


HAWAII DEEP WATER CABLE PROGRAM

PHASE II-C

TASK 1
ENVIRONMENTAL ASSESSMENT

Prepared by

G. Krasnick and J. Mansur

of Parsons Hawaii
for

Hawaiian Electric Company, Inc.

and the
State of Hawaii

Department of Business and Economic Development

AUGUST 1987



A
ac
ALISH

AN
BLNR
CDUA
CDUP
CHES
COE
CZIM
DAR
DBED
dc
DFW
DGP
DLM
DLNR
DLU
DoC
DOE
DOH
DOI
DOT
DOWALD
DPED
DTS
EA
EC
EIS
E/M
EPA
EPRI
ESA
FAD
rFCcZ
FMP
ft
FWS
FY
HCZMP
HDWC
HECO
HEI
HELCO
H.R.S
HV
HVDC
Hz
in

LIST OF ABBREVIATIONS

Ampere

Alternating current

Agricultural lands of importance to the state of
Hawaii

Audibie noise :

Hawaii Board of Land and Natural Resources
Conservation district use application
Conservation district use permit

Cable handling equipment subsystem

U.S. Army Corps of Engineers :

Coastal zone management

Hawaii Division of Aguatic Resources (DLNR)
Hawaii Department of Business and Economic Development
Direct current

Hawaiil Division of Forestry and Wildlife (DLNR)
Honoluln Department of General Planning

Hawail Division of Land Management (DLNR)

Hawaii Department of Land and Natural Resources
Honolulu Department of Land Ut:llzatlon

U. S. Department of Commerce

U. S. Department of Energy

Hawaii Department of Health

U. S. Department of Interior

Hawaii Department of Transportation

Hawaii Division of Water and Land Development {DLNR)
Hawaii Department of Planning and Economic Development
Honolulu Department of Transportation Services
Environmental assessment

Hawaii Environmental Council

Environmental impact statement

Electromagnetic

U. S. Environmental Protection Agency

Electric Power Research Institute.

Endangered Species Act of 1973

Fish aggregating device

Fishery conservation zone

Fishery management plan

Feet

U. 8. Fish and Wildlife Service {boI)

Fiscal year

Hawaii Coastal Zone Management Program

Hawaii deep water cable

Hawaiian Electric Company, Inc.

Hawaiian Electric Industries

Hawaii Electric Light Company, Inc.

Hawaii Revised Statutes

High voltage

High voltage, direct current

Hertz

Inch

ii



kt
kv
KW
lb
LBL

LSB
LOO

mi
MLCD
MMPA

NARS
NEPA
NMF'S
NOAA
NOS
NWHI
OCRM
0OCZM
OEQC
OOME
OTEC
PE
PTI
RH
RI
ROV

SCOF
SCORP
SCUBA
SMA
SpPCC
. TVI
UBC
UHEC
UsCcaG
USN

WPPQO
WPRFMC

LIST OF ABBREVIATIONS (Continued)

Kilogram

Kilometer

Knot

Kilowolt

Kilowatt

Pound ‘ :
Lawrence Berkeley Laboratory, Oniversity of California
at Berkeley

Land Study Bureau

Land Use OQrdinance

Meter

Mile

Marine Life Conservation District

Marine Mammals Protection Act

Megawatt

Natural Area Reserve System

National Environmental Policy Act of 1969

U.S. National Marine Fisheries Service (NOAA)
National Oceanic and Atmospheric Administration (DOC)
National Ocean Service (NOAA)

Northwestern Hawaiian Islands

Office of Ocean and Coastal Resource Management (NOS)
Office of Coastal Zone Management (NOAA)

Hawaii Office of Envircnmental Guality Control
Office of Ocean Minerals and Energy (NOAA)

Ocean thermal energy conversion

Polvethylene _

Power Technologies, Inc,

Relative humidity

Radio interference

Remote operated vehicle

Second

Self~contained oil- fllled

State Comprehensive Qutdoor Recreation Plan

~ Self-contained underwater breathing apparatus

Special Management Area

Spill Prevention Control and Countermeasure
Television interference

Uniform Building Code

University of Hawali Env1ronmenta1 Center’
U.5 Ceoast Guard

U.S. Navy

Volt

Watt _

Western Pacific Program 0ffice (NMFS)
Western Pacific Regional Fishery Management Council

1ii



TABLE OF CONTENTS -

Cover Sheet ..., ecnns et s e e a s nanas e s an e s i
List of Abbreviations ........i¢cirtecirmnancaarraanas ii
Table of Contents ......... ittt csnnanasnnas iv
List of Figures ....iveeeeees e e ma et e e . PR viii
List of Tables ...... e i et e et e e ix

SUMMALY s v s v s s v ottt s st s et oo tnssessnssnsasasssosasstostancsnes b4

1.0 Purpose of and Need for Actzon ....................... 1
1.1 Background ......cceeeesosocneassssttassncnnneas 2
1.2 Statement of Objectives ......ci it iier i sensann 5
1.3 Gecothermal Development Potential ............ o 5
1.4 Technology Development ......ecesrsttracenranners 6

2.0 Proposed Action and Alternatives ........ccciivecrvese 6
2.1 'The Proposed AcCtiOon .. .iiitiietnnancannnronenas 6

3 “2.1.1 The Preferred ROULE .. ..vivrerrnrnenennns 7
' ' 2.1.2 Technical Features .... s e 9
K 2.1.2.1 Shoreside Fa0111tles and
System Configuration ........... 10
2.1.2.2 Submarine Cable Subsystem ...... 14
2.1.2.3 Cable Vessel Subsystem ......... 18
2.1.2.4 Cable Handling Eguipment
SubSYSTEM . .iuitrnsrtroar st nans 18
2.1.2.5 Integrated Control System ...... 20
2.1.3 Socio-Economic Features .......:0c00000.. 25
2.1,3.1 System Costs ... ..¢ vt eneenens 25
2.1.3.2 Avoided 0il CosStsS ...t nnans 25
2.1.3.3 Employment Opnortunities ...... . 26
2.1.4 Phasing ... .cureerronacnrsarsnrssrtnesoscn 26
2.1.5 Legal and Institutional Settlng ......... 28
2.1.6 Financing ....eerteenonannssmasitseeneans 29
2.1.7 The Relationship of the Proposed Action
to Land Use Plans, Policies and Controls
for the Affected Area ....:vcieeveivrnnnres 31
2,1.7.1 Federal ...... i eea e et 31
2.1.7.2 State ....cci0a00000. era e asaans 35
2.1.7. 3 County¥ .. -uivvrorrnrarnanses . 42
2.1.7. Private ......c.0ciiiiiiicennnsn 44

2.1.8 The Relationship of the Proposed Action
to Ocean Use Policies and Treaties for

the Affected Area ......c.i i iinennns 45
2.1.8.1 International ..... e e e s rr e e . 45
2,1.8.2 Federal ........ s e s 46
2.1.8.3 State ... .i.i.iiii it aa a0 51
2.2 Alternatives . ......c:cetrocsrascnassanstoaronnn 53
2.2.1 Alternative 1 - Energy Bridging ......... 54
2.2.2 Alternative 2 - "No Action" .........v... 56
2.3 Comparison of the Impacts of the Proposed
Action with those of the Other Alternatives .... 62
3.0 Description of Environmental Setting ........ s e e 66
3.1 Terrestrial Corridor Segments ......ceeeosrsnnss 66
3.1.1 Climate, Meteorology, Natural Hazards,
Alr Quality ...ttt it c e, 66
'3.1.1.1 Climate and Meteoroclogy ........ 66

iv



3.1.1.2 Hazardous Weather ....:.csesv0s044 69
3.1.1.3 Tsunamis .....ceacvrennnns crasas 71
3.1.1.4 Earthquakes, Volcanisn, ]
: Landslides ......vcciuuisnnsnsan 73
3.1.1.5 Air Quality ..:i........ O § )
3.1.2 Land Features and Use ....... caav e 77
3.1.2.1 Topography, Geology., Scils ..... 77
3.1.2.2 Agriculture .......ccs000s0 e . 80
3.1.2.3 ForestryY ..cesessssaasasens. ve s 82
3.1.2.4 Recreation ....... Ceareva s - 83
3.1.2.5 Natural Areas ....:.....ss b e ae s 87
3.1.2.,6 "Residential, Commercial,
Industrial .......... ces b e s 88
3.1.2.7 Land Ownership
' and County Zoning ...:.evneeeees ' 90
3.1.2.8 Airports and Training Areas .... 91
3.1.2.9 Electrical Power Generation .... 91
3.1.3 Hydroleogy ...... Ceeaaaen e e s s et 94
3.1.3,1 Surface Water ....... s e ‘s 94
3.1.23.2 Groundwater .....ciccccas0012aa34 . 95
3.1.4 ECOlOogY +.vervseraronans er e v e he e e 96
3.1.4.1 Vegetation .....coiecectesaasons 96
3.1.4.2 Wildlife ....... s et e s ear e e . a8
3.1.4.3 Unigque and Native Ecosystems ... 29
3.1.4.4 Threatened and Endangered
SPECiIeS ...t iierinrnesert s 101
3.1.5 Socio-Economic ...... . v e en e N 104
3.1.5.1 Institutional Settlng cr st e e 104
3.1.5.2 Populationl ..ot ivrrrrasnsssns ‘e 104
3.1.5.3 Economics ...... tedaa e e s aa 104
3.1.5.4 Employment ........c000irr0unennn © 1056
. 3.1.5.5 Transportation. ...csce.nsas PRP 105
3.1.6 Visual ReSOUTGCES . ..uvirrsesrasrrssnsana .o 105
3.1.6.1 Landscape of the Study Area PR 105
3.1.6.2 Corridor Landscape Description .. 106
3.1.7 Cultural Resources .......c..... P s e 108
Submarine Route Segments ......::.:. s e e v e s e - 110
3.2.1 Bathymetry .......... s e s et Er s e e 110
3.2,2 Marine GeologyY ..scesdrtinroscssnnrnnrsnans 111
3.2.2.1 Submarine Route Descrlptlon ceas 111
3.2.2.2 Hazardous AT@8S .icsveoosssoasans 112
3.2.3 Physical Oceanography¥ ... esevsseecssa ‘e 113
3.2.3.1 Waves and Swells ......:..000.... 113
3.2.3.2 Currents and Tides ...... ce e 114
3.2.4 Ocean USES8 ...+ sti 10100 ssses serE s s s 116
3.2.4.1 Vessel Traffic ..... S e e e 117
3.2.4.2 Military Uses ....... e et s aaan . 117
3.2.4.3 Other Cables ........... e 118
3.2.4.4 Commercial Fishing ......... e 119
3.2.4.5 Recreation ..... I 124
3.2.4.6 Marine Life Conservation
: Districts ...... seasas et e - 125
3.2.5 Marine BiologQy ... cuiirtenessvannasan cesses 126
' 3.2.5.1 Endangered and Threatened
Species . iissiisrianannn et s 126

v



4

.0

3.2.5.
.2.5,

2
3

Marine Mamnals

Other Potentially Affected

Organisms ...

