestone surface of the reef. E. matheai and E.
aciculatus were not as abundant as E. diadema at Station 1 with only several individuals
present. '

Filamentous benthic algae were not abundant at any area of the dive site. Algae that were
noted included Lyngbya majuscula, Halimeda opuntia, and Enteromorpha spp. Encrusting
calcareous algae including Peyssonellia rubra and Porolithon spp. were common covering
rubble fragments and parts of the exposed limestone reef structure.

Station 2: This is the proposed location of one of the sunken ships. The site is seaward of
the edge of the fossil reef slope on a flat sand-covered plain. As discussed above, the sand
deposit in this area is very thin, and barely covers a solid limestone platform. Biota in the
area consists of widely scattered heads of P. meandrina, and small encrustations of P. lobata.
Few sea urchins or other macrobiota were observed.

Station 3: This area consists of a relatively steep vertical relief with an undercut ledge
approximately 6 feet high. The area is known as “urchin hill” by the Voyager personnel
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owing the large aggregations of E. diadema. It appears that the high numbers of urchins
occurring in the area are relatively consistent as opposed to periodic spawning aggregations.
Large heads of P. meandrina occurred on the edge of the reef ledge.

Station 4: This area is another of the proposed locations for deployment of the sunken
vessel. Bottom composition in this region consisted of a flat sand surface covered with'a
patina of green benthic algae. Few macrobiota or burrows were observed on the sand
surface.

Station 5: This area, known to the Voyager personnel as “Buccaneer Bay" consists of a
semi-circular reef ledge with steep vertical walls. The top of the reef contained the highest
percentage cover of the hemispherical coral colonies of the species Pocillopora meandrina
and P. eydouxi growing on hard flat bottom. Compared to most other areas of the dive site,
these corals were abundant, covering up to approximately 40% of the bottom along the crest
of the reef ledge.

Station 6: Located at the northeastern end of the dive site reef, this area is somewhat
atypical in that the top of the reef ledge is covered with large colonies of Porites lobata. P.
lobata is the most common coral throughout the Hawaiian Islands, and assumes a variety
of growth forms. On the ledge at the Voyager site, most of the large colonies appear as
flattened hemispherical lobes up to a meter in dimension. As at the other locations along
the reef ledge, P. meandrina was also abundant. The combination of these two species
resulted in peak coral cover of approximately 50-70% along sections of the reef top.

Station 7: The third prospective site for sunken ship deployment consists of a sand flat with
interspersed rubble fragments. No macrobiota were observed during the survey.

322 Fish Communities

Table 3.4 lists the abundance of reef fish observed at the same seven stations investigated
for macrobenthos. Number of species ranged from 3 to 17, while number of individuals
ranged from 4 to 133 at the seven stations. In general, fish were more abundant and the
assemblages more diverse in areas with higher vertical relief, while abundance was lowest
on the flat s'a_md areas. There was also a distinct association between location on the reef
and the feeding guilds of fishes. The dominant fishes upcurrent of the reef ledge were
midwater plankton feeders including the butterfly fishes Chaetodon miliaris and
Hemitaurichthys polylepis, and the surgeon fish Naso lituratus. Along the ledge, the most
dominant species were benthic feeders, including goat fishes (e.g. Parupeneus multifasciatus),
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Submarine dive site.
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wrasses (e.g. Thalossoma duperrey) and parrot fishes (Scarus spp.) Trigger fishes (Family
Balistidae) were common wherever holes or depressions occurred on the hardpan surface
of the reef. '

While not included in the quantitative survey, a large school of ‘Gpelu (Decapterus
macarellus) was observed in the water column and appeared to follow the submarine
throughout the dive. Several large kah3la (Seriola dumerili) also appeared to be attracted
to the submarine. A blacktip shark (Carcharhinus limbatus) was sighted on several occasions
traversing the dive site.

323 Endangered and Protected Species

Three species of marine animals that occur in Hawaiian waters have been declared
threatened or endangered and are under Federal jurisdiction. The threatened green sea
turtle (Chelonia mydas) occurs commonly in the nearshore areas of Hawai‘, and is known
to feed on selected species of macroalgae. The endangered hawksbill turtle (Eretmochelys
imbricata) is infrequently observed in Hawaiian waters.

The major nesting site in the Hawaiian Islands for the green turtle is French Frigate Shoal
(Balazs 1980). Sporadic rare nesting events have occurred in the main islands (J. Naughton,
personal communication). One rurtle was observed on the bottom during the course of the
submarine survey dive. The turtle had multiple tumors on its head and front appendages.
Voyager personnel report sightings of two turtles, including the one with tumors, on a
regular basis.

Populations of the endangered humpback whale (Megaptera novaeangliae) are known to
winter in the Hawaiian Islands from December to April. The Hawaiian Monk Seal

(Monachus schauinslandi) also has been observed sporadically in the main Hawaiian Islands.

33 Water Quality

One consideration of the proposed activity is potential alteration of existing water chemistry
caused by placement of the vessels. In order to determine if such alterations occur, a
baseline of present water chemistry composition at the dive site was established. This report
is enclosed in Appendix A. Water samples were collected at the surface, at mid-water, and
near the bottom at 6 stations in the vicinity of the dive site. Figure 3.5 is a diagram of the
Voyager dive area showing the focations of the 6 water sampling stations.
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Water quality constituents that were evaluated include the 10 specific criteria designated in
Chapter 11-54 of the Water Quality Standards, Department of Health, State of Hawai‘i.
These criteria include: total nitrogen (TN), nitrate + nitrite nitrogen (NO;~ + NO;’),
ammonium (NH_,"), total phosphorus (TP), chlorophyll a (Chl a), turbidity, salinity, pH and
temperature. In addition, orthophosphate phosphorus (PO,) and silica (Si) are also
reported. This suite of constituents will provide the basis for the initial phases of any water
quality monitoring programs that might be required for regulatory compliance by State or
Federal agencies. Standard laboratory procedures were followed and are described in
Appendix A.

Table 3.5 shows results of all water chemistry analyses for samples collected in the vicinity
of the Voyager Dive site. Table 3.6 shows of State of Hawai‘i Department of Health water
quality criteria for open coastal waters under both wet and dry conditions. Inspection of
Table 3.5 indicates little evidence of vertical stratification of the water column at any of the
sample locations. In addition there is little indication of variation between sample sites.

Comparison of the values measured at the Voyager site and State of Hawai‘ water quality

. standards (Table 3.6) reveals that none of the measured values exceed the *not to exceed

the given value more than 10% or 29 of the time” criteria for either wet or dry conditions.
Based on these comparisons, it appears that at present typical water quality in the dive site
area is well within DOH standards, and does not appear to be affected by any factors
associated with the current activities in the area.

34 QOcean Activities

A comprehensive ocean activities survey was conducted during March and April, 1997 with
the following objectives:

1. Observing and identifying the ocean activities at the specific project site, and in
the general vicinity, the waters between Ala Wai Boat Harbor Channel and the
Honolulu Harbor Main Channel (survey area).

2. Interviewing members of user groups who use the waters in the survey area,

including businesses, yacht clubs and groups engaged in consumptive and non-
consumptive activities.
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Table 3.6.  Specific criteria for open coastal waters based on Hawaii Administrative
Rules, Title 11, Department of Health, Chapter 54, Water Quality Standards
which apply to Receiving Water Limitations.

Geometric Not to exceed Not to exceed

mean not to the given vaiue the given value

exceed the more than 10% more than 2%
Parameter given value of the time of the time
Total Nitrogen 160.00* 250.00* 350.00"
(kg NAL) 110.00** 180.00" 250.00*
Ammonia Nitrogen 3.50* 8.60" 16.00"
(ug NH4-N/L) 2.00* 5.00" 0.e0**
Nitrate+Nitrite . - 5.00" 14.00* 25.00"
Nitrogen - 3.50" ' 10.00™* 20.00*
(pg [NO3+NO2]-N/L)
Total Phosphorus 20.00* 40.00* 60.00*
(ug P/L) 16.00" 30.00** 45.00"
Chlorophyll a 0.30" 0.90* 1.75*
(vg/L) 0.15* 0.50" 1.00™
Turbidity 0.50* 1.26% 2.00*
(NTU) - 0.20" 0.50** 1.00*

pH units - shail not deviate more than 0.5 units from a value of 8.1.
Temperature - shail no vary more than 1 deg.C from "ambient conditions".

Salinity - shall not vary more than 10% from natural or seasonal changes
considering input and oceanographic factors.

Dissolved oxygen - not less than 75% saturation.

* nyat" criteria apply when the open coastal waters recaive more than three million
gallons per day of fresh water discharge per shoreline mile.
= 'dry" criteria apply when open coastal waters receive less than three million

gallons per day of fresh water discharge per shoreline mile.
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3. Identifying the potential impacts of the project on the user groups in the survey
area.

Information for this survey was gathered from a visits to the project site and the survey area,
from interviews with people familiar with the waters and activities in the survey area, and
from personal observations. Site visits and interviews were conducted during March and

April 1997. The study report is enclosed in Appendix B.

34.1 Survey Area

The survey area includes the nearshore waters between the Ala Wai Boat Harbor Channel
and the Honolulu Harbor Main Channel and extends from shore to approximately 3/4 mile
offshore. The project site, the specific location where Voyager Submarines is proposing to
deploy an artificial reef, is located within the survey area and is approximately 3/4 mile
from the west food concession in Ala Moana Beach Park.

The survey area lies within East Mamala Bay. This shoreline is primarily artificial, the
result of extensive dredging of reef area, the construction of artificial structures, and the
filling of former mudflats, fishponds and shallow reefs. In spite of the alterations and
artificial structures, the shoreline of the survey area still provides many opportunities for
ocean activities, especially swimming, surfing, kayaking, outrigger canoe paddling, fishing and
boating. It also adjoins the major shipping lanes for commercial boating traffic moving in
and out of Honolulu to and from all ports east of O‘ahu.

The survey area includes one boat harbor, Kewalo Basin, and is bordered by Honolulu
Harbor and Ala Wai Boat Harbor. Most of the shoreline of the survey area consists of
beach parks: Ala Moana Beach Park, the City and County of Honolulu’s most important
urban beach park, is immediately inshore of the project site and comprises the majority of
the survey area shoreline; and two state parks, Kewalo Basin Park and Kaka‘ako Waterfront
Park, are located to the west of Ala Moana Beach Park.

Ala Moana Reef, directly inshore from the site, is approximately 1/2 mile long and 200
yards wide, extending from Magic Island to Kewalo Channel. A small portion of the reef
is also found on the west side of Kewalo Channel fronting Kaka‘ako Waterfront Park.

No surf breaks in the project area because of its depth, but several surfing sites are located
3,000 feet inshore along the seaward edge of the Ala Moana Reef. These sites are among
the most popular and heavily used on the south shore of O‘ahu. There are at least 11
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primary surfing sites, and several secondary ones. They are used by surfers, bodyboarders,
and bodysurfers.

Surf on the south shore is normally biggest and best for surfing during the summer months
from May to August when high surf of 6 feet or greater strikes the south shores of all
Hawaiian islands. However, small trade wind-generated surf of 1-3 feet breaks consistently
throughout the year at all of the sites in survey area, and occasionally, high winter surf from
the west or northwest will wrap into the south shore.

The entire survey area is heavily used for both commercial and non-commercial ocean
activities. Most of the commercial activities take place in the open ocean offshore Ala
Moana Reef, while most of the non-commercial activities take place at the edge of, on or
inshore of Ala Moana Reef. '

342 Fishing
Fishing is a popular activity that takes many forms in the survey area, including fishing from

_ boats, from shore, from the edge of Ala Moana Reef, and especially along the edges of the

harbor channels. A number of free swimming and schooling species are found nearshore
and in the boat channels and the swimming channel at Ala Moana Beach park, including
pipio, mullet, and halalii, when they are in season. Many common reef species are found
offshore of Ala Moana Reef. |

¢ Squidding. Squidding is a local term for fishing for octopus which are commonly called
"squid” by local fishermen. Squidding usually consists of wading across a shallow reef flat
with a glass-bottomed look-box and spearing octopus hiding in the rocks. The number of
users depends on the day of the week and the level of the tide. The most popular days are
Saturdays, Sundays and holidays during daylight hours when the tide is at its lowest. The
number of users averages appfoximately 2 per day on weekdays and 5 per day on weekends
and holidays.

e Surfboard fishing. Surfboard fishing is a form of boat fishing in which a motorized
surfboard is substituted for a small boat. The boards are 13 feet long, 40 inches wide and
weigh about 60 pounds. They are powered by a 5 horsepower outboard engine. The
fishermen motor along at a slow speed and scout for fish by hanging over the edge of the
board while wearing a mask and snorkel, Whey they spot a fish, they use a rod and reel to
lower a hook to tempt the fish.
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The surfboard fishermen in the survey area do not target fish. They fish exclusively for
octopus or "tako” as they call them, the Japanese word for octopus, using a star hook instead
of a regular fishing hook. They launch their surfboards at the Ala Wai Boat Harbor ramp
and search for productive octopus grounds in waters from 30 to 120 feet deep anywhere

‘from Waikiki to Sand Island. They note that the ocean bottom in the survey area is

generally regarded as marginally productive for reef fish, but that it provides good habitat
for octopus. They consider the entire survey area to be good octopus grounds, but in the
area of the project site, they usually fish in the shallower waters closer to shore and not
where the submarines are operating. The number of surfboard fishermen averages 1 per
day on the weekdays, and 2 per day on the weekends and holidays.

e Netting. Very little subsistence gill net fishing and thrownet fishing occur in the survey
area. Both types of net fishing are normally practiced on at the west end of Kaka‘ako
Waterfront Park. The number of thrownet fishermen averages approximately 1 per day on
weekdays, and 2 per day on weekends and holidays.

Commercial surround net fishing operations to catch migrating schooling fish such as akule

are an infrequent activity in the survey area.

Commercial underwater surround net fishing is also an infrequent activity in the survey area.
Instead of using surround nets on the surface, the fishermen use scuba gear to set up
surround nets underwater into which they herd schooling reef fish such as weke, md, kiimi
and ta‘ape. These commercial operations occur in waters from 40-100 feet.

Crab netting inshore for crabs such as Samoan crabs or offshore for deep water crabs such
as Kona crabs is an infrequent activity. In addition, the boulder seawalls in the survey area
are populated with a‘ma crabs, a popular luaun food, but the populations are not large
enough to encourage large scale gathering.

e 'Pole fishing. A number of free swimming and reef species are found nearshore and in
the boat channels and the swimming channel at Ala Moana Beach Park, including papio,
mullet, and halalii when they are in season. Pole fishing, especiaily whipping, occurs along
the boulder seawalls, the harbor channels, the Ala Moana Beach Park swimming channel
and along the edges of Ala Moana Reef, especially at low tide. Other pole fishermen such
as shore casters fishing for ulua are found at Kaka‘ako Waterfront Park. Some pole fishing
for ‘oama occurs in Ala Moana Beach Park during the summer months when these juvenile
goat fish school in shallow, sandy areas around the island. The number of pole fishermen
averages approximately 5 per day on weekdays and 10 per day on weekends and holidays.
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Some pole fishing occurs from boats offshore. These are primarily small boats less than 20
feet long which are allowed to drift with the wind while fishing with a rod and reel. This
type of drift fishing normally occurs seaward of the survey area.

Some catamaran sailors and kayak paddlers attach fishing poles or handlines to their crafts
and troll for papio and other species as they transit the area.

e Spear fishing. Spear fishing primarily by subsistence fishermen occurs at the edge of Ala
Moana Reef and offshore Kaka‘ako Waterfront Park. The spear fishermen access the area
offshore Ala Moana Reef by boat, while at Kaka‘ako Waterfront Park they usually swim out
from shore. Spear fishing also occurs on the University of Hawai‘i Look Laboratory’s
artificial reef which is in 40 fee of water on the west side of Kewalo Basin Channel.
Spearing for fish and octopus by commercial fishermen averages approximately 10 per day
on weekdays and 20 per day on weekends and holidays.

Torch fishing is an infrequent activity on Ala Moana Reef. It normally occurs on dark,
moonless nights, for night octopus and reef fish such as weke and kiimu.

e Trapping. The only trapping in the survey area is done by one commercial trap
fisherman. He is a Hawaiian who, with his family and friends, has been trapping for fish
there for over 30 years. One of his trap sites is located along the present submarine tour

" route. He notes that this is the only place in the area that is productive for fish. Other trap

fishermen are located to the west of him. They have an informal agreement to stay out of
each other’s areas, His area is from Waikiki to the Reef Runway. -

e Tropical fish collecting. Tropical fish collecting is an infrequent activity in the survey
area. The number of tropical fish collectors averages approximately 1 per day on weekdays,
weekends and holidays.

e Commercial cruise boat fishing. Approximately two years ago, one of the cruise boats

from Kewalo Basin started offering nearshore night fishing charters. Catering almost
exclusively to Japanese tourists, the tour goes into the survey area seaward of Ala Moana
Reef in 50 feet of water and lets their passengers fish for reef fish such as ta‘ape and
menpachi with rods and reels. Now there are approximately four cruise boats who offer
similar night fishing cruises in the same location. These cruises usually run for several hours
in the early evening just after the sun sets.



R,

e

M b S P e

ey b 4, e

"

.

31

LA

L.

(.2

L)

¢ Commercial charter boat fishing. Commercial charter boat fishing is an infrequent

activity in the survey area. Most commercial charter fishing boats only pass through the
survey area when they enter or exit Kewalo Basin. They normally do not fish near shore
and may range as far as 20 miles offshore the island.

3.4.3 Gathering

Certain sections of the survey area’s shoreline are artificial and consist of massive boulder
seawalls. In other areas similar boulder structures provide habitats for ‘opihi and other
gathered shellfish, but few are found in the survey area. In addition, the extensive reef flat
of Ala Moana Reef provides a habitat for various species of seaweed, but the two most
popular species for consumption, manauea and ogo, are so scarce that seaweed gathering
is regarded as an infrequent activity for the survey area.

344 Outrigger Canoge Paddling

Outrigger canoe paddling is Hawaii’s official ocean team sport, and annually attracts
approximately 10,000 participants statewide. The short course regatta season begins in the
spring and ends with the state championships in August. Then the long distance racing

season begins, ending with the Moloka‘i-to-O‘ahu race in October.

Approximately 12 of Oahu’s canoe clubs train in the survey area. The majority of them are
headquartered along the Ala Wai Canal and use the canal for training until August. After
August they begin long distance training and leave the canal to paddle in the open ocean.
A popular training course is from the outside harbor markers at the Ala Wai to the outer
markers at Kewalo Basin. Training runs on this course can be easily timed, and several
clubs are frequently present at once. Since this is a clean water area, it is also used to
practice crew changes. Changes occur during long distance races when one paddler replaces
another. An escort boat will drop one paddler (or more) into the ocean ahead of the canoe.
When the canoe comes abreast of the paddler(s) in the water, the paddler(s) in the boat
who are being replaced jump out and their alternates climb in. The escort boat then
retrieves the paddler(s) in the water. Most practices occur after 5 PM in the evening, and
the course runs inshore of the proposed wreck site.

Outrigger canoes also transit the waters of the survey area during the races. During the
long distance season approximately 10 races are held, a few of which transit the survey area.

345 Kayaking

The waters in the survey area are a transit area for kayakers who have launched their craft
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in other areas. During the spring and summer months long distance kayak races are held
on O‘ahu; one formerly used course finished at Kewalo Basin Park and passed through the
survey area.

346 Recreational Power Boats
Recreational power boats are common throughout the survey area. The majority of them
are owned by fishermen and are launched from either Ala Wai Boat Harbor or Ke‘ehi Boat

Harbor.

34,7 Parasailing

Parasailing, towing someone in a parachute with a high speed power boat, is a commercial
activity that occurs seaward of the survey area. The Hawaii Administrative Rules, Part HI,
Ocean Waters Navigable Streams and Beaches (effective Feb. 24, 1994) by the State
Division of Boating and Ocean Recreation regulates the activity and confines it to specific
areas around the island. Paragraph 13-256-92 South Shore Parasail Area states the
following for the area seaward of the survey area:

1. The boundaries of the South Shore Parasail Area are from the buoy R-2 of Kalihi
Channel entrance; then by straight line to buoy G-1 of the Ala Wai Channel; then by
straight line to buoy R-2 off Diamond Head. All operating parasail vessels shall operate
seaward of the boundary line.

- 2, No person shall operate a parasail aloft within 1000 feet of any channel entrance
buoy.
3. No more than 4 commercial operating area use permits shall be authorized in this
area.
4. No permittee shall operate more than one vessel with a parasail aloft at any one
time.

5. This area shall be closed to parasail operations from January 6 to May 15 of each

year.

6. The boundaries of the South Shore Alternate parasail Area are from the buoy R-2

of Kalihi Channel entrance; then by straight line to buoy R-2 off Diamond Head. All
operating parasail vessels shall operate seaward of the boundary line.

7. The South Shore Alternate Parasail Area is designated for parasail operations from
January 6 to May 15 of each year. (The same restrictions listed above for the South
Shore parasail Area apply to the alternate area.)
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348 Reef Walking
Reef walking is an infrequent low tide activity on Ala Moana Reef. Some individuals and
families go on their own, but most of the reef walks are organized and conducted by an
experienced leader, usually a school teacher. The reef flat is recognized by the Department
of Education as an educational reef walking site and is listed in its manual A Compendium
Fieid Sites as "Kewalo Basin". The site is accessed from Kewalo Basin park and
is considered to be a goad area for viewing fish, seaweed and invertebrate organisms such
as sea anemones, shells, sea urchins, and brittle stars.

349 Scuba Diving )

Recently, the City and County of Honolulu, Department of Parks and Recreation stopped issuing
permits for commercial introductory scuba diving classes in the Ala Wai Channel at the east end
of Magic Island. Prior to this, the introductory scuba diving for visitors, primarily Japanese
visitors, was a common scuba diving activity in the survey area. Introductory classes were
held in the Ala Wai Channel at the east end of Magic Island in Ala Moana Beach Park.
The channel offered one of the few scuba diving sites near Waikiki that is easily accessible

by land. Introductory classes were offered by: Sunshine Scuba, Hawaii Pro Dive, Breeze

Hawaii, Ocean Concepts, Fantasea and Island Divers. Aaron’s Dive Shops, other diver
shops and independent dive instructors offered introductory and advanced classes t0 visitors
and residents, especially during the winter months when high surf precludes the use of west
and North Shore dive sites. Some dive shops also offer boat dives in the survey area, but
this was a less frequent activity than the introductory shore dives.

Other survey area users who scuba dive include spear fishermen, underwater surround net
fishermen and members of the Honolulu Fire Department’s rescue squads conducting
training. HFD has two heavy rescue squads. Rescue 1 and Rescue 2, and their members
periodically do training dives seaward of Ala Moana Reef.

34,10 Sailing |

Both the Hawaii Yacht Club and the Waikiki Yacht Club are headquartered in the Ala
Wai Boat Harbor, and their members regularly transit the survey area. In addition to
general sailing traffic, every Friday night at 5:30 p.m. Waikiki Yacht Club members hold
their Friday Night Race. The race course goes from the outside buoy of Ala Wai Channel
to the outside buoy of the Honolulu Harbor Main Channel and back. The course of this
race, however, usually keeps their boats outside the survey area. Some night sailing occurs
in the survey area by boats from the yacht clubs.
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Competitive sailing in Honolulu takes three forms: local yacht club races, large scale
professional competitive race series based out of Honolulu such as the Kenwood Cup and
races in which Honolulu is the final destination such as the Transpac. The Transpac and
the Kenwood Cup occur on alternate years. Competitive sailing yachts transit the water
offshore the survey area during certain legs of their races.

For the past 15 years the Look Laboratory of Oceanographic Engineering, University of
Hawaii has had an in-water Test Range in approximatély 40 feet of water on the west side
of Kewalo Basin Channel . The range includes two artificial reefs, one constructed of
automobile tires and one constructed of concrete blocks, and two flat 8 x 8 platforms
constructed out of fiberglass I-beams and PVC decking that are used for mounting
instruments. ‘This site and other nearby sites within the general area have been used by
members of the Look Laboratory staff to conduct a variety of ocean engineering tests,
including instrumentation tests, drogue and dye studies, and sampling water for turbidity,
salinity and temperature. Many of these activities are conducted each summer by students
who are taking ocean engineering classes. |

Prior to the commencement of Voyager's submarine tours, limited research activities were
conducted on the east side of the Kewalo Channel, in the immediate vicinity of the present
submarine operations. Look Lab’s activities in this area consisted of attaching taut line
moorings and instrument strings to concrete blocks on the ocean bottom and monitoring the
wave and current measurement instruments. |

34.12 Sunbathing and Swimming

Sunbathing and swimming are the two most popular activities in the survey area.
Sunbathers and swimmers are concentrated primarily at Ala Moana Beach Park, including
the Magic Island lagoon at the east end of the park. The City and County of Honoluluw’s
Water Safety Division normally staffs all five of its lifeguard towers daily to watch the large
numbers of swimmers. The beach is especially attractive to families with children.

e Open Ocean Swimming, Ala Moana Beach Park is fronted by a 1000 meter long
channel that was originally dredged as a boat channel between Ala Wai Boat Harbor and
Kewalo Basin. The portion of the channel fronting the park was isolated by the construction
of landfills at either end, and now offers an excellent venue for protected open ocean
swimming. It is used daily by members of the Waikiki Swim Club, Hawaii Swim Club
Masters, other swim ciubs and by many independent swimmers. However, the ocean
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swimming in the survey area is confined to the channel, and no open ocean swimming
occurs outside Ala Moana Reef. An annual five mile, long distance swim starts at Kaimana
Beach at Diamond Head and turns around at the Ala Wai Channel buoy at eastern edge
of the survey area, but the swim does not enter the survey area.

3.4.13 " Surfing

At least 11 primary surfing sites are located along the seaward edge of Ala Moana Reef,
and they are from east to west: Islands, Americas, Bombora, Baby Hale‘iwa, Big Lefts,
Courts, Concessions, Big Rights, Shallows, In Betweens, and Kewalos. Each of these sites
may attract from 20-40 surfers and bodyboarders, so during periods of high surf there may
be over 400 surfers in the water offshore Ala Moana Beach Park. Surfing contests are
occasionally held at Courts and Kewalos.

One primary surfing site, Point Panic, is found to the west of Kewalo Channel fronting
Kaka‘ako Waterfront Park. It is reserved exclusively for bodysurfing and is the site of an
annual bodysurfing championship put on by the Honolulu Bodysurfing Club. The Hawaii
Administrative Rules, Part III, Ocean Waters, Navigable Streams and Beaches (effective
Feb. 24, 1997) by the State Division of Boating and Ocean Recreation regulates the
activities there. Paragraph.13-254-13 contains the rules governing the Point Panic Ocean
Waters which includes the following: a. No person shall operate a surfboard in the restricted
area of the Point Panic Ocean Waters, and b. Point Panic Ocean Waters are primarily
reserved for bathing, swimming, bodysurfing and paipo board riding.

34.14 Tour Boats

Most of the O‘ahu tour boat industry operates between Hawai‘i Kai and Pearl Harbor, The
vessels range from tourist catamarans to 100 foot cruise vessels that offer tourists dinner
cruises and various excursions. Some of the largest vessels are berthed in Honolulu Harbor,
but the majority of them are kept in Kewalo Basin, a 126-slip harbor used exclusively to
berth commercial boats. The balance of the slips are filled by commercial fishing boats that
do not offer cruises or charters. In general, the majority of the boats in Kewalo Basin pass
through the survey area only when the enter or exit the harbor through Kewalo Basin
Channel. The charter fishing boats may fish out to 20 miles offshore of the island, and the
cruise boasts usually tour seaward of the survey area. However, there are several
exceptions, one of which was noted previously. Several cruise boats now offer night fishing
tours immediately seaward of Ala Moana Reef. In addition, some of the cruise boats that
conduct evening dinner and nightclub cruises also come closer to shore at night and transit
the same area. Other exceptions during the day include boats that offer glass bottomed boat
tours. They tour immediately seaward of Ala Moana Reef, but inshore of the project site.
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3415 Boating Traffic
A survey of boating traffic in the vicinity of the Voyager dive site was conducted on May 1, and
December 16, 17 and 21, 1997. All vessels passing within 1500 feet of the Voyager site were
logged and described. The data is presented in Appendix C and summarized in Table 3.7.

Weather and sea conditions were typical of nice boating weather on the south shore of O‘ahu---
clear to partly cloudy skies with light to normal northeast tradewinds and small surf, with the
exception of 12/17/97, when moming skies were overcast. Survey days included Tuesday,
Wednesday, Thursday and Sunday. The number of vessels recorded passing within 500 feet of
the site ranged from an average of 4.6 per hour on 12/21/97 to 1.8 per hour on 12/17/97 when
skies were overcast. Vessel sizes ranged from the 232-foot long "Star of Honolulu" tour boat to

8-foot long pleasure kayaks.

Also included in the Table 3.7 are similar survey data collected in the area in 1986, when
Atlantis Submarines was investigating possible operating sites (AECOS, 1987). That survey
recorded slightly greater numbers of vessels passing through the area, averaging 4.9 vessels per
hour during submarine operating hours. This data suggests that vessel traffic has declined
slightly between 1986 and 1997.

Table 3.7 Vessel Traffic Survey in the Vicinity of the Voyager Submarines Dive Site

: No. of Vessels . Total
Thursday, 5/1/97 8:30-15:55 28 4,1 - 56
Tuesday, 12/16/97 8:00-14:52 25 36 - 35
Wednesday, 12/17/97 7:05-14:16 13 1.8 23
Sunday, 12/21/97 8:30-15:55 - 31 4.6 90
Tuesday, 12/23/86 9:15-16:00 33 4.9 67

Sunday, 12/28/86 9:15-16:00 33 4.9 66
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4.0 RELATIONSHIP TO LAND USE PLANS, POLICIES AND CONTROLS

Submerged lands in Hawai‘i are deemed to be in the Conservation District, and are
governed by the Department of Land and Natural Resources through the submittal of
Conservation District Use Applications (CDUA), and issuance of board or departmental
permits. This project involves the use of submerged lands classified in the resource subzone,
and will require a board permit. The Department of Land and Natural Resources is
therefore the approving agency. The objective of the resource subzone is "to develop, with
proper management, areas to ensure sustained use of the natural resources of those areas"
(Hawaii Administrative Rules, 13-5-13). The proposed project includes identified land uses
permitted in the resource subzone (R): R-2, artificial reefs D1; and R-6, marine

_construction (installation of mooring buoy anchors/anchor pins, D1 (HAR, 13-5-24). A

board permit is required for this use. Voyager’s understanding is that land disposition will be
by a direct non-exclusive easement to Voyager, and that, prior to the issuance of the easement,
Voyager will be required to obtain Legislative approval by concurrent resolution and Governor
approval. Submerged lands are designated as ceded lands. Ceded lands are held in trust by the
State, and the appropriate use of ceded lands remains an unresolved issue.

The permits required for the proposed project and their status are outlined below:

0 Department of Land and Natural Resources, Conservation District Use (CDUA) -
- The CDUA has been submitted, and was accepted for processing on August 5, 1997.

o Department of the Army, Section 10 and Section 404 - The DA permit application
was submitted on May 15, 1997. A PROVISIONAL PERMIT was issued on
September 24, 1997. Following receipt of the signed permit documents from
Voyager Submarines, The Corps is prepared to issue a valid DA permit authorizing
the reef installation to proceed. The DA permit correspondance is included in
Sections 14 and 15. :

o Department of Health, Section 401 Water Quality Certification - The Section 401
WQC was issued on QOctober 13, 1997. The 401 WPC correspondance is included
in Section 15. '

o Office of Planning, Coastal Zone Management Program Certification of Consistency
- The CZM Consistency Certification was submitted on June 4, 1997. On August
25, 1997 the project was determined to be consistent with Hawaii’'s CZM program
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(see Section 15 for correspondance), on the conditions that the project features
outlined in the Environmental Assessment and this Environmental Impact Statement
are implemented. These features included: thoroughly cleaning the ships;
compliance with State DOH water quality standards; use of concrete ballast;
orienting the ships perpendicular to shoreline to minimize wave forces on the vessel;
and that mooring buoys on the sunken vessels are dedicated for public use.

Main aspects of the State’s Environmental Policy (Hawaii Revised Statutes, 344-3) are to
conserve natural resources, enhance the quality of life through industries which are stable
and in balance with the environment, and enhance the quality of life by establishing a
commitment on the part of each person to protect and enhance Hawaii’s environment and
reduce the drain on nonrenewable resources. This project and the Voyager submarine tours
are good examples of projects and an industry that are consistent with the State’s
Environmental Policy, particularly those facets of the policy listed above. The vessels sunk
on the site will be carefully prepared to serve as artificial reefs to promote coral and fish
growth. The mooring buoys placed in the vicinity will eliminate the need for anchoring in
the area, which is extremely destructive to corals. These steps will not only help conserve
Hawaii’s underwater marine resources, but will also enhance them. By promoting fish and
coral growth, the reefs will also improve the submarine tours, thereby encouraging an
industry that is in harmony with the environment. The submarine tours educate visitors on
Hawaii’s unique environment, and help foster a commitment to protect and enhance these
resources.

The proposed project is also consistent with State and National programs and policies.
Hawait initiated artificial reef development in the late 1950s to increase and improve fishing
opportunities for local fisherman (Kanenaka, 1994). This program continues today, and has
resulted in the creation of four artificial reefs, three around O‘ahu and one in Maui. The
program has also included the sinking of 5 vessels in nearshore waters around O‘ahu, and

several others in deeper water.

In 1985, a National Artificial Reef Plan was developed at the direction of the National
Fishing Enhancement Act of 1984 to enhance and diversify fishery resources, increase fishing
opportunities, and contribute to coastal economies. The plan presents technical quidelines
for creating and deploying artificial reefs. Steel ships are described as having been
successfully used as artificial reefs worldwide, and that they can provide excellent diving and
fishing opportunities (NOAA, 1985). The proposed project follows guidelines presented in
this national plan. '
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5.0 PROBABLE IMPACTS

Potential impacts of the proposed project can be categorized into initial impacts associated
with artificial reef and buoy installation, and longer term impacts associated with the
established artificial reef and diving operations. These are discussed below.

5.1 Impacts During Installation

As discussed in Section 2.2.4, the at-sea artificial reef deployment and installation should
be completed in one day per ship. Impacts should therefore be minimal. Possible impacts
include the introduction of pollutants into the water during sinking, damage to organisms
on the seafloor; and disruption of boating and ocean activities.

511 Inir ion of Pollutants Into the Water During Sinkin

The ships will be cleaned to U.S. Coast Guard, EPA and State DOH standards. Petroleum
products, potentially toxic materials and floatable debris will be removed. The ships will be
subject to inspection prior to deployment. A containment plan will be developed as a
precautionary measure in the event that unforseen pollutants are introduced into the water.

2,12 Damage to Seafloor

A possible impact during installation is damage to marine organisms on the seafloor by
uncontrolied sinking of the ship. This will be minimized by carefully locating and preparing
the reef deployment site and ship prior to sinking. ‘The reef sites have been carefully
selected on barren sand characterized by very limited macrobiota and fish occurrence
(Dollar, 1997; Appendix A) at least 100 feet from sensitive coral areas. Furthermore, the
few bottom dwelling organisms that may occur on the specific ship sites should be a very
minor component of the community. Sand flats extend nearly continuously across Mamala
Bay at a depth of 100 to 130 feet.

The precise location of the reef site will be marked with taut buoy, and a three or four point
mooring system for the ship will be emplaced prior to towing the ship to the site. The ship
will be ballasted to the maximum extent possible prior to towing to the site. The anchors
will be widely spaced, with a great deal of scope on the mooring lines. The pre-weighting
of the vessel and the widely spaced mooring system will allow precise control during sinking;
it is estimated that the vessel can be sunk within 20 feet of the desired location.
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513 Disruption of Boating Traffic and Other Ocean Activities

There may be temporary disruption of boating traffic and ocean activities during the day of
the towing of the vessel and sinking operations. The ocean activities survey conducted for
this project indicated that these impacts would be minimal. The present area users are
primarily fishermen, sailors, and canoe paddlers who are only transiting the area in their
respective boats. They typically pass either seaward or shoreward of the Voyager support
boats. Impacts will be further minimized by preparing the reef site and ship prior to towing
the ship to the site. For example, the ship will be ballasted to the maximum extent possible
at dockside, and the ship mooring system will completed prior to towing the ship to the site.

At sea operations should be completed in one day. The sinking and towing operations will

be closely coordinated with the U.S. Coast Guard.

Installation of the mooring pins and submerged buoys will entail the use of hand-held
hydraulic tools. This small scale work can be undertaken from 2 small boat and will be
completed by scuba divers in one or two days. Impacts should be therefore be minimal.

52 Long Term Impacts

Voyager proposes to place two vessels on their dive site off of Ala Moana Beach Park to
serve as artificial reefs to enhance the marine habitat and promote coral and fish growth.
Long term impacts of this project include those to the marine environment, to other ocean
activities and users in the area, and economic impacts. These are discussed below.

521 Marine Environmental Impacts

Artificial reefs have been extensively used around the world, in the U.S,, and in Hawai'i to
enhance fisheries. Between 1984 and 1994, for example, 21 coastal states in the U.S.
deployed over 220 artificial reefs in marine and estuarine areas; in total, there are over 650
artificial reef sites in U.S. coastal waters (Berger €t al., 1994). The State of Hawai‘i began
an artificial reef deployment program in the late 1950s that now includes shallow water sites
offshore of Wai‘anae, O‘ahu, in Maunalua Bay, O‘ahu, offshore of Keawakapu, Maui, and

»

a deepwater site in ‘Ewa, O‘ahu. These reefs have included several vessels.