The Probable Impact of the Proposed Project on the
Environment and Mitigative Measures

4.1

Terrestrial Impacts and Mitigation .............
4.1.1 S0il Erosion ........cccenreeennnsasacens
4.1.2 Unigque or Native Ecosystems .............
4,1.3 Threatened and Endangered Species .......
4.1.4 Cultural ResSourCes .. :v:isseeiesan e
4.1.5 Land Use ,..... e et et et e o
4.1.6 Socloeconomics ... .ttt ettt acaataaaenen
4.1.7 Electromagnetic Field Effects ...........
4.1.7.1 Electromagnetic Fields .........
4.1.7.2 Air IonNsS ... : s v earansnancananns
4.1.7.3 Effects of dc Electric

and Magnetic Fields .......... ..
4.1.7.4 DC Space Charge Effects ........
4.1.7.5 Personal Safety Considerations
4.1.7.6 HVDC Generated Air Pollutants
4.1.7.7 HVDC Transmission Line

Audible Noise {BAN) ... ceseenrsns
4.1.7.8 HVDC Transmission Line

Televigion Interference (TVI)
4.1.7.9 HVDC Transmission Line

Radio Interference (RI} ....... .
4.1.7.10 Interference With

Cardiac Pacemakers ........ e

4.1.8 Air Quality ....coeervoreas S e e e an
4.1.92 Water Quality ......cccrietscernorsnnnnaas
4.1.10 Visual Quality .......ccevceu. e .
4.1.11 NOIiS@ ...t it ivvanneeernasconenesssssnnans
4.1.12 Public Health and Safety ..... Cr e e e
4.1.13 Environmental Hazards and Malntenance
Problems ....vernsviererosssnnnsss F e e
Marine Impacts and Mltlgatlon te b e rr r e s
4.2,1 Cable Deployment ...... S s e s s e
4.2.,1.1 Vessel Traffic .o Ce e e
4.2.1.2 Military Uses ...... et acsn e
4.2,1.3 Fish Aggregating

Devices and Fishing ............
4.2,1.4 Nearshore Uses ....ccvceraniocss
4.2.1.5 Endangered and-

Threatened Species ............. '
4.2,1.6 Marine MammalS ....ccovevinrasso
4.2.1.7 Other Marine Biota .............

4.2,.2 Cable Operation ......¢:v0 e st s s e e
4.2.2.1 Vessel Operations ........c00:..
4.2.2.2 Operations of

Other Cables ....¢ccennee. ceeas
4.2.2.3 Commercial and

Recreational Fishing ...........
4.2.2.4 Endangered and

Threatened Species .............
4.2.2.5 Marine Mammals ....:.:ci10202001a

vi

131
133

139
140
140
141
143
144
144
145
147
147
151

152
155
1586
157

159
159
160

160
161
161
161
166
167

168
171
171
171
171

171
173

174
175
175
176
176

177
177

118
181



3D o>

c O

4.2.2.6 Other Marine Biota ........ fe s
4.2.3 Cable RepPail ...ivvieciscntsrarsrsnsannnsas

4.3 The Relatlonshlp Between Local Short Term Use
of the Environment and the Maintenance and
Enhancement of Long-Term Productivity ..........
4.4 Any Irreversible or Irretrievable Commitments of
RESOUrCES ...ttt rtrrsesesarsarnsnnens e s n e e
4.5 Any Probable Adverse Env1ronmental Effects Which
Cannot Be Avoided ...+ .civrvarssrsrsnsrsrsasanna
4.5.1 An Indication of What Other Interests
and Considerations of Governmental
Policies are Thought to Offset the
Adverse Environmental Effects of the
Proposed Action .......c0000.. de s e
4.6 Unresolved ISSUBS ... erorvonmorrasesrsnsnsesns .
References .......... Hh e it m s a e et n e s s a e e
Appendices .
A. Permits Summary ......¢c0... .

vii

181

182

185

186

187

188
189
1930

198



LIST OF FIGURES

Number Title Page
1 Preferred Route  ....iciii it saersanssasassasssass Ta
2 Cable Cross-Section ..... C e s e E s e e et a e 17a
3 Conceptual Drawing of the Major Cable

Handling Machinery for the HDWC Program ......... 18a
4 Block Diagram of Integrated Control System ...... 20a
5 ~Critical Palila Habitat .................. IEEEEE . 34a
6  Hydrogen Fuel Cell Power Plant:
. Block Flow Diagram ........... ettt e aaa ' 55a
7 Hydrogen Fuel Cell Power Plant:
Electric Power Transmission ....::ves00s000142 e 55b
8 Hydrogen Fuel Cell Power Plant: _
Geothermal Power Plant Plot Plan ........... e 55c
9 Hydrogen Fuel Cell Power Plant:
Hydrogen Production, Ligquefaction
and Shipping, Honuapo Site ......iccieerinnonsoas 554
10 Hydrogen Fuel Cell Power Plant:
Hydrogen Vaporization and Fuel Cells,
Waiau Site .. iievrri et sarsonssnsannsonas s e e s 55e
11 Wind Rose for Hawaiian Waters .......... et eaaas 68a
12 Hurricanes and Tropical Storns
in Hawaiian Waters ........... e s e e et . 70a
13 Seismic Risk Zones in Hawail ..... . eiasesnnrs 74a
14 Rift Zones and Fault-Systems .......:¢:ic0tvencees 74b
15 Zones of Overall Relative Risk
From Volcanic Hazards ....¢.cccvivienconns i ae s T4c
16 Submarine Portions of the Preferred Deep Water
Cable Route f 4 4 s a0 s ¢ 8 ¢ 4 & 4 & & 8 4 4 & B A 4 = 3 = g @R E A SN : 112a
17 Co-tidal Chart for the Hawaiian Islands ......... il4a

viii



LIST OF TABLES

Number ' Title Page
1 Major Submarine Electrical Cable
Systems Worldwide ....... e e s e e s e 6a
2 Subsystem Components for a Commercial’
Cable SYStem ... vseeiesencrecrsarsstentastinanas 2
3 Selected Basic Design Characteristics
: of Cable Design No. 116 .....cvveveeereatacnan 17
4 Earthquakes of Magnitude 5 or Greater .......... 73
5 Eruptions and Lava Flows on the Island .
of Hawail ....... v iaasaa et s ae e a e 75
6 Recreation Opportunity Areas ......... e eaaas . 84
7 Exclusion Areas for Overhead Transmission
Lines ...t ieieiiensnntonssnssananasnransnss ‘o 87
8 Major Landowners Along the Proposed Corridor .. 20
9 Listed, Proposed, and Candidate Endangered

and Threatened Species Which May Be Present
In the Vicinity of the Terrestrial Segments

of the Preferred Route, HDWC Program .......... 2103
10 Historic and Archaeoclogical Sites Within

the Maui and Cahu Study Areas ....:i::1cs0s0s0s0s 109
11 Approximate Distance Within Depth Ranges

For Submarine Route (KM) ......ic0r00s0aa0ass0s 110
12 HVDC Transmission Lines in North America ...... 148a

ix



SUMMARY

The Hawaii Deep Water Cable Program is a malti-vyear,
multi-million dellar study of the feasibility of transmitting
electricity wvia a submarine cable system from the Island of
Hawaii to Maui and Oahu. Funding is being provided by the Hawaili
Department of Business and Economic Development and the U.S,
Department of Energy. .The DOE-funded portion of the Program has
primarily addressed the generic aspects of the technologies
involved in manufacturing, installing and operating a high
voltage, direct current submarine cable system. The DBED-funded
pertion of +the Program has examined more site-specific issues
related to financing, installing and operating such a system in
Hawaii. Included in the latter work has been overland corridor
and submarine route identification and this environmental impact

assessment.

It's dimportant to understand that the HDWC Program is a
feasibility study. Although the subject of the study is a
full-scale commercial cable system, no component of such a system
will be built or installed as part of the HDWC Program. Sections
of a representative cable have been manufactured and are being
.tested in the laboratory, and scaled-down versions of the cable
and cable handling egquipment will be tested at sea, but
development of a full-scale system must await confirmation of
cable system technical and economic feasibility, confirmation of

a developable geothermal. resource of adeguate size, and



acquisition of financing for both the cable system and the

geothermal development. : “ o -

Information generated in.the HDWC Program will be available to
guide potential developers from private or pﬁblic sectors in
designing, installing and financing a commercial cable systen.
This environmental assessment has been prepared to aid the
process of information = transfer. The format used closely
parallels thaf required for an environmental impact statement
because development of a commercial interisland electrical
traﬁsmission system would trigger EIS requirements pursuant to

-both federal and state legislation.

The "action" assessed 1in this document 1is installation and
operation of a high.voltage,(aoo kV), direct current electrical
transmission system capable of transmitting 500 MW of power from
the geothermal resource subzones of the Kilauea East Rift Zone of
Hawaii to Maui (50 MW) and Oahu. At this level of power
transfer, the submarine cable link would satisfy on the order of

half of Oahu's demand for electricity.

The system envisioned consists of a rectifier station to convert
fhe alternating current produced from the geothermal resource to
direct current,  overhead transmission lines, submarine cables.
(one positive, one negative, one spare), a power tap to service é
portion of Maui's demand, an inverter station on Oahu to convert

the direct current back to alternating current and sea electrodes

xXi



to provide a means for return current £16w to complete the
electrical circuit. The development of 500 MW of exportable
geothermal power on the Big Island is not a part of the action

assessed here, but is being independently evaluated.

For environmental assessment purposes, a "preferred route"
consisting of overland and submarine segments has been defined.
The overland segments ("proposed corridor”) were identified in a
separate“éeries of studies using an objective set of constraining
criteria” which when overlayed provided a means to visually
distinguish between areas of higher and lower constraint. The
areas of relatively lowest constraint were linked to give the
proposed corridors on the three islands, Two points should be
made clear about these corridors., First, they are based on an
egually weighted set of criteria. Developers of a commercial
cable system may find it necessary or desirable to devise a
differential weighting system for the criteria, thus altering the
relative attractiveness of alternative corridors. Second, the
corridors identified are broad, generally a mile or two in width.
Many of the site-specific impacts will depend on selection of the
actual alignment of the towers and lines within the corridor.

Alignment selection is not a part of the HDWC Progran.

The flexibility inherent in overland corridor identification,

however, iz not available in selection of the submarine route

xii



linking the threé islands. Oceanographic surveyé using
"state-of-the-art" eQuipment were conducted to map the ocean
bottom between the islands, and in some areas only relatively
narrow paths. were lidentified which wouid aveid conditions
hazardous to the cables. Along the Maui side of the Alenuihaha
Channel, for example, only a single foute was found, and in

places that narrowed to only about 100 meters.

Using the interisland submarine routes and the proposed overland
corridors, the assessment determined the types and severity of
environmental impacts which could be expected tb result from
installation, operation, maintenance and repair of the cable
system. Short—term and long-term, direct and indirect impacts

would resuilt.

Short—-term impacts would arise as a consequence of construction
activities, Along the overland corridor, clearing of converter
station sites and rights-of-way would create localized elevations
of noise and air pollutants and the potential for soil erosion.
Mitigation measures available include the.standard- construction
site management techniques which usually accompany pernmit
requirements for building, grading, etc., including work schedule
restrictions to control the duration of excessive noise, watering
to control fugitive dust and replantiﬁg. Erosion potential would
be  addressed through implementation of an erosion control plan.
Where available, existing jeep trails would be used in preference

to creating new access roads. In more isolated segments of

xiii



rights-of-way, helicopter delivery of poles, equipment and
personnel may be used to limit impacts associated with
construction of access roads. In the marine enviroment, cable
deployment operations would present a temporary hazard to
navigation. Display of proper international warning symbols
(flags, lighting patterns) on the cable wvessel and advance
schedule publication in the U.S5. Coast Guard's "Notices *to
Mariners" would effectively mitigate this impact.

The cables would be buried through coastal areas near shore and
offshore: to depths of 100 feet. This would require blasting,
trenching and backfilling, all of which would impact marine
organisms close by. Mitigation measures could include schedule
restrictions, charge size and shape specifications and visual
surveys of the areas for protected species. Temporary
degradation of water quality could be expected around offshore
vonstruction areas, but the hard substréta which predominate at
each of the projected cable landing sites would minimize
turbidity problems. Mixing and dispersion by waves and currents
in these open ceastal areas would effectively mitigate these
impacts. Nearshore construction activities would require a

temporary curtailment of recreational access.

Some long-term negative environmental impacts would result from
cable system operation, maintenance and repair, but these would
be offset by some highly significant benefits. Some guantity of -

land would be removed from other uses for system components such

xXiv



‘as the converter stations and sea return electrodes. Much of the
right-of-way would be accessible, however, and could be used for
other purposes such as agriculture. The ovérhead lines would be
a wvisual intrusion into many.viewsheds and careful aligﬁment
'selection and other mitigation measures would be required to
minimize this; impact. Field surveys of flora, fauna and
archaeolbgical sites would be reguired to minimize negatiye

impacts on these resources.