Numerous studies have been completed on the impacts to the marine environment of
artificial reefs. The study results have consistently shown artificial reefs to be effective for
enhancing reef habitat and increasing fish biomass within the reef site. For this reason, and
to combat habitat destruction due to overfishing and environmental degradation, the
National Fishing Enhancement Act of 1984 directed the National Oceanographic and
Atmospheric Administration (NOAA) to develop and publish a long-term National Artificial

52



s T AR B P A Y YL T & =R AT e i Attt I .

L

.

o

L.

Reef Plan to promote and facilitate responsible and effective artificial reef use (NMFS,
1985). The plan states that "properly constructed artificial reefs can enharce fish habitat,
provide more accessible quality fishing grounds, benefit anglers and the economies of shore
communities, increase total fish biomass within a given area, and provide managers with
another option for conserving and/or developing fishery resources” (NMFS, 1985).

Locally, research has focused on the effects of the State artificial sites, and the Atlantis site.
The State program includes artificial reefs constructed of vessels, tire modules, concrete
building materials, concrete pipes, mid-water fish aggregation devices (FADs), auto bodies
and specially constructed modules. Surveys conducted periodically at the four State artificial
reef sites have shown that the reefs have attracted and sustained large numbers of fish and
other marine life to previously barren areas (Kanenaka, 1991).

In 1989, because of poor fish community development at their dive tour site, Atlantis
Submarines sank a 174-foot long ship at the site to develop additional benthic habitat and
enhance the abundance of marine resources. The Atlantis project provides a unique basis
for evaluating the possible impacts of the Voyager project because of the many similarities
between the Atlantis project and the proposed Voyager project. The similarities include the
following: 1) the same general location - at a depth of 100 feet in eastern Mimala Bay
(Figure 3.1); 2) similar reef materials are being used —- vessels properly prepared by
opening up the hulls and decks to water circulation and light; 3) the same use activity -

submarine dive tours.

Brock (1994) has monitored the effects of the sunken Atlantis vessel on fish communities
in the area. Visual censuses of the fish community were conducted prior to ship sinking,
and for 550 days following ship sinking (Brock, 1994). These results are presented in Figure
5.1. Prior to the artificial reef deployment, the visual censuses measured an estimated
standing crop of only 0.6 g/m? at the ship site, and 44 g/m? on the limestone flat adjacent
to the site. Following the ship deployment, the abundance of fish dramatically increased;
the mean standing crop of fishes during the 550 days of measurement was estimated to be
1165 g/m?, an increase of more than three orders of magaitude at the ship site, and a more
than 25-fold increase relative to the adjacent limestone flat (Brock, 1994). Great
fluctuations were also observed in the estimated fish crop due to fishing activity.

Recruitment and growth of corals on the sunken vessel were also monitored on the sunken
ship for five hundred and nine days after deployment (Brock et al, 1994). This study found
rapid growth of coral; approximately 250 colonies of Pocillopora meandrina and Porites
lobata were measured on upper surfaces of the ship, the largest measuring 129-299 cm?® and
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Figure 5.1.  Estimate fish biomass from September 1989 to January 1991 on the Atlantis
sunken sl:up (from Brock, 1994).
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the smallest 5-28 cm? The metal surface, strong currents and heavy grazing may promote
rapid growth on the sunken ship (Bailey-Brock et al, 1994).

Inspection of the wreck in April 1997 to assess possible impacts of the proposed Voyager
artificial reef revealed continued coral growth and colonization (Doltar, 1997; Appendix A)
High densities of corals were colonizing the horizontal decks of the sunken ship. Colonizing
corals were primarily Pocillopora meandrina and P. eydouxi, with an estimated density of 3
colonies per square meter. The only other corals noted were small (less than 10 cm in
diameter) colonies of Porites lobata. Corals were also observed on the vertical surfaces of
the ship’s hull, and in the interior spaces. However, only a few such corals were noted, and
their occurrence on these surfaces was very rare compared to abundance on the horizontal
decks. Similarly, corals on the natural substratum surrounding the ship were rare, in part

because basalt gravel used to anchor the hull had spilled out of the ship and covered the

surrounding bottom.

'Sunken vessels have also been observed to be a resting place for green sea turtles.

An unresolved issue is whether artificial reefs actually increase the production of fish, or
simply aggregate fish from the surrounding area. Numerous studies indicate that they
probably do both (Brock, 1987). Brock cited circumstantial evidence from studies conducted
in Maunalua Bay, O‘ahu, suggesting that artificial reefs do enhance local fishery stocks. This
enhancement occurs because the systems are probably shelter limited, rather than food
limited; the artificial reefs provide much needed shelter to the fish communities. More
recent research conducted on the Atlantis sunken ship, however, also revealed that the high
fish catch around the ship is probably far in excess of in situ production (Brock, 1994). This
suggests that much of what is being caught are fish that have been attracted to the reef.

There is also a concern that the aggregation of fish in the area will attract sharks, and may
therefore increase the risk of attack to users in the area. Data available on artificial reefs
in Hawaiian waters indicates that this concern is unfounded. This worry was voiced in
particular during the period when Atlantis personnel were feeding fish at their site. In
response to this perceived risk, fish feeding was limited, and the State of Hawai‘i Legislature
requested that DLNR study the correlation between artificial reefs, fish feeding and shark
risks to inshore recreational users. This study was completed in 1994 (DLNR, 1994), and
could not show a relationship between artificial reefs, fish feeding and risks from sharks.
In fact, the DLNR study did not observe any sharks at the Atlantis site, but did observe
sharks at a nearby natural reef that was used as a control site. Similarly, Brock (1995) states
that in 31 years of underwater surveying, representing hundreds of censuses, he has sighted
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a number of sharks over natural substratum, but never around an artificial reef. This
includes over 300 manhours deploying, constructing and monitoring the artificial reefs in
Moanalua Bay from 1985 to 1989, and over 200 manhours surveying the Atlantis artificial
reef. Only a small whitetip reef shark was sighted at the Atlantis reef (Brock, 1995).
Furthermore, from 1779 through 1995, there have been 112 encounters with sharks; none
have occurred on any of the Hawaiian artificial reefs (Brock, 1995). The only documented
shark encounter in the Waikiki area occurred in the 1950s and was apparently provoked.

The most comprehensive data set has been compiled by the Atlantis submarine pilots
(Brock, 1995). Beginning in 1993, they have compiled 20,200 hours observing and logging
unusual marine sitings, including sharks. Only 8 large, potentially dangerous sharks (defined
as all sharks 8 feet or greater, and all tiger sharks of any size) have been sited. This is
equivalent to one shark per 2527 hours of observation (Brock, 1995). Only 27 potentially
aggressive sharks have been sited, equivalent to one shark per 749 hours of observation.
These are defined as tiger, gray reef and hammerhead sharks, as well as any unidentified
shark greater than 4 feet in length and any unidentified shark where size was not noted,

Brock (1995) concludes that although there is no controlled study with which to definitively
evaluate the shark observation data described above, the data collected to-date suggests that

the Atlantis artificial reef is not particularly attractive to large sharks or shark species that
are dangerous to humans.

In summary, artificial reefs have been shown to be effective in enhancing reef habitat and
increasing fish biomass in the reef site. A National Artificial Reef Plan has been developed
to promote and facilitate effective use of artificial reefs because artificial reefs have been
shown to increase fish habitat and fish biomass within a given area, and provide managers
with options for conserving or developing fishery resources (NMFS, 1985). Sunken ships
have been successfully used as artificial reefs, acting as a high profile benthic reef, and
providing excellent diving and fishing opportunities (NMEFS, 1985). Research conducted on
the Atlantis sunken ship has revealed dramatic increases in fish populations in an area that
was nearly featureless and devoid of substantial biotic community. The ships also resulted
in rapid coral growth, On the decks of the ships at the Atlantis site, coral abundance is
substantially higher than on the surrounding natural substratum. The proposed Voyager
project to sink two ships to serve as artificial reefs, and place submerged mooring buoys at
the site, should therefore result in a long term beneficial impact to the marine environment.

322 Possible Impacts During Storms

The Atlantis artificial reef has illustrated two possible impacts to the marine environment
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that could occur during storm conditions: displacement of gravel ballast from the ship to the
surrounding seafloor, and movement of the ship itself. The sunken yard oiler at the Atlantis
reef site was ballasted with gravel. During Hurricane ‘Iniki, much of the gravel was
transported out of the ship’s hull and deposited on the surrounding bottom. Movement of
this gravel during future storms may resuit in damage to surrounding benthos. This problem
will be avoided in the Voyager artificial reefs by using concrete to ballast the sunken ships.
Concrete has been found to be an excellent artificial reef material. It is highly durable and
stable, and can be cast into a variety of shapes (NMFS, 1985). Experiments conducted in
Kane‘ohe Bay also found conctete to be highly favorable for growth of coral and other

sessile organisms (Fitzhardinge and Brock, 1989). This study recommended concrete for |

reef construction because it has a similar texture and chemical composition to coral, and is
durable in seawater.

Storm waves produced by Hurricane ‘Iniki also caused the Atlantis sunken ship to move.
Movement by a sunken ship could cause damage to coral and other benthic organisms in
the area. Recent hurricanes and analyses conducted by Sea Engineering (SSFM, 1994)
indicate that previously used design wave heights may be significantly undersized. These
analyses have shown that the appropriate deepwater design wave height for the south shore
of O‘ahu (Table 3.3) may be up to 70% higher than those used in the past.

Voyager will avoid possible impacts to the marine environment caused by ship movement
during storms by utilizing the much more conservative wave heights (Section 3.1.5) for the
ship anchoring analysis. This should result in sufficient concrete ballast being placed in the
ships to prevent movement during severe storms and hurricanes.

523 Economic Impacts

Voyager is part of the rapidly growing recreational diving industry and ocean recreation
industry. The ocean recreation industry was projected to generate $748 million in 1995
(Tabata and Reynolds, 1995). The recreational diving industry (excluding submarine

- operators) grew from $7 million in revenues in 1982 to $27 million in 1990. Atlantis

submarine revenues in 1990 were estimated to be $8.05 million in O‘ahu alone (Brock,
1994). Thus, Voyager is part of a rapidly growing and increasingly important industry group
in the Hawai‘i economy. The rapid growth underscores the importance of protecting and
managing the ocean resources that support the industry. Priority areas for improvement and
assistance that were cited in a survey of industry members include creating artificial reefs
for habitat enhancement, and promoting the use of day-use moorings to prevent anchor
damage to corals (Tabata and Reynolds, 1995). The proposed Voyager project will help
fulfill these needs, and thus benefit the industry.
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Brock (1994) also conducted an economic analysis of the use of the Atlantis sunken ship
reef. He concludes that deployment of the artificial reef for non-consumptive uses such as
a dive tour destination is the best use of the artificial reef. Returns from consumptive uses
are estimated to be only 4% of the annual net profit of the dive tours at the Atlantis site.
Furthermore, siting artificial reefs for non-consumptive purposes in unproductive areas with

poorly developed marine communities serves to decrease use and pressures on nearby more
productive and pristine habitats (Brock, 1994).

Table 3.7 presented results of vessel traffic surveys conducted in submarine operating area for
this project and also in 1986 for Atlantis Submarines. The recent surveys illustrated that the
number of vessels transitting within 500 feet of the site ranged from 4.6 per hour to 1.8 per hour
on a day with overcast moming skies. This activity was slightly less than activity recorded in
1986, when an average of 4.9 vessels per hour were recorded.

Future additional traffic at the site can be estimated utilizing current activity at the Atlantis
artificial reef sites. Atlantis reports that an average of 6 vessels daily utilize their reef sites. A
similar number can be expected to utilize the Voyager reef sites. This increase is equivalent to
slightly less than 1 boat per hour, and is not expected to impact public safety or cause hazards.
Voyager intends to minimize possible hazards by facilitating access to the site. Surface bouys
will be attached daily to submerged bouys marking the artificial reef locations. The surface
bouys will show boaters and users where the sites are, and will provide safe, easy mooring. The
surface bouys will also prevent anchoring, which is destructive to coral, and hazardous to divers.
Furthermore, in the event of an emergency, Voyager has support vessels continuously stationed

at the site during operating hours, equipped with first aid equipment and operators, and constant
communications to shore.

Possible impacts to existing users and futures site users are further discussed below.

Existing Site Users: At present there are only two users who conduct activities on the ocean
bottom in the immediate area of the project site: the ccean engineering students and staff
of the University of Hawaii’s Look Laboratory, and one commercial trap fisherman.

The Look Lab staff has already resolved any potential conflict by simply abandoning the

sites along Voyager’s route and has re-established them elsewhere. The placement of the
two vessels will have'no further impact on the Look Lab operations.
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The second area user who conducts activities on the ocean bottom in the immediate area
of the project site is a Hawaiian commercial trap fisherman, one of three who operate
between Waikiki and Barbers Point. He is a retired employee who traps on a part time
basis for supplemental income. His area, defined by an informal agreement with the other
two fishermen, is from Waikiki to the Reef Runway. One of his traps is set at the base
of a ledge along the submarine tour Toute, a site that he has been using for over 30 years.
He notes that this particular site is the only productive one in this area. He checks his traps
once a week, usually on a Saturday, typically spending 30 to 60 minutes at the site. When he
comes to check his trap, the Voyager support vessels notify the submarines below. The trapper
operates with a small boat, and uses a SCUBA diver to emply the trap or bring it to the surface.
There have been no conflicts between his activities and the Voyager operations. Voyager’s
operations are not expected to change as a result of this project, and therefore, there should
continue to be no conflicts between Voyager and the trapper. The placement of the ships should
enhance his catch by increasing the biomass in the area. There will also be an increase in the
number of divers and fisherman in the general area; Atlantis reports that an average of 6 boats
utilize their site daily. The diving activity should be focused on the sunken ships, which will be
located in barren sandy seafloor at least 100 feet away from the reef ledge where the trap is
located. In addition, Brock’s (1994) study of the Atlantis artificial reef showed even in the
presence of increased fishing at the site, the overall fish crop at the site increased dramatically
Jollowing installation of the artificial reef. Thus the overall impacts of the project on the trap
fisherman are expected to be positive by increasing the biomass in the area.

Other users of the water in the general area include canoe paddlers, and surfers and
swimmers. The site is seaward of the most commonly used training runs between Ala
Moana and Kewalo Harbors. In addition, most canoe training takes place either before or
after normal working hours. Impacts should therefore be minimal. Some paddlers, and
others as well, expressed concern that the increased biomass on the artificial reef will
include more sharks and, therefore, increase their chances of being attacked while they are
in the water practicing their long distance changes. However, another very popular training
course is from the Ala Wai Canal to the Diamond Head Buoy. This route crosses the

Atlantis dive site, and there have been no reported shark incidents associated with that
artificial reef installation.

In Voyager’s three years of operations at the site, there have been no conflicts with the
existing tour boat industry. The vessels simply adjust courses to pass inshore or offshore of
the site. After 5 p.m. even this step becomes unnecessary. The installation of the artificial
reef should assist the local tour boat industry by enhancing diving and fishing opportunities.
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Ala Moana Beach Park, including Magic Island and Ala Moana Reef are two of the most
heavily used shoreline recreational sites in the survey area and in the city of Honolulu. The
project site, however, is 3/4 mile seaward from the park and its nearshore swimming area
(Figure 1.2). Placement of the sunken ships should not produce any negative long term
effects on any on the activities on the reef or shoreward of it. If anything, the artificial reef
may contribute to the overall biomass in the area and provide more nearshore consumptive
possibilities, especially for fishermen.

Surfing: Numerous popular surfing sites are located along the seaward edge of Ala Moana
Reef, and they include from east to west: Islands, Americas, Bombora, Baby Hale‘iwa, Big
Lefts, Courts, Concessions, Big Rights, Shallows, In Betweens, Kewalos, Point Panic and
Flies. The general location of these surf sites is shown in Figure 5.2, and also in Figure 1.2
(the whitewater illustrates where the waves are breaking). The figures show that the project
location is 1/2 mile seaward from the nearest surfing site on Ala Moana reef, and thus will
not directly affect surfers. Voyager has been operating at the site since 1994 without
negatively impacting surfers. Operations will not notably change after the artificial reefs are
installed, and thus there should be no operational impacts to surfers resulting from this
project.

Some surfers, however, have expressed a concern that the sunken ships may change the
contour of the ocean bottom and, therefore, change the characteristics of the surfing waves
at the edge of the Ala Moana reef. A surfing wave is the result of complex interactions
between the wind, water, seafloor, other waves and currents. As all surfers know, waves at
a particular site may change many times over the course of a day, either subtly or
dramatically due to changes in the tide level, wind, swell direction and wave period. Waves
entering shallow water arc transformed by shoaling, refraction, breaking and energy
dissipation. All of these factors would have to be considered to assess possible impacts on
surfing waves. There are three general ways to assess possible impacts: physical modeling,
numerical modeling, and comparison with existing similar situations. Physical modeling
involves the construction of a linear scale hydraulic model that replicates the area of
interest. It requires detailed reconstruction of the site bathymetry, bottom characteristics and
wave characteristics. Refraction analyses are then required to transform deepwater waves
to shallow water values at the location of the wave generator in the model. There are
several major problems associated with applying physical models for this project. First, it
would be extremely difficult to exactly replicate bathymetry in the area. Surfing waves are
sensitive to the intricate bottom features at the point of breaking which would be difficult
1o recreate. Second, physical models incorporate numerous scale effects which are difficult
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to eliminate, For example, viscous scale effects usually require that the model bottom be
fixed and as smooth as possible (Bottin, 1992). This may introduce inaccuracies in wave
generation. In addition, bottom attenuation effects, including friction, sediment movement
and percolation are difficult to replicate in a physical model (Bottin, 1992). Thus, it would
be almost impossible to construct a physical model which would accurately replicate the
surfing characteristics at Ala Moana reef, let alone determine any subtle changes the sunken
ships might have on the waves.

Numerical modeling entails using mathematical equations, coded into computer programs,
to simulate wave generation and transformation. Because wave theories are inexact,
numerical modeling of waves incorporates numerous assumptions. These assumptions are
designed to simplify the mathematical formulations, but they also introduce errors into the
results. For surfing, breaking is the most important stage in the wave transformation. At
a certain depth, a wave will become unstable and break, dissipating its energy in the form
of turbulence and bottom friction. Yet because of the complexities of turbulence and wave
nonlinearities, this is an area of active research (Dean and Dalrymple, 1984) that is not
currently well represented mathematically. Empirical formulations based on wave tank
studies are used to determine critical wave breaking parameters in most models (Sorenson,
1993). Furthermore, in a numerical model, bathymetry is represented by a numerical grid.
This, by definition, requires smoothing of the bottom features, and introduces errors into
modeling of wave transformation. In general, the inaccuracies introduced by the numerous
assumptions inherent in numerical models would obscure delineation of any many minor
changes that could occur to surfing waves due to a distant relatively small, offshore feature,

Possible impacts of this project on surfing waves can be best assessed by evaluating similar
existing situations. Concerns about effects on surfing waves has been expressed prior to the
sinking of other vessels for artificial reefs around the O‘ahu. Table 5.1 lists eight vessels that
have been sunk in nearshore waters around O‘ahu to serve as artificial reefs,

Each of these vessels is located offshore of surf breaks. Figure 5.3 illustrates the general
location of surf sites inshore of the Atlantis sunken ships. The Atlantis site also includes
artificial reef modules and airplanes. At least 18 surf breaks exist inshore of the Atlantis
vessels, These include several famous breaks such as Rice Bowls, Castles, Old Mans,
Publics, Canoes and Queens, Similarly, Figure 5.4 illustrates surf sites located inshore of
the Mahi sunken ship off of Ma‘ili Beach. Approximately 7 breaks are located in this area,
A 110 foot long barge is also located in the general vicinity of the Mahi. In addition, four
barges have been sunk in nearshore waters in Maunalua Bay.

5-12



Table 5.1. Sunken Vessel Artificial Reefs in O‘ahu

Vessel Site Length  Depth Year
Y0257 Atlantis-Waikiki 174’ 100° 1989
San Pedro Atlantis-Waikiki 110’ 80’ 1996
Mahi Wai‘anae 165° o 1982
barge Wai‘anae 110 2114 1984
barge Maunalua Bay 160° 85’ 1985
barge Maunalua Bay 100° 70’ 1985
barge Maunalua Bay 113 70 1994
barge Maunalua Bay 26’ 70 1994

There have been no reported impacts of any of these vessels on the surfing waves (Division
of Aquatic Resources, DLNR; personal communication). This incorporates 8 years of
surfing at some of the most popular surf sites in Waikiki, which are also probably some
of the most heavily surfed spots in the world, and 15 years of surfing in Ma‘ili. Depth is the
most important factor affecting waves. The proposed Voyager ships will be placed in
relatively deep water, approximately 90 to 105 feet, and thus will be deeper than the San
Pedro at the Atlantis site and all of the barges in Maunalua Bay. The Voyager sunken ships
will also be oriented perpendicular to the shoreline to present minimal surface area to
approaching waves. These ships should therefore also have no impact on surfing waves
inshore of the site,

Future Site Users: The situation with the trap fisherman’s activities and the Voyager
operations is representative of a larger situation which may occur after the artificial reef is
established: the potential conflict between future consumptive and non-consumptive
activities, Voyager is establishing the artificial reef to enhance the growth of coral, fish and
invertebrate species in an area that is presently barren and unproductive. The reef in turn
will provide a unique viewing opportunity for Voyager’s passengers and other dive groups.
Diving on sunken ships is a major attraction for scuba divers. Sunken ship diving is also an
important option for scuba tour operators to offer their customers. The artificial reef with
its two vessels will be a focal point for resident recreational divers and for commercial scuba
tours. It will be easily accessible by boat with its close proximity to the two major public
boat ramps in Honolulu, the Ala Wai Boat Harbor and the Ke‘ehi Boat Harbor ramps. The
reef’s depth at 90 to 100 feet will preclude introductory divers, but will be accessible to
divers of intermediate and greater ability. At the same time, the ships will attract
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consumptive users such as underwater spear, net and trap fishermen. Consumptive users
are typically fairly experienced divers who will have no difficulty accessing the site. Atlantis
reports that an average of 6 boats utilize their reef site daily. A similar number is expected to

utilize the Voyager site.

The potential conflicts will be minimized by facilitating access to the artificial reef sites for
all users. Voyager understands it will have non-exclusive use of the area in which it
operates and will not limit access to the area. In fact, Voyager will encourage recreational
use of the site. To facilitate access, Voyager proposes to install six submerged mooring
buoys at the site: one on each sunken ship, and four others in the immediate vicinity of the
ships. The two buoys on the ships will be exclusively open for other site users. Two other
buoys will be used to moor the Voyager support vessels. The remaining two will be shared
by Voyager, and other site users; Voyager anticipates occasionally using these to tie off a
submarine when it is not in use. Day-use surface mooring buoys will be attached to the
submerged buoys daily by the Voyager personnel. The surface buoy will alert divers and
fishermen to the position of the ships, and will provide them with an easy and safe
alternative to anchoring. Anchoring is destructive to coral reefs, and also might endanger
the divers and submarines below. The mooring buoys available to the general public will
also be available to consumptive users in the hope of encouraging environmentally benign
anchoring.

The artificial reef may also attract surface fishermen who presently pole or bottom fish rom
boats either seaward or shoreward of the project site. One of the night fishing cruise boats
has already expressed interest in fishing on the site after dark. This should not present a
problem, since Voyager does not operate after dark. Experience with the intermittently
closed or "kapu" areas off Waikiki has shown that pole fishing has a relatively low impact
on the biomass at a site.

53 Significance Criteria

The Significance Criteria defined in the Environmental Impact Rules (Hawaii
Administrative Rules, 11-200-12) are typically applied during an environmental assessment
to determine if a project may have a significant effect on the environment, and thus require
preparation of an environmental impact statement. Although the significance criteria
indicate that the proposed project is not expected to have significant environmental impact,
Voyager has elected to follow the entire environmental review process, and complete Draft
and Final Environmental Impact Statements to provide agencies and the public with every
possible opportunity for input and review.
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The significance criteria findings for the project are as follows:

a.

rh

The proposed project should not involve loss or destruction of any natural or
cultural resource. The project site is barren, unproductive sand flats. Placement of
an artificial reef should enhance the natural resource by enhancing marine habitat
and promoting coral and fish growth.

The proposed project should not curtail the range of beneficial uses of the
environment.  Rather, the project should enhance beneficial uses of the
environmental by promoting fish and coral growth, and providing sites for diving and
fishing activities.

The proposed project does not conflict with the State’s long-term goals or guidelines.
Rather, the project is consistent with the State’s policy to conserve natural resources,
enhance the environment and create opportunities for the residents of Hawai‘i to
improve their quality of life through diverse economic activities which are in balance
with the physical and social environment. The proposal artificial reefs should
enhance the marine environment and should encourage the environmentally safe
diving industries that showcase Hawaii’s unique environment.

The proposed project should not adversely affect the economic or social welfare of
the community or state. The project should benefit the State’s ocean recreation
industry, and also recreational divers and fisherman.

The proposed project should not substantially affect public health.

The proposed project should not involve substantial secondary effects, such as
population changes or infrastructure demands. Voyager currently operates at the
proposed site. The proposed project should have little effect on their existing
operations.

The proposed project should not involve substantial degradation of environmental
quality. The project should improve the environment by enhancing habitat and
promoting fish and coral growth.,

The proposed project should not cumulatively have considerable effect on the
environment, or involve a commitment to larger actions.

'The proposed project should not affect a rare, threatened or endangered species or
its habitat. The artificial reefs will provide additional habitat and resting places for
green sea turtles,

The proposed project should not detrimentally affect air or water quality or ambient
noise levels,

The proposed project should not affect an environmentally sensitive area. The
project site is barren, unproductive sandy seafloor at depths of 80 to 100 feet that
should benefit from placement of an artificial reef.

The proposed project should not affect scenic vistas and viewplanes identified in
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county or state plans or studies. The artificial reefs will be installed in 80 to 100
feet of water, in barren, sandy seafloor.

The proposed project should not require substantial energy consumption. The
energy required for this project is only that required to prepare the vessels -
cleaning, ballasting, towing to the site, and sinking. After deployment, there should
be no energy consumed.
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6.0 RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF THE
ENVIRONMENT AND MAINTENANCE AND ENHANCEMENT OF LONG-TERM
PRODUCTIVITY

The short term uses of the environment for this project are primarily associated with the
deployment and installation operations. This includes towing, mooring and sinking the
vessels at the designated locations. At sea operations should be completed in one day per
ship. Installation of the mooring pins and submerged buoys can be undertaken from a small
boat and will be completed by scuba divers in one or two days. Short term uses of the
environment will therefore be negligible.

The proposed project should result in numerous long-term benefits and enhancements of
productivity. These include the following: enhanced fish and coral populations in the area;
great reduction in coral damage caused by anchoring; increased recreational fishing and
diving opportunities for the public; an improved submarine tour for visitors resulting in
increased economic opportunities for Hawai‘i residents; additional diving attractions for the
dive industry. In addition, the multiyear biological monitoring program that will be
conducted will provide valuable information on Hawaii’s marine environment that can be
used in the future to effectively manage this resource.
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1.0 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

The proposed project entails sinking two steel ships in 90 to 100 feet of water onto sandy
substrate in the Voyager Submarines dive site. Due to the extreme degree to which the
ships will be weighted down to prevent movement during severe storms, this action can be
considered irreversible and irretrievable. The sites have been carefully selected on barren
sand characterized by very limited macrobiota and fish. These sandy areas, the size of the
length and width of the ships, will be permanently lost as habitat. However, the few bottom
dwelling organisms that might occur on the specific ship sites should be a very minor
component of the community; sand flats extend nearly continuously across Mamala Bay at
depths of 100 to 130 feet.

The proposed action will not make use of non-renewable resources and will not irreversibly
curtail the range of potentiul uses of the environment. To the contrary, the project will
increase the range of potential uses of the area by providing improved diving and fishing
opportunities, and increased access through the use of mooring buoys.

Environmental accidents that may occur in this project include the following:

o ‘The unforseen release of pollutants into the water during deployment - the vessels
will be thoroughly cleaned and inspected prior to deployment, and a containment
plan will be in place to counter the unforseen release of pollutants into the water.

o Damage to coral on the seafloor during vessel sinking - the reef sites will be
carefully located in barren sand substrate, 2 minimum of 100 feet away from
sensitive coral areas. The sinking process will be carefully controlled to ensure the
ship settles in the designated location.

o Damage caused by movement during storms - Voyager will prevent possible impacts
caused by ship movement during storms by ballasting with concrete, and utilizing
very conservative design wave heights determined following Hurricanes Iwa and
Iniki. This should result in sufficient concrete ballast being placed in the ships to
prevent movement during severe storms and hurricanes,
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8.0 PROBABLE ADVERSE ENVIRONMENTAL EFFECTS WHICH CANNOT BE
AVOIDED

The adverse environmental effect of this project which cannot be avoided is the loss of a
small area of sandy seafloor that may serve as habitat for bottom dwelling organisms. This
area is only 100 to 200 feet long and 40 feet wide. The few bottom dwelling organisms that
may occur in this area represent a very minor portion of the community. Sand flats extend
nearly continuously across Mamala Bay at a depth of 100 to 130 feet.

Minor unavoidable impacts may also include the temporary disruption of boating traffic and
ocean activities during towing of the vessel and sinking operations. The ocean activities
survey conducted for this project indicated that these impacts would be minimal, and at sea
operations should last only one day per ship.
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9.0 MITIGATION MEASURES

Numerous mitigation measures have been incorporated into this project to minimize
possible impacts. These include the following:

1) The sunken ships will be thoroughly cleaned to U.S. Coast Guard, EPA and State DOH
standards. Hazardous holds will be sealed, all doors and hatches will be removed, and
cables, lines and wiring that pose entanglement hazards will be removed. The ships will be
inspected by all interested agencies prior to deployment,

2) The reef sites will be carefully selected on barren sand substrate, and will be a minimum
of 100 feet away from sensitive coral areas. The sites will be approved by interested
agencies prior to deployment.

3) The ship sinking procedure will be carefully controlled to precisely drop the ship on the
designated location. This will be accomplished by preweighting the ship at the dock,
precisely locating the reef site with taut buoy, and controlling the sinking with a three-point
mooring system.

4) Concrete will be used to ballast the ships. The gravel used to ballast the Atlantis spilled
out of the ship and spread on the seafloor during Hurricane “Iniki. Use of concrete will
prevent this impact.

5) The anchoring analysis will use the conservative design waves that have been developed
as a result of the severe waves generated by Hurricanes Iwa and Iniki, These waves are up
to 70% higher than those that have been used in the past. This should prevent movement
of the ships during severe storms and hurricanes,

6) Six submerged mooring buoys will be permanently installed at the site; one on each
sunken ship, and four others in the immediate vicinity of the ships. The two buoys on the
ships will be dedicated for public use, two will be shared by Voyager and the public, and two
will be dedicated for use by the Voyager support vessels. This will provide 2 minimum of
two, and up to four, mooring locations for interested site users. This open access to the site
will mitigate possible use conflicts at the site, and should greatly reduce possible anchor
damage to coral.

9-1
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7) A comprehensive biological monitoring program will be implemented upon reef
deployment. This program will last a minimum of three years, and will include surveys every
3 to 4 days during the first two weeks, every week for the next two weeks, every 10 days for
the next 2 months, and every 2 weeks thereafter. The monitoring will include semi-
quantitative surveys of fish communities, and estimates of crop values, turnover and
community stability. The monitoring will provide important information on the marine
biological community in the area, and habitat enhancement.
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100 ALTERNATIVES CONSIDERED

Voyager considered three alternatives to the proposed project: 1) establishing the ship
artificial reef at another site; 2) utilizing a different type reef structure; and 3) continuing
present operations with no artificial reef. Use of the Atlantis artificial reef site was not an
alternative considered for this project for the reasons outlined in 10.1 below. Evaluation
of these alternatives must consider Voyager’s present operational status. Voyager currently
offers submarine tours at a site approximately 3/4 mile offshore of Ala Moana Beach Park
(Figures 1.1 and 1.2). Their facilities have been planned to support operations at this site,
and include: a maintenance facility in Pier 41 Honolulu Harbor where the two submarines
and two support vessels are docked and maintained; an operations office in Kewalo Basin;
a passenger embarkation pier in Kewalo Basin where the Voyager passenger transfer vessel
- a 72 foot wooden/fiberglass catamaran ---loads and unloads passengers; and a corporate
office in the Dole Cannery.

10.1  Atlantis Artificial Reef

When Voyager commenced operations in 1994, their initial preference was to operate at the
established Atlantis artificial reef site. U.S. Coast Guard safety concerns about operating
more than three submarines at a particular site, and additional concerns about two
competitive companies operating at the same site led Voyager to agree to select an
alternative dive site - their present dive site offshore of Ala Moana Breach Park.

10.2  Alternative Reef Sites

The major factors considered in selecting a submarine operating site include a harbor
capable of accomodating the submarines, support vessels and maintenance facilities; a
loading area close to a tourist center; a dive site sufficiently close to the loading area (within
10 to 20 minutes transit time); relatively calm sea and current conditions; underwater
attractions within a depth range of 60 to 150 feet; and good underwater visibility. These
factors were all conmsidered to select the current operating setup described above.
Operations out of Honoulu/Waikiki were deemed essential for establishing a financially
viable tourist attraction. The north and windward shores of O‘ahu do not have adequate
harbor facilities and are characterize by rough sea conditions. Alternative operating sites
on the leeward coast or ‘Ewa could operate out of Barbers Point Harbor, but would entail
long travel time either on land or in the water or both. This would increase transportation
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costs, reduce the number of submarine trips possible during the day and reduce the
customer base, thereby jeopardizing the financial viability of the submarine operation.
Thus, the only feasible alternative sites considered for this artificial reef project are those
with reach of the current operational setup --- passenger loading and transit out of Kewalo
Basin, and submarine operations out of Honolulu Harbor. Alternative sites include areas
offshore of Waikiki, Kaka‘ako, Sand Island and Ke‘ehi Lagoon. Offshore of the Reef
Runway west of Ke‘ehi Lagoon, waters are restricted by the Navy. Areas offshore of
Kaka‘ako, Sand Island and Ke‘ehi Lagoon are closer to major shipping channels of Honolulu
Harbor. Sites offshore of Waikiki are currently heavily used by commercial operators and
recreational users. The current operating area offshore of Ala Moana is therefore the
preferred operating site in the general vicinity. Voyager has been successfully operating at
their site for three years. In addition, the barren, sandy bottom conditions at this site are
ideal for placement of an artificial reef.

' 103  Alternative Reef Structures

There are two basic types of artificial reefs: those made from materials of opportunity, and
those made with specially fabricated materials. Materials of opportunity include such items
as ships and vessels, surplus concrete, tires, and rocks and stones. Fabricated reef materials
include such objects as multi-chambered modules of various shapes made of concrete or
fiberglass reinforced plastic. Although there have been numerous studies evaluating the
effectiveness of various artificial reefs in enhancing fishery resources, there have been no
comparisons of the effectiveness of ships versus other reef configurations. Steel ships have
been found to be excellent artificial reefs (NOAA, 1985). They are durable, provide high
relief, are open to water circulation (when holes are cut into the hulls), have large amounts
of surface area per unit volume, and offer complex internal spaces --- all important criteria
for reef effectiveness. Studies conducted on the Atlantis sunken ship have shown dramatic
increases in fish population, and rapid coral growth (Brock, 1994). Specially fabricated
modules also meet these criteria and can serve as effective artificial reefs.

There is an additional important requirement for this project - the reefs should be visually
attractive to viewing passengers. Sunken ships are uniquely appealing to viewing passengers,
and divers. The ship Mahi, sunk in 90 feet of water off the Wai‘anae coast in 1982, was the
most popular dive site on O‘ahu in a survey conducted in 1986 (Tabata, 1992). An informal
survey of Atlantis passengers who view both the sunken ship and the reef modules at the
site indicates that the modules were not visnally attractive,
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Because of the percieved lack of appeal of fabricated modules, Voyager has elected to
install two ships as artificial reefs on their dive site,

104  Maintain Present Operations

Maintaining operations as they are at present is an alternative to the proposed project.
Much of the present submarine tour route, however, is relatively barren, unproductive sand
flats. An artifictal reef in this area could enhance the marine habitat and promote fish and
coral growth, and provide an additional attraction for submarine passengers. This would
benefit the marine environment, Voyager and other commercial and recreational users.
Mooring buoys in the area would prevent coral damage caused by anchoring. Maintaining
operations as they are will provide none of the environmental benefits contained in this
project, and will result in a less attractive tourist product for Voyager Submarines. This
could possibly result in a less viable business, and loss of jobs. Voyager currently employs
100 in their submarine business.
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11.0 UNRESOLVED ISSUES

An unresolved issue associated with this project is whether artificial reefs locally enhance
sustainable production or simply aggregate resources already present in the area. Japanese
studies generally report that properly designed and sited artificial reefs can increase
production of fishes (Brock, 1984). Other researchers are concerned that artificial reefs
aggregate fish to one location, increasing their chance of being caught. Brock (1994) has
completed detailed surveys of fishery resource enhancement at the Atlantis sunken ship
artificial reef. His results showed dramatic increases in fish abundance at the site,
punctuated by rapid declines caused by net and other type fishing at the site. The fish catch
at the site exceeds reef production estimates, indicating that many of the fish being caught
have aggregated to the site. Although reefs may aggregate fish to the site increasing their
susceptibility to being caught, artificial reefs sited in presently unproductive areas may also
be relieving use and pressure on more productive and pristine habitats nearby (Brock, 1994).
Brock concludes that the exploitation (fishing) and viewing of marine life at a single location
may not be compatible activities. However, artificial reefs established as dive tour
destinations provide economic returns that are much greater than fishing, serve to diversify
the economic base, and can have substantial beneficial impacts through marine education
(Brock, 1994).

A multi-year comprehensive biological monitoring program will be undertaken when the
artificial reefs for this project are installed. This program will evaluate the effects of the reef
on the marine biology in the area, will help address the issues discussed above, and will
provide important information for effectively managing Hawaii’s marine biological resources.

Another unresolved issue is that the project involves use of submerged lands, which are
designated as ceded lands. Ceded lands are held in trust by the State, and the appropriate use
of ceded lands remains an unresolved issue.
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120 AGENCIES AND ORGANIZATIONS CONSULTED

Federal

Environmental Protection Agency

National Marine Fisheries Service, NOAA

Naval Base, Pear]l Harbor

U.S. Geological Survey

U.S. Coast Guard

U.S. Fish and Wildlife Service

U.S. Army Corps of Engineers, Pacific Ocean Division

State

Department of Defense

Department of Land and Natural Resources, Boating and Ocean Recreation Division
Department of Land and Natural Resources, Division of Aquatic Resources
Department of Land and Natural Resources, Land Division

Department of Land and Natural Resources, State Historic Preservation Division
Department of Business, Economic Development and Tourism, Ocean Resources Branch
Department of Transportation, Harbors Division

Department of Health, Clean Water Branch

Environmental Center, University of Hawai‘i

Office of Environmental Quality Control

Office of Hawaiian Affairs

Office of Planning, Coastal Zone Management Program

Representative, 25" District

Senator, 12" District

City
Ala Moana Kaka‘ako Neighborhood Board
City Councilmember, District V
Department of Land Utilization
Department of Parks and Recreation
Department of Planning

Department of Transportation Services
Fire Department
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Aaron’s Dive Shops
Ala Moana Beach park lifeguards
Ala Moana Beach Park park supervisor
Aloha parasail
Honolulu Bodysurfing Club
Honolulu Fire Department rescue personnel
Kewalo Basin and Ala Wai Boat Harbor agents
Koa Kai and Lokahi Canoe Clubs
Long-time (25 years plus) Ala Moana Reef area surfers
Motorized surfboard fishermen
Navatec captains
Night fishing cruise boat "Elua"
Ocean Innovators
Save Our Surf
Trap fishermen

University of Hawai‘i, Department of Ocean Engineering and Look Laboratory

Various Kewalo Basin cruise and charter boats
Voyager Submarine operations staff

Waikiki Roughwater Swim Committee
Waikiki Yacht Club and Hawaii Yacht Club
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13.0 PREPARERS

Sea Engineering, Inc. - preparation of the Draft Environmental Impact Statement.

Marine Research Consultants - Marine Biological and Water Quality Assessment.

John Clark Planning Consultant - Ocean Activities Survey and Impacts.
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140 COMMENTS AND RESPONSES TO DRAFT ENVIRONMENTAL IMPACT
STATEMENT

List of Organizations and Individuals Commenting

Ala Moana/Kaka‘ako Neighborhood Board No, 11

City and County of Honolulu, Chief Planning Office

Department of the Army, Planning and Operations Division

State of Hawaii, Department of Business, Economic Development & Tourism, Office

of Planning

State of Hawaii, Department of Defense, Office of the Director of Civil Defense

State of Hawaii, Department of Health, Director of Health

State of Hawaii, Department of Health, Deputy Director for Environmental Health

State of Hawaii, Department of Land and Natural Resources, Historic Preservation

Division

State of Hawaii, Department of Land and Natural Resouces, Division of Aquatic

Resources

State of Hawaii, Department of Land and Natural Resources, Land Division

State of Hawaii, Office of Environmental Quality Control

State of Hawaii, Office of Hawaiian Affairs, Land and Natural Resources

State of Hawaii, Public Works Administrator

United States Department of the Interior, U.S. Geological Survey - Water Resources

Divsion

e United States Department of Commerce, National Oceanic and Atmospheric
Administration - National Marine Fisheries Service

¢ United States Department of the Interior, Fish and Wildlife Service

o University of Hawai‘i at Manoa, Environmental Center

14-1

RPN T e e e o e e b4 kot

- iy



1}
14-2

nd Re

mmen

f all

n

Co 02 0% oy ¢ o C 1 T o0 O 0 N et Tt Ao B T

——— o s
e e o i i o bt 0 et 1kt e




' (HX¥0L) fiearH jo Tfomnsy uopiERxday

U¥a50 eyl £q pUe prend Immoy $ep oy 3o 921730 Alegus oa“u-: ogy
Aq peynieas 8q swoyjniedo Phavys o3 pae sfonqg poredozd oy ey
PUOmIOds aM  ‘EedjIveqs ay3 pus ‘Iveq ealp ‘saealp wql yiog
J0J 3uUIRDUOD A£30704 UY pPRInTRL daty] QAN BIATE ATIUWTIY OYI IW
10TITALI0R LUFATP eqrom 2sa0 AR2wA02Iu0D Buwom Atquezany =y oaeyr

TAJUMITIXS BT ANUTINGD
03 DITEOP OU EUY DANIF IY) paw JUDATUN LU u—uuc \.n“ua aabnioy

"PUBTEL OTDEMH 10 DU IITE AW 1AW [almy)

TPA WI¥ B3 UT FRSERTD SUTATP wqnox Axoj0npozaup

TPIAteanoD 103 #3fuzad ganNsT JsBuoy ot UOTIRIDAY

3 AYIR 30 metdandea ‘atntouon 30 L3mnod ¥ A1)

*T) “LEET ‘91 USIPTH pOIC) exuedLex 2143 PUV LEET

'S QOIVH DAIRD UOTITIINSY ¥ sxied 3O usalzedeq
‘arngameg jo Limad v Kato amy o3 12anBOt ano IAX .G ptC VOTIOBS

1BOTANTISULD STYY
TT PRITNISL ses301d eYRA(ROR u¢ SEH  DEEETUNTD
m2q #VY JEUnngy v jn 1aazge uuwuouon ]
043 swees T [30vdut swamaps pAIDAdXd U UYITA
7993 [CIOTFTAAC R eaed PINOD M) AARM [REUNE]
' 30 0310 PAIUGEIFD ISSTIVTE Y] O DLNAM IRUM -9*T°C UOFITNR

‘aneyd up eoTeWwex I3MADUOD IYy *qsOT

ST 4oyIdes TINY v pue ojvoyIZyep TIny o, drur agy

v duotiaod prnoys qegs o eTq900d so ebawy &V eg

«B2twd, $31420U03 oYy 1MW pueINCODZ 4 ‘gI4 3FRRp

WYY JO B'L*Z UATIDES U DASSOIDDE G 03 puas;

BA Yopys 9 (20884 pebasugns syl 30 Surrogauu puw
CUTIINIIRG vy O} 3200303 AT UIGOUOD OwWOR POY UM §'P*Z uOFIoeg

“AQTAQ PAJOU Fiw xuiwdyod InQ -jovfoxd sy} Fzoddne ey *1o9fexd
0143 207 91X I1792p wyq mefadx 03 fajungxadds eyl 303 nok ymayL

nYEQ ‘YoRvE wuwdH RIY oxoHEIl0
TR H ‘04ong DUTIOON "93394 TVIDTITIAV "G5AL-¥D 811X
TiencH seu XabeAOA ‘¥AQD ‘TIUIWUY 4oF Isendesy  tADACAOS

BOTINIDY UENDO 2 DUTIwug JO uQTSfATa

: IGITIINTUTOPY DUTIDY “OUTIYSY "y pavag)y INDHA
UOTSTATA pueq

lo3siasyutupy ‘epIUIN "Xk uwend oL

A & ATARRESEA

[

OU TI¥ATH SAUTIORQNS SIBIAOA PINOYE 399X THEOT3ITe s 8 3
20/puw 4dn BUTUESTD JO sasodind anu 103 ««m:mnmmwumugnuun un._WuMum m.h.w. &
4q 9338 o43 03 PapTAId eg 03 pazfNBeI 3q I7HOMD AITInsoN WS @120 wow L6EL ‘o€ Zaquaseq
U 3% 9357 437ys JuSTTIISUT TWTIUGUI] ¥ I9YI PUIEIDIIT ATOUOIIS on ST o
- T
...4“.-.;. ..lcr.-u
e ™ L
oAl BOR4 = &_
. L6ET 'O Jequanad
86° 1250 woa TWWISA 'L u¥ag 03 oweH i e
Tl el TgRCY de Chary o) ol
S Ty
| : . [LTy] SRUCNOINTI " T T g in atute an wen , asies dsats ea cene
S.Mgﬂmo.uz g5:8 86,20 e SSP0-285-808°01 ~" *aTa  INIHIAUREN "Gy Z0°d 100°ON £5:8  86.20 NUC §Sp0-285-808: 01 AT INHIDuNER Thvd

O S VO S P A G O GO0 N S S ot T G N SRy N il B el REPRD B

e eberlabia R ke bl beem



noAIQ pUET WNIA 9

-au] ‘Buuaauidug eag
mesyIMe arep

Y=

Ao

-oopeuIoju; reconippe snnba: Jo suonsanb
e aasq nof Ji ow 1RIN0Y asealg w2ford pesodasd s wo yndoy mok 10} nok ey,

*asn apqnd soy pareafpap sAonq Supcom i pajdnoo spees sy TEISuT 0) ueld
pasodord at suoddns Hywoy, ‘SIHA 99 jo 4doo & papuord pe 1aford 2y Jo panuos
us2q os1e ST (HOYOW) ITEMEH )0 [ROMO)) UDNEanay Uea() aqL ﬂona.:_ pasodoad o
sueddns L8nons MmO H13yeg uLE 9q (ST JO §1 BONIIS) YN ‘TOSIKT PUET O
10N3] L4661 ‘72 equaidag e o paiess sy, uopesdde ymmag Amry 21 jo juswedag
pue (ST3a) Wwawiels wedar fpnsmuonany el JrImssassy [elusmnonaus wafosd sq
PaMIUDI IABY PR ‘JULIBWIANS 33 U1 SUONEI0] J23J [ePOTR JgLads a Juuno) papnpo)
aaey pPmm foid st 10] SHSTA 935 poanpuod saey eyl wondaooy &) saus wafoud
STyt jo Bumreeld S 17 paAjoAu] USeq SEY PIEND 15T0D) 5T S1 JO NP0 AIES ITLE 9GL,

"s3212Mm 2115 UMMM S]3I fepynre a1mng pue Sonswo [
105 serans 51 Qgpqisuodsai yons paproid ‘Amqisuodsas gans feunsna jo sweaw ajeudosdde

o Juysqns? U0 YNTIA Wi ytoa o) Smppw 5 23ulop  -aNs Jodl EpuIe O
o uoneio;sal Jo dn-weap Axe 10) s|qsucdsss s1 199efop e 9q [ 1aford st Jo) yuuad
5[] 1UISHC UONEAIISTIOY) 913 JO SUOIPUCD I JO IUO0 JEY) SPUMKIIPUN suLemqng 1adefop

“pue|s] J3ejy Jo pu 1se? AP
18 [PUURYD [BAN B[V 21 U] 59sve[d Surarp eqros 10}anponul [EDISMIWOS 10§ Panss) 198ao]
ou 9re simuad 12yl 91€I5 0) PapuaNre U STy STH S} JO UOHIIS SHL - §F'E UOMIag

‘ST *91 JO §1°E UONISS 0}
Poppe 193q seq uolssnastp siqy, 1walod sy so0j suopiipuos fisop seudordde sqy are pue
NS ) 18 S010] DARM J2FUONS [onm U} INSII M ST 41 JO $1°E UONDSS W PISSIISTP
$2ABM UBiSIp ouesLINy I, saAea uSiep sueaunyg wos Jimnsas senwopRa jo qiduans
U1 YIUSN-2UO WEY) SSI[ ST 1EG) SIANA[IA [E1IqI0 Aesaud symeunsy 1Bq) S[EIADI JFrem JO
193] (01 UI S3THI0[94 [B1]GI0 2AEM JO SISA[EUE Uy “29130 B WEY) $$9] 9re sopnyfidure 13jem
daop pue ‘s12)swopy (0Z 30 19pIo 2 uo Afresrdsy are syiFusjoarm soyf, *soxenbires
FRIBLOSSE SIUIWIAOLR Joo[feas Aq pajerduad saem Jajem Juof 2re STORUNSE, - 9°1°E GORD3S

“2JTIONIIIP STONDSS [jny
J1 132 ‘soepd uy uremal e £om JeY) SZ1s pue suM[cA Uy JuApgns sannuenb w Suopas
(g ot Apvanp pamod 2q [ 219000 jJo sxmjoa panmbaz oy Ariqes Joj pannbar
152[[eq JO JUNOUTe 2} JUPULLLP O} pAEEO[Ed 2q [ IS Pafoid o) jB S010) aAmp
‘D] pue em samesLuny Aq pajerausd saaem 212423 oy Jo 1y3n ut padojaasp ussq oaey
1)) saaem ufisap aatieatosnod Jmsn pauruLAlap 3 [ Funseqneq digs ayJ, - gz uonasg

sop3q papaoid a5e siusunuod mok 0 sasuodsay
Am_mr.c A e)s Pedoy EnsumoAly e 9T 0181 slusunuod 253y patetodioon) sary

M\ "SiTemnod Jnok Joj nok yuey |, Jo3foid uopeeist] J39y BRIV saulrewqng Ja3edop
atp Suraaned £661 ‘0E 19qUIsDa(] parep wnpuercwns nok jo Adoo ¢ poarsyas saeg om

Buugan 1 o

uonE(EIS] J3ay [ERYIY souewqng 1adefop naslang
6¥896 IemeH ‘ninjouoH

0O€ 2uNg 420185 BIINY £EE

uopeaYYy uexQ puz fimeog Jo uoIsA

$INOSIY [eIneN pue pue] jo waunreda
Juugan premol] Iy

8661 'g Arenuef

RUEALBIUREXs SvE)  CRIREST 1I909) XV 1/9962-65T 1908)
DRI S6L96 LIPMEH Dptuluntay, °g 3pn5 Sty 0, Bt (03 2011 ¥ 3344 LPIT33Y 1ty

ouy ‘butiaaubug nag 5




prnoys auentidde syr -eaasn (euoyaesadaa aaradumsuoo -uou pue
JTOSWIY U3aA1aq IDTTIUOCD JO YBTI aYa Buysesisuj Aq pooyIILATI STY
oztpaedoal o3 {eyauailcd 8yl sey osTe uoraoe pasodoad ayl ‘zasomoy
‘@Eeq 52IN0B2X 8TY bBuyseaiouy Aq pooyriaary 8, UBuIaysT] Syl
sdueyua 03 Terludlod syl saey paapur Lew uoyase pasodoad syy

- *{g-5 Bd) .eaxe ayl uy seRWOIq
ayi buyseaiduy Aq yoaeod EYY IoUeyus pInoys sdiyus syl jo Juswaserd
ayl. pur ‘suotiexade rafedoa pue 8aTaTaTIoR STY usamlBy 813FTIU0D

ou usaq SeBY IIIY] eY] suyeydxs IIYIIny SIHG UL ‘.EIXE

@43 uy auo aationpord Atuo syl sy =3fs zeynorazed sTYI. IEWA

6370U URMIAYAT] JYI IeY] puv saesl Qf I9ac 103 =36 9ya Buysn

uaaq sey ay 1eYl 633e16 SIZQ YL “ATiwey 8Ty pue uewIsysy3 dexq

TejdIsumnos ueyYrese 2ATIeQ ® Aq paziTyan Bursq Atjuezano st waxe
302foxd pasodoxd ayl 3ey3y B} u3adHOD aernofazed Jo moze uy

rpajdaload aq pinoys (pasywoxdwos aq A3ages ojrqnd puw) aseaisuy

Aew 2737e13 Butaeoq pue agn asINOEDI aanany yotym o3 asabap

SUL °JFJJEI] 1L0q PSFEIIDUT pUE ‘96N [L}OISWNOD/TEUOTIEDIDAI

PIGEDIDUT OF PES] UIN] UF TITM HOTYM EIDINOSAT 8,ETIIE Yz
aseaiduy Ajqeunmeaxd TTTA 3921 [eISTITaze syl ‘ubyeap Ag (2

*83oediT 5FIJexa

Butesssee Uy pPaxapyIsuod 3q pinoys pue aaaeazb A1aueojytubie

8q pInod AepTToY 0/pUv puaysem U0 6T9EE3A JO JaCuUMmu

ayl -XLepyaam ® uo poriad anoy z/T L ¥ Buyanp papicdax azem
Aaaans gyl Buranp papiodax (95) ST9EEaA JO Jaqumt 8yl (T

‘UCTIEDTITIR(D 19Y3aIng SaFnbaz ydJys BINEET OM3 GIEFEI EIEP
B8FUL ‘@36 8yl JO HEIT IO 1ISF OOE UTYITM passed GT9EE9A 985YI
Jo z/t pue airs J02foxd pasodoad syl jo 3993 Qost uryatm pessed

BT9582A 95 JO T®I0] B 3VY] saljestput L9aans oFIJeIL SYL

*eale Iyl ug

O733eaq Jeoq jJo sTdues aayIwiussazdaz siow v apjacad pInom SuTy

3o poyaad Joyyroads B I9A0 Palonpuod Laains ¥ CImawgsssse pamaNs

¥ 8Iapuax enyl pue ‘A3ITTIqeTIea Texodwsy Juncooe oJuT 3)el Jou
830p 3T Jeyl st sjussaad J1isTA 2378 Lep-ano v wotqozd ayr

*eaae Joafoad ayz ug

A3yayaor Buraeoq .fepiiaaa. 3o aaraesussaszdax ag jou Aew BIep a3

ang ‘(wdg5ig pue weQEig UaIMIaq LE6T ‘S AeM ‘Aepsanyg) peionpuod

sem Asaine aya yosTym wo Aep ayl 10J aieandaw aq Lew eyep Laaang

ayr - (D xypuaddy} Aaszng oyjyexl Jeog weay Bujjezadp ITUIsIBUANS

8yl uy paauasazd elEp =yl Uo paseq ST oyJJean jeoq 3oedur
Ataszaape Jou [TTA UOTIdR pasodozd ayy Jeya UOTBNTAUOD Syl

Alages oyrgnd asywoxdimos pInoo wale ay3l uy 2TFFEX)

PUe 36N TEUOFIRIIISI PIsE3IDUT ‘IICUIIYIANI  "IELIITUT I0/pue

8BIIE 01 S2DINOS3X SBaIe 3yl Jo sIasn aaradumsuop pue aapadumsuod
-"oU U3SAMIaq BIDFIIUCD 303 TerIuejed 8yl BT azeya ‘Arpuoass

Z abed - L66T 'S Isqusdag
TTTIIsy *D°0 031 1312137

*30Y BUOTEETWPY

8yl jo JS UO0TIIeE IIpUn SpUBT Papso Jo asn ajeradoadde ue aou

51 jueoyrdde aya Aq 3osfozd pesodexzd ayl Jeys ST&587 WHO -aIsnaz

SpueT papas a3 03 A3yriqrsuodsax s,ajeas aya Jo UDTIRAIBPTRUOD

TNIaIed y3Is SpEW aq PYnogs spuel Papad Jo aen sy3 Bopzynbox
uojioe pasodoad Aue jeyy sayiexadwur st I BIADT TS VHO

M b et e e L 0 bt b

T8NSE} PIATOSAIUN UE SUTEWAI SPUeT papad jo sen ajeradozdde

Sy3d 1eyl pue ‘sjels ay3y Aq .35nI3 UY PreEY. eIP SpUET pPapa2 aeua

'PIpUaIUY ST SPUR Papad JO 36N BYI-ITY] IIL3IE ATIvad pInoys

ST SyL °SPUeRT papsd> se pajeubreEsp A[TETDTIZ0 @1e YoTys .SpuUeT
pebiswgns, UC PalEDOY ST 2378 J09foxd pesodoxd syy *Atasiys

"E301N083x1 §,e3IE 2yl Jo asn &,07rand Ayl yITm unm ‘spuey papan
J0 85n 3yl YITM Te3p suIaduod asoyl -1dafoad pasodoxzd aya yam
50230u03 Iofew osl SEY (VHO) SITeITV WETTRMEH JO I01330 auL

T T i em

*83f6 SATD TEUOTATPPE ue aptaoad
puE yasoib ysil pum Texos sjowoxd pue A\ATARY SYI Iduegua o3 B
asafoxd pasodoxd ay3y jo asodxnd syl <3337 OOT - 06 Atejemrxcadde
3o syadsp za3em UT (3aRd YoEEg BUECH BTY JO azx0ys-J3o0 ayTWw
v/c Araaewrxoadde) aaye =satp asbedos aya e {edyys uwajuns) szo9el
TETOTITIIR om] TTe3sut o3 easodoaxd yremey saugiewgns aabedop
" (5130) USWESSSEY T[RIUAWROIFAUT 2JBIQ PadUaIIIIX-BAOQE @yl

U0 JUIWIOD pue M3TA2I 03 §n ButmorTe 103 yonw Li1sa nok yueyy,

STTF2ISH “IW Iesg

T UOTIETTEISUT 3559 Teo YTV TTCRe BoUTIenng
xsbefop aya 103 Jusweaeas joedur Teluswuoltaug Jjexa :asafqng

LT896 TTEMEH ‘ninjoucH
0ZL B3NS ‘peROX TITTMI 0BS
TTeMeH sauTivuqns xabelop
TITIa=sH 70

O T e

L66T 'S Zaquadag

ELES6 LIVMVH TVITTONOH
00§ 31INS ‘GHYATINOS INVIOJdVN LLL
SUIVAAY NVIIVMYH 40 301440
LIVMVH 40 3LVLS

681-¥55 (804} INCHA

S98L-¥65 (808} Xvd

O U A VO A A T e A e B oy B et T S B




£anns 9gs1 oyt  "suonipuod ojen judsad s uosuedwod pood ® apraozd snp pue
‘SUOMPUOD BIS PUE JAIeM IE[ims 10) pue popad [ruoseds swes o Junap <RI A jo
sfep SUres MNP UD *BAJE IWIES S WL} PAII|0D I EIEP RLL, S Zunersdo ajqissod e se
eare 2 Jupednsaaul sem SWLITINGNS SHUEY UNm PNII[0I 319 BIEP 986] FUL “syekex
atnseaid Suo| 1005-g 01 1¥0q IN0) NnjoucH jo mais, Juof 1003-ZEZ AN wozj pARuyl sams
(35535 "iSEAIA0 219m SINs Sunuow uaym £&/L1/Z] Uo Inot] 3ad 8] O LGNIT/LT O Jnoy
sad gp Jo 28esoar ue wosp paBuel vare 3 jo 123 005 urqua Bulssed pIQIOIAN S[ISSIA JO
Joquinu 3y *AIAINS L66T P UL “LE/L1/TT UO SIS ISEUIA0 JO SUTILIOW 00 pUR *Jns [[EWwS
pUe spumopern Jseauou [EuLiol 03 W3 i sarys Apnoja ATued o) sed]> —RiE,Q JO A0YS
yinos mp uo tatpeom Sutieoq som exdA) pApnaul STOPIPEOD IS PUE IAMEdA “APpUng
pue Kepsintfy, ‘Kepsaupagy ‘AEpsany papnjour sAep Aaang paquasep pue pRBdol mam as
1a3efop srewnxordde sm Jo 3331 0OST UNEHM Suissed S[assaA [V "9RET "8T PUE ET 19QUIIRQ
pue ‘1661 *17 PUB L1 ‘91 35qu0dq pue ‘] Aepy papnjom sAep Loans g1 “S[HL 3q Jo
t'T'c PUEGE p'C SUOHIIS Ul PIsSnISIp pue /"¢ J(qe] w1 pauosaud st ejep SIHL CsauLImUQng
SUEY 10] og6l Wi paoidiod ease sures aq of wiep £Iamns Jo siep omn pezfieue
pue s&aams JAjjen Jo s{ep [Euonippe anp potvduiod aaey ap - Aaans aggen eoq (7

"S[Zd 0 JO 011 UOHNS PUEQd UONIISQ'] UoNRS '19gs Lreunwns 1xfoid ap
OJUY POLIASUL U3X] DARY] SIUAUNES JSIL "INSS] PIAJOSAUN U SUTEWIAL SPUB| P2pad JO 361
areudosdde S pue *MEIS AN AQ 1SN UL PISY e SPUR] PIPID *SPUR] PP S¢ pIEudisap
are spue; padrawqns ‘spue] padinngns sasn 13aford pasodord S STH P JO SUONDYS
aepdosdde ap onn sruswaes Suimoqio) sy paretodioaur aawy 9m - SpUEl PIPAD (1

-mo[oq papiacud are satmuod 1ok 0) sasuodsay “(SE) Wwowamg Jedw] [EIURONALY
[emg A oy swewrmod Iswp  poletodioon 2Ry Jp  CsUsunuod 1nof Joj. mok
Cyuer wafoud uope(eIsu] Jy [eIIUY saudewqng Jadedop 2 Sunuaouod SWMERLQNG
1adedop JO [LUARY "I O) £66] °C JaqWIada(] parep Jans] o Jo Ad0d B PIAIIAL aATY IM

cuaddry "1y 1e2q

uopie[{eIsu] 133y .
By suuewqng 128z, D 10] WwAUAES Pedu [BUAWTONATT YRIQ 213fgng
£1896 NEMEH 'niAjOUOH

005 ang ‘preaspnog mreferdey 1L

snEjy uelemel Jo 150

1221JQ UOISIAL( SIUNOSFY [EIMEN pue pue
uxddiyy ugo) N

8661 ‘¢ Awenuef

reargdaess TV T LRI ST S XY 1062 -RET 180D
UZME-L 290 LIPWER, DITURIEAY “ U5 "Lw 30 CURISCIEY TOZ1E S3d IR LAY

o ‘butidauibuy vas (e

g3938N1L JO pieog
obEo ‘1119 AIEd
-pur ‘Gurxasuybug ©as ‘uUasyOTIZ JITH
ucjBTATd DUET U¥NIQ ‘USST WOL 2D

g331IN0B3Y Teanley pUe pue] HOuM‘anﬂn«Eﬁm
ae0yz30 ‘uaddyy UTIOD ejeBG/TTepury

=S|

'ganok ATaasouts

. +2aqqew syyy Buppaebax suotassnb Aue asey nok prnoys
'GGLT-¥65 e Tauueld SIE ‘003§ PAEYUDTY 10 fI80TF30 UOTSTATA
gaoInosay Teanaey pue puel ‘uwaddyy GITOD IDEIUCD ISELITJ

*agyidrajqua 35TINO] B

doTeadp I8y3ang 03 £3I0339 UT PIYOOTIBA0 3 J0U PINOYS BIUIPTEIT

puersy £g 98N 32INOEIY -pIgsasae A1Ingaxes a1ouw agq prnoys

€92IN0E91 B,Eaxe 343 uo sideduy I8ADApER Sapiejmumd Teruajed

Tre ‘asasmof -sioedwT TEIOTINUSQ Tetaualod SWoB aAey Avw qoe{oad

posodoxd syl ‘sasodind peroxsumocd pue ‘TEOOTITPEIY “TEUOTIL3IDBI

I03 paen AToalsuaixa 9le 6I9lea I\IAYL “UYEQ JO a1doad sya

o3 teyoads e3e Xieg Yoeed BUBON BV JJO 5IIIEA aya Arteorztroads
pue Aeg eTEwWEl JO SI97em 3yl JEYI ST98F VHO ‘fzemme oI

*g3T7ousq ferauajod
jenf{ 10U puUE PIATOAUT BYBTIX tejaualod 8yl JO UBMISUSTI Gyl wIozuf

£ abed - L66T ‘S Isquedsd
TTIII8H *2° 0 03 397337

e ar e dbbtea

Rt T TR R Y



uolstalq puw] "UNIQ 29

o) ‘Bunzandugy eag
3L Arepy

p=p

*Sjusong

“Hotleunoul revenippe annbas Jo suonsanb Aue JaEy nok J1 awr jaEm0D
seald 100fosd ap o indur 1ok 10) nok TUE] noy aaurwgns 1a8efop s Fuiareyua
01 UOHIppE U ‘SIIMSQ  [PURWUONALS puk aqnd [eneisqas sapraord 1320oud s aaarfaq
M ISUUOIAUS auuewr 3y Jo WIAUIEDI PUT olleAtasTod ) Juof o) pPamurure)
Aoguaq st 1fefoy  TuLLmIONAUD auuew Agjesy e uo spusdap saupewigng 13defop

SEd
A JO4°T°S UONIS Ul PIpn[oul 5] uotssTISIp UL, “qnd aip puoe safedop Aq paseys oq
w1310 01 pov *asn opiqnd 105 pateatpap 3q Ina s aq 18 skonq omL “aus p Jo asn
[Fuonvasar a3emona [t 1a8efoy 102y Ul "EIE M 0} S52008 W] JoU |im pue saymiado
U PMM U v M) Jo 25N 9AIST[INE-UbT JAeq 4 U spomiszapon Jofekop  srasn qre sop
s Ja [eynee an o) ss3o0e Sunepoe) Aq PRz 2 A S10jUes [enudtod amyng

‘1loud 3tp jo s1oedun
I{E jo wiy unopur o) wennysy den AN 0y Juas Fuixq sp SI s 3o Ados v ‘1661 Yamepy
unt pafard sy jo 1asuo oqr 1w Krvumms 1%ford ¢ poressard puz PRAIIAINUL *PIIDEIUOD SEM

ueutaysy den A3 “Sid 9 Jo p'z'g uons UL papRjaul 5] uotssnosip s, ‘eare i up
ssewoiq o duiseasouy 4Q aanisod 2q 01 paysedys am weunasy den sm uo j0aford am jo
siedur (23210 S snYL <yt ponme i Jo uonejfeIsuy Fuimol[o} Ajjeoneuresp poseasu
U A Je de13 sy [0 o “paseasom aus I e Sumsy gInoyie 1B umoys sey foul
[EIIR Snueny o jo Souoiuow s, xo01g ‘uonippe uf "pateooj st den am azaym 38pay Jau
A wogy eme 199§ 001 15€9] 18 Joopess Lpues UaLEq Ul paea] 3q [iim gamga ‘sdnfs uayuns
D U0 pasna0) 3q pnoys Atande Smap AL “Aep w5 N 7N sieoq 9 jo s8edAe Le
leg suoda suepy leare [ereusd awp up UPILISEN OB SIIAID JO Jaqumu 9 Up a5erom
W% 3G OS[E |IIM L, e 1 Uf Ssewolq o Surseasou £q qores 51y 2ouequa prnoys sdms
#n jo wauaryd ayy, -sedden = poe Jidefop usmizq pavodys are siguos aimny ou
‘atojaa pue “3afoud siq g0 nses e e d3ueydy 0) psedys you are suonesado s Jadefop
"suoiresado 1a8zkop I pue samanoe smy U2MI3Q SIINU0D O0 U3 JABY AIN] -oENS
Ap 01 1 Buuq Jo den s Kidwa o) JaAlp VEIDS ®© Sesn pue “1eoq J[ews e i sajerodo
1dden q mojq swpEmqRs wp Anoa sjassaa uoddns 133efos s *den Iy Xdaid
01 $30d 3 YA IS YL je samuim Q9 pue Of wsomidg Smpuads Afeardh) ‘Aepsmes

wfo[dws pama e 5 9y Aemuny 433 #p 0) bryrem wous 51 vare asoym weumagsy den
[Flraunuosy venemel esj ‘108edop wep saqo ‘ams AN Jo 155m Ao S ‘wasaud 1y cszosn
sandumsioa-uou pue aapdumsuos U413 2100 Jo enustod aq sesier sn paseasoay
SIWL ‘oS 193efop pasodosd o asm 03 pardadys 9q ued Jaqumu Jemms v cApEp ans
4331 Ji31p 97N $13559A 9 1ey Swodar spueny - s1esn aandemston pue aandumsuos-uoy (p

IEY UCISIW] 103vE(pR AR O) IANE[3I PIOJ-67
UTY] 20Ut pue s dnjs 2y 1e pjoj-0001 pesealou QAR 0) pIlEWNSd sem anis oM 1B dodo
sy teawm S *anoe Bumsyy 07 anp paaresqo atam doro ysy ut sumonemanpy 1easd ySnownpy
J3a1 diys spmepy 2 jo ywaniofdsp Sumolto) posearsay Ajreapeurerp 1s1) Jo J0epunge
e puio) (p661) WG "STIA AN JO1°Z°E UONNS U passnosip Afsnotand sem s
SIS JIR ERYNE spUeny A Surzfeve £q possIsse 9Q OSE UED s samosal [euonippy

‘SI2d | Joz'g uondag
O) PIPpE U33] SEY UOISSASIP SN “MOUS O} SUOTEIMUNUINOD JURISHOD pae ‘siojerado
pue uaudinba pre jsm yum paddinbs ‘smoy Smessdo Saunp ans o g pouaners
Ashonuniuos sjassaa uoddns sty 19%efop “Auadowe we Jo 1waAd mp ur oumam.g
"SISALD 0 SMOPIEZE pUE ‘[RI0D ©) SARINNSIP ST TAYM ‘Bupooue wasard ospe (1w skong
Jgpns ayp -Fauoow Ased ‘3jes spiaaad PUE ‘Afe SIS oM AUIqM SIAN puE s19)80q
#OUs [lIm sfonq JoBMMS 4L “suoneso] joor Teroye «n Supirew sfonq pefiswgns o) Apep
POUIENE 2q ||Im sAonq 20epng “ous 9 01 sse00e Bupeyioe; Aq sprezey siqissod sz
o) spusl sadefop  -sprezeq asmed Jo Aiofes aqnd joedu 0) pardedxa j0a s} poe oy
32 120q | we ss3| AnqSs o1 wareanba st esealom ST ‘saus joar Ja8ekop ap smmn
01 pdada 2q wed saqumy JEpuNS v saNs Jaal JIRQ FTIMN A{fEp S[a5S9A 9 JO aFRraae ue
VEU) suodar SpUERY “sals Joar [BNIE STUENY SU1 18 AlADIE maum) Furzmn PaTEWNS: 3q
ED )45 21 1e olfjen [euchIppe AR - YN SAUNOSA PUE dijjEn [9553A UT JseArn 2ming (¢

‘smoy Junzado suprwqns Suump anoy sad spIssaA gt
duidesaae ‘ease a1 Jo 197 05 v Snssed sjassoa Jo siquinu aared ApySis peploaal




B4

(RGE9GER08 0N Y74

Mot MRd
o] "Bupasnrduy Bag ‘wes U oN
NI ot wal

8810 preyord
eyoifng 8oy

23N TYLHINHOAIANT HO

2030

9%y

L661 '8 2qT233(
120 S R R |

£0°%i oW £6-8 330

“G 3 eIp ST 10 JuaunLsos o) Qypmytoddo oy 109 nok yuety,

“sprecey A1afes [enuaiod szimup poe
S 103 295 150 QTR ‘BulsTRAC J0 Atjiqissod 3 I3l pro tTq Bipng §oA1 ERYNE
2 Zeou Su{sty PIUDTTAIIAT PR [ERIIWMOD U Ueq ¥ PIpUIILOIAL SI3WI1A31 Mo ‘A][eul]

sa)is Supms AUt RIYE 100 pROYS pafosd
%g.ggguog_gmﬁﬂvuﬁgﬁ.% *SJqUIS OLE 3q PO SIS ISR
] %ﬁg%éa%?suuoga_iﬁ%gggsc *JUSITOATAUS
Burpmatins a4 12 Apezaaps 10u poys 1oofard i L IS A Mo v Apues 3 Bl
paced pue “Ajarenbape paiyBias Aginorom pousald am stassia 3] ‘sivedury aanuay Jofewt Amv
ane 6 1vadde 1ou sa0p 190faxd pasodosd puu SAISTAIILIOD ST AP M) ‘pesausd ur”

ST 0

. “Bie)) (MUSUNONAUT ST} Jo Aoy
g pus KqdeBouesd B0 prany J0 SCHSISSE A LA ST YUIP ST PAnIAI IM

) -sasodmd A3ajves pur Butiootss 10] 3)1s ot puncse s£ong Xi$ [EIsUL O)
sumd ymesndde sy “SUORIPUCY KUOLS ATOAXS BuLmp 1EADIAOW aud 0 1D QLM pase(jeq
2q [ PV SUONREIEAI 423991 POv IS 0) Butpcoo paredasd pie paueafd 3q fiim SRS 31 °123)
011 01 09 30 SPEsp J51em U} 510ss3a o) Jurkojdap as02g "pues BALY Aafiaa) e mas3 @ioo
311 SN v Lspred suojsau] @ Jo 98pe o Jiau a1erado SMOY STUTQNS A AQUaAd Y
qoesg TUEOIY E[Y JO QI0GEQO S 7 Afaieumxoxide §533t [RIYISE U as3s 0 S35SAA O s
01 sasodaxd yemeH sstiremqng 1ofedoa, ‘smo) sultsmqns IRGY 30 Lupenb a1 sacadun o,

nHRQ ‘ninjoucH
353y FepoyRsy ssupTmqng 138u40A
Jewr G edm] [eRsuwsaliArg YRl
e e
L1896 TH Wnjouoq
02¢ SUng ‘proY 1IA] 089
{remzyy SAULRTIGNS 1982A0A,
WL DL
¥390°:0y
L661 "8 3quasa(]
096E-956 (908) (1T « 195L-958 (o) seuiqdeisy,
22096 LeaCH min(ouch « paoy AR 058E « LIE PR
23y QUMY WSINCNY MM JNITTN Y
20108 (NUANULITAST
BOURIA] JE I,TEMEL] JO A)ISIaALU()
074 {IBGEYCERO8 0N X¥S 235H3) TYLNINHOIIANE HA Z0:EE O L8

¢y U3 ta v T R

-2 -1




‘ou] ‘Sunsamduy eag
UasYoUy ey

s
“Aasaang

s

‘UONEWIONT [EUORIPPE PISU 10 suonsanb f{ge
aaeq nok J1 ow yaETHOD 9583[d "SIT YeIJ s uo Sunuauwrmos PUe 3urm3raal 1oy nok yueyy,