The presence of the cables on the sea floor would reguire a
restriction on anchoring in their immediate vicinity, and this‘
would be noted on subsegquent nautical charts. The cables would
also, at least at shallow depths, cause slight deviations of
magnetic compasses in vessels passing directly over them. A
short distance from the cables, readings would return to normal.
Under normal  load conditions, bottom materials adjacent to a
cable would be subjected to elevated temperatures. Some mobile
organisms may, therefore, aveoid the immediate vicinity of a

cable.

A submarine cable break would have two impacts. While energized,
the cable would seriously shock or kill organisms within a radius
of several feet, Automatic fault detection equipment  would,
however, deenergize a broken cable within one sixtieth of a
second. A complete cable break would destroy the integrity of

the central oil duct, releasing dielectric o0il - to the
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environment. Fluid loss would be limited by internal
constrictions of the duct, nevertheless, to save undamaged
portions of the cable, a positive internal pressure would be
maintained and oil would slowiy leak from the brokenrends until
repairs could be effected. In practice this could take on the
order of three to six months. Fortunately, the synthetic
dielectric fluid used in the cable is highly scluble and of very

low toxicity to marine organisms.

Benefits of system installation would include direct and indirect
physical, social and economic impacts. Physically, the overland
rights—-of-way would provide fire breaks and recreational access,
particularly for pig bunters on the Big Island where reduction of
pig populations would benefit native habitat and endangered bird
species, Oahu's air guality would indirectly benefit from a

reduction of emissions from cil-fired generating units.

The most'significant impacts of system installation would be the
positive social and economic benefits resulting from displacement
of a significant percentage of Hawaii's petroleum cohsumption.
Positive effects would be expected in direct and indirect
employment, Hawail's balance of trade, stabilization of electric
rates and State tax revenues. If a system such as is described
in this EA were to be installed, Hawaii would be a guantum Jleap

closer to its goal of energy self-sufficiency.
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ENVIRONMENTAL ASSESSMENT ~

HAWAII TO OAHU SUBMARINE ELECTRICAL CABLE SYSTEM
1.0 Purpose of and Meed for Action

Crucial to the State of Hawaii's efforts to reduce its dependence
on imported fuel o©il for electrical g¢generation and increase
utilization of its abundant alternative energy resources, is
development of an electrical intertie between the islands of
Hawail and Oahu. An interisland, submarine, high voltage direct
current cable system is the most feasible way to transfer
electrical energy from the  largest resource with near-term
developrnent potential - the geothermal fields on the Big Island,
to the area of greatest demand - Oahu, locaticn of the State's
capital (Honolulu) and major center of business, industry and
population. With the baseline commercial cable systen described
in this Environmental Assessment, over 50% of Oahu's electricity
needs would be met, millions of barreis of o0il would be replaced,
and a significant step would be made toward the goal of
electrical energy self-sufficiency for the State of Hawaiil.
Electricity consumers would be more insulated from the effects of
fluctnations of oil price and supply. Furthermore, a reduction
in the amount of money exported from Hawaii's econcmy to purchase
the imported fuel would lead to a stimulation of the local

economy and the growth of local job opportunities.



1.1 Background

The State of Hawail is approximately 90% dependent on imported
. petroleum for its energy needs. In the 1970's, the 0il embargos
and the rapid escalations of oil prices had sefious negative
impacts on businesseé-and households in Hawaii. Conseqguently,
efforts were made to intensify development of alternative energy
resources throughout the islands. . The goal of energy
self-sufficiency became more prominent as the Hawaii State Plan
‘and Energy Functional Plan were adopted. County goals. also
reflected an increasing emphasis on energy issues. Research and
demonstration projects have proven that the potential is great
for alternative energy resources such as biomass, wind, solar,
ocean thermal and geothermal to provide for Hawaii's electrical
energy needs. In terms of the potential magnitude of the
resource and the availability of existing technology, by far the
most promising near-term, baseload alternative energy resource in

the State is geothernmal.

The 3 MW HGP-A geothermai plant in the Kilauea lower east rift
zone in Puna is Hawaii*s first. It began converting geothermal
energy Iinto electricity for public consumption in July of 1981
and serves 3,000 households. A contract to develop an additional
25 MW of electricity from the Puna geothermal field to meet
current and projected demands on the Big Island.was executed in
l986. In the future, large-scale development of the geothermral

fields in the Puna District on the Big Island would enable the



State to reduce its dependence on imported fuel sooner  than
development of any of the other indigenous resvurces singly or in

combination.

Because the large majority of the State's demand for electricity
is- on Oahu, a method to transport power from the geothermal
source on Hawaii to Oahu is necessary. Several types of "energy
bridges" have been investigated and are discussed in later
sections of this EA, but in the near term the most feasible

technology for this bridging function is submarine cables.

Preliminary research and development of a submarine cable system
for Hawail began in 1981 with State funding for the Hawaii Deep
Water Cable Program. This research program developed and
evaluated cable designs, cable handling egquipment, &able vessels,
deployment, repair and financing strategies, system economics,
potential routes and routing constraints, and environmental
impacts of a baseline commercial cable system. A representative
cable was desighed and a 6,000 foot segment for laboratory
testing was fabricated. The 16-month laboratory test program,
scheduled to be conmpleted in late 1988, is designed to fully
characterize the electrical and mechanical properties of the

cable, confirming design assumptions.

In addition to the cable itself, a vessel and appropriate cable
handling equipment, capable of deploving and retrieving the cable

in the deepest portion of the Alenuihaha Channel, have been



conceptually designed. This has been necessary because never
before has so large a cable heen deployed in such deep water. No
existing cable laying vessel is capable of deploying the - cable
designed to cross the Alenuihaha Channel. 'Likewise, existing
cable laying eqguipment, methodology and control systems are
inadequate. .It was originally envisioned that a vessel and all
handling and contrel eguipment necessary and appreopriate  to a
commercial deploymeﬁt would be fabricated, procured or modified
as necessary to precisely simulate a commercial deployment
operation in the at-sea test program. Budgetary constraints
forced a reevaluation which resulted in adoption of a scaled-down
ét-sea test program. The reduced-scale tests would utilize a
"surrogaté" cable which ﬁould have the same mechanical response
to. deployment forces as the design cable, but would not be an
electrical conductor. The vessel and cable handling eguipment
would alsoc be scaled down. This plan will meet program
objectives because the laboratory tests will verify the .cable's
electrical and mechanical performanca. The at-sea test will
evaluate the mechanical performance of the integrated dgployment
system including the cable, vessel, cable handling equipment, and

control system.

The results of the two test programs will determine the technical
feasibility of +the HDWC concept. On-going studies are also
exploring economic. feasibility, and 4if both technical and
economic feasibility are confirmed,'development.of a commercial

cable system could proceed. This assumes that the existence of



adequate geothermal  resources is confirmed, that financing for
both the cable and geothermal developments can be secured, and
that all legal and regulatory  issues can be resolved

satisfactorily.
1.2 Objective

The objective of the baseline commercial cable program defined
for this EA is +to install and operate a system capable of
transmitting up to 500 MW of electrical energy between the
Islands- of Hawaii and Oahu, possibly including a 50 MW power tap
on Maui, over a service life of at least 30 vears. The
conceptual system evaluated in this EA was sized at 500 MW to
maximize use of the estimated geothermal rescource and
displacement of fossil fuels while maintaining an adeguate
generating capacity on Oahu in the event of an outage along the
cable system. An actual commercial cable system could be larger

or smaller than the baseline system described here.
1.3 Geothermal Development Potential

The Hawaii Integrated Energy Assessment (DBED and LBL, 1981)

estimated the potential energy contribution by geothermal power
to be in the range of 100 - 1000 megawatts of base load supply.
Although technology to develop the geothermal resource is
available, extensive drilling for resource confirmation would not

occur until cable installation is assured and all permits are in



‘place for the cabie and geothermal development. Confirmation of
500 MW of available geothermal résourtes ﬁouid require $30-40
million (Rod Moss, pers. comm.). A scenarioc for large-scale
geothermal development for energy transmission between islands '
would most likely involve construction of a number of small-scale

power plants over a span of 5-15 years,
1.4 Technology Development

All existing submarine power cables are in shallower depths and
traverse shorter distances than the baseline commercial cable
system considered here. Table 1 lists existing submarine cable
systems comparable in  various ways to the proposed system.
State-of-the-art cable technology has been advanced by the HDWC
Program, and preliminary results indicate that deployment and
operation of such a system is possible. This is a wvaluable
exportable technology for the United States, as there are many

other countries that could greatly benefit from these advances.
2.0 Proposed Actjon and Alternatives

2.1 The Proposed Action
The proposéd action is to develop.and operate a commercial cable
system between the Islands of Hawaiil and Oahu to supply energ?‘

for electrical power derived from the geothermal resource. The

 baseline system would be a HVDC, bipolar, multiple cable system
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TABLE 1

MAJOR SUBMARINE ELECTRICAL CABLE SYSTEMS: WORLDWIDE
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1865

1965

1968

1970

1973

Crosg~Channel
France-England

Konti-Skan
Sweden-Denmark

Cook Strait
New Zealand

Corfu Mainland
Greasace

Long Island
Connecticut

Mallorca

Menorca

Skagerrak
Denmark-Sweden

Japan

Honshu—-Hokkalido

SYSTEM  POWER
(KV) (MW}
200 160
250 250
500 600

66 a5
138 300
132 100
250 250
250 600

14

25

12

26

78

262
840
246

200

Sources:

Hwang,

1979 and Oudin and Tellier,

TYPE OF
CABLE DC
Solid
DC

0il-Filled
Flat Type pC
Preimpreganted
Gas Pressure DC
Self-Contained
0il-Filled AC
Self-Contained
0il-Filled AC
Self-Contained
0il-Filled AC
Mass Impregnated
Paper ~DC
0il-Filled

' DC

1966.



capable of transporting 500 MW of baseload electrical power from

the Island of Hawaii to Oahu, with a 50 MW power tap on Maui.
2.1.1 The Preferred Route

The preferred route (Figure 1) would begin in Hawaii's Puna
District where the electricity (ac) would he generated from the
geothermal resourde. Transnission lines from the gecothermal
plahts would traverse north to a point near Keaau and then head
northwest to Kaumana. The alternating current WOqu_l be
transformed into direct current at a rectifier station located at
Puna, Keaau or Kaumana. The dc transmission lines would then
follow an existing corridor across the middle of the island.
This corridor leads to the Keamuku substation in the northern
portion of. the North Kona District. The overhead 1lines would
follow. a major road north to a point just south of Waimea, then
turn to the west and follow another major road to the coast at
Kawalhae Bay., The lines would travel up the coast, on the inland
side of the road, from Kawaihae to Mahukona. Just west of
Mahukona Harbor is Makaochule Point which is the proposed take-off
gite for the submarine cable. A shoreside fécility, one quarter
to one acfe in size (Dames and Moore, 1982), would be regquired

for transition from overhead lines to submarine cables.

The cables would - -be embedded across the shoreline and out to
water depths of at least 100 feet. The cables would be laid

perpendicular to the bottom contours to a depth of about 490 feet



WAIMANALO
MOLOKAI

KAHOOLAWEC:}

FIGURE 1
PREFERRED ROUTE

HDWC PROGRAM

REVISED-JUNE 1987 .

M

WO LEL
'N%%W 4H

HUAKINI
iM

wh
UPOLU PT.

MAHUKONA

KEAMUKU

HAWAIl



and then proceed northward along a terrace towards Upolu Point.
They would then  proceed northwesterly. across the <central,
elevated "saddle" of the Alenuihaha Channel which would direct

the cables in a relatively straight path toward Maui's southern:
coast, where they would come ashore. Shoreside facilities on
Maui would include an o0il repressurization facility (if SCOF
cables are used), and possibly a 50 MW tap for service to the
MECO grid. Huakini Bay is the preferred landing éite, and there
the cables would again connect to overhead transmissiﬁn linés,
which would traverse the southern coast of east Maui to Ahihi

Bay.