JZIUNYEW pUB JeNSQNS [e109 Jsmoid o) jad funy jo wamredaq am £q pomoe jou

ead smdap saem 1997 gop 03 06 jo 2duer qdap e 0) paurensuon S1 a)Is Jaar [eroumue
SO 3R [ElOUMIE ) yesn PaUUEq 3q JuUNfsy ey uonzpusmmosar g PuUE ‘1anaq s
‘s 3 13dasp Ay ‘ANjIgEIs Jasson 10] 1= uopsagsns e PRPR[OU SIU3NMUOD [ersuad mox

*STUAIEIOD Inok
10) nok yueqy "UONE[[EIST] J3oy [ejonnay Ssulrewmqng 1a3efop o Jmypredar suLremgng
13edop Jo muspy TN O L661 ‘8 Joquadsaq paep I702] moA Jo Adod e paarasar AR am

. SUOSLLIEH "IN Tea(g
13fo1d onerEsu] Jooy [EIUMIY mEmMey SAULemqng 1a8efop “12alqng

27896 IH ‘nmjoucy

peoy sndme) ggsz

- LIE piojmer)

i U] [EIUsmUONATY
‘ POUEY je WEMER] JO A)s1oArup
UOSLRH 1, uqof "Iy

8661 ‘s Arenmer

1ueaeaduaess vl £416-652 (000} XV1/9964-65T (809)
0ZR1-66£96 LIPMBH ‘OleuRwiEAL ‘g 3G Ampy SIOEURIUEIEY TOT:1¥ S3td LIEIRY 1yEVy

ouy ‘butizaubusy ag (g >

1




ojoungaen 5 cxy  :na

“60b0-£85 I npq 2aAp38 Joeijuoa earard ‘auoyasenhd
Aue svaey ok Praoys ¢ (ynon) uorieoTtddy wap IoTI81g UOTIRATESUO,
BIYY motaax of L3Tun3yzoddo 343 on BuimoyTe 203 ned yueyy

*Ajages oTTqnd x06uvpus
prhos S10J9I3Y] pum waze WYY uy 9TIIeI] ‘pue gaspn TeUOTIROXOSY
agesazaur TTtm 'azoysyzo STTw p/f oaezado 93 sRuULIEWqNy “aBefop
By3 SBuragoncad &g aeyy STa93 UOTSTATQ pueg ‘atdoad ted07T pue
IHTINO0] ayy Aq pusn Atybry U1 puw puwrsy Y3 uo sayowaq ay3 TT1e 30O
Jetndod azon M3 70 3u0 aq oy paxsprsuon sy duuumunnoz mac

‘Yorag euzoy oy Jo ouo:muwo LW §/¢ 8Anoq
Burxoou pue BJvaz TBIdTF¢3Ixe aomyd 0] ITeMmpy gRuTIeUqng  xabeiop
93 vam B3 BurparSax SUIIDUOD Texosag -gey UOTSTATQ pupqg

“YHO woxy paureiqo
8q pInoya 83uauway 103 3manbay ‘¥HO 03 SPUERY popo)y aaw qoTyMm .
spueq m_omuucﬁnw djes 83ATOAUT Ajxadoxd Joalqns JAoqe  ayg

“I933ew pauorjdes SA0qe ayy HBurpxeBax
‘LGET ‘gz IaquesoN pajep umpuexonsn znof o3 Burpuodsaz oxe ay

; ) “Tieg
‘yoeay eueoy BiY jo axoysyjo BTIN §/¢ shnog Butzocoy pue .
a38ay IeToT3 Ty 103 TTemey sautIegugng xabudop Io3 wvnas 130algqny

‘§ojumg g kumw ‘WO

Juaby puwq I2TII8TA nyeg

I03RI38FUT ‘eptyon ‘x ueaq _ ‘oL
Fe .
IS-WT  :3ay
g6t 91 230
-o!g_.:ssao:
— o
-, .7 - §33NOSIN INIYN aNv AN 40 INIMINYATO
san e NYMVH 40 31v18
Fliﬂ...-..lu!l ’
MDY
g.ul’._gigll
L]
-ll.lug’dng

CTJERTN 8T oy aagry (TP Pposspr B ey L L




UOISIANY PUBT ‘YNIQ 39

oup *Svusauidug elg
UINILI are

yoE

Aty

"golieunzojul [euonippe annba
o suopssnb Lue aaey nod Jr sw 1RO sseard 1afard 2p omn yndoy o s0j nof yueyy,

'SHJ #p Jo4°T°S uondag o1 pappe
U3 SEY UOISSTosIp STJ, I0YS 0) SUCHEAUNUILOD UEISU0d pue ‘sioesado pue yswdinba
P 11y pim paddinbe ‘smoy Smerado Saunp IS AN 1 pouOHES ASTONUNUCY S[OSSIA
woddns seq sofedop “fousfiam we jo 103s9 SO W CCACUMAMING  “SIIAIP 0 SnoprezEy
P “[E10D 01 JAtonnsap 51 yamm ‘Sauroydue juzaad os[e [jm sAong avepans g, Juuoow
Asea *3jes apracud [m pue ‘are SIS AN UM 195N PUR SIFTROQ MOYS [l SKong Repns
L “suonEso] Jau (eayiue An Supyrew skonq padsstiqns o Aiep paydene 2q [[im skong
PN IS @ 0 s Jupenoyy Aq sprezey Ijqussod ziunuiw o) spuann 1a3efop

"SpIezE] e 1o f3jes onqnd 1vedun o) parsodys jou sy put *moy
Jad 1eoq | wep ssap £yBys o1 seapeatnbo s S5e ST, sAUs S 1a8eiop o Iz 0)
poradia oq wes aquimu renmis v csans Jear N3 J7mn AEp $[3559A 9 Jo aS219ae U JEq
suodas snweny “sas Jear [EloUTUE snveny a1 18 Aitande jnouns fmzpn parrumsa 5q v
s 3N 18 dyjen [euonippe aming ‘emoq Sonerado suuwmqns Suump anon Jad spassas 6oy
mdeiaae ‘eare ) Jo 139) 00§ UTIM Burssed spassaa Jo siqumu syed Apgdns poptosm
Kanms 9361 L ‘wus Supwrado aqqissod & se eare A Fmednsoaur sem  sanrewqng
SBUENY U3qm BaIR SUres M) UI 9R6] ‘87 PUE £7 JaqUIBOR(] PAIRII0I OS[E auam e1ep Laamg

"sqekey amseayd 3uoj 1005-g 03 1e0q InO)Y <AINnfoucy jo mms, Suop

100J-Z€T 3 WO1j PIFUTS SIZIS [ISSIA “ISEIIIAD AIIM SIS USYM £6/L1/T] U0 snoy 136 g
o1 £6/17/71 uo may sod g p Jo oBerare uw woy pafues ms ap JO 1391 pOs unim Smssed
PIPIOIRL SIISSIA O JqUINU ) *AIAINS L66T ST U] “L6/LT/T] UO SOMys 15€213A0 Jo Sumaow
0 pue ‘pNS J(eWS pUE SPUIMOpEN ISEIUUON [euuou o) Igdy i sanys Apnopa Ajued
0) e3> —-OYe,Q JO 3Moys gnos AR uo Jwpeam Juneoq somy [endky papnpoup SuonpuO?
B3 puR sapleayy CAepung pov Aepsinyy Aepssupapy ‘Aepsany papniour sAep Koaing
"paqLeasap pue pado] atom aps afekop aewnxeadde s jo 13y gosT untfitm Junssed spassoa
IV "SI 3N JOpZ’§ PRRS'pE SUaloog Ul passnasip pue g 3[qel ul panasaid st eep
SML 1661 1T PUR“L] ‘9] 13quiaoa(] pue § Lejy U0 pIkonins sem eare ) Uy QEQ\m_.___Sm

"SIISN Ydkaq pUe SIpNS ‘Staunums 1oedun o) atoyspjo ey 0ol st as
M1 saerxdo uewwsaysy den [eraaunuos auo Ao ‘ease 1foid s w1 punoj Asans
ay, Gunyies joar pue Suuoyred *Supeoq *uipped *uypms *Sutwunms *Jurysty Suipnjxn ease
SU Ul PILINPUOY SANANIE [[B PIPNJIUT ASAIRS STUL “SIH 0 JO '€ uop3ag ur pawasaud
st pue 103foud s1p 10) pAINPUOY U SEY AIAINS SINANDE OES20 ansuaadmos v
‘SISt gdle samo pue 1afedoy UIIMIGG SINUI0D OU U3SQ AT AL ‘HGI SMNS IS AP
T2 18 Juierado uosq swy sauteugng safekop - AuEn pUE s [euoneEdar pasearau] (z

"SI 2 JO [ UODNS Ul [GTTTT POVED
ssuodsar Supsomdug eag pue ‘1667 ‘c 12 palep I3 YHO 205) 1wafoud aip aog
(S13d) wswamg 1edw [EmSWLONALY [eUl{ A O] SIUIUNLIOD fia paesodioxa pue
(VHO) SIeljV URilemer] JO 2} I WOIF SIUIUNUOD PIAIIA IARY ) - SPUE] papa) {1

“M0[3q papraotd
we swawwiod mof o) sesuodsay  swaunuod nok 10y nok yweyy -1asfoad uotefjEIsu]
133y ey sapewiqng Jafedop A 03 VD 2N Tuinaouod uoistaT pre YN
JO TPHAN WEA W O L66T "9 JAqUIINT pep 1ana] anok Jo £dod B paajasan aamyg o

:50UeS "Iy Jeaq

uoligj[eisu] J33Y (eGIUY sauuswiqng 13Fedop 123fgng
60896 tiemej] ‘ninjouoy]

179 x0g "O'd

Uoistalg pue]

Saumos3y |enEN pue pued jo Jusunteda)

wedy pueT winsig myeQ
SOWTES 1133 "Iy

8661 's Arenuey

prranadowas VNG ERIERET RO XY 31990205 T 19081
UTHL-LL2%6 1AW DCUrineay ‘B 300G Aw o sunutiey 202Uy 3id 4renay ieyny

ouf ‘buridauibuy vas (7 =
4




'gioap BujuujBag UGpISa) pue 1SUAC]L JO) Ajeoadse
piEZEY 8ANIBINE UB o.EEu Aew yoym 199} Q0L punome syidep 1B S|0SSEA
Busuis INOQE PeUIaaUCD Bg O} BAURUOD BM INQ °SIOAIP Aiolonponuyy 1sow
10} anny eq pinoys st cAynge JojeoiB pue ejejpouusiut Jo S18Alp O}
o|qIsSEooE eq [ NG ‘SieAlp Asolonpoiuil apnidesd ik 193} 001 1B yidap
§,j081, jBY] JUBWalEIS 8Y] JETEEIT oS aanind, Jepun Aeang  seAncy
uEs30 'A XIQNIddY Ul 9joU 8m ‘ucippe U] ‘giqeoydde upwe) ‘Z664 ‘L)
Ao pejep iene| B up pappord jo8foid S|y} uo SJUBWILICD SNOIABIC
ISUFUINOD

"g)Is oy} 18 pojeisu] €q o)

pasodoid ere shong Bupoow pefiowagns Xi§ OSIY ‘@)e4ou0d YiM PRAISE(E]

pue 'sieap Aq Jpe/inue ejes 1o pemedand '‘sjuenjied jo paueaD

eq |M S{osseA ey} suoienbal reiepad pue ejeig of Bupeuypy ‘yibusl

u) 198) 081-00} UOSMIEQ 8Ie PaIBPISU0d Buisq s[@sEaA BYL ‘woyoq ueiEq

Apues seao syidep 100} 004-06 U 3IEd yoweg BUBOWN By WY BIOYS)O
sl ¢/E S[OSSeA 1D][@18p oMl juIs 01 sesodoid jueojdde syt

:uopduosaq jaig

jfemeH ‘nNjouoy ‘yoesg BUBOW "y JO GIOUSIO 'uopean

BMBH SOUNBUWGNS 10BBAOA :Aq 1oelod

uonejEISUl J0eH [BIDHIHY IEMEH seupBlgng 106BA0A 1-1110 0
eI Pas0utId [0 ABWWnS

02/t P9 0211 nsanbey uoEma PUET 'ERIUIN A :Aq paysenbaiy
s1eq jo 818Q . uBwWog

99g2-vO 'ON ©jld "SI He!Q uo sluswwod :LO3NENS
. 1si6ojojg onenby ‘myeusus)y uelg WO
' . Auoqxis preudly ,_._Qﬁm%\
T g% joEnsuiwpy  Bupoy “HoAeq  WENIM oL

AR

gsagnosey onenby Jo UOISIAID
SpOINCSOH [RINEN pue puE] |0 wewyeda(
{EMEH JO OIS

J6/L\/gh:8180 esusdsng




UOISIAI pUET "YNI( 190

- g ‘SuusemBuyg eag
TSIy arepy

Sy,
& Zet
*Ajamng

‘BonemuIo reuopippe annbas
To suensenb Aue aavy nok j1 sw joeIN0D aseald “102foad o o9y ndm oK 107 nof Yueqy

"SI 3
JOT'T'T uonNIag Ul passnasip s1 smyy. “uswdordsp o1 soud sarouse patsatanr £q  pmsadsoy
A[g8nozom 2q [nm sjessaa 91, -diys I@ Jo S|IAI[ Iamof - oy U1 paseld ;axmos qum
PAISEIEQ 29 [[I4 135S9A a ‘monippe u] -sam pire sajqed ‘s £q sprezey juswajSuemo
Smaowar pue ‘swaunredmos SNOpIeZey 2j0 3wifess ‘soyjpy pue $100p [fe Suirowan
"SY39p PR sploy [[e ur 139§ ¢ Aq 159)  15e3] 38 somusdo Sumno sapnfour snpy “watfojdap
o toud paredard Apnyares 3 [N SjassaA 3@ ‘s1oAp o) sprezey sqqissod 9anpar of

‘UoNed0] Ja3a [eroynre oq
10} 133J 001 01 06 Ao Jo sFues pdap 1orem e 0} paNM] UOJANR 5T I9Tedfop Tuonediavy
01 sprezeq yuaawd pue ‘wonoq am uo ‘Annges jossoa ozymrYem ‘sizem IIMO[[eYs Q)
SEDSANS [£100 3331014 O §] WONOLSAL ST, 1991 06 UEql 19d33p Jarem o) Juswsseld [a559A
s1awmsar 1x9ferd ay 103 yrumad Aury amjo wammredoq o "12A3MO0Y “19em dsap A[eAnE[ar
W J3ar ey we Smoepd jo smizomos £oyes Smap o sazruFosar 3efop “Iotem jo 139)
001 ' paaeid dnys e jo S1aA1p 0} sprezey ajqissod am paursauco utese S0uo0 jmawmod mox

*SIISTne) mok 10]
nok Jueq] womamg Wedw] usomoanAug yerg UORE[[EISU] Ja3y ey ssutremiqng
8ekop @ mq:.ﬁmﬂ L66) ‘v I9queqg parep Jama) mok Jo £do3 v poaaoar aaeg opm

"ECUSEY I T

MEO ‘UOHE[EIST] J29Y [HAYRIV MeMeH suuRmqng sBedop 2133fqng

- . €1896 IH ‘minjouoy
0EE WOOY “39ang [moquoumy {5T]

SIAMOSTY [BMEN pue puey jo womnredag

§3amosyy anenby jo woisiAlg

BYEUIIRY wenq I

8661 ‘¢ Arenuer

RURARI@RUIE NIV EFLE-657 1908) XV4/996£-657 {208)
07815695 LIPMEH DjeveuIEs) ' 21ing i 0. euriuEley Z0Z-1 314 Yoreasay rexery

ouf ‘butiaubuzy nag Y




wowstAlg PUeT “UNTA ‘P

-oup *Suusoutdug €
_w..omutm arep

: ;
=y e

*Appsauis

-goteuuojul [euohippe pou
1o suonsanb Auw oaey nof Ji W Eod AR “waford sty oy ndu InoA 10) nod ueyL

~JNIQ JO uoislalq_uopeAsasald JUoIsH
An 0 synsAL A Suguasud pue Joyue M JO anduo sjqussed Sumaressu Aq logwme
2 o soueanyiudls U0 XN U0 dn MOqI0] [[IA ‘I9AIMOY ‘SHLEWANS 1adekop, -1eload
pasodosd 1 £q paIoajje 3q 10U [ PUE “yaofaad jaa1 (eroytie atp jo wred jou st Joyue UL

“PONLIAA JO PAUIUMOOP ‘pAarRIsA LI 10U SETY Kiooui SIY *39AIMOH
-diys 1mp woiy K g JoE S 0D 1B pue ‘0161 W AT T{IYIE AL/ FUBO
y ap ul popuncul  [53A  IALIED Teco ® e paEA 2AeY euuossad 1a3ekopn
“p661 Ul SINO) auuemqrs A gupetado uedaq sadefop uWpm A5 T e FEM I “gamoLn{un
ale Joyode ST Jo IuUnS puU »3e yi ‘InCa N0} JQURHGRS 1afefop, = Juoe Surdy
toyxre diys paucpueqe ad1et & JO soueayrudls [EIL0NSIY AP PALIMOI usUnDes A[uo iNox

+asuodsas snok Joj MOA JUEL
-popejEIsu] J93Y (EIBIIY sauurwqng Jadefop AR Sumuanod SIN0saY |WMEN pue
pueije Jusunreds Ap O L6611 12NN POTEp NS 1ok Jo Adod B PIAIIIAL SATY M

ano N ed

nyeQ) ‘uoniejEIsy] J3 [y EmeH sauyewqng 1a8efop, 10} §13 U axlgng
£1896 IH ‘nINIOUCH

Z0L SuNS "ang EewwA oS S€T

joruoy Anfend) (RuswOsnAUg O VWO
o Ao I

8661 s Asenuef

10 eyt JUvIN- LTI KET 091 XY 996 ST 108}
079 1S oz e LIEMEH WEUTUSTAY B I00G ] dpufureTiry TOTIF B YIOFTY W

ouj ‘butiaabug pas E

+guy Buyaseurbul ves 1D

0328110
1T L2100

T

[FQCET LU

. +gaTY-965
uu anuu:m:uﬁﬁ. :uhanﬂ..nu uunuan +gunpauenb fue @aeq nof pinous

. geuucl BTY
30 saajen Ut peuopuwqe 99 03 pmoa Joyouw ayl PIP AmOH gI903uW
sTU3 uo uopjRUIRIIILp © oyen UOTSTATd uojavaTeseId o71038TH
a3was eyl PpInous gzoioue BU} O3 oouwoTITuUbIs 57303814
axoy3 87 ‘PICO gavel 05 URYY xojvelb axnjual ® sy -Joyouw diUE
paucpuege shaet © buymeya sepnIoUY INO} supaREqNS zobuiop aql i 4

*UBUTROD fugnoT1oF B3 aARy oM squamnoop
aoofqns ay3 Uo Juewmod pue MBTABI O3 huacnuuonmo oy3 303 nok JUTUL

" nyeo ‘woyaeITeISUl
uuumﬁm.“uduﬁuﬁﬂnsmz mm:quuaﬁmummumobuoumuw agezq :309°(qnS

;UoSTIM I IwoQ

60896 TIUsvH fngnioucH

19 Xod *0*d

geoxnosad TeaAnjeH pue puel Jo auemyaedag
a7ey) ‘UoBTTM TORUITH *3R

66T 'S Iaquwedsed

.-—:anli-

S8t rad 19081 IncaTTLL

CLESE BYNWN TINTIOROH
TR

) LIS WeerLDOS RLNOS "e
~OMINOD ALNYND TYANIAROUIANS 30 391230
IIVMYHA03LVLS
waiaRed
TEn a0
O:d.-.u.rﬂu_u..._..‘alia.ﬂmw




HOQ ‘Yourvag JaajeM uwald

~coux ‘buyassuybuz wvag

jyesey sauyavaqns Jabedop
o030 0

J3TeeH Tevjuawuolfauj 103 Iojoeajg Aandag
*Q*yd ‘HOSHIGHY ‘S 3anud

‘X1aa30uts

*60CY-985 3@ ysueag JIajzwy uweld ay3z Jo uoayd Luoy *s e3U
eswe(d ‘Iejjvm sTyY3y buyparbez suojysenb Aue eama nuhHWAwomm

"youerx
Jdajey ueard ayy Aq juworydde oyl 03 ponssy uaag sey uM@wOum

Ioefans oyl 107 (dbM) UDYIEDTFTIAEY AFTRnd 2ajey T0¥ UOTI0AS ¥
LEDL A R 1T )

:38330 03 S3jueEmOs BUTMOTTO3 Y3 ©ARY @y *
J0efqns 8yl UD JUEEWOD PUE MBTADI O3 SN mnﬂw0ﬂan5uo“ nnmu“mmmm

Le-g=2 (1) 3o maoysjjo
jreARvy ‘nyevo ‘nInioucH

ihey dey xel

1 25
i)
URGES

GH]

U

(Y
(i}
ila

o iIveD
TR
£ UATHRAL R
STATE OF

1}

g7pEe 3 P3

sgaaanossy TRINJIVN pue puel Jo qusmiedag ‘uUoysTATA PURI ‘uesyy
moL “3SH 03 L66T °‘TC I8gDI30 JO A833eY Ano Uy juamajess joudmr
TejusmUOITAUT 3JRIJ BY3 Uo Kisnotanad pajusuuod pel oM I32ADMOY
‘euy3y STY3 3w 3I8JJO 03 SjULTWOED Auw aavy 30U Op OM supyaeoyTdde
qoBfqns Byl UO JUSWNOD pUT MBTABI O3 ST puTMOTTR I07 nok uryl

Le-e-z (1) IHHL
FTeseH ‘nyeo ‘nintoucH

¥Ied youved VUROH wTY iuoj3ed0]
UOTIRITRISUT Jaay
IRTOTITIAV Jremnel seuyavuqns Jabelop :30afoag

(SI30) INIHIIVIS IOVAHI ‘TVINIHNOYIANZ livia

suesTI

t309fqns

*aH xeeq

CI896 TremeH ‘ninToucy

odo/vLyi-L6

L )

I 0 O3 B
R NEai

393335 TAoquoung TS5IT
TZ9 X084 "0°d

S82INCSHY TRANJIVN puUr puwI Jo jusujzaedag

L66T ‘1L 38qoloo

10898 NYMYH TTITIONOH
U YA 0d
HLTV3H J0 IN3INIYYL3Q

IVMVYH 40 31LV1S

UOTSTATO puw]
uasyz WOl “aH

yowag CUwoH ©IV JO BIoUSFIO w:oqunuo.u
spue pebaauqns uo sinoq buyxoou
TTe3sUT pue sjeex TejOFITIae soeld of sasonbay
=] 998¢-v0 ton °oTTd
= TTesey ssuplemgns Jebwioa s3uedy1ddy
h.un.-.u =
wTE M HOIIVOTTddY LIWM3d 3SN IDTHISIO NOLIVAMASHOD 3103rans
Mu.&m.. ™ — y3TeeH 3O 3030211a
S géoé: goueIne] GHeE
Gi. ™
% [~ gasInosey TeAN3eN pue puel jo juetiIedad
L uoszedayeys ‘UCSTIM TORUOTH STqRIOUOH ayL HaAA
oda/dLyI-L6 L6617 '1 aequeded
- _88m;==i58=!
. X0 Od
o ———— H11V3H 40 ININLNYEIT
IIVMYH 0 31V1S
b Qw0 W 50 ey MAOD
DR BT CaYLILYD T ST
S G B N X
S Ul vy ]

RN

ottt e s ek ik L e T



‘anadde Wz wmbas
samseaa uotrednnu posodand 10 esodoxd op 0 sofurey> Aue ‘UORIPPS U] ]

-s336n 2118 39100 AQ
gu_—aﬂmu&uﬁ%on:_a J3559A YIRI VO Eﬁﬁﬁ%ﬂuﬂt&uuﬁ. N+

uﬁﬁnuaﬁugﬁsgoﬁégﬁoﬁgmﬂé
o,sagsusgﬂoaaaaa%ﬁﬁisaanagé v

ﬁa&:gugﬁgﬁﬂﬁﬁﬁﬁnﬂggs
gﬁﬁﬁﬂiﬁﬁgﬁgab%s%a%ug g

dB:unBE:a

50 LORBUIILIY 89%505%5,_23%@5“%3%53

5%&33:&%3&2&»533&3282?83&333%

mo “LesL .ﬂﬁaéEEE%.an%% carﬁnnnaﬂuﬁﬂﬂudou
n.m.a«mﬁa%—wuvﬁs_so_ uﬁuoauﬂ.:n;_ﬂﬁéei_o?

[EOYLIY [EMER SULmIans 3338K0 303 pg edi] IEAmIAE PG :1030ans

uastg WOl NLLV
soamossy TUmEN PuR puey o anmda
uosTA @ TP oL
~gup ‘Suposudug ¥3§ RIONVEOVRER
vy “sonmang 23840A
. oban =
L6619 3XWIACH
] "368T-L88 1502-d "ON Y
H-Egggsgguognﬁgg:%uﬁmguﬂs 3._8-;-:.315:.385@.0."_%5 .
Kue ane 3 J1 ﬂo_pamasgssrﬁgﬁo. aap Jo0] 0ok FIVYL " yroz-1es (wOR) *®d :ﬁ?ﬁz.&i&:.ﬁﬁ;lﬁ%&&ﬂ
ovaz-105 (eos) ML ONINNV1d 40 A01440
L6t 9 3 —— WSRINOL INAWJOTAA3C OIWONOD3
vostA "0 RN e e ‘ggaNIsng 40 INFALNVA3A \\ *
. NI TS (Ot
g—uﬁdd.‘nﬂﬂ-

et e T e i i



Akra

UOISIALQ UDIRAIASANd JLIOISIH
JD1EASILWPY ‘PIRQOIH U

‘eyolY

*UONRI0| BJOYSHO
S|y jo sn pesodoid eyl 10} SUIEIUOD uopeasesaid 0J103S1 QU BABY 8L TMiEd Ydeey
eUEOW BlY 1O BIOUSHO BIW /g Alplewxoidde sielem u) Sj@al [elaliue se anies ol
sdiys oml yuis o1 sasodoad Yaym 198[o.d Sy malasl o) Anunyioddo ey Joj noA yueyl

—BI0SHI0
nye,Q ‘eucy ‘Nnjoucy
185Y [RDHILY [{EMEH SSUNBLIGNS J8BRADA-MBIABY UONRAIBSEIJ JROISIH  2LD3rMBNS

:uesyap3 "IN Jeaq

L0M30LL6:OND0d
A LZEOZ ‘ON 201 0Z81-96£96 L,{EMEH ‘O|SUBLUIBAA
g ens ‘AmH Bjo.eueiueey ¢0Z-Ly
Jelg yoieesey 1eye
+au| GunesusBuy eag
uasyoll aseW
AR e drvia . . LBEL 02 1990130
OAmAR] OnY
[T ] LN EYAYH ‘(NICHOH
WOLLYANTE G 390 1534 W00 N1 LTS DY HINOS IC
JAuTI Cuy LEISTWO ) HOLLYAMTY Rid vis
I AMANI]
HEIIAG FINNOCH SIDUNOSTY TYHNLYN ORY GNYT 40 INIAINYEID
Covy DLl wAMIE MO
FEMNOEN S TCY IWMVH 40 31VLS
[ ]
ARI0TANE Iy VoTHiy
AYOT YO0 I D
SN

Wf By YW YH DM GV 40 BNYOR
CEYRIIINC WOFTLwW. 4 UTHON

—_
—
—
—
~
-~
—
-

WWAMYH 1O MOMIIACD
oY LTAYD I MY DO

sour ‘Buyzasutbug 23S
TTEMEH gautaewqng xabedoa 9
“AC:DM

I018IISTUTWPY SYION 2TTAnd
YNONSIVH NOUOD

*ATaxadutrs ‘

-06v0-985 3I® youeag Bujuuerd Iyl jo Butyp pieuod "iIW
j0pju0s 3jeas inok 2aey sseald ‘guotasanb Aue a1e ax9yl FI

+I9330 0] SIUULNOD OU JARY 3K
-quaunoop J0alqns IYJ MITARI O3 Kayunazoddo sy3 103 nod yueyl

Juswajels 3oedu] [eiluswHOXTAUT 33224
TeQ ‘NINIOUCH ‘UOTIBTTEIBUIL Ja3d
reToT3Taay TremeH sautxewdns xabedoa :qoafqng

iUsWaTIUID
uasyd WOl “IW FuUeTIUIIIY
£I996 TFIeMeH ‘nInjoucH
TTEMEH JO 317E35

uoTATATQ PURT

gaoInosay [eaniey
pue pueq jo juswazedag

1661 02 AN

LT ECLT(d)

1

T 0Ty Y O o)y rYy

raan sl A et o ol ] Ml i e

LR TR



0281-56/96 lEMEH 'C[EUBLIIBAA
g 3)ng "AmH ejoRUBUEIEY 202-LY
1814 Yoleasay leyei

-ou] ‘Bupesulfuz eag

. uasydus el N

216896 llemeH ‘NinjoucH
02/ 8}ing 'peoy 18|m} 0BY
nemey sauuewqns JabeAopn
WS D P IN

fouaBy asusjaq IND NYED 9

s a2 e et A

‘00EH-EEZ 18 yeis Aw jo eremeseB0 usuLON "IN [[BO mmmm_.n Hm:osmo:c Kue exey nok J|
‘g3 514} Lo sjuawwos Aue Bupjew saulRap Anyoadsas asuajeq IND 91BIS
*1€-6-C MWL “Hed

YOEBGE BUBO EfV JO 8104SHO J93{0ld LUONE|[EISU] J88Y |BIOURIY HEMEH ssupewqns
1aBefop ayj Joj Justunaop 10alqns ey} U0 JuSWWO3 O} Ayunpoddo suy Joj noA Jueul

IEMEY ‘NYeQ JO puE|s] 'uone|ielsu| JoaY IERURIY |IBMEH
sauuewqng JabeAop {Siaq) juaelels oedw) [euswitoaug yerig  tLo3rans

: N\ 2suajeq #aD Jo Jopalig 3dIA
i w ﬂ.mmnu 13 ‘aalid "D Aoy ‘Woud

uasigwol W ‘NOILN3LLY

et arr fel L et 4

T b g

IIEME} JO BjRIS
" §32IN0S3Y [&INjeN pUB PUET JO weawpedaq
uojsiag puen ol
.- 1661 '9Z JoGWIAAON |
mmi_qsliig
OvOd OY3H ONORA Er5E
ISNISIA NAID 40 HOLO3WIS 3L 40 3240
* . 35N3430 40 INFRIHY4IA
cxze-coz taot e : 1IIVMVYH 40 31V1S o -

fragd e ] S TO0M D A0M

FIHIII0 IAD O LOL TR0
NOSTUVHIN | CUVATE TAENED KON

OKYLIAYD T WmyTa8




jonuo) Aupenf) FUAITONAUY JO SO
uIopLrg S
MUap D[ 0

s391nda5 peotBoloog
osatadng prg
1adrey syougre”

a7V et

*Ajuoms

“IFPE-1pS 18 ‘LIS AW JO "UOSTAS SUYD) 1n0d oseayd *suonssnb sary nok J1 “STHG
!::o%é&nsgo&oﬂuﬂg&uﬁﬁmé SO JXJUNY OO IAEY
o "SI S T pererodioo Uq Ik ofad o 0o sTaNEed snotaald e Jo e mERy

-asn ayjqnd J0j A2A150[9X9 3q (T4 skong Souoom
pa313wqns Xis g3 JO 041 POE I H1 O £5300% PIMO[TE 9q W djqnd a1, "SULIOIS AIIATS Smump
TEAIaA0M 103A23d ©F MUNOI UA PSR 3 [[Hs pue *sorou38e Fmmotaal £q pasoudde seare
wanoq aguognszﬁ.ﬁusauwuﬁga%sﬁusaﬁﬁa?g_u
aq [ SIFSSIA S “SSXTE s ANMMoYY 0 skonq Bauioom padiaiqus S Smyers sapnjam
osre 12foxd 41 “in0) oy suLremans 333eAnA oq SUOe 55331 [RIOYNIE SE 3433 OF YT GEE
¥OROp ¥TV 10 UOYSL0 NG p/¢ Afaveureoadde ‘1aress J0 333) 011 € 06 H sdnys o) Suppns sprem?
yoload a1 uouopmIsu] o7y [PPYIIY sauougns 5230kop i 0f (s13@@) nusuors 1odu]
oAy Yict L66T 900 ) PaAAII ST (3ATG) SXAISG JMPIA POE Q5T snAL

sty "IN Tesq

HDMDJ] ‘myD() ‘LOUDIDISU]
- ooy jopfuy pomop ssuLmuqng sa8ofop Jof oS Dodu] IUILRNOSALT youg g

£1896 ear ‘nnjoucH

1Rng (moqqaang 1511

129 xog '0O'd

$3AImOsTY (EITaRN Pae pae JO oFnIeda(] “ooIsAl(] PUT]
uasty wo], .uz

161 L1 A .
OL¥E-1¥S (208 XVE IS (508} :ANOHA
05896 IIVAYH "MINTONOH
$3005 X048
$01¢ WOOM "TEVATINOA YNYON VTV 00F
NOI19TH0J3 SANYIST L1V

FOIAYAS AT TIM NV HSIE
JOLIUY 2 JO Jusunreda( SIS PRI

ainsojoug

-au] *SunsauiBug vag ‘uasyoug el
{Eme sauueqng 198e£oA I “D'f
jonuoy Aitfend) [ERoWUIALT Jo 2UjQ (D Aiey 10

P 1PIs]

FLIETE Em____?\m

/%&3 K

EIETERTTES

-asn aaming o4 soj podas ap Tutenyas e 3y, "SIHQ PP MINA 01 ST Fuimoje 10§ nok yurifl,

“3tLIg) SI) 12 J3J0 O} SIUIWLIOT OU FARY 3m PUE WALATIS 1edwu jrnauuoatg e A
PaMB3IADI SBY *JoUISH(] MEMEH] ‘UOISIAIE S3unesy Jaiep AarIng [ea180j020) "SI JO JJeIs YL

uoyje((eisu] J33y RV
yeame ssuwewqns R8eLop
(S130) wawmg 1wedw] [MUARTUANALT eI nslgng
tasig Iy Jeaq

£1896 Wemel] ‘anjouoy
g [moquaund 1511

129 xod ‘04
uoistalq pue
s3aInosay [LInieN put pue Jo wuaunsedag
LSty woy, I
1661 '8 4300120
€1896 lemeH ‘nin[oucy
S1p Slng ‘preadjnog eUeoiy BV LL9 atsmumy

NOISIAIA STENOSTYH HLLVM
AFAHNS TVIIDOTOAD 5N

Jouag 2y jo waweda(g saers pauf

B e T TR



HOQ ‘tresey
WZDJ ‘ltemey
qvq iemey
(-3} 6 u0139] *v43
njnjoudH ‘Savd
omsrd

[-XAM8H 3

J0JEUIPICO)) [EILIUITOSIALY
SPUE[s] 9y1oRd
vojyEneN °f uqay

e

*Ajasaauig

IO LTy spirals] 3ided
3 1o (0p62-££6) SW 1IEIUCD 2se3(d ‘suansanb Luw aawq nok pmoys aford 331 eoYR
pesodord 313 10} Y102 PU¥ SIF 311 m31Aa1 0} Anmstoddo ay seersaudde SN

-uoneiuatajdun sit o) soud

(¢4 amsueapy vonedmy) unerford Butioyuow [ea1do]o1q pasodaid 10l §0 mataas sy w1 papryauy

3q 01 35anba1 am ‘ONIPPR U] "SI W U 7y AMSLIN uonEBNIY Ut patytaads ST paasfas

U324 $8Y 315 33 [RII1UR 35193:d 3Y) L3tgm payyTiow 3q am e SpUaLnuodat Ajremanied SINN

PV CoRTuIpInoD) AP PUR YS1d 3 o ywensind ruwad Luwry 3y 10) s1a3u1dug jo sdio)

Auiry *§ () 3 1Ly UONBUIRI003 MO Butmp Juop SR ST SN 1oy indut s padojaasp
3% SFAQ 91 30 (6 WORISS W pautpno samseay uonednm s Jo Auolew ]

[

Weld 3 s 2mrendwios ut 9q o swadde Jsan ernre pasodoad sy (g6l JaquaaoN
'9-40 SINN WnpURIOUR [2IRN33] YYON) UPTd 329 [EIUIUY [etonen a1 paystqnd
SBY PUE *SJ33J erayne paoeld pue ‘paronnsuos ‘pavSisap Aptadard Jo samuoddns st SN

“S[9§53A UURS 1104 Jo suopod Awewt pIzIu0]0s o[ 3Ry S[2I07) AR Y1 J0 £30]033
40 JUIUONALD STLIGT A 0] oedit 2a1aape juareddu O L SSETION tSTy J231 U S5Ea13U)
[EHUTISQIS B PI[2IASI $¥T 'S3553A USNUMS OM1 SIPN[I0E Y3 *J301 [Rpayne sy Sunsixs sy
1= 33iprys Jo aanssy “augs pasodard o1 Jo wwaninos 1935 000°6 AFremnxwdde Sunesado fuedwos
uuemqns mo; dunadmoeo v ‘ammiuqng spueny o5 103faud josu reroyRR U3 pazofuows pue
Wtk A13s0[> poyiom osTe 2wy apy Wwednjdde sy Aq poisajes sanis J9al [erynme fEnuatod sang
301661 14dv Z uo *Aaams ayis saremzpum we papngtt sy1. 139f0ud §aa1 etsyne a1 jo seyd
Supnemyd aip Buimp wwimsuos sy pue weatjdds sy1 i A(a50]d payiam T SINN

“8uppnis 01 10ud parseifeq pue sprepueis

[EI3P3 P 31015 01 PIUE3]3 3q [jLm [35594 Y382 16 BUTPUZSIIPUN MO S11] “[a559A Yoma