The longest submarine route segment would begin at. Ahihi Bav.
The cables would follow an underwater path to the northwest
between Maui, Kahoolawe and Lanai, pass to the south of Molokali,
cross the Kaiwi Channel and land on Oahu's eastern shore. (A
landing on Molokai would have some technical benefits and is
presently being evaluated, but for the purposes of this EA the
preferred route bypasses Molokai.) The Oahu landing point would
be near Waimanalo Beach. Offshore there is a natural break in
the reef fronting that coast. In Waimanalo the cables would
again connect to overhead transmission lines which would extend
three miles inland to the Aniani inverter site where the dc power
would be converted back to ac power and tied into .Oahu's

electrical grid system.



2.1.2 Technical

Features

A commercial cable system would be comprised of four subsystems:

Cable, Cable Vessel,

Pacilities (Parsons

these subsystems are

in the sections below.

Cable Handling Equipment and Shoreside
Hawaii, 1984). The physical components of

1

summarized in Table 2 and further described

TABLE 2

SUBSYSTEM COMPONENTS

FOR A COMMERCIAL CABLE SYSTEM

s g Y . g N N ey e .

Cable Cables (possibly more than one design)
Sea Return System
Factory and At-Sea Splices
Sheath/Grounding Joints
Land/Sea Cable Joints or Terminatlons
Cable Splicing Equipment
0il Pumps/Reservoirs - On-Board Transpo;t

and Laying Vessels and Shoreside

Spare Cable & Repair Equipment Storage

Vessel Hull and Deck
Propulsion and Maneuvering
Navigation and Control
Port Facilities
Embedding Equipment

Submersible and Support Eguipment

Operations and Crew Support Facilities
Cable Locating Equipment (Electronic,

Mechanical, Visual)

Cable Turntable
Handling Tensioner
Equipment Overboarding Sheave
Power Unit
Control Modules
Cable DOrientation Guidance System

Shoreside Rectifier/Inverter Equipment

Facilities Intermediate Takeoff/Landing Facilities
Overhead Lines
Operations and Maintenance Facility

e ———— e ———————— T — o o ey oy e ey il . A A Ll ey T — ——

* If a SCOF-type cable is selected, the cable must remain pres-
surized while in transit from the factory and during laying.



2.1.2.1 Shoreside Facilities and System Configuration

The preferred development scenario assumes that the power
generating facilities would be located in the Puna District of
the Big Island, and that overhead dc lines would run from the
geothermal power generation planfs through the saddle between
Mauna Loa and Mauna Kea to the submarine cable takeoff point near
Mahukona. Various tower types including guyed lattice mast,
self-supporting lattice, steel pole and wooden pole were
evaluated with respect to their.reliability and economic and
visual impacts. Wooden poles are the least expensive option and
may also have the least visual impact.'.However, the .utilitieé
would prefer to use either steel poles or self-supporting lattice
structures. Insect damage is a major problem with wooden poles
and. corrosion of guy wires can seriously shorten the life span of

guyed structures.

Studles of +the HECO and HELCO networks (PTI, 1984, 1986) have
indicated that the most promising locations for the main
converter stations would be near Puna for the rectifier and at
Anjani for the inverter station on Oahu. The Aniani site is on
Kakaina Street, inland of Waimanalo town. The site for a 50 MW
tap station and possibly an oll repressurization facility on Maui
would  be governed to some extent by the feasible cable landing
sites and could be anywhere, electrically, on the southern
coastline, close to‘the 69 kV networks originating at the Maalaea

generating station.
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In theory, the dc configuration could employ either a bipolar or
monopolar arrangement. A monopolar system has but one
high-voltage pole, and uses the earth as a return conductor. A
bipolar system bhas both positive and negative poles, and the
return current is but a very small percentage of. the pole
current. A bipolar arrangement was selected for +the Hawaii
system. In a bipolar system, each pole consists of a rectifier
for ; conversion of alternating to direct current at the sending
end,, a transmission line (here comprising both overhead lines and
underwater cables) and an Inverter for conversion of the direct
back: to alternating curregt. The important advantage with a
bipole is that the two poles can be operated quasi-independently,
which means that no single contingency ocutage would result in
complete loss of transmission capacity. The baseline commercial
system described by the research in the HDWC Program would empioy
two 250 MW poles, each with a 50% overload capacity. In the
event that one pole was lost, the power transmitted on the
remaining pole would automatically increase to 375 MW meaning
that only 125 MW of transmission capability would be lost. This
amount of power is egqual to that produced by the largest unit in
the existing HECO generating svytem, and therefore, in a
contingency, could be replaced by a single oil-fired uhit held in

spinning reserve on Cahu.

In theory, a pole could use any number of separate cables, In

practice however, the optimum number of cables per pole 1is a

-11~



function of a number of variables includiné .cable costs,
installatioh costs; outage rates, repair times and voltage
levels. System configuration studies coméleted in Phase II-A of
the HDWC Program (PTI, 1983) evaluated bipecle configurations
consisting of two, three and four cables. Two cable schemes (one
cable per pole’ required a considerably higher voltage than was
determined optimal for +the transmission system, and at high
assumed outage rates would ciearly be inferior in performance to
three (one cable per pole plus a spare cable)_or four (two cables
per pole) cable schemes, The three and four cable schemes would
perform comparably over a wide range of assumed outage rates,_but
the cost'savings associated with the smaller number of cables led
to adoption of the three cable scheme as the preferred
configuration. Originally it was envisioned that the third cable
would function as a metallic return under normal operating
conditions, and as a pole cable when reguired due +to outages,
More recent studies (PTI, 1986; Parsons, 1987) showed that a sea
return Is preferrable to a metallic return in this system, and
the third cable would function only as a spare.pole cable.- The
rationale for use of a sea return is explained further in the

paragraphs below.

The dc currents in the two poles are essentially independent and
will normally sum to a value close to zero at the converter
ground pecint which is common to both poles. "Close.to zero" . in
fact is about 1 or 2% of the pole current. For the Hawaii

system, each pole would carry half the power (250 MW) at 300 kV

-12-



so that full pole current would be 833 amperes. The unbalanced
current at the ground point would therefore be between 8 and 16
ampefes at most. Modern control systems can essentially zero out
that unbalance, if necessary, eliminating the need for a metallic

return cable.

Because the pole currents essentially cancel out, it is to be
expected that with one pole out of service the remaining pole
current would flow in the neutral (ground/sea) path without
cancellation. Under this condition up to 833 amperes would be
flowing in the ground. The major concern with this condition is
that fhe direct current in the ground would seek out the path of
least resistance, which can include buried or sunken metal
structures, and cause accelerated corrosion. This problem would
be cumulative but could be mitigated by reducing the time during
which current flows in the ground path, by Jjudicious sglection of
the ground/sea electrode locations and by cathodic protection at

the buried metal structure 1liable +to corrosion.

Ancillary facilities would be located along the power transport
route, 0il pumping/reservoir facilities may be required at
intermediate points (e.g., Maui) if a self-contained o0il-filled
cable 1is selected for the commercial cable system. Intermediate
landing/takeoff point facilities may alsc be needed to connect
cable sections of different designs (e.g. SCOF cable to solid
cable) or to tap off a portion of the power. Also, intermediate

landing points may provide switching options to improve system

-13-



reliability. Spare - cable storage'and cable repair equipment

storage facllities are other possible ancillaries.

Some modifications to the Qahu grid system would be necessary to
receive and diétribute the incoming power (PTI, 1984). If the
inverter were .located at the preferred Aniani site, this would
require connecting the existing lines between Koolau and Pukele
with the Aniani substation. In addition, PTI recommends that a
third - section be built between Aniani and Koolau or the network
loop closed between Pukele and‘Halawa to avoid complete loss of

the incoming dc power in the event of loss of two lines.
2.1.2.2 Submarine Cable Subsysiem

The submarine cable subsystem would extend from a Big Island.
takeoff site to an Oahu landing site except for a short overland
section on Maui. The preferred configuration consists of three
individual HVDC power transmission cables, one of which would be

a spare.

The design of the cable was selected based on a parametric study
(Pirelli Cable . Corporation, 1985a) which was pérformed to
identify deep water submarine cable designs qapable of satisfying
the stringent requirements of the HDWC Program, including the
transmission of power over a distance of more than 240 km (150

mi) in water having a maximum depth of 2134 m (7000 ft). Several
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thousand possible cable designs were initiaily considered; 251
were selected for in-depth evaluation; and 192 were identified
as satisfving the fixed design and external parameters
established by Program gecals, international sfandards and
manufacturing -experiénce. The preferred cable is a single

conductor, paper insulated, lead alloy sheathed, bronze tape

reinforced, pelyethylene jacketed, teredo resistant tape
protected, double galvanized steel, flat-wire armored,
self-contained o0il-filled design. The dc maximum operating

stress for the cable was selected as 35 kV/mm (889 V/mil),
considered the standard electric design stress for high wvoltage
dc SCOF transmission cables. The cable design characteristics
are summarized in Table 3, and a schematic cross-section is shown

in Fignre 2 (Pirelli Cable Corporation, 1985b).

The basic construction of the cable is as follows:

Conductor-Hollow core segmental strip (keystone type) aluminum
conductor comprised of three layers of strips assembled together
with suitable pitch. The annular oil duct in the center of the
conductor shall have a diameter of 25 mm (1 in).

Conductor Shield-Carbon black paper tapes and a carbon black
duplex paper tape.

Insulation-Deionized water washed wood pulp paper tapes suitably
graded in thickness and width applied with predetermined lapping
tensions in a controlled environment room., The insulation is
mass Iimpregnated with high density, synthetic, low viscosity oil
(highly aromatic hydrocarbon).

Insulation Shield-Carbon black duplex type paper tape and carbon
black paper tapes. '

Insulated Core Protection-Rayon/copper woven fabric binder tape.

Lead Sheath-Seamless tube of lead alloy "E".

Bituminous Compound-Anticorrosion bituminous compound.

—~15~



Semiconducting Textile Tape Bihder—Semiconducting rubberized
cotton tape.

Bituminous Compound-Anticorrosion bituminous compound.

‘Bronze Reinforcement Tapes~Multiple layers of bronze tapes. -

Bituminous Compound-Anticorrosion bituminous compound.

Semiconducting Textile Tape Binder-Semiconducting, rubberized
cotton tape helically applied.

Polvethylene Jacket-Extruded semiconducting, waterproof,
anticorrosion polyethylene jacket.

Textile Tape-Bedding layer of treated cotton tape.

Antiteredo Copper Tape-Tinned annealed copper tapes.

Bedding-Carbon black loaded polypropylene yarn.

' First Armor-One layer of galvanized high strength steel
flat wires with a suitable laving pitch.

Bituminous Compound-Anticorrosion bituminous compound.
Binding-Carbon black loaded polypropvlene yarn.

Second Counterhelical Armor-One layer of galvanized high
strength steel flat wires.

Bituminous Compound-Anticorrosion bituminous compound.

Quter Serving-Carbon black loaded polypropylene yarn.

-16=-



TABLE 3

SELECTED BASIC DESIGN
CHARACTERISTICS OF CABLE DESIGN NO. 116

PARAMETER DESCRIPTION

Cable Type . SCOF (Figure 2)

Voltage +300 kvVdc

Conductor Cross Section 1,600 sg mm (2.48 sq in)

Total Transmission Load 500 MW

Transmission Lead Per Cable . 250 MW

Rated Current Per Cable _ 833 amps

Conductor Material Aluminum

0il Duct Diameter 25 mm (0,98 in)

0il Type ' High density synthetic
_ _ low wviscosity

Number of Cables for Systen 2 plus one spare

Polarity Reversal ' Aliowed

Conductor Diameter ' 51.9 mm (2.043 in)

Insulation Thickness 10.9 mm (0.429 in}

Cable Finished Diameter 118.4 mm {(4.66 in)

Cable Weight in Air 37 kg/m (24.9 1b/ft)

Cable Weight in Water 27 kg/m (18.2 1lb/ft)

Maximum Gil Feeding Length 190 km (118.1 mi)

Design 0il Feeding Pressure 30 atm (440 psi)

Losses at Rated Current Per 12.4 kKW/km

Cable . :

Pulling Tension for 7,000 ft 65.1 mt (71.8 t)

Water Depth (Based on PCC

Formula)

Maximum Allowable Cable 78.7 mt (86.8 t)

Pulling Tension

Corresponding Maximum 2,626 m (8,615.5 ft)

Water Depth (Based. on
PCC Formula}
Minimum Allowable Bending 6m (19.7 ft)
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FIGURE 2
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2.1.2.3 Cable Vessel Subsysten

Several studies conducted in the HDWC Program exaﬁined a wide
variety of existing cﬁble ships and harges, and concluded that no
existing cable vessel is suitable for the above cable because of
inadequacies in propulsion and cable handling systems (Morris
Guralnick Assoc., Inc., 1982;\ Hawaiian Dredging and Construction
. Company, 1983). Deployment modeling was done assuming use of a
?generic barge 120 m x 23 m (400 ft x 76 ft) which would require
E%deck reinforcement and complete outfitting with propulsion,
tnavigation, control and cable handling systems (EG&G, Ocean

Systems and Makai Ocean Eng., Inc., 1984).

2.1.2.4 Cable Handling Equipment Subsystem
Figure 3 illustrates the major components of the cable handling
equipment subsystem (Western Gear Machinery Co., 1986). These

components are further described below:

o] A single 12.3 meter diameter sheave would be required to
meet the selected cable parameters. The sheave would be
provided with radiused guards to provide controlled cable

entry and exit from the sheave.

o The cable tension would be measured by a single, slide type

controlled bend dévice.- The expected accuracy of  this
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FIGURE 3 :
CONCEPTUAL DRAWING OF THE MAJOR CABLE HANDLING
MACHINERY FOR THE HDWC PROGRAM

Scurce: Western Gear Machinery Co., 1986
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device is 1% at full scale and 3.5% at tension levels below

15% of full scale.

The cable speed and length would be measured by a wheel
type, rider -de?ice operating on the tensioned cable.
Reduction of accumulated errors by periodic length updates
could be accomplished by opticai sensing of cable markers.
Considering possible intermittent wheel slippage, accuracy
would be 1.5% between updates, with an instantaneous speed

accuracy of 0.5%.

Cable tension compensation and generation of tension levels
aproaching 80 metric tons could be achieved without
vicolating +the design cable parameters. A linear tensioner
with 26.2 meters of active length t§ achieve a 78.7 metric
ton tension would be required. The machine's overall length

would be approximately 31.2 meters.

Cable guidance would be provided by passive metal troughing
or a multiple roller arrangement. Troughing or rollers
would be determined by the load support required and the

allowable cable parameters.

The surge-slack device would be a single pickup arm located
over the turntable. The device would be passive during
cable payout and under manual control during cable recovery

or loading operations,.
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te] Cable storage would be provided by a single turntable with
an approximate diameter of 10 meters. For the design cable,
the turntable capacity would be a nominal 9.4 kilometers

when the cable is stacked to a height of 3.23 meters.

(o] The cable machinery would be driven primarily by an
integrated control system for long period effecté, and thé
cable handling subsystem contreols would have ‘intefnall
tension and rate control loops to provide control during
short-period disturbances. The integrated control system is

described in the next section.
2.1.2.5 Integrated Control System
Figure 4 1is a block diagram of the integrated contrel system
concept (Makai Ocean Engineering, Inc., 1984). A detailed

description of the individual elements is provided below.

TENSION CONTROL

o For proper bottom tension control, a variety of sensors would
be required including those for top cable tension, top cable
angle, bathymetry, cable length, vessel position, surface

current vectors and cable bottom position.

o The overall control system would be integrated with the cable

tensioning machine control system such that a feedback
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tension cbmmand- would be provided to the cablé “handling
equipment subsysfem.in order to control cable payout length.
At the same time, the linear_tensioning-machine.would perform
as a heave compensafor theréby damping dynamic'loads on thé

cable.

An automatic control system is preferred whereby the overall
controller sends commands directly to the CHES. The system
would be continually manuwally checked and provisions for

manual override provided.

CABLE POSITION CONTROL

o

Cable position control would be achieved by vessel position
qontrol. The main difference between straight line vessel
track. and cable path would be cable offset due to currents.
In 2000 m of water the maximum cable offset under the maximum

current profile is 400 m.

Vessel position would be bhased on a computer aided display of
the desired vessel position and actual vessel position. The
thrusters would be manually controlled. Speed and heading_

would be selected by the operator.

NAVIGATIQON

o

The degree of vessel positioning control needed depends on

_the precision needed in- cable bottom positioningl and

tensioning. Positioning accuracy requirements relate to the
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location of known obstacles on the bottom. Due to the
necessity of laying three cables through relative1§ narrow
passages near Maui, and the possibility éf significant cross
currents, accuracies of a few meters are required. Bottom
tension control ris also affected rby vessel positioning
accuracy, and tension errors may be cumulative along the
route. Microwave range-range navigation systems are the
lowest cost systems capable of accuracies of +3 m and would

be the method of choice.

VESSEL PROPULSION

Q

Propulsion redquirements for the cable vessel to lay cable
along a desired path under the Alenuihaha Channel design
environmental conditions have been established. The major
forces on the barge would be from surface currents at 1.5 m/s

(3 kts).

Propulsion systems (tugs, fixed and rotatable thrusters)
meeting these requirements have been studied. Fixed or
rotatable thrusters of the required nominal power are not

usually available for lease or rent.

Based on the rental cost of tugs, the capital and
installation costs for thrusters and the time required for
deploying the full commercial system, it would be cost
effective for the commercial system to install rotatable

thrusters on the deployment barge.
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VESSEL HEADING

o Vessel heading would be severely restricted by a 10°
horizontal deflection limitation of the cable at the
overboarding sheave. Top cable angle measurements'would be

‘made in order to display to the c¢perator heading limitations.

ENVIRONMENTAL INFORMATION

s The primary environmental information required by the control
system would be bottom bathymetry. Comparison with charts
previously produced would provide a precise estimate of

location.

o Cable vertical angular measurements at the surface would bhe
useful for cable placement and cable tensioning, but vertical
- surface cable angle variations are generally too small to be

reliabily meésured, particularly in deep water.

OTTOM CABLE LOCATION

o A surface oriented acoustic system which can adegquately
locate transponders on the bottom teo an accuracy of 1% of the

depth would be used.

o One remote operated (unmanned) vehicle which can operate at

the bottom of the Alenuihaha Channel is available. Its
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maximum speed is 0.25 m/s (1/2 kt). This wvehicle could be
used for precise cable placement assistance, inspection and

surveying.

‘CONTROLLER

e} The controller would be fully automated to maintain cable

tension within required tolerances at the deeper depths.

ta] The controller would be semi-automated to maintain vessel
course where the cable path is narrowest. Manual inputs

would be used to adjust the course for ROV observations.

o The controller would be comprised of two minicomputers. The
main 'computer would interface with the sensors and perform
primary computations. The second computer would interface

with the operator.

o The Data Acquisition System would require a separate computer

and would be independent of the primary controller.
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2.1.3 Socio-Economic Features
2.1.3.1 System Costs

The estimated cost of developing the cable system is $378.7
million (1986 dollars), which includes the cost to HECO of
modif?ing existing oil-fueled generators to allow cycling and
‘modifying the electrical network to accommodate the cable. Cable
cperation and maintenance are estimated to cost about $1 million
per year and allowances for occasional cable repair are estimated

at $32.7 million every ten years.
2.1.3.2 Avoided 0il Costs

It is anticipated that a savings of 6.7 million barreis of oil
each vyear would be achieved if the proposed commercial cable
gystem is installed. Using an example from a preliminary
economic analysis (Decision Analysts Hawaii, Inc., 1987), the
cable system, using geothermal power, would in the vear 2010
displace about $220 million of fuel o0il at a projected cost of
slightly over $33 per barrel. This does not représént a net
savings to the economy, the utility or consumers however, as it
does not account for payments for the geothermal power or its
transmission through the cable {"wheeling charge"). Neither does
it represent a net reduction in Hawaii's eXport payments as some
percentage of system (cable and/or geothermal = facilities)
ownership may reside outside Hawaii and would receive payments

(debt reduction, interest, dividends, etc.) elsewhere.
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2.1.3.3 Enployment Opportunities

Direct employment opportunities would involve constfuctioﬁ of the
cable system. This would include contfacting for the _nearshore
trenching, construction of ancillary facilities, and construction
of overhead fransmission lines. This work would most likely be
filled by the local labor force. Actual cable laying operations
would uséﬂ a combination of local and outside expertise. These
would ‘be Short-term employment positions. Long-term employment
opportunities would result from system operation and maintenance

regquirements, but the number of jobs created would be very small.

Indirect employment opportunities would be created locally by a
multiplier effect. In the long-term, new employment
" opportunities would hbe created in new and expanding businesses aé
a result of 'thé economic stimulation inherent in the

implementation of the cable system.
2.1.4 Phasing

Phasing of the development and operation of a commercial cable
system would be related to the development of the renewable
alternate energy electric production facilities. Therefore, a
master coordinated development plan and schedule for the Puna
geothermal resource and the interisland cable system would be
required. Production cost studies for the baseline cable system

(Power Technologies, Inc., 1986) evaluated two development
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scenarios, 10 and 15 vyears in length, In either case, the
development was assumed to take place in four stages, each of
which would provide an increase of 125 MW of transmission
capacity. At each stage,-it is assumed that generétion capacity
is -adequate .and-thé necessary transmission cables are on—lihe.
Phasing is determined by the schedule for installation of
converter equipment. For the 10-year development scenario,_ the
four stages‘are completed in 1995, 1998, 2001 and 2004, For the
l15-year scenario, the stages are completed in 1995, 2000, 2005

and 2009.

For +the Maui tap, the development would most likely occur in two
stages, each consisting of a series-connected 25 MW converter.

Each would follow completion of a bipole in stages 1 and 2 above.

The duration o¢f this cable system development schedule 1is not
incompatible with the "most optimistic" timeline for geothermal
development described by DPED in their report to the Thirteenth
State Legislature (DPED, 1985), although the starting points for
the respéctive scenarios do differ significantly. The geothermal
development schedule begins in 1988, and by the end of 1996, 500
MW of exportable power are developed on the Big Island. Thus, it
would appear that 10 years is a reasonable time-scale for the
combined cable and geothermal development, once all legal,

regulatory, financial and technical preredquisites are satisfied.
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2.1.5 Legal and Institutional Setting

The institutional arrangement which would be adopted for
impilementation of a commercial cable system is presently
undefined. A prelimihary study (Sumida and Hills, 1984) examined
ten potential arrangements and identified three of the more
probable 'scenarids for further analysis. A subsequent study
{Sumida, et al., 1986) described in some detail these three
alﬁernative scenarios for develcpment, financing, construction,
ownership, regulation and operation of an inter-island electric

energy transmission cable system. These are:

1) a private venture to undertake all of the above
functions;
2) a public cable system authority to undertake all of

the above functions; and

3) a public cable system authority to oversee the
development, construction and operation of the cable
system, with one or more phases of the actual
development, construction and operation to be done
by private parties under contract, and with
financing to be provided by a combination of public

and private sources.