01 ju3aefpe pire uo poovid 5q ospe pom sfonq Bmsoow podlawqns [RIASS -solRIqIVAAU] iR

Y1 Jaal Jof 1811qeY 3piaead 61 $J337 [RIDNIE 5B JAIIS PNOM S[ISSIA USXURS Y], THPIEM JJO IS
JAIp SuLTIIANS MO} BUNISIXS 13Y) T8 5]I553A Jf[A2AP OM) NS o} sasodoud wreandde sy

"UCHEISPISUOI 0L 10] PAI3JJ0 21 SISO

3uL0[10] A1, "ML IYRQ ‘MBYEM 1045HO UOREIIVISY] 1355y [EIOYIIV IfEmeR SHLEWGNG
28eho 30 (VD) vonesyddy as) 1atnsyq ueneatasuo) pue (Sjaq) woweis 1vedury
[FIUAUUOIIAUL YEIQ 311 pamalads szl (SJWND 99LAI5G SILaYSL] SULRRY feuonEN i)

e
=
-
LoT T
ezl %o
[ -
uw.u..u" w
N
Y
TV o
- A-m o
- [
P

NIFEZOMS/ £661 *1 3quang

CIZr-Z0806 FLOpiED ‘Yotag Guon

00Tr SUNS ‘PIRAMINOE LRSS0 {04 105

. voiBa}j ysampnos

FANYIS SIHIHSIS SNLVIN TUNCELYN

UCRELBULIEY DHGI0ULY PUB DIUREDD [RUORIN
SOHIWNOD J0 INTNLHYF 1 SILVLE OaUNA

TP TN 1030

60896 TemeH ‘ninjoucy

129%g°0'd

WBMEH Jo dlelg

SINosIY [emieN % pue] J0 waunedag]
UOISIAL( pue Jojenstunupy

EPIIN CA UBI( N

o s A T S EOs e U] ok e b St

et T VY

B



UOTSTATQ Ssuotiezadp pue
futuuerg ‘JoaTuo buTiOVW
*3°g ‘anzIN 1ned

o

+L1o120UTS

-PETO000LE ISquUnu 3TT3 ©F I8Fal pup UOTIBUIOIUT
18y3any I07 gGeZ6~AEp AP UOTIDAS K1ojernbsy Ino j3oejuod ISeLDdTd
-paanoad o1 uoyleTTEISUT FoOaT ayl buyziroyane aTuxad ¥a pPIIeA B
anssT 03 peredsxd st sdio) 8yl ‘sauUTIEWQOS zafefop wox3l s3UBWNRIOP
a7ured peubjs 3o 3dyenez ayy ButMoTTod "L66T . ‘ET 89030 UO (9L
*ON) UOT3IEDTITIISD A3Trend 1ajey © pansey yateay Jo juswaxedsg
ageas TTEMey ayl -3Ioaloxd 3oelqns auy 103 ayuzad wa TenprATpuUY
TeuoTsTAcid B peaTaDal pue psljjjuqns sey queptydde a8yl

ssgqurad (v@) Awry

aya jo juswizedag enss} O3 Pue UOTIEWIOFUT PIeZey pooT3 e@ptaoad

03 sayaTIoyane sxaautbuy Jo sdrxo) YjTM dJUEBPIODOE UF paptaoad

aI1P £3juaUWOD HUTMOTTOJ @Yl °NUYeQ ‘Buecl eTY 2I0YSIIO t309lo1g

autzeuqns JIsbefop aya 103 uoT3easTddy 950 I2TIISTO UOTIRAIBSUOY
ay3] U0 JUAWWUGD pUE MITASI O] K3tunjzoddo 3yl IoF noA jueyl

tepTyon *IN IR2Q

) 60896 TTEMEH ‘NTNTOUOH

ot : 129 xo0d Od
UoIETATA puUEl

gonInosay TeInjeN pue pue Jo Juswizedaq
TTeMPH JO 93€385

IO EeIISTUTWPY ‘epTysn *X ueag "W

L2 -

3

\.W Dm F
£330 e =
e “wl.n

7zt «

Ml e

33> -

EESS DU UCTSTATQ suotaexado pue Butuuera

e B
an “ . N
L66T ‘9T I2quaaoN Yo

OYYS-RSROS IIVMYH HILIVHS "Ld
MIOIONOH "LOIHLESIO HIINIOND ATy 'S T

AWHY 3HL 40 INaN1HV4E0

ima mrhed At



addo
‘an] ‘Funsomdng eag/
leaeH souuewmqng JaSefop - o

Y:0Ld

13010 duommueld JamD

‘fnn L12a smog
TOPP-ETS T8 RIS IMD JO pasy QoY 19e1u00 asesyd suonssnb Lwe oaeq nok pinoyg

. ‘B4R 31 0] Eo_m___a.a. Te13eds sy
PUE 131U30) Ueql() ATeuriy sq) 10§ weld juamdojeas(] I joeqe Apap y3foud sty seop Jou
WU S04 10 $2AN39{q0 uelq ferawan oyroeds Are ssver jou s20p 10aford aqy,

B4 QIE3[ CUEOlN B[V JO 2U0USHO I[WI & Jo Siayenb sam)
Aoremrxosdde sfonq ssoaae joa1 poe SJ33I [EI3LTIE [feisTl 0) TeMel souuemqng 1aSefop Jo
JIEU=q vo jsanbal s, uamredap ok o) asuodsal UT STH( AAOQE YT PIMIAAIL SATY 944

Le-t-¢ CIND) A3 aey BT, 30 S0oqsJo.
UGRE(TEIST] J39Y [CIOUNIV NeMel Ssupemqng 1oSefop
(SHQ) wsmxers wedmy [EmamnoATy ey

W3S "IN Teaq
60896 IreseH ‘nmjouoy
179 X0 "0°d
SAMCSVY [RImEN pue poe] Jo jmanmredag
UoIsIAL pae]
Uy Wof, “y
s L66] ‘€1 JquA0N
T60T-L6/01 94
ATHI40 BPHINNT I SIMD ALNGIG
TATYHYH -1 ¥NOO
lllllll ULl g P10 Y
IHBING A XLy e INEYH

CISrLES (B0 TXVS & ) 1LV 20 IDODI INOHS
LICT CINEE NYRYH (INTONOH & ¥OOLIMAS LTINS DNIY HANOS 009

. MMOTJONOH 40 ALNNOD ANV ALID
ANINLYVSIO ONINNYIL

lllll

AMINIC

e LS 1 b ek 'S B e VA e



£L61 pIysqeIsg-uAtis pRod poooq@aN £A4C0

A%

*Apreanis

“Bunaout preog
aamany © 38 uonEuIsAd and 0y 1aford ap wol 3100005 30 NOA 03 fymyroddo ve

Supsago 0) PIRAI0] J0O] IM PUT 1afasd ST 10 PIULICRTL 1da Suaq arerasddz oM

. ‘g Annood
o) pue paeog 0o o voneuesad PUQ ® Siarf SUCANNOS ALOIPA PO pue wafosd
STJ1 IN0qE 3585&38933?&»3 dw_nﬂ.noaﬁﬁuooanﬂosom
wpusfe 00 U0 INFSI ST snd 01 9{qe 10 ARMIM -uonTULIORN 0§ prROE pootpoqy3aN
ONERATI/EUROI ¥V S O3 voefisul 33y FRIBV MRAR] SSULRUNS sgelop

oty 303 10ARS soeduy [EARUAIOTAVE eI 2O £doo © Surpuas 103 nok YUEYL

1661 ‘61 BquRRA

PRI PR P P



-
——t

L

L.

S T

1)

150 PREVIOUS COMMENTS AND RESPONSES

15-1

e

ettt 4ttt e AR Aot A B A



(M[IOUOH *SIWN) noBREN WO[ 10

saLeg [eyBojoog
30sasadng Pt
*fja1suls

“IHE- 1S (208) 1% 'pus £wd Jo *UOSUIMS SHT) IR0

sstayd *susunwod ss Suipavdau suopsanh aavy nok 3] "SIXA A SuMLAI 0) preao) Joof
am pue *1afoxd pesodard g wo sywaarmoes spiacid o) Ainmuoddo ap ssivpsardde 20jANS aqL

{M133JJ3 [FuaumosjAu3 yepuied STUUTL 0} £32004d STY U] PIAI0AT] aq s3uaBe o

[l Aoy puR U0y 3q 5125534 P Supquis Jof sanjs Sytseds aq) Jim mOH uoRIps g

{suno)s Buynp 3is-130 YiYs 10u op KN 1 amswy o) pajnbai 2q Tupoiuow [

e *pafodap puw paa1[iqus o S19sS3A A (14 MOH TuRWLoNdZp PUT UORIBITIQUIS [9552A

{sopum was denua 10 S{Fumu2 I JA) SIS 3310 PaE 50|

‘88811 v Bujaotwsar (w103 ST IIAL ZPOURID 9q AD [ MOH (BEPRULS 305 5198834 2

azedaid 01 3n0 patLres 99 [ sampaoasd Njxeds re suopniDdasd puo SupuDap [assap
:suopsInb Suymc)o) am 01 sramsow parnsp apiaoid os[e pInoys SIIA ML

“naedun [e1801023 aapedou Lre aredp o *szypurm ‘proat o) sunseawm pasodord
o sjaap apjactd pue 1efoud aq g posnea sass0] Mqey 10 noedun (EUAKARALS [Rlusiod
2qU259p OsTR pihoys )] *s913eds passBuzpua puw poazieany paisy| Ajrezapaj Suipnjon; “eare rofad
I punose pus uj s34 Iiqu] JAR0 pUE ‘sJat [RI0D *wmE) ‘RI0]) JARES AN Jo UCHOQUISIP AN
8m1erop sdew yuaimd apnjn) pinogs SIIA 4L “RTw $x3fosd N UM SIEIQEY PN $AM0s3
PN pue g5y 0) sredin] pareji-pefoid JqUOIp STIQ AR W SPCRMWOIA FNARS AL

“asm otjqnd J0j AfAjsnED oq [[iw sAonq Sucow
POTIaqgns Xis A JO O PR 2015 I OF §5308 pamof[e 3q [ikm iqnd S, stors 259435 Supmp
wamsAom waaaid 0 32100 M PAISG 39 [a pue *satousBe Sumaiaxs £q pasaidde seare
wonoq Apuvs vo paoe(d 2q [ ‘suoprenSas frapog puw awis 01 Surpuoaca paredaud pe pauesty
3q {14 53534 3L, "$800¢ s e 01 $Aonq Bupoow padrangns xis Suifiesn sapnjug
osje 13foud oqp  *;no1 N0y arewigns 2a8ukop gy Buofe S)FAX [EIAJNIE §B SALIS O) "Yivd
yERg TR0 TIV JO A0GSYO (1t §/¢ Anvmraidds *saem Jo 13 011 01 09 U1 sdigs ami Suppuis
s pefond oy rfaid X 10j (SEHQ) WXuwmS Pedo] mosmuonary Y ¢ Soredud are
nok teq) sayes 3ama] MOA 1661 ‘87 ¥mBny panep “ofald onewIS] J [VIYTHY SULTLING

-338efop #p jo Lneamung Inok pamapAal STy (901Aog) SNARS JNPIM PUE USLE 'S0 ML

waspny W e

HONDY] *mypg “vopmoisu] B2y [pluy
Jowbl ssutitgng 1a8pfog 1of nousmg podig fonsumaiang Yug fo vopniodarg 9y

0ZBI-56196 1IRME "Ojeummies
g ang “Lemyd|H sjorurRey 202-14
131 qareas3y (R
*30] *Bupzamdug wag
wesuUg ey 3N
B8 0] &8

0Ly 245 (308} XVE  191E-155 (508) SANOHA
05896 [IYMYH ‘NINTONCH
£900% X049
#0I£ HOOY "GEYATIN0S YNYON YTV 00f
NOIDFHOO3 SANVYIST DIF1IVY

FIIANES £NTa T OGNV HSIY
JopIaM] ot Jo Juaunedaq] SIRIS PN

B e A A R O S ' A YD B S S S N

g Mt ks B b e L s i =



uopm PUB] UNIA

2uy ‘Buprauidug vg
uasyaug e

iy

‘12120018

TonEULIO) ETOpPR ANk
10 suosanb Aue 2ay nok )y Iu }ME00 eI P3ford Iy oju wnduj znok Jo} nok yueyy,

“SIIQ Y} JO £TT UORIIG UJ PISTIONP S} STYL SIpPusde
parsaimug £q paacidde aq (|1m s3))5 [EUG 3P 4oawuko)dap [a559A 01 1014 *}SIA 1G] pApUALE
2310198 I[P PUE Y1 JO SapiEiuasasdar v Sjassaa au Supuis Joj sauys agpads sqisod
pue vase 132f01d [e1suad sy mata ol 13fo1d 9 Jo 195U0 M 18 SULRILANS ) U] PIRNPUDD
sem sapuale Paisasauy of B M ISIA AR V +afpst auoisawy] AN JO PIEMEIS 193]
DO 15E2] 18 pues 3ananpoidun WAL tf PID3IS UIIQ ATy 2INE 3jqrssoq - wopaapes s (y

*pTT UORIIS U PISSTOSP 5] FAL, FULION
Fuunp sdiys A jo WIwAoiz A prod3z 0f IqE 2 IIM Supoyuow spy. rawdojdap
Supmo||o] pALINPUSd 3q [im urer3ard Supoymous reafdojojq mak-ppw v u3)shs Tupoout
wtod 221y 8 Jupsn pajosuoo Apgdp oq s wamfopdsp sqL, o1 wawkoidap o 0
1n0 pamos 3q jipm |3559a parBiam-aid o puw IPIOPOP P A3 3 [ 2300 *ajqpssod
{U31X3 WOWRRD 30 0], “PaydEat st ANQEs 0] pasmbay gBiem am man sqiay digs @
o1y 9190u00 Supnod Aq paysydwoaos aq jiim Supseyreq sqL “Aqus Joj pagnbal g3em
(95534 pUR 1S ) I8 $3010) IABM JUFWIINIP O P3N 2q [IM P, PUR BA), sawedjuny
woy) ciep Fuireindiosuy saaem uB[Eap IanRAIISUOD) - amojdap pus vopezigels [a553A, (€

T 9%y
te/Lfon
radregf "IN

S T A T

1

“S1I3A A1 Jo TTT uoag Ul
passnasip 51 sy, "wawkoldap 03 Jopd sapuade pasua (B Aq pataadsul 34 ||t S[I5SIA

25341 "SI pue sIUf[ ‘SI[qED Wway) sprezey wawsduwius Swmowss pue 'sruaussedutos
snopiczey jjo Supeas seydey pur sioop (e Fumowar ippIp pue sjustwpedwos
oly 129) ¢ Ag 199} § 1583] 18 sajoyq Bumno £q paredaud 3q | 959 Y ‘vopippe
u] “jrsodsip pue uawiean ojsem moprezey u) Supppepads ut) v 4q [epalew snoprezcy
1t Jo jesods)p Epa1ew S|qeIRo]) || JO [BACIDRI SSUQI) Pue [BLEn! 190 f2npisal Jje ueap
01 Sunselq s31em 10y pue Supreapy uneals amssasd LaSpn|s pue sping 30y [Ie 3no Suydwind
Bupwolto) ) pnpuj [ spomawr Tupres) “sprepuBls HOQ JleIS PUB VIH PREND
15200 "5 01 parrwsp ANYEN0IOM oq ([ 595534 1Yy, - voperedaid pus Bueap (35534 (2

sanseaw aanedppy pue
staeduny prustruoaAc? [spuated ‘ssof 1nyqeEy ‘Sopeds parafuepud puR PIUAEII SISAISP
052 I SWL "2rmonns Aununios spopg 10f pakeains A13M 1RY) SUCHENO] UOHEIS pie
sa1n1e3) wonoq Supaoys dew ApiA © sspnpu Apris sy, xpuadde ue sv patpene ose
S} pue *S13 U1 JO 1X31 ) U] pIpapug 5t Aprs STUL IS AP 153efop a1 Jo Lpuia 3y
uf 21mpanns AUNMIIOS Jupret puR Aenb J27wm Jo JUSSISTR UB $PRPU) ST ML (1

-mo[>q papaosd are susunpos 1nok o) sasuodsay “(S[IQ) WIWATIS
prdw] {HIUAIOTATT eI 91 O0) ANIWWEd s pareiodiodny Iavq I pafosg
uopejeIsty 399y EROIMY sIcumagng 98204 91 U0 NUALWCD oA 10) nok Yueyp

imoalg N mag

uope(eisu] ooy [EPOIMY sauprewang 1o8elos AN
05896 \[emeH ‘ainjoucy

#8005 ¥of

gO1E Wooy ‘pieas|neg EUROW BV 00E
uog821027 SpUB[s] SYREY

IS JNPIM PUE YSI]

1adrep] Spoog I

LE6T 'L 129000

EXIR-65T (POU) XVII996L-B5L Q0N SEL496 NTMTH DITUTWITAY "l S05 Wmp) JEUEUn|ol FUELE S IR 1oy

[

1

i 0

ouf ‘buriaaubusy pag ﬁ

(1 1 o oy U




‘sabueyo ejeradoadde eyy exem pue sarny §13 Aeu ay3 Jo g~00Z
=115 03 J9J0x vBRATd "966T Jo 3BnBNY U BOTNI SIF B3 o3 epra
saBueys xoy3o pue gujed mou ony By epnIauy 30U SIOp NASIT
843 3O 8 UOTIDREB UT PasENIBYD BTASITID JUESTITUBTE Jo IBYL OYL  °9

‘RIS 0Yy {TA pejeidosse spuebel pue BOTITATIOR Buyysyy ‘o3
PRITULT J0U 0q Ing ‘epnyou} PINOYS uotESnOBFp WYL -30efoad
ey3y Aq pajowdm} eq TTIA sdnoiab IBYJO Jo BURTTRARH @AT3RU
Jo sgeyteq pur sesjjavad TeucizTpRIy 93014 ejUNTRAD OERDTJ ‘g

*50378
Jane Aur 3oudmy Aem 3oe{ead oayy moy ssnosIp ArIng unnuwu v

‘UTFIDVAIIR YIRYS puw A8 TRTDTFTIIN Usomieq diysuogjgerex
ey} Jo Apn3ys umouy Lue Jo S3yngex 8Y3 OS0[OEIP ©BLaTd t

‘8318 oyy jo A3yarjonpoad yedtbotojqg eyl
9JURYUD 03 §2INJONIYE Iurnpoti-uedo s YIng SJ9Ax TRIOFITIIT
espavuasgIe  fuyavid Jo qepjueszed ey eqrIoEdp aseard  ‘z

- *meaboxd
EBuypaojjuom eyy 3o edoas eyy wqiacsep esveid ‘o 31 *pe3oanpuoo
eq TTIA ueae oy A3ryendb Fojwea puw TeIon ‘seyoads

3o buyzojyuom oFpotasd pue euyresvq aeyjeys oqfiomep eEEaTd ‘1

-suorasond pue sjuemmes bugmorio; ety saey ey *juommnoop
Iefgne By3 uo Jusumes puw ABARI 03 X3Tunjacddo eyy aoz mek yumyl

nyerp ‘uorjerressur
Jeeyd RTOTITIAV TYeMvl soufaemqng Jabelop 03 K4SIA :3o00f{qns

IUOSTIM "IH Iveq
60896 JTesMERH ‘nrunrouocy

TIZ5 Xo0d "0°'d
892IN0ERY TRINIUN Pue puel Jo juamzivdag

+ouy buyaesupbuz we -]
T toug wag AYeHD ‘UCBTTM TORUSTH *IH
J03003FQ
I Laen
N . m l\l& L661 ‘ST aequezdes
i ‘Kreasouysg
$017411 ooel TV
*G8IV~98BC i b ST
¢ meuwubnajyr ueler (yes esuard ‘suctasenb Auv wawy nok pinogg ’ s
13028 Yo LR WiNOS T
TCHLNCD ALMTYND TWANINNCGHIANT J0 321440
z wbug IYMYHI0 21YLS
LE6T ‘ST Iequeides hpions
T ANYD

UOSTIM *IH
o:.-.ﬁ.—ﬂm_u_.._..l'ﬂxun t

_ e e L T e B s B o M ey LU S B o D e N e B e R s B




nosAg PUT] UNI@ 0

<uj *Bunuidog BoS
uasyy ey

ez

*A@smourg

UONEULIOJUL [EUONIPPE Pasu
10 sunnsanb Luw 2wy nok J§ ow LeILod sedg 1ford sy oy induy 1nok 1o) nok yuey],

"SIa I
10 £°5 UONISS 0} PIPPE UIIQ IARY B WrRdYMAS Jo 1s1) 3 Y sutod mau oaw I, (9

*sjaigeq pue saapoead reuonipe:n uo spedun
ot aey pnoys wafoid spyl, “Aeg E[RUGIY JO EB[RIEW PUR ‘DISEY O[EMI) JO O[EMIY
JWEH Y] YA PITDOSTE B Ao [auod oy uy spuadxy -ous wofoud sypads am
i poiedosse spudfa) ou are azay], uonerado suuERNqNS S pUR WY UIIMIIQ SIIJIFUCD
ou usaq aaeq 21901 ~Aumnde Sugsy Eoswmee Lesodwues v ing wonesd sanen 8
10U 1 S J9aam0} “stesodo weuuagsy den fepIunuos Juo Auo ‘ware 139foid i ug e
punoj £3ans oy -Buppped puw Fupaqed Fumee sy preoquns “Surppmbs ‘Bumysy se
yans saandeld ueTemel] 2anea papnpul Loams sTL, "SIAQ [ JO '€ TONIRS U] pAiFsd
st pue 1aford ST 30) PIONPUOS U SEY AIAINS SINARIE UBXO Farsuaqidwes v (g

"SIFA W) JO pT°S UORIIS UF PIssTASTP 51 STEL “3)S 3 JO a10ysu]
soams Snns oo pedun oo 2AEy 0S¥ 20jarAN pnoys sdmy gL, Soavm Sunpeoidde
0] ez dguns o messid o surplogy dm o1 nepoipuadiad paioaue oq Ima
pue 1arem dasp Kjaaneas uy paoeyd 2q [ s15s9a uayuas Jo8edop ol e w1 Suins
Jo 123k g pus ‘pliom 9i; ut sods papns Aaeay 1som S Jo swes Ajqeqod TIDEM Ul
saus ins repndod 150w Sty Jo swmoes ye Foppms jo sreak g sevetodiodar sy, soARm Jumuns
o S[35534 25203 Jo Auw Jo spedw parrodal ou uadq daey 1, e BA[RUNE UL SINEM
210ISIESU UY YUNS U ey 532req 1nof ‘wOmppE Ul TR S Jo AUiA [erauad aq w
paiex0] os(e s} 93req Suo] 100§ Q1T V TILEIN UT [9559A UINUNS YRR 311 JO JICYSU] PHES0]
a1e syealq £ Apinnposddy  Suaan) pme ‘s30ue] ‘NG TUER PIO ‘SAHED Spmog
291y T8 YONs $YE4q snours) Jupnpu] ‘SIASIIA TIUNS SHUBHY I JO 2U0YSUI ISTXI SYEIQ
HNS 81 152 1Y "SYR3IQ JNS JO JIOGSHO PAILI0] 5] 3590 JO (IR "SI [ERGILIE S8 JAIN O
TE,0) PUNOIT SIF1RM J10USIEIN O] JUNS U2 SARY ST3539A YA -snonwmgs Funspe sejjwts
Sunenjaas £q passossk 153q 2q UBd sarem Supums po waload st Jo sweduny aiqissod (p

S1I3a sy
30 ['TS UOIISG th PISSTSIP §} SIL "SAreys o] ampeiye Aprejnjired 10U 258 55993 [ERYILE
1) SIITALPUY WIEP S UANSY "PITEYS PRALE 55931 [ERYRIR 1wy 1538805 0 viEp OU 5} A1
‘wonTAIZSq0 0 SIney snozawny Midsap SN pAns uq Fay Syreys sassaie Arepustod

e ot At e F

Lz flup “pans usaq aamy syseys snozafuep Aepuated ofiel g Auo  -syreys Buipnpoul
s3uns suuew [ensnun Sui83o) pue Swaresqo smoy OZ'07 pepdwod daey AN ‘g66!
ut Supnu@ag ~w1o)1d oupregas spuepy A Aq papdwod uIaq SeY 135 1R IAapsusyaadiind
sous YL, °S)991 [BPHINE UBRMEE S JO U8 U0 PALINIO0 JAEY JuCU IeMEl] Ul SYmYS
Y1t SIIUNOIU PAUILNIOP T[T U ATY I3 §661 YN0 6741 WO "PIANS SBAM YIRS
J991 dua1pym (iRt 2uo £fUO *SjaaJ [EPYIT SNUERY PUE EN[EUecjy ) Sula15q0 SMOITEW
00S Uf e SAIES (S661) X001 *Aejuis J331 [INIBT AQIwan B I8 SYEYS A5G0 PIp Inq
'S SHURNY S8 18 SYIEYS A2 9AI2550 10U PIP APMS UNTA 2 8] UL “SJ93 [EPYIE pus
syIeys uzamiaq drysuoperas € moys 100 pnoo vonsenb sy Surssasppe p61 uj patejdwod
Apmis ¥UNTA V "Sireys snosafuep Aenosiod o) sanseme Apenopred 100 ore [remep] ul
5991 [EIIIUE 18] IEPUL *12A2M0Y ‘BB UL PILIR]|0O EIEP PUE STOJIRAIZSQO JAISUSIXY
*S[321 |RISUIIE 01 SYMEYS O vopImme o Sunuacueo 3PS aAnmmap ou Ire AL (£

*SIFQ 341 Jo 001 TCHRIS Ul pISSTLSID 8
siyL -Buneadde Leasia oste are yer sdjys angnn 01 P31 sey Jofekoy ‘gl ELINIE sB
IAIA3]J3 10q 2re sAiYs PUE SSIMINAS JAREILN[E 18q) USAID ‘IAPRIE A[[ensiA 58 papredal
10U A[e12u93 oI SIMpou 3991 S ‘s1afusssed Supmopm o) Suneadde £janbun a1e '2989m0y
‘sdiys uayung “ssaudAnday)? s Fouedwoo AN SAIPIS OO I8 Y, “SJRAL EPUNIR
2A1192]J3 34 01 umos Udaq saey sdys (9915 paredaad Lpradoad pue ‘samionus ja21 oAneUISIE
paudisop Aepads qiog -wafoid ST 10} PAASPISUCO oM SAUTWINNS J9I JANULANNY (T

“s1eak o 1xau A Juunp sxIam
g 01 p A19A3 20U0 pue ‘Je3L JIY Syi JO JpUrEWIAL I iuow 12d 2010 ‘syuo omy JxId
a1 Suump skep p] 01 O] K194 2000 "(23M 0M) 1x9U o3 Furmp R23m Id 3000 ‘TYIM Om1
151 2y Seunp sep o} ¢ K194 patonpuoo 9 [ Souojom [e3rdojolq o Yoauelojdap
1293 Suwmoyjo -1a(o1d s 10) 1uuag Amry st jo wsmreda A jo Imannbaz v 2q s
siy |, mrerdord Supolwow [earSejorq yeak-njnm Varsuays:duod eapnpu [ fosd g (1

- moj2q pepiacsd 918 sju2unued Jnok o) sesuodsaz
g §1g yrIp ap ciop paresedioon) uasq oAy Aayy Swaunmos mok Joj nok yueyl
uone|eISu] 199y RNV ssuLremqng 138edo A oM Buuaaonad S30IN0SIY [RIMEN PUB PUET
Jo wawnsedag D 01 (661 ‘ST Jequandas patep Jans| mok jo Adoo B PIAIIIIL MABY M

MO "IN reag

nyE,Q "monEj(EISu] Ja9Y |ERIIY jreaey ssuueugng safefoA 403 NASIE 99fans
£1896 1iEMeH] 'n[njoucH

T0L SUNS "193NS BIUEIE INOS SET

[onuoy AEnd) [EIUIWITOAILALT JO OWO

mo Ao I

£661 ‘L 199000

LEEE GST (BOREAY LI ST WOH) 65 NEW]§ TOUUEEAY, 0 JHTIS AnH Spirueruny JO0 1 e 5 ey inay

auy buaauibuy vag (7 =




uoistalg PUT] UNIQ 9
-oug "duuaauiiug vag

uspug ey
han e =)

T ks

“uojieuLIcju} [euojpps 24nba1 10 suopsanb Luw aey nok j)
W PETINOI 58I *SINUNLOI Inok 20§ nok YuEy ], im0l suuswigns 1afelop ap Bupueyua
01 LOJIPPR 1 ‘NIYIUKG EIenuesans pue ofqnd repumsqns sapoid waford spp aasneq
SA, TUSLIUOIIAUD JULEW 1Y} JO IUAUIDUBYRI PUR TOJIRALISUOI Cua} Huof 0 panunuoo
a1ojasa st 19%edop, juaumuenans supem Agifeay B uo spusdap ssuuswqns rfefop

‘SoUBIpINY pue
Sw0is 219498 Tupnp UIAd “J00(JEIS i UC J|qWIS UrEW=T sAjys 241 1By JINSUS H1 PISN 2
[ sasAeun saem UBisIp 2AIEAI95U00 A19A PUR IST[[EQ ANILU0D ‘UONIPPE U] "SSAUIATIHGD
1221 10j Bua)L wwenodmy Ju -~ sxeds ey x9)duros 1350 pae ‘smnfoa yun Jad B
ogjns jo siunoure 98re] saey ‘uopeinyp 191em o1 uado are Jana1 qBny apoid ‘s|gemp
are K] 331 RPYIL JU3|[30X 3q 0) PUNO 034 aaey sdpys (3915 pamedaad Kpadorg (2

'] sulreut pau
K194 A PIZTUIBIVI B J931 [ERYIUTE Y1 J0) pA1ednn 131wm sadasp up seare wovioq Apues
A1 21w ‘sareiado SMNEN 219GM JNEM MO[RYS ) UF 123s 9q e IJf| suLew Jo s3di)
pue s1oqung o35y $91es3do snyneN 213G JHEM JIM0[TENS 911 TUG) JIMIINNS AUNURLod
supew u) Juasagp ApueaymuBis o pue ‘1aiEm JO 133) OO ©) 06 U} PIIED0] I SAS
ssay). 1EIqeq ysy djqeireat A ouwyua Apreanis o1 Aingissod a sopj0 pue “wedu
[ oARq [[tm $3931 S !5]931 [EPYILIT J0) SUONROOE [¥ap) 1asaidal 210)a13n1 $AYS 5L
-paimn| K124 958 9dojoq S U] HUILNSO0 S PUE ¥10JQONNW JE) LI}pUf TIW IQ
Jo skaasns reaBojayg *o8paj sy Jo premsas pues 2anRNposdim ‘udiIRq uo pANEX0] A[Rgared
U23q JALY *1IAIM0Y ‘SIS J9a1 ERyTUE oy, “suofieindod gy pUB [e100 J1EIapOw SI0QTEY
e 28pa) puw jeys aucisow] ¥ 3o 38pa Sy sm070) APUILIRY INOY LTINS S, I8
01 Suyon 53 219 1eq pue Apuasaad 219 9fj] ou 5} 3P, 1EY) PAiEIs J0u sey 1aBakop (1

“mopq
papwosd 252 suannuos inok o) sesucdsal g ‘2661 01 1aquuaidag pajep asuodsal S UNTA
POB BOJIR|[EISU] J39Y [ERLIUV soutremqns sa8ehop 3t Bupszouoo sxunosay [eimey pue
puw] jo esunsedaq oy 01 2661 ‘2z 1sndmy parep 1313] anok Jo Adoo e pareaas aasy IM

wsng Iy 1B

nye,O ‘UonEEIY] 93y ERYRIV Femel Sateuqng Jadelop safqng
£1896 LIEmEH ‘ninjotoy
123015 BUMNEX3{eH 6¥8
SNMNEN

ysng paJ, 1IN

1661 ‘L 13900

iU 65 (RON) XV /9964 65E (ROF) 55296 HEMTH DITUTUNEAY  #805 Aangf Moturmur|og 20T 1 Mg Yoy royevy

ouf ‘buLisauibuzy nag ﬁ

. L ﬁl-\s- i -15% C..h-..?%-lh- ¢ -__;f. ..M.. -—.—.hn.-_-....—ﬁ ntv

4 s
- P -

TG war

e dis Kz

*6616-165 W patfawat 3q Avt § 20150 ok wey 13| Aws 01 puodsar Juoawes ue)

£ZUOHIE1I1[0S J0)SIAU] [RUCTIPPR 10 J[ES B JO 18943 Iy uf sa1e) szifENded fews Ko
1e1 05 31w 3y Jo esuadxa Ay e 1onpoad 2 Jo anfea a ped, o) Burdn 1ou st aucawos adoy |

*$MO) NG Jo 5u0 uo att atof o3 jms mok puw nok a8einoiua pinam
[ “93Ue[eq ¥ SUIEILTEL }| PUS SINO] MO 10] UONIRNIR PUB JU3UL JO 10| B SAEY SUONIPUCD [RIniey
YL IO} MO VO BIIS ] IULNW JO ss2quma pur sy ot Qs parysnes K[auwanxs are sisand
mQ -nurEdwod ou ARG 94y sreak § 1swd 1 10] U0 SRY puv ‘wase Awes ) sIsn Luedwod Ay
- . "SR} J0J SANUYHWS I|GEINS 0L SIYIO AL AT WIAQ [[31 |
YAIBISA U] *SEIE 2)R|OSIP U I Suurew alour 2Femosus 01 91 pam sivauocdod 31 oo
URI30 ) JIA0 [[B W NNGLOSIPaS puB S| [e12ut 353t LaNSIP J8] 10 190005 [[144 LEI20
uado atp (012 “shrq “saxm| “§Ja01 0LLrRq JO SPISUL) SHORRIO] PALsTI0ad Uy SIS IAIP JI3L [RIDILE
[0 aYI[un "uRad0 uado 3R U [FEW PRSP At Jo Juswadnyd Sy i sauBeiou op |

“txauosuy Af[e10) 51 pu “ediy te gons 40 gFnoud 10u s IS

o} Bumpou sy ataty ey pus Apussasd A 911) ou 5123 JR oNBANNGD spa8ukop ~aandadap
Tou st ‘sautretaqns s1q BuIpn]IuE 'SIIAIP {[2 10) NS IATP [FUORIPPE W18 ¢ ‘U1 pua “3J1) suLmeut jo
BUT(D01SaL S 10 18I $T YITYM ‘5125594 95241 JO 1uwad 1) uoReww|dxa spa8ekop adoy |

LT Jo 21w 3w Apozptedaput A dde o tred *[BAOIIIS

10 dn UE3[D ¥ SIEPUTUI JIISTSIP ¥ IUIAD AT U1 19 05 A[qisuodsau A[urreny) 2q o jued)|dde

aiy umba nok op ‘Spryuiva [WUIIGIIAED $1q) J0 [Racsdde uy Bunu|dmaluo U sanstnbar
JOISI[ SRS U] TUROI BfY 130 3ite 3a1p juseard oy u Jasa eiagnre we 2owid o Luedwos
< mo:_._.m..m_ﬁm aukop, 2 Aq 1sonbas yraurad Jusas I UD WO AW NS 01 INH] pnom |

[y ] e
n o= i “wosTiA TN T3
. T 'Y T
- o~ - m u”.. 199y RPNV UR 10 1senboy sauLmgn, g ra8elop 2y
- = ..“:; Jast £I896 UEMUE] ‘R[R[ouOH
- S 12308 pmoquaund 1S11
wa £32Imosoy (N PR pue Jo waunredag
URULITTYD) UOSTIAN ST
L ettty
TR ki3
L661 ‘LT wniny SHINNTN
— kv . H
lIlJMH...L ._.G-nﬁﬂ.d. N
R ———n
RN il
[ I T3 T = I YO 1
O e
5] it IR
=] Prug aig AR
O oy gy BIATN Sl TP
BT ]
¥ o E
[ A U A S S (Y N WY S I T S B




#0°d POO"ON 6£:6

wHSEALG puel 33

m W MSTIA G dsa_zb

‘eyory
*15anbas 123fqns ay1 noqe LJAZUOD pue J3333) Jnok Joj nok xuey) ‘uteby

1661 "01 J2quaydas
2 abed

ysng pay "M

26.20 120

SSp0-285-808:41 "AI0 LIN3HIOYHUH qNun .