It has been recommended that a single State body, such as DBED,
be designated as the State lead agency and empowered to
facilitate the permitting process and other procedural tasks.
Activities of the three county governments would also reguire

coordination.
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2.1.6 Financing

Financing can mnot be discussed in any depth 6utside :of a
comprehensive scenafio. Thfee alternative scenarios were
examined for development, construction, financing, operation,
ownership and regulatiqn of the cable system (Sumida, et al.,
1986} . The types of financing wused for development of a
commercial cable system would be dependent upon which of .the
three institutional arrangements and entity forms is ultimately
chosen: 1) a private entity, 2} a public entity, or 3) a public
entity, which would contract with other parties for the

development, construction and operation of the cable system.

The private entity financing approach would involve a combination -
of (i) an investment by the private entity itself, (ii) long-term
debt in the form of taxable interest rate loans obtained from
institutional lenders {e.g.., commercial banks, insurance
companies and major pension funds): (iii} long-term debt in thg
form of tax-exempt interest rate bonds; and/or (iv) public

grants—-in-aid of construction and/or operation.

The public entity financing approach would rely more heavily upon.
leng-term debt to finance construction of the cable system than
would the privéte entity financing approach. This results
largely from the fact that the public entity would not be subject
to federal and State income taxation and could not, therefore,‘

use any of the income tax deductions or c¢redits that may
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otherwise be available to private eguity investors in the cable

system.

Financing of_ the public entity/contractor developﬁent scenario
.would use the same general approach and specific capital sources
as the pure public entity scenaric, although the specific
contractual relationships may influence the federal income tax
classification of the entity and therefore impact the financing

strategy adopted.

L
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2.1.7. The Relationship of the Proposed Action to Land Use

Plans, Policies and Controls for the Affected Area

The. development and installation of a commercial .cable system
would involve the_ruse of land for overhead electrical
fransmission. lines on poles or towers, and onshore support
facillties, as described in Section 2.1.2. All three levels - of
government in Hawaii influence or control the use of land.
Furthermore, private prdperty and land ownership patterns direct
the wuse of land. Land use plans, policies and controls for the
land segment of the baseline commercial cable system are
described below. Any conflicts between the actions proposed and
these land use directives are discussed. (A separate list of
necessary government approvals and required permits comprises

Appendix A.)

2.1.7.1 Federal
The major pieces of federal environmental legislation pertinent
to the terrestrial portion of the commercial cable system are

reviewed below.

Federal environmental protection policies encourage a productive
and enjoyable harmony between people and the use of. their
environment. For example, through the = preparation of
environmental impact statements, environmental amenities and

values, as well as technical and economic factors, are included
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in <the planning and decision making process. In compliance with

the National Environmental Policy Act of 1969 (42 U.,S.C.

4321-4347), the commercial cable program would prepare a formal
NEPA EIS Dbecause of its significant impacts and its reguired
approval by a federal agency - the Department of the Army, Corps

of Engineers, as discussed in Section 2.1.8.2.
Development of a commercial cable system would require compliance
with the following federal legislation concerning historic

preservation:

The National Historic Preservation Act of 1966 (16 U.S.C.470)

created the Advisory Council on Historic Preservation to advise
the President and Congress on nmatters involving historic
preservation. In performing its function the Council 1Iis
authorized to review and comment upon the activities licensed by
the federal government which will have an effect upon properties
listed in the National Register of Historic Places; establishes
a program of grant assistance to states and qualifying local
governments for preservation activities; specifies duties of the
State Historic Preservation Officer; directs federal agencies to
identify, protect, and appropriately use historic properties;
establishes the Advisory Council on Historic Preservation and
specifies its duties; and.diregts all federal agencies to take
into account the effects of their actions on historic properties

and give the Council an opportunity to comment on such effects.
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Preservation of Historical and Archeological Data Act of 1974 (16

Uu.s.c. 469 et seqg.) amends the Act of June 27, 1960. By this
Act, whenever a federal construction project. or federally
licensed project, activity or program alters any Iterrain such
that significant historical or archeological data are threatened,
the Secretary of the Interior may take action necessary tao
recover and preserve the data prior to the commencement of the

project.

Historic Sites Act of 1935 establishes a national policy favoring

preservation of historic properties and gives broad authority to
the Department of the Interior to undertake preservation

activities.

Archeological and_ Historic Preservation Act of 1974 authorizes
agencies.to use program fun&s, or transfer funds to the Secretary
of the Interior, for archéological data récovery. The - Act
requires the reporting of potentially damaging projects to the
Secretary and authorizes the Secretary to undertake data recovéry

where significant data would otherwise be lost.

Archeological Resources . Protection Act of 1979 establishes

substantial penalties for unauthorized excavation of or damage to.
archeological  sites on federal lands, and for trafficking in
antigquities, The Act establishes direction to federal agencies

in issuing permits for excavation, and in enforcement.

-33-



The Endangered Species Act of 1973 (16 U.S.C. 1531 et seqg.) and

Fish and Wildlife Coordination Act (16 U.S.C. 661-666c) would

require a review of the proposed commercial cable system if the
overhead transmission line right-of-wav was to cross the Critical
Palila Habitat on the Big Island, as shown in Figure 5. The
Palila is an endangered finch-billed honeycreeper that.is found
only in the highef elevations of the designated critical habitat.

The lower elevations were included to protect the Mamane-Naio

forest from damage by feral sheep. The "Bird and Mammal Report”
prepared for the Xaumana to Keamuku EIS, states that the
transmission line proposed for that project should have no
adverse impact on the Palila bird's actual habitat. Coordination
with the Regional Director of the Fish and Wildlife Service would
take place during planning for this proposed transmission line

system.

Several other land use controls apply to the proposed corridor.
A portion of the corridor is within the approcach and departure
Zzone of Bradshaw Airfield on the Big Island. Notice would be
submitted to the Federal Aviation Administration aﬁd consultation
would occur with FAA officials to prevent interference with air

traffic,

The proposed corridor passes through an area leased by the Army
for the-'Pohakuloa Training Area also on the Big Island.

Consultation with the appropriate military representatives prior
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to detailed route selection should prevent any conflict with

military operations.

Federal floodplain regulations apply-tb'small-porfions of the
proposed corridor. .Flood Insurance Rate Maps for each of the
islands, prepared by the Federal Emergency Management Agency,
would aid@ in siting nearshore structures ocutside of the "100
year" flood zone or above "100 vear" flood elevations. (See

Section 3.1.3.1, Surface Water.)
2.1.7.2 State

In 1978, the Hawail State Plan was adopted to help guide. the
physical, social and economic development of the islands. This.
plan articulates goals, objectives and policies of the State and
aims to improve +the State-wide planning process. The Hawaii
State Plan defines two major energy objectives, One is to
develop: dependable, efficient, and economical Statewide energy
systems capable of supporting the needs of the people. The other

is to increase energy self-sufficiency for Hawaii.

These objectives are further defined and expanded in the State
Energy Functional Plan. To reach the more specific objectives of
this plan, the State government acts as manager and facilitator
for many energy programs. As related to the HDWC Program, one
way - the government fulfills this role is to assist the private

sector in research, development and demonstration of alternate



energy technologies. Also relevent to the HDWC Program is the
State's goal to encourage Federal involvement which ‘ﬁomplements
and accelerates implementafion of local energy self-sufficiency
strategies, as well as promotes Hawaii as an energ§ research'and

demonstration center.

The State Energy Functional Plan program strategy has two
alternative energy resource development objectives that are being:

partially fulfilled by the HDWC Program. The first objective is

to remove non-technical (legal, institutional, economic,
financial) barriers to accelerate commercialization and
application of appropriate alternate energy technologies. The

second is to resolve remaining technical barriers to expedite the
attainment of local commercialization for alternate 'energy

technolegies.

While implementation of a commercial cable would significantly
help- the State of Hawaii to reach it's energy goals, it must be
determined whether degradation, depletion or destruction of
important resources will occur. Therefore, similar to federal
environmenfal protection policies, the State government also
reguires environmental impact statements for projects using State
or County Jlands or funds, lands in the Conservation District,
lands- in the shoreline area and certain other types of actions.
The accépting agency for the commercial cable EIS would most

likely be the DLNER, and: the OEQC would coordinate the review.
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This State EIS would be a separate document but nearly identical

to the NEPA EIS.

Similar to the federal mandate, the State's Historic Preservation

Chapter 6E Compliance helps to insure that State agencies and
applicants adequately consider the impacts of their undertakings
on significant historic properties and take appropriate steps to
see that any impacts to significant prope;ties are reduced. This
would fhsually occur during preparation of an EIS or in a CDUA

review.’

The Public Utilitieé Law (H.R.S. Chapter 269) requires the

Public Utilities Commission to hold a public hearing prior to
issuing its approval whenever a public utility plans to construct
an aboveground 46 kilovolt or greater electric transmission

system through any residential area. (H.R.S. section 269-27.5)

The Department of Health administers H.R.S Chapter 342

("Environmental Quality") which is a summary of Hawaii's
anti-pollution - laws. The DOH also represents the EPA for local
compliance with most federal environmental laws. Consultation
with DOH over these controls would be important since they could
be a focal point for public iInguiries concerning health and

safety issues and the cable system,

State land use controls for special areas were considered during

identification of the preferred corridor. These special areas
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include the coastal zone and shoreline, land  use districts,
conservation districts and the Mauna Kea Plan area. Each is
discussed below, as to how it relates to the commercial cable

system. .

The cable would pass through at least four land/sea interface
sites and would be required to adhere to many coastal =zone
directives. Under the Coastal Zone Managément Act of 1972, the
coastal zone of each State encompasses the offshore area within
“the  seaward boundry, plus an onshore area determined by the
State. In Hawaii, the coastal zone area consists of the entire
State with the exception of the State Forest Reserves. Use of
the coastal zone is controlled at each level of government., The
CZMA is administered at the State level by the Hawaii Ccastal
Zone Management Program, of the DBED. The coastal zone is an
important resource and its economic, ecological, recreational and
aesthetic value is to be taken into account when making project
and policy decisions. The State of Hawalii reviews Federal agency
actions that may affect the coastal zone. Federal actions
(including granting of permits for applicant actions) must be
conducted in a manner consistent with the HCZMP to receive
necessary approval. This approvsl is titled the CZM Consistency
-Certification and must precede Federal permit approval. (The
cecastal zone management funds directly support the counties'
administration of the coastal area under the Special Management

Area permit, to be discussed later.)
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Within the c¢oastal zone, the shoreline is the most restricted
area. The State of Hawaii Department of Transportation .has
jurisdiction over all ocean shores below the mean high-water
mark, the shore waters and navigable streams, and a;l harbors and
waterfront improvements belonging to or contreolled by the State.
A permit js required for projects involving permanent or

temporary construction work in the nearshore waters of the State.

The DOT 'has two other tvpes of responsibilitieé. First, a DOT
permit is™ required for new.utility-installations which are to
Cross or %therwise occupy the rights—-of-way of State highways or
for existing utility facilities which are to be retained,
relocated  or adjusted within these rights-of-way. Permit
requifements apply to utility facilities which are privately}
publicly, or cooperatively owned. Second, it is also within the
authority of the DOT to acquire and manage lands désignatéd as

energy corridors.

"The department of'transportation shall establish,
maintain, operate, manage and control energy
corridors throughout the State for the purpose of
maximizing the ufilization of lands available for
use iﬁ connection with transporting by pipeline or
other means, sources of energy including but not
limited to o0il, its derivatives and natural

gas...." (H.R.S. 277-2).

-39-




The primary intent of the statute is to provide for movement of
petroleum products and the only energy.corridor designated to
date 1is for pipelines connecting the refineries at Campbell
Industrial Park with Honolulu Harbor. Nevertheless; the language
in the statute is -sufficiently broad that an electrical

transmission. corridor could be established under its authority.

All land in Hawaii is classified as being in one of four land use
districts — Conservation, Agricultural, Rural, and Urban
districts. The  cable sYstemis electrical overhead lines_ and
poles would probably pass through some of each land use district.
According to Chapter 205, H.R.S., transmission line rights-of-way
are permitted wuses in the | Agricultufal, Rural and Urban
districts. For a right-of-way through the Conservation District,
a Conservation. District Use Permit would haﬁe to be obtained.
Conservation Districts are established to protect open space,
recreation, aesthetic, historic and cultural values as well as
critical wildlife habitat and watershed areas. The Conservation
District 1is divided into five subzohes; .Protective {(P), Limited
(L), Resource (R), General (G), and Special (SS). Electric power
transmission systems are not explicitly permitted uses within any
of the subzones. However, under the Profective subzone, which is
the most restrictive subzone, governmental uses, where the public
benefit outweighs the impact on the conservation district, are

permitted.
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A more site specific land use plan within the Conservation
District is the Mauna Kea Plan, adopted by the State Board of
Land and Natural Resources in 1977. Develppment and management
guidelines for Mauna Kea are deliniated in thié plan, with
emphasis on the sﬁmmit and mid-level areas. The plan
specifically prohibits the installation of dverhead powerlines to
serve the observatories and support facilities on Mauna Kea.
Powerlines unrelated to the development of observatories or
support facilities are not prohibited, but would require a
Conservation District Use Permit. This was the case for the
Kaumana to Keamuku transmission line. 0One of the conditions of
that permit states that approval‘of the application for one 138
Kv transmission line between Kaumana and Keamuku does not imply
approval of any future propoéals for similar transmission lines
over this same route, and each future proposed transmission line

would require a separate Conservation District Use Application.

With careful route alignment, these overhead lines are not
expected to cause significant impact or preclude current or
future uses of the land. However, for the required Conservation
District Use Permit an Environmental Impact Statement would be
prepared. According to the Conservation District  Use
Application, a maintenance plan including right-of-way management

considerations is required for utility installations.

41~



2,1.7.3 County

Hawaii County, Maui County and the City and County of Honolulu
each have a Genefal Plén that sets out goals aﬁd ocbjectives
conce;ning island-wide issues such as growth, econoﬁic
development, and environmental quality. The General Plans for
Hawaii and Maui and the Development Plans for Oahur guide
long-rangé development patterns for geographical areas. Energy
issues are addressed in the  General Plans, and include
development of ' alternative energy resources as well as
conservation practices. The County of Hawaii General Plan
Revisions represent a special.effort in establishing coordination

with State planning goals concerning energy self—sufficiehcy.

For each County, 2Zoning laws will need to be consulted for
specific treatment of public utilities. In general, utilities
are either a permitted use or require a conditional use permit
depending on the zoning.of-the right-of-way. Depending on the
alignment, a waiver of zoning height limitations may be required

for the transmission line towers.

Environméntal protection policies for the shoreline, at  the
county level, are motivated by federal and State legislation. In
coordination with the Hawaiil Coastal Zone Management Program, the
Planning Departments, Planning Commissions and- City/County
Councils work together to administer controls over coastal areas

by Special' Management Area reviews. The SMA includes coastal
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lands from the shoreline to at least 100 yards inland. For major
projects in the SMA, applicants are required to prepare an
environmental assessment or an environmental impact statement and

this must precede any Federal or State land use appfoval.

The Planning Commissions and Planning Departments on Hawali and
Maui review the Shoreline Setback Variance reguests. 0On 0Oazahu,
the Departmenf of Land Utilization reviews the requests and
coordinates with the City Council for those variances that also
require an SMA permit. The shoreline setback area was
established to protect access, view planes and récreational
values Iimmediately adjacent to the shore. The shoreline setback
includes " lands from the highest wash of the waves and extends
from 20 to 40 feet inland, as established by the State Land Use
Commission. Construction of any structure within the shoreline
setback is prohibited. However, an exemption from these
prohibitions exists for tunnels, canals, basins and ditches,
together with "associated structures" used by public wutilities,
proposed ta be built within the shoreline setback. Nevertheless,
a public hearing and a determination that the proposed action
will not significantly interfer with natural shoreline processes
mnust precede approval. PFor the cable system, disturbance in the
coastal area would be temporary and impact only small sections of
the shoreline. Structures to be built would be inland of the

shoreline setback,
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A third class of county permits and approvals with relevance to
implementation of a commercial cable program is concerned with
structural design and construction of facilities. Included

herein are building, grading, and street usage permits.
2,1.7.4 Private

As stated earlier, patfefns of privéte land ownership influence
the use of land. Both large and sﬁall privately owned parcels
exist. along the proposed route. Although the DOT ﬁay use the
power of eminent domgin to acquire easements, more conciliatory
‘methods would be preferred. In any event, landowners would be
justly compensated for their land based on an appraised value for

transmission line easements.
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2.1.8 The Relationship of the Proposed Action to Ocean Use

Policies, Treaties and Laws for the Affected Area

The cable system will span approximately 138 miies undersea
between Oahu and Hawaii. Jurisdiction over the channel waters
‘between islands is a complex issue and involves international,

federal and State authorities. Installation and operation of an

electrical cable between islands is not in conflict with anv

policies regarding ocean use, however it is important to
distinéuish between ocean use zones, just as with the land wuse
designafions. Following is a brief description of the major
policiés, treaties and laws that relate to the cable system's use

of the marine environment.
2.1.8.1 International

It is important to reccognize the international legal character of
the  ocean and the seabed over which the deep water cable would
pass. However, the practical impact of these international rules

on a cable would in all likelihood be minimal.

The following conclusions are from preliminary analyses reported

in the Legal, Institutional and Financial Aspects of an

Inter-Island Electrical Transmission Cable (Sumida and Hills,

1984). Once the cable enters the sea from the island of Hawaii,
the route would pass over the bed of the island's territorial sea

for a distance of three nautical miles from the island's



low-water mark. Immediately beyond the outer limits of the
island's territorial sea, but within the =zZone of high seas, the
cable would pass bver the island's continental shelf for a short.
distance. Under the 1958 High Seas and Continental Shelf
Conveqtions, the State of Hawaii (as pért of the United States)
has the right to 1a§, operate and maintain a deep water cable.
This " right was reaffirmed under President Reagan's  Proclamation
establishing a 200-mile exclusive economic zone for the United
States. If the provisions of the Law of the Sea Convention
regarding the territorial sea,'the'exclusive-ecohomic zone, the
continental shelf, and the high seas become applicable to the
United States, then thése same rights with respect to the laying,

operation and maintenance of a deep water cable would apply.
2.1.8.2 Federal

Federal laws that would apply to the submarine portion of ' the
cable route were alsc researched and summarized in the above
cited report and the following discussion is based on that

preliminary analysis.

Submerged Lands Act of 19563 (43 U.S5.C. 1301 et seq.). The SLA

vests title to and ownership of the "lands beneath mnavigable
waters"” within the boundaries of the respective states to those
étates {43 U.S.C. section 1311 {(a)). The "boundaries" of state
waters are defined such that they shall not extend more than

three geographical miles from the "coastline," which is the line
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of ordinary low-water aleng that portion of the coast which is in
direct contact with the open sea and the line marking_the seaward
limit of inland waters (43 U.S.C. section 1301 (b)), (c)}. The
SLA confers upon .the- states the right and powef tco manage,
administer, lease, develop and use the lands and natural
resou?ces,_all in accordance with applicable state law (43 U.S.C.

section 1311 {a)).

Quter Continental Shelf Lands Act of 1953. The OCSLA reaffirms

Federal jurisdiction in the ‘'outer Continental Shelf," and
defines the ‘'"outer Continental Shelf" as all submerged lands
lvying seaward and outéide of the area of the lands which belong
to the state as defined in the SLA (43 U.S.C. section 1331 (a)).
The seaward boundary of the continental shelf is defined under
Article I of the Continental Shelf Convention. The OCSLA does
not appear to apply to submarine power cables 1lying on the
seabed, because it applies specifically to the "subsoil and
seabed of the outer Continental Shelf and to all artificial
islands, and all installations and other devices permanently or
temporarily attached to the seabed, which may be erected thereon

for the purpose of exploring for, developing, or producing

resources therefrom, or any such installation or other device

(other than a ship or vessel) for the purpose of transporting

such resources..." (43 U.S.C. section 1333 {a)(1)) (emphasis
added). In the case of a commercial interisland electrical

transmission cable, +the electric energy would be transmitted

through a cabkle which would lie on the seabed, but such energy
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would not itself be obtained from the subéoil or seabed on which_

thé cable lies.

Coastal Zone Management Act of 1872 (16 U.S.C. 1456 (c)} The

primary purpose of the CZMA is to assist the states in developing
programs for the management of land and water resources in the
coastal zone. This is further discussed under the State land use

section, as the Coastal Zone Management Program for Hawaii.

Other legislation that mandates preservation of the marine

environment and the protection of marine mammals are:

. Marine Protection, Research and Sanctuaries Act of 1972 (33

U.s.cC. 1413}, authorizes the Secretary of Commerce, after
consultation with other interested federal agencies and with the
approval of the President, to designate as marine santuaries
those areas of the ocean waters or of the Great Lakes and their
connecting waters or of other coastal waters which he determines
‘necessary for the purpose of preserving or restoring such areas
for their bonservation, recreational, ecological, or aesthetic
values. After designating such ah- area, the Secretary of
Commerce shall issue regulations to coﬁtrol-any activites within
the area. Activities in the sanctuary authorized wunder other
authorities are valid only if the Secretary of Commerce certifies

that the activities are consistent with the purposes of Title III
of the Act and can be carried out within the regulations for the

sanctuary.



Marine Mammal Prgtection Act of 1972 (16 U.S.C. 1361 et seqg.)

expresses the intent of Congress that marine mammals be protected
and encouraged to develop in order to maintain thé health and
stability of the marine ecosystem. The Act imposes a perpetual
moratorium on the harassment, hunting, capturing, or killing of
marine mammals and marine mammal products without a permit from
either the Secretary of the Interior or the Secretary of
Commerce, - depending upon the species of marine mammal involved.
Such permits may be issued only for purposes of scientific
research and for public display if the purpose is consistent with
the policies of +this Act. The appropriate Secretary is also
empowered in certain restricted circumstances to waive the

requirements of the Act.

Rivers and Harbors Act of 1889 (33 U.5.C. 403) - Section 10

prohibits the unauthorized obstruction or alteration of any
navigable water of the United States. The regulations passed
pursuant to the Rivers Act define "structure" as including power
transmission lines. Additionally, the excavation from or
depositing of material in such waters, or fhe accdmplishment of
any other work affecting the course, condition, or capacity of
such waters is unléwful unless the work has been recommended by
the Chief of Engineers and authorized by the Secretary of the

Army. The instrument of authorization is a permit.



Clean _Watér .Act of 1977 {33 U.s.C. 1344). Section 404
authorizes the Secretary of the Army, acting through the Chief of
Engineers, to issue permits after notice and- opporfunity for
public hearing fdr the discharge of dredged or fill material into

the waters of the United States at specified disposal sites.

In addition to the above federal laws, various federal agencies
operating in Hawaii actively usé or manage portions of the marine
environment relevant to the cable system. The Névy extensively
uses the marine environment, and interactions with the commercial
cable system are possible. The Navy is concerned with electrical
'inte:ference, damage during deployment and/or repair operations,
and cbstruction. of deployment and/or repair of military
commﬁnications cables. The Navy will review and make suggestions
for final route selection of the cable system. The Navy also
identified the Auau Channel near Lahaina, Maui as a hazardous
area for the cable due to routine anchoring of surface ships and
submarines at depths of Jless than 365 m (200 fathoms). Areas of
greatest potential  interference with Naval activities .énd
facilities would be avoided as much-és possible in the selection

of a final marine route.