(N

Ll

*AJ33NpUl 1S14n0Y ajqenjes .o
J0 J1jsuag Ay 405 woryesado Jiaya apesSdn 03 BulAey A[aJaauLs S| Inq " Janpurd
J12yy Jo antea ayy .ped, 03 Burksy ysnf jou Sp Jueds|dde ay} adoy o%fe

.....evcco.-mto.__&am:mShaucu.._o:m._.&o._:ohommou
8ACL PINOM |  SJn03 JNOK JU O LG NOK Eom 071 10)IRIAUL DY JOJ NOk yueyt

*3Jede Guy||e; wodp abseq ayy diny 0y

Buydian ) Aew Yapym saLdads |8402 Jo Jagunu @ yjim paaa0d A||eJa1tf 11 puno)
G861 UL yuns 06Jeq 30| (a43p A1 PO UR Jo AdAins QUL *gaLy61o ApJea
3y} 3Uls S1a553A LAZOP R PAIINDS ARl pUe SIdpLadap abneb Aaeay az(|n 01
anlpueD 94 *3J0j3udyl  "J3318YS ys1) |RJEIUN0g @ 5§ pue Jaejul SUlemAS {L)S
06T Ut PA|1INIS S640q B *JS0AIKOR - IRIEQRY YS)) UALIDINE SO Ayl PAYSLULWLD
pue A(pydeJ PapoaIod SIC9 Y3 IRy} S) PONULIUCISIP Sem Fuidanp suosead

1 Jo aug  "2/61 PuP 106[ UDAMIIQ SJR3 J3{|AJap PURSNOY] [EJIADS padanp
RIS AL CUISu0D pi|eA B S§ URIDO Sy} UL [e3am papueastp Jo Juawade|d ay)

*sPaJe Apues "udLieq Se wayl paqpaasap
S1@5596 ayy Jo) s031s periuajed ayy Supysadsul pjeys ybBnoyjge ‘ueileJibbexa
ue 3q Aew ,3ds 0] Gujylou, put _aj}| ou, PP UOLTUIILOD S, uPIpdde dut

‘pasodal 3q pLnos _°sadip} .mu.:zu: J9 Ju3pLIae £q Ju

U3AD “S|ejJalew ( Y2AuM, JO 3834 |RLILJTI4R) w: foud jo juanaom Jo Jqusas ©
se AJessaday oq Lew oLy wOLIRJDYSEL Jalle 40 dn-ueapd Aue Jo) alqpsucdsas s|
Jueatidde ay), *SAILIS I} AIIYM SULIERGIS S|IUR|YY UO padeld Jey] OF Je(iuys
uoLitpuod @ paaosdde 53 uoryedvidde RALQRS SIYY J1 1047 AL3gil Ataa st 3
“3)108 OAry Kew JAISRSIP § 30 JUIAD Ut Aaessadeu sp dn-ugayd Aue ased uj
alqisuodsas A|LPIouBULS 3q 03 PaJinbay Bujan Juedpqdde ayy Jnoge uojisanb Jnay

*Spuey 33@_2 a5n Butajoauy s esodosd

SMILARS UJjum YJuRJg SAILAISS [RIJULIZL pue buiuueld S UOLSLALY puE] Jno
um_:sc& el M_x SUJAJUDD pue JB1T3] Jno)  CJeay |BLapjgade ue Joj jsanbas
suLseaqng abekop buiplebas *fesL ° 2 Isnboy JO Jag1a] Jnok J0) Nk yuey|

jsng i Jedg
£1896 1l "ninjoucy

82215 P{nexad|Ry GhB
ysng pay "R

RECEIVED
DIVISION OF
LAND MANACEMENT

Serll 35

1661 01 Jeqeaydag

SRl TAYH TENTNGH
1N oY
SZOUNOCIN TVHEINLYN ONY QHYT 40 ININLHYSID
NYMYH 40 21viS

£0°d Y00 ON 6£:6 S5v0-285-808:41

46,20 120

s B e S e B o

W gy Sty Lo

CuiL LT T v n sy

“AI0 IRIHIOURLH ahy




1weadde ey 10 Amgsuedsal
ey} eq pjnoys ‘eds} yeelq pNCY Aay) eduls Ajepedse 'sbupoow 10
asn oy} woi Ayiqey Aue ‘ABUly  'S9SSAA Ay} uo Bujalp suosiad o) Anfu)
Aue 10} Aupqey wosp paidajoid ©q pINOys RIS Y} 'SSJAYURABN  “yidap
19jes e |e woy) Buidaay pue juewdeijua jo @suByd oyl Bupessa| Aqalayl
dys auy) jo s|@moq 8yl o) dasp BujoB woy) sseap Buipnpaid (assea eyl
JO S[3A9] lamo] Syl O SS33IB Byl 30| 10 8l9I0UGD yum ity wesndde ayy
15a66ns oM  "uojssaidwaosap Bupnbas noypm Bualp jo SaINWL 05 noqe
MOJl2 PINOM UJYM 198} DL-09 uaaMieq syidop je {epejew jeal (|ep|ue
skojdap Ajesausd eeis 8yl ‘uojssa:dwosap Noylm peywl S| Buap
a1oym ydep B 18 SIBAIR VENDS eafvinojua pue joBE ABWS YOUM [9SSBA
uajuns E 8| uopoeie uv m__u_.uunmn .m_._a.ou 100} Q01 18 SaINlINAS

[9a1 (ePUe jo juswaedeld Bu} noqe PaUIaLed 8q O) BNURUOD 8M
‘uoppuca Aq uedjdde oyl jo Aynqisuodsas ayy ag
PINOYS 'Sadio) [BIMNEBY 10 JUSPIIOE AQ § UBAS "UOHBIOHAIAP PUB JUSWIOAOWL
jo §nsa) B se Afessadau eq Kew yojym uopeiolsas sayjo 1o dn-usep
Aue 10} AuGisucdsel 'SUBLIND PUB SSAEM PUBSYIM 01 _uw__mﬁ:_‘ pus
pajseleq Apadosd aq o} ale Swoemm, Byj ybnoyny "uBeI0 By} O| SLQeP
teyo pue sluenjjod jO 9SERIE |BIIUBPIIDE 10) Eenueiod ay) ezZjwiujw

o, Ajjnjaied suop eq pnoys Bupjuis 1o} sjessea eyl Buedaid
‘ys)} 10 eap jou op oym ejdoad
10} aansdw) PINOM SBAINCSAI 1BIEMIBPUN 10) uopepeidde pus o0} ss833W
‘uopppe U] ‘EER wasejpe syy ul o) eupew jo Aponpord |[e18A0 8y}
aseaou] Aoy ISOW PIICM 1BYIQBY [BUOIPPE 8Y) 1nq .Emen_o Aisjuopas
oedw; pinom S[931 IE[DljIMR SB S|eSSAA oM 10 :o:m__ﬂm.c_ spuno:f
Buiys|y (BUOMPBIL WOJ} USWIBYS] Bujpejdsip aq 1ou pjnom pIeREs 8|S

ay) pappord oafoid pasodoid ay) o} uopoas(qo OU SBY UOISIAIG BYL
ISUB LU0

u| 198} 0BL-00L USPM|aq i paispjsuod Bujaq SBSSaA ey

.BoIR By} o) $sedoB ajeapd |

JOU [iM PUE - * ' BAE BY) JO 85N OAISMIING eauy ou |m 06ef0A. 1BY) 1X0)

au) jo 01~ efied uo pajeis s| y "UONIPPR U] “'sis ey} 18 pajjeIsy] eq o}

pasodoid e1e sfonq Supoow pablowqns X(§ 0S|y  °S1@I0U0D Yim paiseiEq

pue ‘siaap Aq ixejAnue ajes 1o patedead ‘swuenjiod [0 pPauedD

8q (™ S{sseA oy suoljenbal |eiopad pue aje)g o) Bupaypy  bus)

‘wopoq uaieq

Apues 1aao syidep 100} QQL-08 U) ¥Bd yoBeg BUBOW ElY WOJ) SI0US)j0
Soji p/E S[BSSOA 1D||91ap oM) Nuls O} sesedoid (uedjdde eyl

:uopdposeq jeug

IEMEH ‘NjNjouoH ‘Yyoreg BUBOW BV |0 I0YSHO suojeson
lemeH seupewqgns lofiviop :Aq 199{oug

i S|90H [BIOJINY SB S|asSap oML qUIS BINL
VIR[0Ig pastanId [0 ATBWmng

[2/90 POAY OZ/O0 :iSenboy UOSING PUET 'epudn O :Aq paisanbay
8leq o \leg uswwo)
9962-VO "ON Ieuld 'eajioN daid SIVI jeuld uo sjuswwed LDIMENS
1si6ojojg onenby 'eyeusuBy usng WO

Auagxs prEYIH  HONOHHL

.y lojensiuupy  Bupay  yolaeq  welnm 0L

46121120 Bleq
saamnosay 2nenby 10 UDISIAG

S80IN0SaY [RINEN PUB puB JO Wwelnedaq
\feameH |0 RIS

I6/1811.0:018Q B@suadsng




COFIMQ PO "HNIQ S

ouj "Bupsoufuy wag
uasIug 2rep

D e

“f12190ug

TofiEULIoju} [euonppe annbas
Jo suopsenb Lire oary nok Jy am Ao aseagy *psford oq1 o1y 1ndiy anok 10§ nok yuRyy,

‘Sidq au

40 TTT HORIIS UF pASSTOSIP 5 UL YuImkoidap 0 Jopd sapaate paysasanay 4 persadsuy |

AuBnoso 9q | SIRS9A QL ds M Jo s3] Jamol Q1 up paozid 19000 g
PIISE[[Eq 3q T4 195534 SO) ‘WORIPPR U “Saaym pue $3(qe2 ‘Samy) Aq sprezey wow3dueina
Surowa) pue sjoaunsedmeo snoprezeq go Sujfess ‘yauy pue soop e Fupaomas
‘$123p pue spiog [[e u} 333] ¢ £q 1997 § 1583] 18 sTuprado Zommo sopapuoy syt uswdordap
o1 sond paredasd ARgares 2q ([ 9ssA 3 Sprezey Aaes aigrsod sz of (p

) "SI 3N Jo £TT vopIg
U} passmasip 5] WORRA|3s 9)g Jusmaow]d [95394 10) 139) 0O 03 05 AiSiemroudde Jo %
Tdap AolIEY I 0) sauyregng Jofekoy PRI suopnpoy 95241, 2o1ap Joj snopreziy se

papredas Asdnad osw 193 of weq 1912918 sudap s ‘PURT 1210 QI UQ 193] 0§ ISWD]

18 39 PIOYS 3lJs J331 3133128 ) J0J sidap rorwm ummurm e 53 139fosd spp I0) ImIa g
Auwry 21 30 uaumreda 9 JO UORIENSII ¥ ‘Su0swaL 939 104 199) o8 Aorempxoadds ey
12d23p 1318M 03 1uatm0R(d [953A IS Aensn STUI, “SIBJINS I31RM 31 JO 199} Of UL
01 puaix J335 i Jo wred ou 1eq; 2umbas Ayl suonemal prang 15200 ‘suttoys Fupmp
52010} aem 3918213 03 199fqns o5 98 t1o1wm MOERS “sware re10o sappues Aupnaod
318 ST JO 3104suf 1133} 0] 03 08 JO SIS 18 paresor 5] aawaonyd joo1 10§ [@3p] M1BNSqNE
Apues usrreq ‘Aiqup 1vafoud agy og “prezey [wnopediavy ¥ Sunwos tou pue ‘speduy 2aem
L3035 3|qsssod JupzpupuI: ‘91RN5qns 2(qEIINS ® Fupjedo] apnpuy AL, 3445 J391 [EPYLIE A

798y

L6/gfon
ENRUINTY Ipy

e e L aed e aAaa s A A .

Fun3)ag vaym P13pI5u00 o )5 JEY1 SIUTRIISUCD [RUONPPE “I2A9MO ‘218 IS L ‘I2IeM
daap Ljaanear uf 3o21 [Eppre e upspd jo swaatco Aayes Bupp s szuiooa ap (¢

'SI9A M j0 T vopaag up passmasp §] sy, woulojdap o1 sopd sapuae parsazain
1% £q pasadsug oq [ 5195534 311, “Tesodsip pue JwsunEan a1seM snoprexey oy SopEpads
uLy ® 4q [euate smoprezey ([¢ jo [esodsip {musiem sjqieop ge Jo JEAOTIR) SSUGIP pure
[e13rew ‘30 [enpisos |pe wesp o) Sunselq 1avem joy puw Supreap uresis amssad 28pns
pus sping ‘{any (1@ 1no Smdmnd :Buprofie) sm opapuy | spomsw Supwoy sprepues
HOd 21mi§ pug Vdg ‘prnp 15200 'S 01 pawwsp Aqinolom aq jm sassaa ayy, (Z

Tofiesado aupTIGNS Y1 PUR WY 039437q SI[JUOI
0u U] 24eq 234L “Ajapos Fngsy RRstnmod Lresodmizinos © ynq ‘soporid Janeu B
100 5§ STqY “59samo}] "seresado wemuagsy den [EP2Imnes 90 &uo ‘zame 1aford 2t oy 1By
punoj L3ams oqy, Boypped puw Supsamed Bupion Bojysy preoguns Suippinbs Foyysy s
Yans ssoparid wereMEH Sanea papnpey £3aIns sl "STHA 941 3O §°¢ BRI Uy paymasasd
5} pue 12ford ST 20] PIDNPUOD U3 SEY ASAIRS SINJATIIR UBI0 sapmagadmoy v (1

"%0[3q papiacid are HuImmoo ok o) seswodsat MmO SIF YRIp 3 oy paresodicom
u33q A%y £3q, ‘SIuIGNmOo ok 10) NOK YTEQY, "DOREIWIST] J99Y PGV sauuRgng
13eiop om Suppredas 1661 ‘L1 Anr paiep 1ame] mok jo £dod e PAAISO 9aRY M

TPRUIURY I 13
Nq9,0) ‘WONSTRIST] J39Y WPHIMY [RMEH ssupremqns sa8ekop  malqng
€1896 IH ‘ninjomoy

0f€ Wooy “13ang moquaung 151[
SWINESIY RINIRN puw pue jo Juaunredaq

ssunosay apenby jo vopmg
BpRUSUEY CRpg

L1661 '8 IMORO

LFLEEST QORI XV /9964 65T IBOM 6196 NEMCH DIERUNEAY "G 205 Hany] JUCUENIZYEY 202 4d YMEHSS Py

oy ‘buriaaubuzg pag E




uolsIALT puRT "HNTIA R

<u] "Buusamduyg eag
uIsRou MW

25

213015

‘mopewiofe] feuonippe 1nbal
10 suoysanb Aue oAy noA Jj 9w 1EIN0D F5Rd ‘WPafoid ayy oy indug anok 10j nok yueyy,

uawlojdap o1 2oud sapuasde paisaraiug 4g pawadsur AyBnosow 29 jfim Sj95IA aut,
‘5211 pre $a[qRd ‘saup £q spuezey juawa(Bueins Sopmomor pre ‘iuswuedwod snoprezey
10 Suifess ‘segateq pue s100p [[e Bupsomal ‘sy9p pue spog [T U 159 ¥ 4 139 p 1583] 12
sBuruado Bumny sapnput styy, wswioidap o1 toud pasedard Apadosd aq [am sjassea YL

quawaoe|d (#5534 10] 193] pOL 01 0g LMewnxoadde jo oFues
yidap mouet 3Gt 0) ssuprewqng 198edo PN svopwINg 35, Fmwp o] snoprezey
se popre3a1 Afresauad are 199} 001 oe el spdap Jatem 'pUEy L3I0 AP UY 199
06 29 PINOYS IS }331 PA1I3[es A1) 10j sTRdap 11w ML Jey) 1 193fosd ST Jof HuLRg
fusry 2171 Jo wwouneda(] 2 JO UONIMSAI © 'SUOSER 9533 10 193) % Axwwmpordde vy
13d33p 1912M 01 Juam0E|d [95534 SIONSAI AJ[RNST ST, “SIBLINS IIIRM 20 JO 193} OF UINM
01 puaix? 231 a1 Jo yed on Jeq armbas Grendiy suonemBas preng jse0) suLols Buunp
$3310] 2ARM 131228 0} 133[qNS OSE SIT TIANEM IIMO[[EYS “TEAIT [IOD AAntsuas Lenuaiod
SIE ST JO 2104sM 41937 001 ©1 08 JO sTIdap 1 paiedq] ST Jumaoeyd 1391 10] [EIP] JleNSNS
fpurs uaireq *Amoia pafosd oq o] “prezey reuopediaeu ¢ funeam jou pue ‘spedan saem
unols 3[qissod Buppumums ‘Siensqns 3|qeIiNs € dunedo) 9PARUR ALY, "3NIS JIU [ERHIIE
atp Jupos[es uaym PAIIPISU0D 3 ISTIT 1B SINTRASUCO [CUONIPPR “JaAIMOY 318 213,
191em do3p A12anEaI U] J921 feRyIe vz Suped jo swmaouco Aapes Sutarp a1 zmBooaz Iy

‘TUIUMLC
ok 10) nok YUyl “UONE(MSU] JAY [NOYMIY seuuewqns 198efop Sy Funussouod

1009 P SN O L5661 ‘€1 Joqmadag payep 1on9] 1ok jo £doo  pepuozd UIIQ ey IM, -

aafeg I g

nyE,0 “VONR|[EISI] J93Y [EPYRIV [femel ssopewqng Jadedop wafgng
0896 LIBMBH MM{oMOH

£¢67 Y0 "O'd

TMRMER] J0] [IUNOD UOHRAISUDD

1odeg H wRIIM I

L661 *L 3200B0

EHH GSTANOH) NV 190 65T (UOND Shl%6 YT WIH DIFUCURE L Y S0NE Av] opieuniut] iy SO0 HR] Y HERIY ey

oy ‘burizaubusy vas s

UNTd =2

- 1reyD)

- » 1ageg H welpim
%&

' ‘ ‘Klssomg

“afoud s poddns 0 ajqe aq o) pesead 51 1D

J|qissod saaatam s3ames Aiaus ojqrmaual o) 3aom uonwsaddo spp 295 0) 91| pnos am
Inq "[eonaesd sy 31 ¢ MOWY 3,U0P Ip\ “SIMNSMPUI I[qUUTEISTS 98RMOSL2 01 Aarjod 1ms B 5133 “0STY

0 13 09 2|q8 9 10U PUB JOLIIIUL 3 OLuL

d2ap 241p *dnys 911 2102 01 3|qE 34 0) JIATP B JURM 10T PMOM O, Podden 2q J0uues sdnys i
2383 OYM SI3A1P 1V A2v @ 1yns u} pousdo 2q sARYs 9y JO SIPIS 9 1A puILILIooas o, “sTIIP
$ayes yan 18 3q [[14 sdigs aq1 wo Sutap Juodie 1397 0£-09 18 yums are sdrys a1 sdrys ay

03 pAIRIUE 2q [[Un S13a1p "INS PINWI] £]£3428 5T Oy wiojoq pue uxase Surmp ssudutosap

0) s13a1p saumbas sauaydsoun sanyy “Apqun A woy Hws 1 100 1sn Auedwo

SHL "IWESING JARIENIE UL PAIIPISus o Ao sdpys sy, sqdap 1007 gy Ajsreurxosdde

18 YBID 3] YUIS 0) 218 SB[ SUONRIIPISUOD AI3J¥S (RIS PAPUALIWGaas 2awy ojdoed mQ)

"2 SUURLE 10)
gy Augenb sptacad jju 133[03d ) 243119 Pus $1334Y3 [RIUIUMOIALS ISI2ADE OU UL UED I

. ‘Tesodosd 2yt mata o) astuadxe suuvw
SARY OYM SI2qUUIW JRo payse o ‘sdiys padiawgns ayy uo 199113 NS TUOIS J0 IMSA B 5B pasTieD
3q p(no3 yomm aBswEp [usimoitaus 2)qessod sy o) paye]es passadxd Swaoues Jo 5nessg

=S uﬂ SIATOFII [RIMNITU N0 JO JUAURTEUEW 3} PUB UOIEAIISUOD [EIUALUOLALS 0] PIOAIP
D.u..ﬁ x UONEZIUEI0 SUTZOD I OOF 'IPLM RIS © S1 ITWMWH J0] [I3UM0)) UOITRAISUO.) 2Y ]
Wi ud 3
>E O .
I8d I ¥l - LE/ETR QNS sa8efop *SIT Ty
823
>
C=a ™ #1896 IH [njoucH
R PAld BUROINEBY S80I
- 2 sutewqns adefop
dA IS5 009 P N
£66] ‘€1 saquiapdag
046 NIVAWH "MINONOH “(167 X08 'Od -
ROILYAIOTS HIGTIAN IWNOIYN JHL 40 ILVINLIY HvAwH §
“SIDHAOSIY IHNIYN SAYMYH JO IKIWIDVNYW ONY NOILYASISNOD
‘NOUVINAI ORY HITYIH WWINIWNOHIANT ONUOWOR NOIYZINYDEO SNIZITD ¥

IIVMVYH 10}
TIDNNOD NOILLVAHISNOD @




H

Ara

‘uoneso)

8Joys}o sut jo asn pasodosd eyl sop suseauon voneasssard apoISIy ou aaey app

aIOGsHO

nye,Q ‘guoy ‘njnjoucy
{9882-v0 "ON 814) yemey seupewgng 1aBedop

suopesyddy 830 19)151Q uoneAsasuDy - MB[AeY uojieatasaly JI01s|H 103rans .
/ uoaisiag ucnearasarg 201514
J01ens|ukupY ‘preqqy uog INOHA
uolsiatg puet
Joensiunupy ‘epiyon ueag 0L
20rafoLe:oNo00
. BPLEL :ON D01
WNanNvyowaw
LTI IAIA DY Gty I L T
v LLTIR .
ST o LEGL ‘B Ajor
oD w AN B 200 114
BT 0T AL O CI0SR RYMYM "AINIONOH
SEITAIANGY WOOU KIP ‘1300 s OMY MLNOS Ot
XML 1008 N MUTAD NOULYAN IS Tud DwO1SH 11v1E
Oy maITANTINOD
By ry YA SN SIDUNOSTY TYUNLYN OGNV ONVT 30 BLELTH) FE]
D N AT
130t 2 irr0y IWMVYH 20 31vis
e

an Pl 100G MU IvroY

utstby.reo|0) 1229113
uaR

2m30T by TS 19 e Do) 40 OVYDE
bl LELILLERR DA R PR poe

v LT

T M S0 MO LA O

E.-.-._GE-I.:

Jdw Z-l 3 Ry I'-'!.‘ "It

: ‘aousragax
3inIny 103 uotraenyydde oy u¥eIar o3 uoyssturad jsanbax aM

‘pessadoad aq Aew

¥Nad sTY3 3RYY OS5 laumopuel se ubysg uosraditeyd eyl puswMODay

*paldaodoe 8T 37 3T ‘gsacoad

MITASX VYAUD BYI 103 pPaAzBESI 3G TTTM HIUSMmIOD or3roads zayap ¢

843 3P uwor3ysabuoo

998Z-¥0 :°ON B71d :133rans
p I0RAISTUTWPY ‘SuosIeg 3 PTARG THONS
UOTSTATO pueq
I03RIISTUTWPY ‘RPTUIN ‘X ueag 0L
AANYIORIR
86°0800 v-Ho& L66T ‘pZ AInp
T1E98 IYMYH TV IONOH
00C TLNS *1IFHIE NIINO LTt
Sﬁtwuummzdwooggqcmuozo_mg
mwuxgmwmgigguogﬁn
B Y T, IVMVH 40 F1vLS
WL 4100
a-ﬂl‘n-‘l(.:’ﬂ‘!!i
L by [,
SOEWA O TIncn

aaratsod e ur

Pu® I5Ya5gaa 101190p jo Tesodsrp

91q1s50d X03 UOTIEIOT PATIPUIIITE up aptaoxd oste prhoo 31 7

{9776 JATD STIUBIIVY
TeuoTITppe bHUTAaTTAI ATqrssod snY3 ‘suorjexado
Jo sadXzy asayy zo3 9175 darjeurayTe ue buypracid Aq ‘Isuueun
ang ‘suorjerado buyavoq uo JoRduy YTITM STYL T

MOTTOT I5anbax 8] U0 sJuBUMOD INnD
Spue] pausbp.alelg UO Pajedog

uoriedrrddy asn 19113891 UOTIBAIBSUOD © S§300Xg
03 Juawnaedag syl woxj uorlIeziIoOINY 103 3sonbay

S S R e T e B

-~
—

LAY AT g




-

Aepug usaTyIwN ‘20OVSA
) *our ‘Burabourbuz wes
TIuAvy eaurremans zobelop :Ados

3104 9y3 3o uyeaden
pavng 3BROD *S *N .G.—ﬂanmu
I7d4IHM T J4

*ATexenuss

*09ZE-2ZS IV FIwas Au jJo uesieleq
673 3uvusane ] X0 o jorjuco esweld ‘3joefoad sTyl o3 sO3RieI
27 se £39308 SUTIDW UO UOTIVIIIOFUT Iey3lainy epyaoxd uwd em 3II

-R3ejes yesses puw 1eaTp Bujsoxdwr Aqexeys ‘GuipMmoId @3eTAG{IR
03 dyey TTIM NIed Yoweg SuUEOl WIY JO JJO 93F6 eajp puoaes v
70 UOTIUTIRISUT OYL °*SIVOY Pun BIBATD y3oq ButaToAul BUOTRFPUOD
@zusun [EIoABE 03 popuodsea EwWY PIUNg 3EEO0) Yl ‘ITNELR

w sy +josx oyl oaoqe suorifsod 303 Buriexpof S108S89A TRIVABS .

Y3TM pPOpMOIDISAC ATjuanbeIy BT weaw 9YL ‘VITS DAFP TUUOFIREIDOX
pue TeETOxeuwod aevtndod Xisa w eq o3 poaoxd sey ObBRTTFA UOITTH
URFTEMEH B4l 3JIJO DOYSTIQEISS 3Iesz [UTDTITAIR oyl ‘Ariueseg

“PHFHTUAM 30 BIOYSZFO JBII TRIOTFIFIIR pPucCdas v 3JO
JueuysFTqeass oyl sizoddns A16un13s NINIOUDH GOFFF0 X30308 QUTIVH

. *UFIBTING TOIIUOD AITTEN] TEIUBTUDITAUT
3O  @973I0  ‘L66T ‘ez 3enbny  eyy uy peysyyqnd “‘yescdoxd
joay TeIOTITAIY ,Ssaurivmgng Jxebefop o©3 esuodsexr ur ST BIUYL

.
£ N
L rusmaTiusy
nzd T
rx= R £1896 FFUMWH ‘nInToucH
NaT o 398135 TAoquound ISTIT
S5y uesFa WOL ‘IR UIAY
TzL = UGTSTATA puu]
= .-.:r. 880INOSDY TWANJUN Due puw] Fo jusmyiavdag
- e
T ee 4B
EQL9T -
0oTB~ | X8, PIEND 140D
woure R RReoo8 L Qe etoog) o \ e o
606r-C1896 [H 'NRAOVGH pIEng 15200 "5'N
k BUR: 800 uofrepadsus) o
DAY BUROW 7Y EEV O Burpuewn) wawnvdag S

A GO U B I Y i T S T e

i



200N oL/g0t @) 92:2L 24790701 .2}

IH ‘orsummimy ‘1074 Yoawomay TR ‘Sutzasuibug wug

IH ‘arnouoy 'fywaey 103 tysunc) UOFIRARSHUO] .

IH

‘ninyoucH ‘uoisgala 8I0qiwy ‘uoyiviaodsurrl zo juswaredog 23E35
IH 'nIntouoH ‘uotivesoey uradn pue Suyjveg

JO UOTNIATO ‘ma3ancEsy [wihawy pus pueg 30 ausuiredeg sawas
1IN ‘nin{ouoy ‘easznossy oyaenby

40 UOTATAIQ ‘$02IN0RIY TeIniEy PuT puwy jo Juswlzedeg a3was
IH ‘ornTotioy ‘uoimyajg [ &L TEET T EE

OFI0INTH ‘ERDINOERY TRINIVY puw pu®] Jo Juawilzwdeg ajwlg

IH ‘ninjoucy ‘Butuuerd jo 21310

IH ‘nIntoucH ‘yauwig 33394 URITD ‘yaresy Jo quawizedag

IH ‘nintouoy '021330 La931wp augasy ‘paenn I=e0) °s°'n

IR ‘nintoucy *({uwo) pawnp Iwwony -5

IH ‘ninfotio 'esjatep S37I9YETI AUTINH TRUOTIEN

IH ‘ninfoucy ‘sataies SITIPTIM pue Uysyy ‘g-n

YO ‘oamysueag uwg ‘Aouaby UoTIININIS THIUNNUAITAUT S°n
1{eeansotous o/n) paysyuang saydon

goxnsatoug

Yyauwig suojezedy ‘zeyuny Bujjoyw
‘€4 '*q'yd ‘opuz-wamyry ‘n purT

e /|

*Arsaeollyg

*30efozd o143 EujpawBex ssuspuodeezion #an3Ing

U YET0000L6 Iaqun OT73 03 133ax avedld ‘St uoTauIXS ‘asZE-LY

I® 73838 Au jo Aepwqg UasIyIwy "OH I0WUO0D 03 9333 Tes] amwayd
‘torawatdde anok Buyurasuos sucyisanb Jeyac Aus aawy nok g1

“60LC¥-98S
3% UAYD Pawapy W 30903U0> sawvetd ‘uotIvatiyize) Ayrend
I8IWH 10% uotIDes 93IWIS anok Bujpawbaz suogpasand easy nok 3t

*931pnfead Jnoyitn patusp sy pmred ya Y3 BaY3 ‘uoFINIEITIaANY
ATT8nD 183wy 100 UC§IOeg pazynbex Y3 eejuep eIvI5 BY3Y 31
‘eskordus sdz0) patyaoyyne uw 3¢ sanjuuliys oyl puw srnjwubie Inok
yioq Buyawaq nok 03 Ados w paurnaex SARY ®M TTIUN PII®A 8q 20U
TI34 Jjured ya 2nog  edyjjo 3n0 03 WOYI UINILR puw jwaad ayaz o -
sotdoo yioq ubye pInoye nok ’'jjuiad ywuorsfacid ayi Jo eUGTIPUSD
PUF #mI83 Wyl 03 8336¥ fod puw 'Suildw ejwag eyl InoyIfe pammed
%y 0IWp pauojiuswsiozw 943 IO UOFIWITITII0N A3rTend 293N TOF
uojicag paajnbax ay3y (PaATEs 20} DINEST amy SIS WY IUY

‘ea730u oytqnd meu w Sunesy Bujpnsuy ‘emasoxd
uaaentEas jtmzad mou w extnbax Avw saSusyd 1eT3URIB4NG

SSHTUYHENS HIOVACA

: { | T

b s e eee e L e T L e e R A A AR s s R Ay P

L AT 8 A # LK

93wpadoadde aw papzgrou 8q IT1a nok puw pajenieas aq

TITR Jyaaed truojetaoad ayy o4 UOTIARITITROM ¥ ‘wl0] JuaIInD e3)

U7 3jmIod truorsyasad eyy 3o UOTIPPTIvA 3pn1oezd uojieayyyizan

poxgabex eyl uo uoyyse #,03035 oY) pinoys ‘3pwaed yq [euyy

oYy 3o -cohuunnou mO2aq [[¥A 'Jorioyy IaafEa 10 ‘uUOTIEDTITIINY

IFTEND 133wn [0 uopaoaeg Wyl JO BUOTITPUCY 'Zancaion

*apezed va ay3 jo jaed apru puw oy pajeacdiosuy aie uojIRUTRIIYAP
UelaT8U0S JuemsBeusy suoz eyewcy 9IM35 oYy Jo suofItpucy

"POATEA pasasp ATTEITIvOINE aq TTin Ueuoxinbaz uojawdyjziizan
ArTend 2ejen 10y UOF3085 sU3 ‘I92391 A1Y) JO o3wp ayy
wol3 syjuow xjs Lg aw 03 S3njex 0 STTe] YatweH jo juswizedeg
93838 Y3 31 “Yaom panodoad eyy 103 coﬂu-Uuumuuou A3r1end zajwy
T0¥ uol3aes ® penssy J0u ey Hatesy jo Juamiedeg #3was eya ‘eiep
5143 JO #¥ “prajEa uasqg W 30 PUNEST LSRG WY UOTIRITITIIND
AI3Tend 203un 10H GO}I288 83838 w [jaun panes] aq ue>

Jyuzed yg ou 3oy A83W4 uweTd 843 Jo yoy UOTINEs D01 Juwnernd

*3jurad vg ayz jJo

Ados pajupytea » PRATAOSX BAmYy noA TT3un ae3wm ayy up peuzodiad

o4 01 8] jiom ON "AOTEQ paQIIDACp BN PPTRTI®8 21w gIuImarpnbax

UOIITDIITI210D aumuuso 293%4 T0% UOTIDeg wﬁuinx 10 a3was vyl

3T ‘ayezed (va) Aury Jo jusmazedag tmufs anok uo padeid oq tria

UIT4m suatatpuUo) [efaudy puw tesausn wyy SOPNTOUY puUR ‘pazlIcyanw

o9 11T 3843 YIoA 33 eeqiaasep 3jwzed tevojetacad ayp

“33on pasodaxd anok op o3 nok 827201Ine Jou sWOp pue (JI1TVA 10N ST
Itmred [euosacid BuY |, '1IHHE TVNOISIAOHd. ® 8% Pagorous

.n-u -muhuuuu- :-a:—u-ouUuOn-onunnnsu 10) @116 1no3]
eutiwqne &,38beiop uo mburicon POINIICESE puie sTaETRA ADTTaIap
OA3 JO UCTINTTEISUT Y3ITe PeavjI0aER ‘IR1ae3ea 1113 Io pabpaap
jo ebasyasyp oyy mcuuwmuc« ‘*S°n 8Y3 Jo saeamA o%numdbnc up yaom
203 wor3wayidde jjumied 1nok jo MOTABI INO DPAJartdeod eamy ap

13008 “IH 2eBQ

L1896 TTeamy 'nintouoy
0ZL a3INS ‘pPecH TITImI 089"
Tiuavy saupiecqns labefop
IUIPTELLI4 BDIA I0JUaS
008 paespa ‘W

yauexg suotiexadp

LE5T ‘¥z aoquoadeg arans

LTy )
Srtieed SVEYH WALIVHE L0y
BUTIONOH “LONLIEC \Ticed ANV 8 1)
ANHY BH1 40 INIINY S
2B10N.0L/20: () 92:2L 2679070t a SINTHYHANS BIowAGA
O N S A A S i S G N




anak 10) nok Yty y “A38n fwnogy 30 216 Aae suopeindat 1agio £ire yuym
feacadde £2A003 11 $30p 300 130fad ghnqgcnasqnwaﬁﬂngﬂauﬂmu

“eacudde
WZD asnbss samseaws vopeSpm pasedad 10 [esodayd H_ﬁo_nuqﬂuaﬁéo__._uu:__ .o.

'SIST s
0 £q 553208 211qnd 10; pareaipop oq =_s_a§ﬁa=a§_sa_§3m=_§su: .n

“suvors Syunp paaot oq o7 syassan sy 0] feroiod gy pue
$3210J AWM STRURIR 0] 10U ) 01 Mynarpoadiad PRitaLo 9q [Reys sjassan wyp -p

“STISE2A 0 U pouTEIUG 5 [RLZIn Iseqeq yeuys ameny
01 p2sn 29 Jjeys ‘MuUsTR pareprosucm Jo 13Aw:3 01 pasoddo s seqeq w0y f

YEH J0 iwaunredagg q jo
srwauznbar pue sprepavis £ienb Jaresm s-_mﬁ_aooﬁmnﬁﬁa_ua_ﬂﬁ.ﬂ_.oﬂu&. 4

gﬁﬂuﬁ_ﬁsﬁuﬂ QB:%E:-E:E%S “snposd winsjoned
IV sprpums a!u.auuoss Euauﬁu.‘S_UoEm_.sﬁc ug
TIEND 1510]) 51y 01 pRuapy 9 1ws sdys wyjanp o *Suryors ._.__._u.__hm.m "1

3q uoqreny Kauzmssuos ok jo tred se PRURLGNS pUe 1UNUssIsTR RwaLLonALS
an nﬂﬁﬂgﬁﬂ. 00,

Ananom o Teq) smouod agy TIRE0id NZ) STRATH Y ANSISTSUCO 307 pamctuas U33q 11y 1)
001-08.30 §K2p ¥ 18 124 qorag wweopy vy Jo 2vogsjjo AN 0 4yg o1
) su_guﬂaﬂu—-muu_:-q-ugs.._umﬂaumuhuoa:un_nn_gao»
p “20] *SupasuBug €35 *Aueg 3y soarep*
nA[ouoy jo AunoD p Ay “tonenin puey jo oundxg . . o .
YRl S30I98 Jeaita ] 2p Sy 3 loooaLe ON I yuitad ury bpaig iy Lo
o e . o e LI ETY JO OGSTIQ WIS a7y oty Sounreiing. o A
yresg o %ﬁmﬂﬂﬂ“w ”ﬁsﬁwm A.20) Kaus75003) [esapay trmiloig (wz) ARSI 007 Mseo) ey sisofgng

' - f0og 1y Jeag
Yauerg svorendey ‘eizsuSug josdion funy g L1896 iremeyy “nnjouoy
- OCL 31ng “peoy 1d[18] 080
) __esu: ﬂcruEpamBu&g
Bunnieyd jo 23y

HRpIRI 31 Jojag
Jopang 1o prempg Ul
\vsum L Sr']
u .“ % L661 *sta1miny
IET-=THT ) 1069-d “oN *Jayg
BLBZ-L86 1w uresBaig gy sno jo sxedopeN myor 2OVE8 WRATH TWNOUOH ‘G5E2 FOg ‘' i8tAppY Ougeyy
112 35w3jd *suopisanb Aue aavy nof 5y WBA] WD simmey yim duikiduios ut ojresadoos YERZ-105 lgos) 3y . C1896 Mnrd Tvouor: “a1 1o Yeeng exrmimseg wanog g
SYE2-L06 (9o} ey ONINNVTd 20 301440 e
I *¢Z 1sndn ..“.- / -lu =
M S WSIHNOL 2 INIWH0 13130 S1nONDOT (/R
1009 prompg W RIION T ATV SS3aNISNA 40 ANIWLYYAIa \
andvos . 0
OIYLEYD T v

T T et b pt s e tar




UdH/vogoaseva  ioq

BAHA/SKI/d0¥ SN
AVJULY TRIULIUOITAUZ HN
do0/vHo/ab20/Hoa
Jueby pusy nywg
ASQUIH pIveg nYRg HE ]

{3dyeoea} usayoswiay
HOSTIM "Q TIVIDIK \hﬁ

"V Y

‘utjoty

"98€0-2485 IV JIwys Bujuueyd

9,U0TSTATA PUPT N0 JOo URETZ ®WOL 39E3UCS osuerd ‘suot3sanb

Aue @sawy nok pinoys -paeog eyy 03 uoyjeofidde anok yo Tw3jTzOnE
oyl pue butaeey oyrand ey3 yioq Jo burinpeyos sqy Jo nok

£3730u TITA @A 'SI3 TRUTZ anok Jo eouvydeosw syy o3 juenbesqng
*S13 paxtnbex eyy uo msexboad eyy ew pomxojuy sn deay ssroyd

‘paecdg Y3 Jo

Tvacadde vy o3 300fqne @1w suojeuszxe TeUo33ippe Io0g 3menbex Auy
*3ueorTdde sy Jo 3manbex sy 3w 8ivp 06 IVUOTITPPR uw pepuajxe
aq Aem suyiprap uoyjeatdxa Aep-0gy s43 ‘paxynbex ey sIg uw

uaym ‘SYH ‘9-D£8T UOJ3IDRS O3 JusnuIng -esesoad Aq36uet v eq uwo
{piwog} seoinosed TwInjen puw puwy 3o PINOg 8y} 5} @8wd STYI ug
yatys ‘A3130tpne ejuixdoadde egy Aq esuwidesow 303 sjuswmaiynbox
SI3 oyl YITA aouurTdmod Iwyy petager oAy oA ‘soustaodxe ybnoayr

spazynbax
°gq TIfA JTmIed 9@ YRS ou oF ‘(yl5) weay jucmo RURH
Teioads ayy epysjnc pajusor 87 3dafoxd pesodoxd eqyg 'y

puw ?(SHH) seanjulg

POSTABY TIPARH ‘Cre 2egdeyd pur selnz esoyy Y3TA gouupiodar

Uy Po3lIRANe aq sII ¢ Ieql sagnbox @A ‘esusnbasucs

® sy c(sa[nx [s13] juomajwim Jouday (wjuemuoayaus wyy) ‘uwvy

‘soz eydend 'IT @T3TI Aq Pautjap sw 309338 JUIDTFTULYS ¥ Bq
Aem aaoy3 ‘suoyiow pesodoiad ayy jo uoyjdyiosap ayy uo peseqg ‘t

tegodand eioiewmos ® 1oy ay 3oefozd oyy eouys ‘paajnbex
3q T17A bupawey o11qnd ® ‘YvH '09-5-CT UOTORS O3 JuenBang  °z

{Tvsodoxd eyy Jo TwAacxdde pavog

21n3736U0D J0u soop BUTPUTY BTy} IRU3 ‘I9ABAcy ‘pastape

9q @suatd - (HVH) BOINY DATIVIISTUTERY TIOAVH  ‘HZ-5-CT

uop308s 03 bugpiooow ‘3afajerg UOTIRATGEI0D BY] JO auozqns

asinosey 3yl utylta (1-a :[(suyd zoyduw/szoyouw Anoq Burioom

83 Jo uOTIVTTRISUT] UOTIINIIBUGD BUTITH ‘9-Y puR {Yd :839ey
IeIDTITIAIV ‘Z-d) sosn pumt PPTITIUSPT waw sesn pesodoad ayr ‘T

v

i

U puy3 em ‘uorgwoprdde wyy BurasgAex as33vy

"ACTOY VAUTINEQNS U3 pUR sxeafp abuwpus uwo

PUR J00TJ wOW U3 pPUR V102 03 DAFIONIEAD ST yojya ‘Buyzoyouw

03 DATIRUIIYTR 8708 pue Ksue Um YITA moyy apracxd TIIs puw ‘syoax
TRTOTITIIR oyl Jo uoriyscd eyy JO masivoq puw BIOATP ISV TITA
BAN0q 90v1ane eyl ‘yeuucsied ebufop Aq A17ep sinoq pabiemqns
343 {T¥ o3 peyow3w aq TTjA sfinoq Bujicom @sviing ‘s3ucmeIfnbax
PIUND JHUI0) 03 JuUENsINg °*SILSN B3R Jeylo pur aebufiop fq paaeys
aq TTIYA oajl Bututexox ety pue .:owuuuono Ino} suyacveqns Jabuessed
8,3abvfop I03 wresssa 31oddns 8oRJINg JoOM O3 POSn ag TTIA

8inoq I8y30 oML *si1evsEn 9319 2eino Aq esenouw opigqnd aoj peaRdTpUpP
2q TIIA STe8EeA G4} 03 payoejje sinoq oag eyj *alesseAs WYy Jo
A3TuUTOTA @jvjpeumt Byy uy Icory ues 943 03 PIYOU3IR BINYI0 InOJ
pue ‘tessea usyuns yowe o3 payawlyw auo {9378 ay3 v poTwIsuf
oq o3 pemsodoad vaw eincq Bupioow pebreoque xye ‘A1reuci3TrPY

*BUOTITPUOD mI03® Hujanp jusmasom juaasid

©3 938I0U0D YITA PAIERITIVG puv ‘suotjuinbes [evaepag puw a3u3s

03 Buypaocsov peavdead pue gsyueanyrod JO psuve(d oq TYIA Syo8S0A
OUL “*y3moab Tuiod puw Yey3 e3omoad puT 3V3yqUY wy3 estvqus o3
©J391 TRIOTI}1AV 60 PAZGS O] PApUIIUT BAw STWSEEA ayl ‘weaw syyy
UF I00TJ ®aB JApUEE O3 JO EINJFU UGLING Gy3 JO eEnudeg °j983 OIT
o3 09 Jo sy3dap Isjen uyp ‘YIvd yoweg WUROM WIY JO VI0UEIFO oTyw
/£ Atejwvuyxoxdde syosesa I0T1e28p oAy NuTe o3 sesodoxd (yyemwy
ssuyavaqns labefoa) jueayrdde eyy ‘uotjumroguy anok o3 BuppIosoy

‘NRO ‘gouveq wuvoq wiy jJo e10u¥lyo spuel pefxemqns uc gLnoq
burzoom TTe3suy 03 puv sjaex INFOTFFIae souyd o3 viao 9,3usyro
ano& Jo bufssoooad a0y vaumydasow o4y sebpatmouyow I93391 STUL

(3ymi0q paveq)
958Z-¥0} (¥nap) uotjeoyrddy emn J0TIA8Td UOTIWAIRTUOD
ROTIVNINVALIU TVINIHNOUIANT AUVNIHITEYd ONV FONVIGEIOY J0 FOTION

iURSHOTAH "IH aweq

S6L96 JTVARH ‘oleunmyuM
8 93TNS ‘-ARg STORURTURINY ZOZ-TF
JeTd YoIwaswsy JONRR
*our ‘Butaesutbuz weg
usexotagz NIvl
1661 21 9V
866T ‘I'qed :aywg *dxz Avg-081
L66T ‘S *Bbny :a3vg esuwydesoy
998Z-N0 :'ON TII3 dHL:gd 4T
80298 KVMYH "M IONOH
1zax0Q 0d
FATHNOIIY TYRNLYN ONY ONYT40 LNSTLLEYdO
(IYMYH 40 31vL8

ToTmme e e el aen s R EI el TR DA BT L L TR W ey K



puw tiejma g3 OJLT peXordep ex0joq po¥
pemuey> sav sdyye eql Ie3jzw sdigqe ey3 Joedsoy o3 Fjwas
gitesa 30 Juemzvdeq eql e3TAUT rvye 3medyidde eql -

fEe3n393s
PeETAGE JTEAWH o) JO ATE CopI98E QIR 8DURPIOIIE
u} ®3}F UC}IINIISUCD Y IO uoj3oedsay PREINOT
s30npuoD juswawdeg.eql ITUI aesaBe Tieqs Iwwayrdde
ey3 ‘58K T0% TOTIZeE £FIUI Suyydesow puw 303 sujitdde A q

inge
g3 3% siong Suyzoow pabiosgne {9} xi= Soyrreascr ({7)

pow 13selIvg €393D00D0 JO spask

agqno go0T-009 Areirupxoadds puw Ieles 3O aee3-00t

Apwavugxezdde uy 93¥8 AP asBekop sqa v gRbuey
aF 3983 QET PO 06 Tesajeq ‘sAFRs OA3 Sayxuss. . (T)

1gweDQ DIIFORA FO JIWI .YOued WTEON: BTV

Jo ezous3zo e1FE ¥/t Kieqvmixoxdde JI®.ININA BuyAjecez

#y3 o30f sTelIsiwm Sojaolloi eq3 jo eBIvEONIP 94303
po3ymEt 9q TIVYE JDM TOy UOFIDRE 8193 JO Buyjuexb eqy . ¥

t437aF300 3osfoxd -nuurn,mu-n-ou nmwtg¢-onl« eq 03

eTQuUATEED 20 AIWSSSOT PIREND eI9-EUCTIIPUOD BURAOTIOF eI °E
-aoetd ayel uHso:.wmum:unﬂu uuuoarun 8y 2I97A ADIEA
Buyafacax jo saeld Y I argeoridde ¥133313D Aagprend 197eM
orztoeds ayl pue BIIws 1@ o1 arqeattdde eyaaazId Aagrend
Jajed DFSEE 9yl AILTOTA 30T TR HITUA Jduuem ¥ uy paIdnpuod
oq TIIM AITATIOR 34l W] Soueansse ojqeucseax e 8F a1auL T
e ‘moraq "z "OH
wa3] Ul PAgIIOELp JuIwIANIT B Jpexad 03 JUITOEIING
queatrdde ayz Aq pageyuang uopjemIOIUT IIYI0 PIUTWEX3 *q
20 !SUOTIVIIPISUCD Kajrenb 193em 03 JURAITIX
8f ysys uotaedyrdde yons uy Dauyeauod uopINWIOFUT
63 JO UOTIEN[EAD UV uodn uoj3IEDTFFAIID BT H9Deq
pue aueotidde agy £q spem uoyaeotidde 2yl pIufwexa ‘e
:39y31a Sey 10302I7g duL T
996L-65Z(B0%9) t~oq suogdeter
oeEYIFIH 2IWN igogasgd 0WIVOD
DZBT-56L96 FITARE "OTVUTWIRM
aeyd QOIWEERX FUXEX
-suy ‘SupxesuiBoy weg taneby
¢ abe

LEST ‘1z 3snbny

Lavad 1004 paesaps

A G T S Y S S

L66T ‘1z asnbny

“aW

o ———

I

|

{7

i

1-oR suoydetel
1nos3ed 10WIVOD

gseL-Z65 (80W)
j4g el Sy

LTIE96 FTward ‘ninicuol

0ZL #1FNS ‘DEOH TRITAI 089
TIEARH SeUTIVEINS aeBwiopn tqmenfrddy

:quabe pazyiogane 837 pue uedjrdde aua £q paiaysns

UoFITALOJUT IBY10 pue uvogpaeaydde SO TO¥ UOFIIBS 9yl uo

paseq sjulamalels Buimoric) el 01 g389711e YIteaq Fo I030911q UL

: “$CT0000L6 ON SIFd AWX¢ I9pul LLET 30
nu«uuuuzunonUmnuuo anumounuqnunnvnvno«uuan nmaou‘auoucﬁmcw

0 sdxop Amry -g°n eyl 103 paxynbex 8T DDA 0¥ TOTIIAS ayr

- . " : "L66T

tg1 q8nbny pajep uoraestidde DOM TOY UOTINAZ PasTA3I 81 PUE LGET
¢z Knp paiep uoraeorrdde 2yl Uy PIUTEINOD ©oOTIF@IOZUT 8yl jo
uopaenTeaa 3yl ucdn peseq 681 UOFIWOTITIZAD sygy -30afoxd qaafqne
8y I03] BUOTILIIPIBUOD Aajrenh Tajem 03 JURABTRX BIEP jgeuazindde
pue uopjeayidde DDM TOY¥ TOTI09S INOA PIRITAAX BEY (auswiaedag
aya) yareap o Juswixedsq ojels el ' (dVH) 99INH aATILIITTUIWRY
TIesaeH a9yl jo ¥5-11 asndep pue fTTT IR guoylenbay Teaapad

30 apo) o¥ pue ’(.39Y. 843 ?°baw 38 15T1 *2°s'n £g) papuawme

ge ‘30y 131N URaTD aq3 JO suorspacad Iyl YyIIm aouepaocdoe ul

FEI0000LE"ON OTTZ Amxy /9Lf DOMN °OR o0
gosy Te3STITITV 'TFeARE seulIvEqus F3Y. T0TN
207 (DON) BOFINWITITIIE) A3TTend 3e3en TOF TOTIDNE :qoafans

:a00d °“3W aead
L1896 1H ‘nIn{oUuoOH

gre aaing ‘'pecd (RTIAL 089
BuyptrINg 321330 Alod
{teavy sautIvUXNS aabedop
quapigald 3DTA

j00d p3espd ‘I

QHB0B0D

L6ET ‘Tt asnbny
LAVEa

[ R T U R

(1 U

e h e w7 A T T e K A2

PR T Il



[-1oua o/m) ‘aul ‘bura’ssurbug eag ‘uasyOTId D3eH
(-TouUs ofn) 1IDFAISTA nintoucy 'goD Away "s°n D

83315 UOTIONIISUOC) 103 miod IINSOTOETA IIBEM PTIOS tpango1dug
x3/0M

UOTSTATG Jusmabeury [eIUBLUIOITAUN
Jar ‘*83°d 'IHNZIBY ‘H SYHOHL

‘A1oxaouys

: -G0EY-985 (808} 3®
*yourag 193eM UeaT) ‘ucyinaes Buyassuybug ‘ueg).Buoy °BW Jowluad
sgesrd ‘xaj3vw syyl Burpaebaz suoyisanb hna.. aaey :om.ﬂ.—:onm

. ~&3rpenb xajws Bugatanaa

a3 07 siordwy agmidape asned ‘ATIATIRINUMOOR X0 AITENPTATDUT
Iayata ‘I0u (1im (8}abueyd ayy pue adodm Jdefoad eyy o3 (8)abueyo
auesy3jubye ou aae alayl Jeyl BIVFWILIIp Juawrizedeg Ayl JT
*3nafoad 30afqns ay3 303 J0M TOF UOTIDBY BIYl .JO IIrp UOFIeafdxe
oy pueaxe Arasayavaasiufupr ‘qsanbasx uadatas §;Juwdprdde

aya uodn pue oyeeq ased-Ag-esed e uvo ‘Kem juawmixedag WL

*porzad xeek (z) OA3 sQ3 U IepUEERI I

a03 PYIvA ®Q O3 SNUTIUOD TIUYE UOFIVDTIFIZND 1Y) ‘sSUOfINDFIpo=
10 SUOFSTA®I Y3 YITA Aep1dwod AJFAFIow ey3 INY] [Ians puw
poyaed awek (Z) oAl eqy Bojanp pefFIpo@ IO DESFARI S} SPIVPUNIS
Kypiand aojwn e3w3p erquopiddew gy I ‘AESTIING £F ISAHOTUR
‘PeTIIPOT IO PERTASRI BY 30 gextdxe 3ymasd Almxy sg3 3o uswyandeg
s1quorTdds ey3 20 PEFZTLOR IO DOSTARX ST spawpuwas Aj3prend

Ie3ey 93WYE eTQEOFTdde &3 1FION 20 293367 SFY3 3O JWp I3
mozz sawek (g} OA3 203 PITEA TIENSI TT¥HE DOM TOV UCEIDEE STOL

(oTquUTIeAN smadeq Kogy X83Zw SYeEA

{z)} oAl uwyl Ie3P] On IO/pUF EU uwoOs sv sdyge

ag] o auswiordsp egy ae3yge puw Bofanp ‘ex0zeq
ueye] ospTA puw sgdezBojoud jo Adon (1) sup (L)

*aTNPIYST UOFIONIINCOD n.u-_"oua pejwpdn ue  (qQ)

tA3TATI0W J2efoad a3 FO #IWP UOFIVTFMIN]
PUT 91Wp JUSENDUIIIOD ‘HOFIEIOT Y3 (W)

tepnyIouy TIEQE

nOTIWSFFTICN Yong *A3jajiow 3osfoad sgy 3o e3Ep

FTeTIDUATUOD BYJ O3 I0F34 EXesa (r) oaj uwi] aejwy
oU 103397 TOTIVITITIOU YIOm JO JuemIdueEaNd ¥ {1)

y obe
L6ET ‘1T 3snbny LE6T 'TZ asnbny
lav4ag . a00gd pIespd "W

1govexd
J93WN TRETD ‘QITIWeH 30 juswmiandag *‘TTEAvH JO 93®35
a3 O3 PRITIFRANS eqQ TIVQF TOTITEIOIUT BUFMOTIOF SUL B

paw
tpeljpegns uwid Buixoljuom pesodozd egl YITA BOTWDIOIDW
uy Scpaojroom AL3ptend Ie3wa Jonpuod pregs Juwdirddes eur 3

{3unxyzedeg
agq3 o3 pe3xodex Arejwipeswy oq e313F joefoxd agy aw .-
211520 Jeg] (F)UOFINUFWRITOD Ieqlo I SITFAs Kuw (%)

puR {(EBTOE PATITIISTUTEDY

TFRARE ‘30-9S-TT UCFIDeE Uf POTFTICVERT

s ‘eZIT 51ivnb® 03 EUOTIWIJTUSIUCD ENOPINENY

Arrwiiusjod 20 DFxo) v sjme3ntiod Aow pow S12IQep

“gprerzeaiwm DFuwBio ‘9300p01d TRIGE SIERA JO $EI]
sq 3s3wA s3e3f g3 uf pedweid sq o3 (#)teixeaem II¢ (L)

[FFTL) 1Y cu.un.n bﬂmu-uw.o
wozx3 pejusasad pov PeTFRIISUCD 8q {B) (RTISINE .
SNOTIeIeTep 2eq3o Auw pow SFIQEp uonmnuu-nou [§4)

= o

.. tesyIw PUOFIINII0D

Z0 seBuvyo fyonw se Trac1ddw pUW APTARI 103 YIURIE

JeuN TERTD PRI ©3F PeIFTEGns eq. TIEYS juemixwdeq

g3 QA OTFZ UO ApRalfe DOJITEIOIUT OF VWOFIVNII0D

x0 suwrd Bujioljucit puw S4NY eyl o3 sefawgd

Aoy ‘papesu s® UEIJO BE. PeIRAN DUN DRASTARI ugQ

11eqs susya BUFIOITUON PUE SaER pejusserdmt Q3 jo

Lownbape puUw ESSTEATIANZIS-SYI ‘sprwpmels A3prend)

Zeqwy wiwig s1quat1dde-wyy 3o souuiidwod eyl

sansue TYTA USTUA LEST ‘L’ ATor pejwp uopiwoprdde

D04 IO ROFIDES eyl It xegielol pajaywmqus

suerl BuyIoljuog DUR (Sang) seoyiowis JuewsbSeuwn

Iseg ey O3 BUTpIODON PeIINPTOD 8q . (#) EIFYINTID.
sy QITA DINTOOSEY ESFITATIOW Joeford (1)

139y exhdTy OFTR TTEYS Juwoyrdde exr e

L *Xica wOFIINIISTOD pesodoad
o3 3O UOPIeTdEOD B3 Ie3gw A1SInjDews} DeACEel
eq TIYYS FeINIONIIN peInnizsmed Arjaviodwey 1ie  (Z)

pue (Epiwpuwas AJftend aejwa 83wl eyl pesaxe

03 A3piend ejwa EUTATOSI 83 eEnwd jou TITA

Q] UM W YION UF PIIDOPUOD 84 4 (8) eBINHINTD,
SY3 HITA DEINFOCESY ESTITATION 3oafoxd (I}

13wy sxnsuy tIeqs Juwdyrdde eqlL b -]

£ abw
L66T ‘1T 3Isnbiny LE6T ‘TZ asnbny
1av4a 2009 paeapg “3IH

(T CTY U U Y oY v




REFERENCES

Atlantic States Marine Fisheries Commission and Coastal Fisheries Institute. 1991. Hawai‘,
Artificial Reef Programs and Projects. Proceedings of a Special Session on State
Artificial Reef Programs in the United States. Prep. for Artificial Habitats for Fisheries,
Fifth International Conference on Aquatic Habitat Enhancement. November 1991. 29-42

“PP-

Bailey-Brock, Julie, R. Brock and A. Kam. 1994. Abstract: Coral Growth on a Sunken
Vessel Servicing as an Artificial Reef in Hawaii. Bulletin of Marine Science 1: Vol. 55,
No. 2-3.

Berger, Tina, J. McGurrin and R. Stone. 1994, Abstract: An Assessment of Coastal Artificial
Reef Development and Management in the United States. Bulletin of Marine Science,
Vol. 55, No, 2-3. . ‘

Brock, Richard. 1995. Assessment of Biological Attributes of fhe Atlantis Artificial Reef,
Waikiki, Oahu, Continuing Studies, Atlantis Submarines of Hawaii.

- ——. 1994, Beyond Fisheries Enhancement: Artificial Reefs and Ecotourism., Bulletin of

Marine Science, Vol. 55(2-3): 1181-1188.

. 1987. Biological Assessment of a Site Proposed for Habitat Enhancement Offshore -
of Waikiki, Oahu. Section 1. Introductory Information. Appeared as APPENDIX B in
AECOS, Inc., Draft Environmental Impact Statement. The operation of submersibles as
a public attraction in the waters off Waikiki, Oahu, Hawaii.

Brock, Richard E. and Buckely, Raymond M. 1984. A Proposed Fisheries Enhancement
Program Based on Artificial Reefs for Nearshore Hawaiian Waters, Sea Grant Quarterly.
Volume 6, No. 1. University of Hawaii Sea Grant College Program.

Dean, Robert G. and Dalrymple, Robert A. 1984. Water Wave Mechanics for Engineers and
Scientists. Prentice-Hall, Englewood Cliffs, New Jersey.

Department of Land and Natural Resources. Hawaii Administrative Rules Title 13, DLNR
Subtitle 1 Administration Chapter 5 Conservation District. Pages 5-1 thru 5-42,

R-1



‘_

—

Fitzhardinge, R.C. and J.H. Bailey-Brock. 1989. Abstract: Colonization of Artificial Reef
Materials by Corals and Other Sessile Organisms. Bulletin of Marine Science. Pages 567-
577.

Fletcher, Cha.rlés H. and Sherman, C. 1995. Submerged shorelines on Oahu, Hawai'i:
Archive of episodic transgression during the deglaciation? J ournal of Coastal Research,
Special Issue 17 Holocene Cycles: Climate, Sea Level, and Sedimentation, p. 141-152.

Kanenaka, Brian K. 1994. Abstract: Hawaii’s Artificial Reef Program: Past, Present and
Future. Bulletin of Marine Science, Vol. 55, No. 2-3.

National Marine Fisheries Service (NMFS). 1985. National artificial reef plan. NOAA
Technical Memorandum NMFS OF-6.

Sea Engineering, Inc. 1994. Engineering Report for the Inspection of the Barbers Point
Ocean Outfall. Prep. for City & County of Honolulu, Department of Wastewater
Management. March 1994.

Seaman, William Jr. 1995. Artificial Habitats for Fish. In Encyclopedia of Environmental
Biology, Vol. 1. Copy from Florida Sea Grant College Program M/PM-11.

Sorensen, Robert M. 1993, Basic Wave Mechanics for Coastal and Ocean Engineers. John
‘Wiley and Sons, Inc. New York.

State of Hawaii, Department of Land and Natural Resources. 1994. Final Report on the

Relationship Between Fish Feeding, Artificial Reefs and the Risk From Sharks on
Inshore Recreational Users at Waikiki Beach, Oahu. In response to House Concurrent
Resolution No. 180 House Draft 1 Seventeenth Legislature, 1993 Regular Session.
December 1994.

Stone, R.B., .M. McGurrin, et. al. 1991. Artificial habitats of the world: synopsis and major
trends. 31-60 pp. in W. Seaman, Jr. and L.M. Sprague, eds. Artificial habitats for marine
and freshwater fisheries. Academic Press, Inc. San Diego, California.

Tabata, Raymond S. 1992, Hawaii’s Recreational Dive Industry and Use of Nearshore Dive
Sites. UNIHI-SEAGRANT-ME-92-02, UH Sea Grant College Program, Honolulu,
Hawaii.

R-2



Tabata, Raymond S. and E. Reynolds. 1995. Hawaii’s Recreational Dive Industry: Results
and Recommendations of a 1990 Study. Sea Grant Marine Economics Report, June 1995.
Studies on Marine Economics. University of Hawai‘i Sea Grant College Program and
Ocean Resources Branch, DBED&T, State of Hawai‘l.

R-3




(.

Ly )y )

R

[

.

5 3

(1

R .

!

(

3

APPENDIX A

ASSESSMENT OF WATER QUALITY AND
MARINE COMMUNITY STRUCTURE
IN THE VICINITY OF THE VOYAGER
SUBMARINES HAWAII DIVE SITE,
HONOLULU, HAWAI']




ASSESSMENT OF WATER QUALITY AND
MARINE COMMUNITY STRUCTURE
IN THE VICINITY OF THE VOYAGER
SUBMARINES HAWAII DIVE SITE,

(—

HONOLULU, HAWAII

Prepared for:

Voyager Submarines Hawalii
Dole Office Suilding
680 Iwilei Rd., Suite 720
Honolulu, HI 96817

By:

Marine Research Consuitants
4467 Sierra Dr.
Honolulu, HI 96816

April 30, 1997

J— ——— e
e b L e e e i s M




I. INTRODUCTION

Voyager Submarines is a submarine tour company operating out of Kewalo Basin,
Honolulu, Hawaii with two 48-passenger submarines. One of two such underwater tour
companies in Hawaii, Voyager conducts 16 dives daily, diving approximately % mile
offshore of Ala Moana Beach Park to depths of 60 to 120 feet (20-40 meters {m}). The
dive site that is presently utilized consists of an area of fossil reef with areas of
moderate vertical relief. In order to enhance the biotic habitat at the dive site, Voyager
is proposing to place cne or two environmentally acceptable derelict vessels on the
ocean floor within the depth range of 20-40 m. By providing suitable substratum, the
vessaels will likely enhance the bictic community structure in an area that is presently
relatively barren of macrobiota. In order to deploy the derelict vessels on the Voyager
dive site, granting of an artificial reef designétion status is required.

As part of the environmental documentation required to support the request for
artificial reef status, studies were conducted to assess the marine ecasystems in the
vicinity of the Voyager dive site, as well as on sunken vessels located at another tour
submersible dive site. These studies included descriptions of the physical, chemical
(water chemistry), and marine biotic community structure at the proposed deployment
site. In addition, surveys conducted on other sunken vessels allowed evaluations on
. the potential effects of the proposed activities, especially in terms of expected changes
to biotic composition in the area. Presented below are the methods, results and
discussion of the assessment of the marine environment in the vicinity of Voyager
Submarines dive site.

. METHODS

A. Physical Structure and Biotic Communities

In situ investigations of the Voyager dive site were conducted using the submarine as
well as SCUBA gear. Assessment of physical structure and biotic composition of the

area utilizing the submarine was accomplished by holding the vessel stationary over
the bottomn at seven representative sites throughout the dive area (Figure 1). At each of
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the sites, investigators looking through viewing ports recorded quantitative estimates of
dominant visible biota, primarily reef fish and coral cover. Because of the restricted
ability to get close to the bottom, a follow up SCUBA dive was made on the site.

B. Water Chemistry

One consideration of the Proposed activity is potential alteration of existing water
chemistry caused by placement of the derelict vessels. In order to determine if such
alterations occur, a baseling of present water chemistry composition at the dive site
was aestablished. Water samples were collected at the surface, at mid-water, and near
the bottom at 6 stations in the vicinity of the dive site. Station locations were
determined using GPS coordinates, and triangulation with shoreline markers, Figure 2
is a diagram of the Voyager dive area showing the locations of the 6 water sampiing
stations. Water sampling was conducted on April 7, 1997. Sea conditions during the
sampling consisted of light and variable winds and calm conditions., Sampling was done
using a small boat. Water samples were collected from the boat using a 1.8 liter
Niskin-type eceanographic sampling bottle. The bottle was lowered to the desired
sampling depth with endcaps cocked in an open position so that water flowed freely
through the bottle, At the desired depth a weighted messenger released from the
surface tripped the endcaps closed, isolating a volume of water from the desired
sampling depth. Surface samples were collected within 25 centimeters (cm) of the
air-sea interface, deep samples were collected within 50 cm of the acean floor.

Water quality constituents that were evaluated include the 10 specific criteria
designated for inland waters in Chapter 11-54, Section 05 (Pearl Harbor waters) of the
Water Quality Standards, Department of Health, State of Hawaii. These criteria include:
total nitrogen (TN), nitrate + nitrite nitrogen (NOy™ + NO,’), ammonium (NH™), total
phosphorus (TP), chicrophyli a (Chi a), turbidity, salinity, pH and temperature. In
addition, orthophosphate phosphorus (PO,?) and silica (Si) are also reported. This
suite of constituents wiil provids the basis for the initial phases of any water quality
monitoring programs that might be required for regulatory compliance by State or
Federal agencies.
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Subsamples for nutrient analyses were immediately passed through sub-micron filters
(GF-F)into 125-milliliter (ml) acid-washed, triple rinsed, polyethylene bottles and stored
on ice until returned to the laboratory. Analyses for NH., PO, NOy, and Si were
performed using a Technicon autoanalyzer according to standard methods for seawater
analysis (Strickland and Parsons 1968, Grasshoff 1983). TN and TP were analyzed in
a similar fashion following oxidative digestion. Dissolved organic nitrogen (DON) and
dissolved organic phosphorus (DOP) were caiculated as the difference between TN
and dissolved inorganic N, and TP and dissoived inorganic P, respectively. The level of
detection for the dissolved nutrients is 0.2 uM for TDN and Si, 0.02 pM for TOP, and
0.01 uM for PO, NOy and NH,".

Water for other analyses was subsampled from 1-liter polyethylene bottles and kept
chilled until analysis. Turbidity was determined on 60-ml subsamples fixed with HgCl,
to terminate biological activity. Fixed samples were kept refrigerated until turbidity was
measured on a Monitek Model 21 g0-degree nephelometer, and reported in
nephelometric turbidity units (ntu) (level of detection 0.01 ntu). Chl a was measured by
filtering 300 mi of water through glass fiber filters; pigments on filters were extracted in
90% acetone in the dark at -5° C for 12.24 hours, and the fluorescence before and after
acidification of the extract was measured with a Tumer Designs fluorometer (level of
detection 0.01 pgi/L). Salinity was determined using an AGE Model 2100 laboratory
salinometer with a precision of 0.0003%.. pH was determined using a field meter with a
combination electrode with precision of 0.01 pH units.

Nutrient, turbidity, Chl a and salinity analyses were conducted by Marine Analytical
Specialists (Laboratory Certification NO: HI-0009) of Honolulu, HI.

Il RESULTS

A. Physical Structure of the Dive Site and Proposed Vessel Deployment Sites

The phygical configuration of the area off of Ala Moana Beach Park that comprises the
Voyager dive site can be described as a exposed fossil coral reef roughly semi-circular

in shape with distance across of diagonal of approximately 415 m (Figure 1). The semi-
circular feature is defined by relatively steep relief that is likely the remnant of an old
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shoreline cut during a previous stand of sea level. In some areas, the vertical relief
consists of cliff faces with a maximum height on the order of 2-3m. Sections of the cliff
contain undercuts and small ledges which serve as desirable shelter areas for fish. The
top of the reef feature was covered with a veneer of coarse calcareous sand and rubble
fragments. Most of the rubble fragments were identified as pieces of reef corals that
had likely been broken from the living colonies by storm waves. The depth of sand on
the top of the reef feature was very thin; one sweep of a hand cleared the sand away to
reveal solid limestone substratum. '

The proposed sites for deployment of the deralict vessels lie generally seaward of the
fossil reef structure (see Figure 1). These sites all presently consist of relatively barren
sand flats. The character of the sand surface at Site 1 was somewhat different than at
Sites 2 and 3. Site 1 is the shallowest site and lies just to the immediate west of the
fossil reef edge. The sand surface in this region consisted of only a very thin layer, and
was easily brushed away to reveal a solid limestone platform. At Sites 2 and 3, the
sand surface was substantiaily thicker and digging by hand revealed a depth of a least
several inches. It was beyond the scope of the present study to determine the actual
depth of the sand piain.

During the underwater surveys of the ship deployment areas, the sand plains did not
contain ripples, indicative of wave or current motion. Rather, the sand surfaces were
covered with a thin green veneer that likely consisted of benthic diatoms or benthic
algae. The presence of this green film is indicative of quiet water conditions with water
velocities insufficient to create sediment resuspension.

B. Water Chemistry Analyses

Table 1 show results of all water chemistry analyses for samples collected in the
vicinity of the Voyager Dive site. Table 2 shows the concentrations of State of Hawaii
Department of Health water quality criteria for open coastal waters under both wet and
dry conditions. Inspection of Table 1 indicates little evidence of vertical stratification of
the water column at any of the sample locations. In addition there is little indication of
variation between sample sites.
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Comparison of the values measured at the Voyager site and State of Hawaii water
quality standards (Table 2) reveals that none of the measured vaiues exceed the *not
to exceed the given value more than 10% or 2% of the time” criteria for either wet or dry
conditions. Based on these comparisons, it appears that at present water quality in the
dive site area is well within DOH standards, and does not appear to be affected by any
factors associated with the current activities in the area.

C. Biotic Community Assessment
1. Macrobenthos

Figure 1 shows the locations of 7 stations that were surveyed for biotic community
composition. These areas appeared to provide a comprehensive description of the
overall dive site. Below is a description of the communities that occupy each of the
survey stations.

Station 1: Upper surface of the fossil reef consisting of a flat sand-covered shelf. The
predominant biota were heads of the stony coral Pocillopora meandrina. This coral
grows as separate hemispherical colonies with short blunt branches. Other corais were
small flat encrustations of Porites lobata and Montipora verrucosa. Coral cover in the
area was estimated at less than 5%. Other conspicuous macrofauna included the sea
urchins Echinothrix diadema, Echinometra matheai and E.chinostrephus aciculatus.
Echinothrix diadema are long-spined urchins commonly called wana. Throughout the
dive site, numerous E. diadema were observed on ths reef surface, often occurring in
large aggregations of up to 50-100 individuals. Echinometra matheai and
Echinostrephus aciculatus are smaller, shorter spined urchins that burrow into the
limestone surfaca of the reef. £ matheai and E. aciculatus were not as abundant as E.
diadema at Station 1 with only several individuals present.

Filamentous benthic algae were not abundant at any area of the dive site. Algae that
were noted included Lyngbya majuscula, Halimeda opuntia, and Enteromorpha spp.
Encrusting calcareous algae including Peyssoneffia rubra and Forolithon Spp. were
commoen covering rubble fragments and parts of the exposed limestone reef structure.
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Station 2: This is the proposed location of one of the sunken derslict ships. The site is
seaward of the edge of the fossil reef slope on a flat sand-covered plain. As discussed
above, the thickness of the sand in this area is very thin, and barely covers a solid
limestone platform. Biota in the area consists of widely scattered heads of P.
meandrina, and small encrustations of P. lobata. Few sea urchins or other macrobiota
were observed.

Station 3: This area consists of a relatively steep vertical relief with an undercut ledge
approximately 2 m in height. The area is known as “urchin hill" by the Voyager

. personnel awing the large aggregations of E. diadema. It appears that the high

numbers of urchins occurring in the area are relatively consistent as opposed to
periodic spawning aggregations. Large heads of P. meandrina occurred on the edge of

the reef ledge.

Station 4: This area is the another of the proposed locations for deployment of the
sunken derelict vessel. Bottom composition in this region consisted of a flat sand
surface covered with a patina of green benthic algas. Few macrobiota or burrows were
observed on the sand surface.

Station 5: This area, known to the Voyager personnel as “Buccaneer Bay” consists of a
semi-circular shaped reef ledge with steep vertical walls. The top of the reef contained

the highest percentage cover of the hemispherical coral colonies of the species

Pocillopora meandrina and P, eydouxi growing on hard flat bottom. Compared to most
other areas of the dive site, these corals were abundant, covering up to approximately
40% of the bottom along the crest of the reef ledge.

Station 6: Located at the northeastern end of the dive site reef, this area is somewhat
atypical in that the top of the reef ledge is covered with large colonies of Porites lobata.
P. lobata is the most common coral throughout the Hawaiian Islands, and assumes a
variety of growth foms. On the ledge at the Voyager site, most of the large colonies
appear as flattened hemispherical lobes up to a meter in dimension. As at the other -
locations along the reef ledge, P. meandrina was also abundant. The combination of
these two species resuited in peak coral cover of approximately 50-70% along sections
of the reef top.
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Station 7: The third prospective site for sunken ship deployment consists of a sand flat
with interspersed rubble fragments. No macrobiota were observed during the survey.

2. Fish Communities

Table 3 lists the abundance of reef fish observed at the same seven stations
investigated for macrobenthos (Figure 1). Number of species ranged from 3 to 17, while
number of individuals ranged from 4 to 133 at the seven stations. In general, fish were
more abundant and the assemblages more diverse in areas with higher vertical relief,
while abundance was lowest on the flat sand areas. There was also a distinct
association between location on the reef and the feeding guilds of fishes. The dominant
fishes upcurrent of the reef ledge were midwater plankton feeders including the
butterflyfishes Chaetodon miliaris and Hemitaurichthys polylepis, and the surgeonfish
Naso fituratus. Along the ledge, the most dominant species were benthic feeders,
including goat fishes (e.g. Parupeneus multifasciatus), wrasses (e.g. Thalossoma
duperrey) and parrotfishes (Scarus spp.) Trigger fishes (Family Balistidae) were
common wherever holes or depressions occurred on the hardpan surface of the reef.

While not accounted in the quantitative survey, a large school of opelu (Decapterus
macarellus) was cbserved in the water column and appeared to follow the submarine
throughout the dive. Several large kahala (Serola dumerili) also appeared to be
attracted to the submarine. A blacktip shark (Carcharhinus limbatus) was sighted on
several cccasions traversing the dive site.

3. Endangered and Protected Species

Three species of marine animals that occur in Hawaiian waters have been declared
threatened or endangered by Federal jurisdiction. The threatened green sea turtle
(Chelonia mydas) occurs commonly in the nearshore areas of Hawaii, and is known to
feed on selected species of macroalgae. The endangered hawksbill turtle
(Eretmochelys imbricata) is known infrequently from Hawaiian waters.

The major nesting site in Hawaiian Islands for the green turtle is French Frigate Shoal
(Balazs 1980). Sporadic rare nesting events have occurred in the main islands (J.
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Naughton, personal communication). One turtie were observed on the bottom during
the course of the submarine survey dive, The turtle sighted had muitiple tumors on its
head and front appendages. Voyager personnei report such sightings of what appears
to be two individuals, including the turtle with tumors, on a regular basis. :

Populations of the endangered humpback whale (Megaptera novaeangliae) are known
to winter in the Hawaiian Islands from December to April. The Hawaiian Monk Seal
(Monachus schauinslandi) also has been observed sporadically in the main Hawaiian

Islands.

lil. DISCUSSION

Evaluating the potential environmental effects of the proposed actions by Voyager
Submarines is greatly enhanced by the ability to examine the resulting conditions
following sinking of derelict vessels for the same purpose (enhancement of biotic
composition) by Atiantis Submarines of Hawaii at their dive site off of Waikiki. In July
1989, a 53 m surplus yard oiler was sunk at the interface between an exposed fossil
reef platform and seaward sand flats in water from 29 to 32 m in depth and with an
orientation into the prevailing seas. Prior to sinking, the ship was cleared of toxic
materials (oil, grease, etc.) and more than 25 large holes were cut through the hull to
enhance utilization of shelter spacs, circulation, light penetration and movement of
fishes through the vessel. At the time of deployment more than 2,000 mt of basalt
gravel was added to the ship to provide additional stability. In addition the sunken
ships, concrete terrace reefs, and two surplus aircraft were piaced in the area. A
second vesssl has since been sunk at the dive site.

Brock (1994) has monitored the effects of the sunken vessel in terms of an enhanced
habitat for fish and attached benthos. The standing crop of fishes on the deployed
vessel showed tremendous oscillations through the first years of monitoring. Compared
to the standing stock of the natural bottom, estimated at 44 g m?, the average standing
crop on the vessel was estimated at 1,165 g m?, an increase of approximately two '
orders of magnitude. Much of the fluctuation of the fish stocks on the vessel were a

‘result of the activities of fishermen. The sunken ship serves as a locus for a variety of

fishing activities ( trolling, drift bait, spear, net) and downward fluctuations in the resuits
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of fish census appeared to occur when surveys were conducted shortly after fishermen
were on the site.

Brock (1994) estimates that the daily fishing catch on the ship is approximately 31 kg,
which suggests that the fishermen are removing in one day what should be taken from
the natural coral reef system in the area over an annual period. This high catch from
around the deployed vessel is probably far in excess of in situ production, suggesting
that much of what is being caught are fishes that have aggregated around the artificial
reef (i.e. sunken ship) rather than as a result of enhanced productivity resulting from
the reef structure. Brock calculates that annual gross proceeds from consumptive use
of the reef (fishing) are 4% of the annual net profit derived fram using the site solely as
a dive tour destination. Thus, the value of the site as part of a well-planned tour
attraction may far outweigh the value of enhanced consumptive use, both in terms of
aducation and economic value.

In addition to fish stocks, recruitment and growth of corals on the sunken vessel were
assessed. Five hundred and nine days after deployment, upper surfaces of the wreck
were colonized with approximately 250 colonies of Pacillopora meandrina and Porites
Jobata. Another coral that was observed on natural substratum near the wreck
(Montipora verrucosa) did not appear on the wreck (Brock et al.) Inspection of the
wreck in April 1997 as part of the present report revealed high densities of corals
colonizing the horizontal decks of the sunken ship. Colonizing corals were primarily
Pocillopora meandrina and P. eydouxi , with an estimated density of 3 colonies per
square meter. The only other coral noted to colonize the ship were small (less than 10
cm in diameter) colonies of Porites lobata. Corals were also observed on the vertical
surfaces of the ships hull, and in the interior spaces. However, only a few such corals
were noted, and the occurrence of corals on these surfaces was very rare compared to
abundance on the horizontal decks. Similarly, corals on the natural substratum
surrounding the ship were rare, in part because basalt gravel used to anchor the huil
had spilled out of the ship and covered the surrounding bottom.

Artificial reefs are usually deployed directly for human benefit in the form of improved
fisheries yield and secondarily for the enhancement and conservation of the resource
(Brock 1994). However, in recent years, biologists have questioned the value of
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artificial reefs reef development in response to declining fisheries (Bohnsack 1989).
Concern has bee raised over the ability of artificial reefs to locally aggregate formerly
dispersed fishes, increasing their susceptibility to be caught. The production-
aggregation issue remains unresolved and the full ecological impact of artificial reef -
development in declining fisheries is not fully understood (Bohnsack 1989).

V. CONCLUSIONS AND RECOMMENDATIONS

The primary attraction of the Voyager Submarine operation is to provide a first hand
viewing experience of deep water Hawaiian reef communities. While the present dive
site contains relatively high levels of biota for the depth range (~20-30 m) owing to
vertical relief created by an fossil reef, the proposed plan to deploy several sunken
vessels is aimed at further enhancing the biotic habitat. Such enhancement will include
increasing the biotic communities (primarily fish) as a result of the providing increased
shelter space provided by the ship structures. In this sense, the sunken ships will serve
as “artificial reefs.”

Time course monitoring data collected from a similar project off Waikiki (Atlantis
Submarines) indicates that sunken ships do indeed cause local increases in fish
populations in areas that were previously nearly featureless and devoid of substantial
biotic community structure. While it appears unequivocal that the increases in physical
complexity provided by artificial reefs increase fish biomass in a certain area, there is
still disagreement within the scientific community whether the increased biomass
represents increased productivity of an area, or simply serves as a focal point for
aggregations of fish moving to the new habitat from surrounding barren areas.

The horizontal decks of the sunken ships also appear to be highly suitable substratum
for settlement of reef corals. On the decks of the ships at the Atlantis site, coral

-abundance is substantially higher than on the surrounding natural substratum. Similar

high rates of coral recolonization of the exposed horizontal surfaces of the Voyager
ships would be expected. Other than increasing resting space for green turtles (which
are often observed in sunken vessels), the proposed action appears to have no effect
on endangered or threatened species.
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Several potential impacts are important to consider with respect to deployment of
sunken vessals: 1) Coverage of the existing substratum and associated communities;
2) Possible leaching of toxic materials from the sunken vessels; 3) The potential for
damage from storm induced movement of the sunken vessels.

1) While the present overall dive site is located on a bottom feature that offers relatively
high biotic diversity owing to vertical relief, the specific sites proposed for vessel
deployment are on adjacent areas of the sand-covered flat limestone platform.
Macrobiota and fish occurrence in this biotope is very limited, and are far more
depauperate than the nearby areas of physical habitat complexity. it appears that
deployment of ships on the flat areas will have a net effect of increasing biotic
composition of the area that is presently barren. During the actual ship sinking, fish in
the area will likely be able to avoid harm by fleeing the area. The few sessile benthos
that may be at the locations of the ship placement should be a very minor component of
the community. It was beyond the scope of this report to evaluate the composition of
infauna inhabiting the sediment at the sites of potential ship deployment. However, itis
highly unlikely that the infaunal sediment communities at the Voyager site are
substantially different than the rest of the nearly continuous sand flat that extends
across Mamala Bay at depths of approximately 3040 m. Hence, coverage of the small
area that the ships will occupy will represent a loss of a very small portion of a vast
habitat. :

While the intended sites for the ship deployments are sand flats, they are in close
proximity to reefs with relatively high biotic community compasition. It is important that
the operation of sinking the vessels is precise enough to ensure that the vessels come
to rest on the sand flat and not the fossil reef.

2) Prior to placement, ships should be cleared of all possible sources of environmental
contamination including fuel, oil and hydraulic fluid. Removal of such materials should
eliminate the potential for any pollution of the water column. The evaluation of water

quality included as part of this report provides a background data base to compare any

potential poliutant effects from the proposed activity. In addition, holes cut through the
hul! should increase the access for marine life, and increase the safety factors for
divers entering the vassels.
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3) The potential impact of storm waves on sunken ships is obviously dependent on the
magnitude and orientation of each storm. Observations of sunken ships at depths of
25-35 m off the south shore of Oahu following Hurricanes Iwa (1982) and Iniki (1992)
revealed substantial movement, and in some cases hull breakage. Ships and aircraft.
sunk at the Atiantis site appeared to have moved and have lost much of the gravel
ballast as a result of Hurricane Iniki. While the gravel covering the natural bottom may
serve as settling sites for benthos, it is also possible that movement of the gravel by
future storm energy may result in damage to surrounding benthos. The Voyager
deployment sites are located just seaward of a fossil reef with substantial biotic
assemblages. To avoid impacts associated with storm energy, it is important to
engineer the ship deployment to minimize or eliminate the potential for inshore
movement during hurricane-level storms. Orientation of the ships perpendicular to
direction of wave travel, and proper ballast to keep the ship stationary are important
considerations for the project to maintain the environmental integrity of the area. In
addition, if possible design criteria should focus on maintaining the ballast material
within the hull, avoiding spread over the natural bottom.

In summary, the most important environmental considerations with respect to the
proposed action of sinking several derelict vessals at the Voyager Submarine dive site
appear to be the actual placement of the vessels to avoid areas of living reef, and
engineearing considerations to ensure to the maximum extent possible that the ships
(and the ballast) remain in place during episodic storm events. Should these factors be
addressed, it is likely that the proposed activity will have no effect on the environmental
integrity of the existing natural reef at the dive site.

Based on observations of other sunken ships, it appears that the habitat suitability of
the ships for colonization by benthic invertebrates (primarily corals) will be substantially
enhanced over the natural substratum of the area. These benthic components of the
marine community may serve as forage or forage sites for other organisms resuilting in
locally enhanced food webs. Once in place, the ships should serve as a locus for the
production and recruitment of larvae and/or adult fish. The increases in localized
aggregations of fish may also resuit in increased fishery take in the area compared to
the present.
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TABLE 2. Specific Criteria for Open Coastal Waters based on
Hawaii Administrative Rules, Title 11, Department of Health, Chapter 54,
Water Quality Standards which apply to Receiving Water Limitations.

Geometric Not to exceed Not to exceed

mean not to the given value the given value

exceed the more than 10% more than 2%
Parameter given value _ of the time of the time
Total Nitrogen 150.00* 250.00* 350.00*
(ug N/L) 110.00™ 180.00** 250.00*
Ammonia Nitrogen 3.50" | 8.50* 15.00*
(g NH4-N/L) 2.00"™ 5.00" 0.90*
Nitrate-+Nitrite 5.00" 14.00* 25.00"
Nitrogen 3.50" 10.00** 20.00**
(ug [NO3+NO2J-N/L).
Total Phosphorus 20.00* 40.00* 60.00*
(wg PL) 16.00* 30.00" 45.00"
Chlorophyil a . 0.30° 0.90* 1.75*
(vgit) 0.15* 0.50* 1.00"
Turbidity 0.50* 1.25% 2.00*
(NTU) 0.20™ 0.50** 1.00™

pH units - shall not deviate more than 0.5 units from a value of 8.1.
Temperature - shall no vary more than 1 deg.C from "ambient conditions".

Salinity - shall not vary more than 10% from natural or seasonal changes
considering input and oceanographic factors.

Dissolved oxygen - not less than 75% saturation.

» wyet" criteria apply when the open coastal waters receive more than three million
gallons per day of fresh water discharge per shoreline mile.

« ndry" criteria apply when open coastal waters receive less than three miilion
gallons per day of fresh water discharge per shoreline mile.



TABLE 3. Abundance of reef fish at representative locations at the Voyager Submarine Dive Site. For station

locstions, see Figurs 1.

FAMILY
Genus species

Survey Station
4

{MULLIDAE
Mulloidichthys pflugrei
Parupeneus muttifasciatus
P. pleurostigma
P. bifgsciatus
CARANGIDAE
Caranx melamphygus
CHAETODONTIDAE
Chastodon miliaris
C. ideini :
Heniochus diphreutes
Hemitaurichthys polylepis
POMACENTRIDAE
Dascyllus albisela
LABRIDAE
Novacuiichthys taeniourus
Coris gaimard
Thalassoma dupemey
SCARIDAE
Scarus sordidus
8. perpicilatus
8. rubroviolaceus
Jjuvenile Scarus

ACANTHURIDAE

Acanthurus achilea
* A triostegus

A. olivacsus

A. nigrofuscus

Naso Furatus

N. unicomis
ZANCLIDAE
Zanclus comutus
MONOCANTHIDAE
Alutera scripta
BALISTIDAE

Rhinecanthus rectanguius
‘Sufflamen bursa

M vidula

14 3 4 30

20
29

2 .
1 2 3 2
2

Sen

24

12

w o

20

NUMBER SPECIES
NUMBER INDIVIDUALS

SPECIES DIVERSITY

3 14 8 9
133 4 103 28 119
2.33 1.04 1.75 1.93 1.65

11

2.00

1
1.88
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1.0 OCEAN ACTIVITIES SURVEY.

1.1  Purpose.

This ocean activities survey was undertaken to provide background information for an
environmental assessment (EA) for the Voyager Submarines Hawaii Artificial Reef Site
project. The information is intended to assist Sea Engineering, Inc,, in addressing
environmental and social concerns regarding the construction of an artificial reef on the sea
floor approximately 3/4 mile offshore of Ala Moana Beach park in depths of 60 to 120 feet.

12  Scope.
The scope of work included;

1. Observing and identifying the ocean activities in the project site, the waters
where Voyager Submarines Hawaii is presently operating, and in the survey area,
the waters between Ala Wai Boat Harbor Channel and the Honolulu Harbor
Main Channel.

2. Interviewing members of user groups who use the waters in the survey area,
including businesses, yacht clubs and groups engaged in consumptive and non-
consumptive activities. '

3. Identifying the potential impacts of the project on the user groups in the survey
area,

4, Assisting other consultants with environmental and social concerns related to the
ocean activities in the survey area.

13  Survey Methodology.

Information for this survey was gathered from a visits to the project site and the survey area,
from interviews with people familiar with the waters and activities in the survey area, and
from personal observations. Site visits and interviews were conducted during March and
April, 1997. Additional information was gathered from the references that are listed in the
References section.
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20 PHYSICAL CONDITIONS.

2.1  Survey Area.

The survey area includes the nearshore waters between the Ala Wai Boat Harbor Channel
and the Honolulu Harbor Main Channel and extends from shore to approximately 3 /4 mile
offshore. The project site is located within the survey area and is approximately 3/4 mile
from the west food concession in Ala Moana Beach Park.

The survey area lies within East Mamala Bay which is defined as the shoreline from the
Reef runway to Diamond Head. This shoreline is primarily artificial, the result of extensive
dredging of reef area, the construction of artificial structures, and the filling of former
mudflats, fishponds and shallow reefs, In spite of the alterations and artifictal structures,
the shoreline of the survey area still provides many opportunities for ocean activities,
especially swimming, surfing, kayaking, outrigger canoe paddling, fishing and boating. Italso
adjoins the major shipping lanes for commercial boating traffic moving in and out of
Honolulu to and from all ports east of O‘ahu.

22  Harbors and Parks. The survey area includes one boat harbor, Kewalo Basin, and
is bordered by Honolulu Harbor and Ala Wai Boat Harbor. Most of the shoreline of the
survey area consists of beach parks: Ala Moana Beach Park, the City and County of
Honolulu’s most important urban beach park, is immediately inshore of the project site and
comprises the majority of the survey area shoreline; and two state parks, Kewalo Basin Park
and Kaka‘ako Waterfront Park, are located to the west of Ala Moana Beach Park.

23 Ala Moana Reef. Ala Moana Reef is the largest single, unaltered section of
consolidated coral reef that remains on the shoreline of urban Honolulu. Approximately
1/2 mile long and 200 yards wide, it extends from Magic Island to Kewalo Channel. A
small ‘portion of the reef is also found on the West side of Kewalo Channel fronting
Kaka‘ako Waterfront Park.

24  Surfing Sites. No surf breaks in the project area because of its depth, but several
surfing sites are located 2,000 to 3,000 feet inshore of it along the seaward edge of the Ala
Moana Reef. These sites are among the most popular and heavily used on the south shore
of O‘ahu. These are at least 11 primary surfing sites, and several secondary ones. They are
used by surfers, bodyboarders, and bodysurfers.
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Surf on the south shore is normally biggest and best for surfing during the summer months
from May to August when high surf of 6 feet or greater strikes the south shores of all
Hawaiian islands. However, small trade wind-generated surf of 1-3 feet breaks consistently
throughout the year at all of the sites in survey area, and occasionally, high winter surf from
the west or northwest will wrap into the south shore.

2.5 Regional Winds.: In Hawaiian waters strong, gusty trade winds blow from a
northeasterly direction and prevail throughout most of the year. During the summer months
from June through August, the trade winds prevail over 90 percent of the time.

Interruption of the normai trade winds often results in southerly or Kona winds that are
usually light and variable. Kona winds are more common during the winter months but may
occur at any time of year. They blow directly onshore in the survey area and produce rough,
choppy ocean conditions.
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3.0 OCEAN ACTIVITIES.

The entire survey area is heavily used for both commercial and non-commercial ocean
activities. Most of the commercial activities take place in the open ocean offshore Ala
Moana Reef, while most of the non-commercial activities take place at the edge of, on or
inshore of Ala Moana Reef,

3.1  Specific Activities.

3.10 FEishing.

Fishing is a popular activity that takes many forms in the survey area, including fishing from
boats, from shore, from the edge of Ala Moana Reef, and especially along the edges of the
harbor channels. A number of free swimming and schooling species are found nearshore
and in the boat channels and the swimming channel at Ala Moana Beach park, inclnding
papio, mullet, and halalii, when they are in season. Many common reef species are found
offshore of Ala Moana Reef.

e JSquidding. Squidding is a local term for fishing for octopus which are commonly called
"squid” by local fishermen. Squidding usually consists of wading across a shallow reef flat
with a glass-bottomed look-box and spearing octopus hiding in the rocks. The number of
users depends on the day of the week and the level of the tide. The most popular days are
Saturdays, Sundays and holidays during daylight hours when the tide is at its lowest. The
number of users averages approximately 2 per day on weekdays and 5 per day on weekends
and holidays.

o Surfboard Fishing. Surfboard fishing is a form of boat fishing in which a motorized
surfboard is substituted for a small boat. The boards are 13 feet long, 40 inches wide and
weight about 60 pounds. They are powered by a 5 horsepower outboard engine. The
fishermen motor along at a slow speed and scout for fish by hanging over the edge of the
board while wearing a mask and snorkel. When they spot a fish, they use a rod and reel
to lower a hook to tempt the fish, ‘

The surfboard fishermen in the survey area do not fish for fish, They fish exclusively for
octopus or "tako" as they call them, the Japanese word for octopus, using a star hook instead
of a regular fishing hook. They launch their surfboards at the Ala Wai Boat Harbor ramp
and search for productive octopus grounds in waters from 30 to 120 feet deep anywhere
from Wailkiki to Sand Island. They note that the ocean bottom in the survey area is
generally regarded as marginally productive for reef fish, but that it provides good habitats
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for octopus. They consider the entire survey area to be a good octopus grounds, but in the
area of the project site, they usually fish in the shallower waters closer to shore and not
where the submarines are operating. The number of surfboard fishermen averages 1 per
day on the weekdays, and 2 per day on the weekends and holidays.

o Netting. Very little subsistence gill net fishing and thrownet fishing occur in the survey
area. Both types of net fishing are normaily practiced on at the west end of Kaka‘ako
Waterfront Park. The number of thrownet fishermen averages approximately 1 per day on
weekdays, and 2 per day on weekends and holidays.

Commercial surround net fishing operations to catch migrating schooling fish such as akule
is an infrequent activity in the survey area.

Commercial underwater surround net fishing is an infrequent activity in the survey area.
Instead of using surround nets on the surface, the fishermen use scuba gear to set up
surround nets underwater into which they herd schooling reef fish such as weke, mii, kiimil
and ta‘ape. These commercial operations occur in waters from 40-100 feet.

Crab netting inshore for crabs such as Samoan crabs-or offshore for deep water crabs such
as Kona crabs is an infrequent activity. In addition, the boulder seawalls in the survey area
are populated with a‘ama crabs, a popular luau food, but the populations are not large

enough to encourage large scale gathering.

e Pole Fishing. A number of free swimming and reef species are found nearshore and in
the boat channels and the swimming channel at Ala Moana Beach Park, including p3pio,
mullet, and halalii when they are in season. Pole fishing, especially whipping, occurs along
the boulder seawalls, the harbor channels, the Ala Moana Beach Park swimming channel
and along the edges of Ala Moana Reef, especially at low tide. Other pole fishermen such
as shore casters fishing for ulua are found at Kaka‘ako Waterfront Park. Some pole fishing
for ‘oama oceurs in Ala Moana Beach Park during the summer months when these juvenile
goat fish school in shallow, sandy areas around the istand. The number of pole fishermen
averages approximately 5 per day on weekdays and 10 per day on weekends and holidays.

Some pole fishing occurs from boats offshore. These are primarily small boats less than 20
feet long which are allowed to drift with the wind while fishing with a rod and reel. This
type of drift fishing normaily occurs seaward of the survey area.
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Some catamaran sailors and kayak paddlers attach fishing poles or handlines to their crafts
and troll for papio and other species as they transit the area.

¢ Spearfishing. Spear fishing primarily by subsistence fishermen occurs at the edge of Ala
Moana Reef and offshore Kaka‘ako Waterfront Park. The spear fishermen accessing the
area offshore Ala Moana Reef are usually from boats while at Kaka‘ako Waterfront Park,
they are usually swimming out from shore. Spear fishing also occurs on the University of
Hawaii Look Laboratory’s artificial reef which is in 40 feet of water on the west side of
Kewalo Basin Channel. Some spearing for fish and octopus by commercial fishermen also
occurs but this is on infrequent activity,. The number of spear fishermen averages
approximately 10 per day on weekdays and 20 per day on weekends and holidays.

Torch fishing is an infrequent activity on Ala Moana Reef. It normally occurs on dark,
moonless nights, for night octopus and reef fish such as weke and kiimii.

e Trapping. The only trapping in the survey area is done by one commercial trap
fisherman. He is a Hawaiian who, with his family and friends, has been trapping for fish
there for over 30 years. One of his trap sites is located along the present submarine tour
route. He notes that this is the only place in the area that is productive for fish. Other trap
fishermen are located to the west of him. They all have a gentlemen’s agreement to stay
out of each other’s areas. His area is from Waikiki to the Reef Runway. -

o Tropical fish collecting. Tropical fish collecting is an infrequent activity in the survey
area, The number of tropical fish collectors averages approximately 1 per day on weekdays,
weekends and holidays.

o Commercial Cruise Boat Fishing. Approximately two years ago, one of the cruise boats

from Kewalo Basin started offering nearshore night fishing charters. Catering almost
exclusively to Japanese tourists, the tour goes into the survey area seaward of Ala Moana
Reef in 50 feet of water and lets their passengers fish for reef fish such as ta‘ape and
menpachi with rods and reels. Now there are approximately four cruise boats who offer
similar night fishing cruises in the same location. These cruises usually run for several hours

in the eatly evening just after the sun sets. :

e Commercial Charter Boat Fishing. Commercial charter boat fishing is an infrequent

activity in the survey area. Most commercial charter fishing boats only pass through the
survey area when they enter or exit Kewalo Basin. They normally do not fish near shore
and may range as far as 20 miles offshore the island.
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3.11 Gathering. Certain sections of the survey area’s shoreline are artificial and consist
of massive boulder seawalls. In other areas similar boulder structures provide habitats for
‘opthi and other gathered shellfish, but few are found in the survey area. In addition, the
extensive reef flat of Ala Moana Reef provides a habitat for various species of seaweed, but
the two most popular species for consumption, manauea and ogo, are so scarce that seaweed
gathering is regarded as an infrequent activity for the survey area.

3.12  Outrigger Canoe Paddling. Outrigger canoe paddling is Hawaii’s official ocean team
sport, and annually attracts approximately 10,000 participants statewide. The short course
regatta season begins in the spring and ends with the state championships in August, Then
the long distance racing season begins and ends with the Moloka'‘i-to-O‘ahu race in October.

Approximately 12 of O‘ahu’s canoe clubs train in the survey area. ‘The majority of them are
headquartered along the Ala Wai Canal and use the canal for training until August. After
August they begin their long distance training and leave the canal to paddle in the apen
ocean. A popular training course is from the outside harbor markers at the Ala Wai to the
outer markers at Kewalo Basin. Training runs on this course can be easily timed, and
several clubs are frequently present at once. Since this is a clean water area, it is also used
to practice crew changes. Changes occur cduring long distance races when one paddler
replaces another. An escort boat will drop one paddler (or more) into the ocean ahead of
the canoe, When the canoe comes abreast of the paddler(s) in the water, the paddler(s) in
the boat who are being replaced jump out and their alternates climb in. The escort boat
then retrieves the paddler(s) in the water. Most practices occur after 5 PM in the evening,
and the course runs inshore of the proposed wreck site. '

Outrigger canoes also transit the waters of the survey area during the races. During the
long distance season approximately 10 races are held, some of which transit the survey area.

3.13 Kayaking. The waters in the survey area are a transit area for kayakers who have
launched their crafts from other areas, During the spring and summer months long distance
kayak races are held on Oahu; one formerly used course finished at Kewalo Basin Park and
the course passed through the survey area.

3.14 Recreational Power Boats, Recreational power boats are common throughout the
survey area. The majority of them are owned by fishermen and are launched from either
Ala Wai Boat Harbor or Ke‘chi Boat Harbor.,



315 VParasailing. Parasailing, towing someone in a parachute with a high speed power
boat, is a commercial activity that occurs seaward of the survey area. The Hawaii
Administrative Rules, Part ITI, Ocean Waters Navigable Streams and Beaches (effective Feb.
24, 1994) by the State Division of Boating and Ocean Recreation regulates the activity and
confines it to specific areas around the island. Paragraph 13-256-92 South Shore Parasail
Area states the following for the area seaward of the survey area:

1. The boundaries of the South Shore Parasail Area are from the buoy R-2 of Kalihi
Channel entrance; then by straight line to buoy G-1 of the Ala Wai Channel; then by
straight line to buoy R-2 off Diamond Head. All operating parasail vessels shall operate
"seaward of the boundary line.

2. No person shall operate a parasail aloft within 1000 feet of any channel entrance
buoys.

3. No more than 4 commercial operating area use permits shall be authorized in this
area.

4. No permittee shail operate more than one vessel with a parasail aloft at any one
time. :

5. This area shall be closed to parasail operations from January 6 to May 15 of each
year,

6. The boundaries of the South Shore Alternate parasail Area are from the buoy R-2
of Kalihi Channel entrance; then by straight line to buoy R-2 off Diamond Head. All
.operating parasail vessels shall operate seaward of the boundary line.

7. The South Shore Alternate Parasail Area is designated for parasail operations from
January 6 to May 15 of each year. (The same restrictions listed above for the South
Shore parasail Area apply to the alternate area.)

316 Reef Walking,

Reef walking is an infrequent low tide activity on Ala Moana Reef. Some
individuals and families go on their own, but most of the reef walks are organized and
conducted by an experienced leader, usually a school teacher. The reef flat is recognized
by the Department of Education as an educational reef walking site and is listed in its
manual A Compendium of Coastal Field Sites as "Kewalo Basin". The site is accessed from
Kewalo Basin Park -and is considered to be a good area for viewing fish, seaweed and
invertebrate organisms such as sea anemones, shells, sea urchins, and brittle stars.

317  Scuba Diving.
Introductory scuba diving for visitors, primarily Japanese visitors, is the most common scuba
diving activity in the survey area. Introductory classes are held in the Ala Wai Channel at
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the east end of Magic Island in Ala Moana Beach Park. The channel offers one of the few
scuba diving sites near Waikiki that is easily accessible by land. Introductory classes are
offered by the following companies: Sunshine Scuba, Hawaii Pro Dive, Breeze Hawaii,
Ocean Concepts, Fantasea and Island Divers. Aaron’s Dive Shops, other diver shops and
independent dive instructors offer introductory and advanced classes to visitors and
residents, especially during the winter months when high surf preciudes the use of west and
North Shore dive sites. Some dive shops also offer boat dives in the survey area, but this
is a less frequent activity than the introductory shore dives.

Other survey area users who scuba dive include spear fishermen, underwater surround net
fishermen and members of the Honolulu Fire Department’s rescue squads conducting
training. HFD has two heavy rescue squads. Rescue 1 and Rescue 2, and their members
periodically do training dives seaward of Ala Moana Reef.

3.18  Sailing Both the Hawaii Yacht Club and the Waikiki Yacht Club are
headquartered in the Ala Wai Boat Harbor, and their members regularly transit the survey
area. In addition to general sailing traffic, every Friday night at 5:30 pm, Waikiki Yacht
Club members hold their Friday Night Race. The race course goes from the outside buoy
of Ala Wai Channel to the outside buoy of the Honolulu Harbor Main Channel and back.
The course of this race, however, usually keeps their boats outside the survey area. Some
night sailing occurs in the survey area by boats from the yacht clubs.

Competitive sailing in Honoluiu takes three forms: local yacht club races, large scale
professional competitive race series based out of Honolulu such as the Kenwood Cup and
races in which Honolulu is the final destination such as the Transpac. The Transpac and
the Kenwood Cup occur on alternate years. Competitive sailing yachts transit the water
offshore the survey area during certain legs of their races.

3.19  Research Activities. For the past 15 years the Look Laboratory of Oceanographic
Engineering, University of Hawaii has had an in-water Test Range in approximately 40 feet
of water on the west side of Kewalo Basin Channel. The range includes two artificial reefs,
one constructed of automobile tires and one constructed of concrete blocks, and two flat 8’
x 8 platforms constructed out of fiberglass I-beams and PVC decking that are used for
mounting instruments. This site and other nearby sites within the general area have been
used by members of the Look Laboratory staff to conduct a variety of ocean engineering
tests, including instrumentation tests, drogue ard dye studies, and sampling water for
turbidity, salinity and temperature. Many of these activities are conducted each summer by
students who are taking ocean engineering classes.
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submarine operations. ook Lab’s activities in this area consist of attaching taut line
moorings and instrument strings to concrete blocks on the ocean bottom and monitoring the
wave and current measurement instruments, '

321  Surfing.

At least 11 primary surfing sites are located along the seaward edge of Ala Moan Reef, and
they are as follow from east to west: Islands, Americas, Bombora, Baby Hale‘iwa, Big Lefts,
Courts, Concessions, Big Rights, Shallows, In Betweens, and Kewalos. Each of these sites

One primary surfing site, Point Panic, is found to the west of Kewalo Channel fronting
Kaka‘ako Waterfront Park. It is reserved exclusively for bodysurfing and is the site of an
annual bodysurfing championship put on by the Honolulu Bodysurfing Club. The Hawaii
Administrative Rules, Part I, Ocean Waters, Navigable Streams and Beaches (effective
Feb. 24, 1997) by the State Division of Boating and Ocean Recreation regulates the
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activities there, Paragraph 13-254-13 contains the rules governing the Point Pamnic Ocean
Waters which includes the following: 2. No person shall operate 2 surfboard in the restricted
area of the Point Panic Ocean Waters, and b. Point Panic Ocean Waters are primarily
reserved for bathing, swimming, bodysurfing and paipo board riding.

322 Tour Boats.

The Oahu tour boat industry operates between Hawaii Kai and Pearl Harbor. The vessels
range from tourist catamarans to 100 foot cruise vessels that offer tourists dinner cruises and
various excursions. Some of the largest vessels are berthed in Honolulu Harbor, but the
majority of them are kept in the survey area in Kewalo Basin.

Kewalo Basin is a 126-slip boat harbor that is used exclusively to berth commercial boats.
The balance of the slips are filled by commercial fishing boats that do not offer cruises or
charters. In general, the majority of the boats in Kewalo Basin pass through the survey area
only when the enter or exit the harbor through Kewalo Basin Channel. The charter fishing
boats may fish out to 20 miles offshore the island, and the cruise boats usually tour seaward
of the survey area. However, there are several exceptions, one of which was noted
previously in the Fishing Section. Several cruise boats now offer night fishing tours
immediately seaward of Ala Moana Reef. In addition, some of the cruise boats that conduct
evening dinner and nightclub cruises also come closer to shore at night and transit the same
area. Other exceptions during the day include those boats that offer glass bottomed boat
tours. They tour immediately seaward of Ala Moana Reef, but inshore of the project site.
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4.0 Impacts on Ocean Activities.

The project site will be the area offshore Ala Moana Beach Park where Voyager
Submarines Hawaii is presently conducting submarine tours. Voyager intends to place two
environmentally acceptable derelict vessels on the ocean floor in approximately 100 feet of
water. The sunken vessels will be marked with two submerged mooring buoys. In addition,
four additional submerged mooring buoys will be installed with anchor pins at the site to
facilitate public access. All mooring buoys will be approximately 30 to 40 feet below the
ocean surface. Construction of this site should have minimal short and long term impacts
on the other activities that take place around it.

4.1 Short Term Impacts.

Short term impacts would occur during placement of the two derelict vessels and would
include temporarily securing the project site as a safety measure to protect all other area
users. The major operation, the ship sinkings, should take one day per ship. Installation
of the mooring anchors and buoys would be done from a small boat with minimal
intrusiveness. Overall short term impacts on the present area users who are primarily
fishermen, sailors, canoe padders, and so on, who are only transiting the area in their
respective boats, would be minimal. They normally pass either seaward or shoreward of the

Voyager support boats anyway, the boats that are always on site while the submarines are
operating.

42 Long Term Impacts.

Existing Site Users. At present there are only two users who conduct activities on the ocean
bottom in the immediate area of the project site: the ocean engineering students and staff
of the University of Hawaii’s Look Laboratory, and a commercial trap fisherman.

The Look Lab staff has already resolved any potential conflict by simply abandoning the
sites along Voyager’s route and has re-established them elsewhere behind Ala Moana Reef
where submarines are not operating, The placement of the two derelict vessels will have
no further impact on the Look Lab operations.

The second area user who conducts activities on the ocean bottom in the immediate area
of the project site is a Hawaiian commercial trap fisherman, one of three who operate
between Waikiki and Barbers Point. His area, by a gentlemen’s agreement with the other
two fishermen, is from Waikiki to the Reef Runway. One of his traps is set at the base
of a ledge along the submarine tour route, a site that he has been using for over 30 years.
He notes that this particular site is the only productive one in this area. There have been
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Canoe Paddling. The site is seaward of the most commonly used training runs between Ala
Moana and Kewalo Harbors. In addition, most canoe training takes place either before or
after normal working hours, Impacts should therefore be minimal. Some paddlers, and
others as well, expressed concern that the increased biomass on the artificial reef will
include more sharks and, therefore, increase their chances of being attacked while they are
in the water practicing their long distance changes.

Surfing and Swimming. Ala Moana Beach Park, including Magic Island, and Ala Moana
Reef are two of the most heavily used shoreline recreational sites in the survey area and in

the city of Honolulu. The project site, however, is located more than 3 /4 mile seaward from
the park and 1/2 mile seaward from the nearest surfing site. Placement of the sunken ships

~  should not produce any negative long term effects on any on the activities on the reef or

shoreward of it. If amything, the artificial reef may contribute to the overall biomass in the
area and provide more nearshore consumptive possibilities, especially for fishermen. Some
surfers, however, have expressed a concern that the sunken ships may change the contour
of the ocean bottom and, therefore, negatively change the characteristics of the surfing
waves at the edge of the Ala Moana reef.
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no conflicts between his activities and the Voyager operations. When he comes to check
his trap, the Voyager support vessels notify the submarines below. The placement of the
ships should enhance his catch by increasing the biomass in the area.

Future Site Users. The situation with the trap fisherman’s activities and the Voyager
operations is representative of a larger situation which may occur after the artificial reef is
established: the potential. conflict between consumptive and non-consumptive activities.
Voyager Submarines is establishing the artificial reef to enhance the growth of coral, fish
and invertebrate species in an area that is presently barren and unproductive. The reef in
turn will provide a unique viewing opportunity for Voyager’s passengers, but at the same
time it will attract consumptive users such as underwater spear, net and trap fishermen.
Voyager will not have exclusive use of the area in which it operates and will not limit
private access to the area. It also will not discriminate against consumptive use of the site,
The mooring buoys available to the general public will also be available to consumptive
users in the hope of encouraging environmentally benign anchoring, |

The artificial reef may also attract surface fishermen who presently pole or bottom fish from
boats either seaward or shoreward of the project site. One of the night fishing cruise boats
has already expressed interest in fishing on the site after dark. This should not present a
problem, since Voyager does not operate after dark. Experience with the intermittently
closed or "kapu” areas off Waikiki has shown that pole fishing has a relatively low impact
on the biomass at a site,

Diving on shipwrecks is a major attraction for scuba divers. Wreck diving is also an
important option for scuba tour operators to offer their customers. The artificial reef with
its two derelict vessels will be a focal point for resident recreational divers and for

. commercial scuba tours. It will be easily accessible by boat with its close proximity to the

two major public boat ramps in Horolulu, the Ala Wai Boat Harbor and the Ke‘ehi Boat
Harbor ramps. The reef's depth at 100 feet will preclude introductory divers, but will be
accessible to divers of intermediate and greater ability.

Day-use mooring buoys will be attached to the submerged buoys daily by Voyager personnel
prior to the start of their operations, The surface buoys will alert divers and fishermen to
the position of the wrecks and provide them with an opportunity to tie up rather than
anchor which might endanger the submarines and other divers below. In anticipation of
large numbers of boats and divers on the wrecks, a user plan should be worked out between
Voyager and all other commercial dive shops and recreational dive clubs.
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SUBMERSIBLE OPERATING AREA
BOAT TRAFFIC SURVEY
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