Only one Federal permit, a Department of the Army Permit, issued
by the Corps of Engineers, will be required for the commercial
cable program. The permit requirement applies to any project
that  involves construction of any type within the navigable

waters of the United States, generally defined to include any
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waters subject to tidal influence. The COE's evaluation goes
considerably beyond the potential impact of the project on
navigation, and includes a detailed environmental assessment of
impacts on wildlife, flood control, water quality,
socioeconomics, historic values, and land use. In the case of
actions with significant potential environmental effects, an EIS
would be required. In all likelihood the COE will require a NEPA
EIS for the commercial cable program, as discussed in Section

2.1.7.1.
"2.1.8.3 State

Submarine portions of the commercial cable system would, by
definition, be located in the Conservation District. Most
submerged lands are classified by the Board of Land and Natural
Resources into the Resource (R) subzone, the objective of which
"...is to develop with proper management, areas to ensure
sustained use of the natural resources of those areas"
{Administrative  Rules, Title 13, Department ¢of Land and Natural
Resources, Chapter 2, Conservation Districtsf. ' The cable's
presence on the ocean floor for its expected 1lifetime of
approximately 30 years would not actively "use" or significantly
affect the ocean as a natural rescurce. However, written
permission from the BLNR would be necessary, as required for all
development activity within State waters. Nearshore construction
also requires written permission from the State Department of

Transportation.
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The State regulates actions in the Marine Life Conservation
Districts and Natural Area Reserves, WHich aré protected aqﬁatic
environments = and include a variety of special ecological
habitats, There are seven MLCD's in the islands at this time.
The cable system would not enter any of these districts, but on
Maui would be close to the boundar?-of the Ahihi-Kinau Natural
Area Reserve. This NAR is protected for its marine ecosystem,
anchialine pools and lava flow, and has been considered an

"exclusion area" in defining the preferred route.
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2.2 Alternatives

Although discussion of alternatives is not required in an EA, the
intent of this effort is to provide a basis for a future EIS, and
therefore, it includes discussion of alternatives. According to
Hawaii's EIS rules (Administrative Rules, Title 11, Chapter 200),
"...alternatives requiring actions of a significantly different
nature which would provide similar benefits with different
environmental impacts..." should be examined. These alternatives
are not necessarily options available tc the owner/developer of a
commercial cable system. Financing for a cable system would not
necessarily be available for activities outside of the proposed
action's internal options. Alternative routes for the cable or
different system configurations are examples of internal cptions,

discussed in Section 2.1.

Two alternatives will be discussed and compared to the proposed
action described earlier. The goal of the proposed action
implements objectives of the Hawaii State Plan which include
promoting the use of new energy scurces and increasing energy
self-sufficiency. Alternative 1 considers another +type of
"energy bridge": transporting hydrogen, produced on the Big
Island using geothermal steam, to Oahu for use in a fuel cell
power plant. Alternative 2 is the "no action" alternative which
must be included to evaluate the ability of existing methods of

energy production and transfer to meet the goal of the proposed
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action. Also discussed under this alternative are the benefits
that would not be attained if the 'prdposed action is not
implemented.

2.2.1 Alternative 1 - Energy Bridging

Hydrogen Fuel Cell Power Plant

This alternative was proposed by Fluor Engineefs, Inc. in a

study for Hawaiian Electric Company entitled Alternative Fuels

Study (Fluor Engineers, Inc., 1984). Excerpts from their study
are used to describe this scenario. Its basié components are the
geothermal power plants; powef transmission system; power
conversion facilities; hydrogen production, ligquefacticn,
storage and transport; and the fuel cell power plant;

Considered is "...the viability of generating electric power from
fuel Eells operated on hydrogen that is produced fronm géothermal
energy. The hydrogen would be ligquified and transported by barge
to the island of Oahu. The fuel cell power plant would be sited

at the Waiau power station on Pearl Harbor."

According to the study, "the capacity of the Fuel Cell Power
Plant was established based on the amount of hydrogen that could
be produced using geothermal power resources located in the Puna
District in Hawaii. It was mutually agreed, based on the current

estimates of the resource, fo use 400 MW as the amount of
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eJectric power that could be generated along the east rift =zone

of Kilauea Volcano." : T -

As can be observed in the study's diagrams attached (see Figures
6-10), "The geothermal power genefation facilities would include
four 100 MW geothermal power plants, a 230 kV power transmission
system and an AC switchyard and DC power rectification facility
located at the terminal end of the transmission line. The power
plants would be located on the east rift zone of Kilauea Volcano.
Two plants would be sited in the Pahoa resource area and two near
Kilauea. :The traﬁsmission line would connect the fwo plént sites
and transmit the power to Honuapo....The ;ine would terminate at
a switchyard where the major portion of the delivered power would
be converted to direct current for use in the hydrogen production

plant. The balance would be used for hydrogen liguefication."

"Hydrogen would be produced by the electrolytic separation of
water and liguified at a proposed site near Honuapo....Special
barges would be provided to store and transport the 1liguid
hydrogen from the Big Island site to the Waiau station on the

island of Oahu."

"The Molten Carbonate fuel cell technology was selected for its
high commercialization potential and thermal efficiency as
compared to other technologies, and its ability to process

hydrocarbon fuels without the need for reforming the fossil fuel
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first to produce hydrogen since reforming occurs at the anode of
the fuel cell. However, hyvdrogen may not be used alone with the
Molten Carbonate cell. A supplementary carbon fuel (such as
propane} is réquired to replace carbon dioxide lost in the

exhaust gases from the cell cathode."

"At Waiau station the liguid hydrogen would be pumped from barge
storage to an on-shore vaporizer. From the vaporizer the

hydrogen is mixed with propane and fed to the fuel cell plant."

All of the technologies proposed in this alternative have been
commercially proven with the exception of the ligquefaction plant.
The size of the proposed unit (152.8 tons of hydrogen per day) is
larger than any currently 6perating facilities. It is stated,
however, that there would be no problems in designing a larger

liguefaction plant.
2.2.2 Alternative 2 - "No Action"

If the proposed action is not implemented, the islands would
continue to generate electricity individually and the benefits
associated with a Hawaii to Oahu "energy bridgé" would not occur.
The majority of the State's electricity consumers would continue
to rely on the existing oil-fired or other fossil fuel generating
plants. (See Seﬁtion 3.1.2.8 describing electrical power

generation on Maui, Oahu, and Hawali.) Programs and techniques
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that conserve energy and programs to encourége development of
alfernative. energy resourcés‘for local use on~each island would -
lcontinue " to 'provide slight reductions in the émnunt of oil
‘needed. Howevér, rather than a significant reduction in the
number of barrels of aoil purchased for use in the State, an
increase 1in o0il consumption wouid most likely result as. the

economy. and population grow.

Existing energy conservation programs aimed at the general
‘public, sponsored by the State and/or by Hawaliian Electric
Company, would continue to encourage use of methods to improve
enefgy efficiency: Hawaiian Electric Company also has internal
programs to improve the efficiency of their generating units so
they c¢an burn less o0il,. During the May 1935 Governor's

Conference on Energy Investment, entitled "Profiting from Energy

Savings," it was stated that between 1982 and 19385 the State
saved approximately $110 million in énergy costs. 0f these
savings, electrical energy constituted approximately 13.7
percent.

The development of alternative and renewable energy resources
would still be encouraged on each island to move toward the goal
of greater energy‘seif~sufficiency. However, the develcpment of
certain resources, such as geothermal on the Big Island, would be

limited because of the relatively small local energy demand.
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The cost of utilizing existing methods for electrical energy
generation is dependent on the price of oil. -~For the short-ternm
this "no-action" alternative appears less costly than the
energy-bridging alternative because the price of o0il is low and
the infrastructure is set up for oil-fired plants. For purposes
of long-term planning, however, it is reasonable to expect an oil
price escalation and a need to replace existing oil-fired
generat;ng facilities, According to a preliminary analysis
recently .completed (Decision Analysts Hawaii, 1Inc., 1987),
"...geothermal power would allow HECO to save about $220 million
in the year 2010 by not having to import 6.7 million barrels of
fuel o0il at a projected cost of slightly over $33 per barrel. 1In
addition, HECO would save about $14 million per vear iIin
operatlons and maintenance (0 & M) costs by not having to
generate power itself. Furthermore, HECO would avoid having to
install four new conventional oil-fueled generators costing an
estimated $376 million." However, as pointed out in Section
2.1.3.2, Avoided 0il Costs, these "savings" neglect the costs of
financing, installing and operating the cable and geothermal

developments.

Another impact to be considered is the adverse environmental
effect of burning fossil fuels. The accumulation of carbon
dioxide in the earth's atmosphere is a _problem receiving
worldwide attention. The extent of the damage caused is being

studied by scientists and is a concern of environmentalists.
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Although  this 1is a recognized negative impact, mitigation by a
single state would result;in a very small improvement worldwide.
Replacement of fossil fuels with geothermal power would have a
‘net positive impact on Hawaii's air quality, principally on Oahu.
The no action alternative would allow continued degradation of

alr gquality in the islands.

If the State of Hawaii were to remain'dependent on oil-fired
plants on the individual islands for the majority of electricity
produced, the continuation of the exemption granted to the State
from the 1973 Fuel Use Act would have to be assured. This act
prohiblts the  constructicn .of major new cil- and gas-—-fired
generating stations. Federal legislation-has been introduced
more than once in the past to withdraw the exemption. As the
State's economy and population grow, new generating stations may

be needed by the year 2009. .Some of the existing generating

stations would be expanded to increase generating capacity.

Other older generating units may be refitted to extend +their

life, but other units would be retired.

In addition to the hydrogen fuel cell power plant described
earlier, five alternative fuels and two other alternative cycles
were I1nvestigated in the Fluor study. A brief summary from the

report of those that may become commercially available for use on



the

year

HECO system as a replacement for fuel oil between -now

2000 follows: Co -

"Conversion to c¢oal has the advantage of being the
lowest in total annual cost of fuel in $/kWH. Eowever,
disadvantages Iinclude 1) greater enviromnmental impact,
2) wvery low flexibility in terms of future conversion
to more efficient or nonpolluting alternative cycles,
3) limited system conversion, 4) an extremely long
conversion schedule with extended unit outages, and 5)
unproven technology in the case of cyclone retrofitting

and use of coal water mixtures.

Conversion to LNG ([liquified natural gas] has the
advantage of being competitive with fuel o0il in today's
market. It alsco provides the advantage of flexibility
in planning for both new and replacement generating
capacity. With LNG available as a base fuel, combined
cycle repowering can be considered in the near term for
older units as a means of upgrading system reliability
and fuel use efficiency. In the longer term, LNG could
provide a fuel base compatible with the use of fossil
fuel cells for__both new and replacement capacity.
Supply reliability and cost assurances are potentially

significant disadvantages.
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A further disadvantagé of LNG is the probable
requirement for a hearing and a'rﬁling by the Federal
Energy Regulatory Commission {(FERC) on the security of
supply and the-price. FERC rulings have been required
by' all other LNG importation projects into Continental
U.S.A., but these projects were intended to suppl?-gas
to natural gas pipelines and distribution systems which
would include distribution to residential consumers,
.small businesses and industrial consumers. A FERC
- ruling might not be‘reQuired in this case since Hawaii
is specifically exemétéd from the provisions .of the
Fuel Use Act by Section 104 of the law. But if a FERC
hearing were required, it could lengthen the time to
obtain permits for LNG importation (Fluor Engineers,

Inc., 1984)."

Although the feasibility of using alternative fuels on 0Oahu has
been conceptually defined in the Fluor study, o0il will most
likely remain the predominent fuel throughout Hawaii in the near

future.

If an oil embargo occurs in the future, or other problems within
the international market result in a reduction in the amount of
.oil arriving 'in Hawaii, a number of concerns would arise. "For
example, if the wvarious users of o0il were ranked by need,

electricity generation for non-essential services would not be a
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high priority and the quality of life of Hawaii's residents and

visitors would suffer.

2.3 Conmparison of the Impacts of the Proposed Action with

those of the Other Alternatives

The two "action" alternatives have several significant
commonalities. Either a cable system or a hydrogen fuel cell
alternative could create an "energy bridge" between Hawaii ' and
Oahu. Either. would be a new system for Hawaii, and would have
unigue characteristics compared with similar systems operating
elsewhere in the world. Either would be dependent upon the

large-scale development of the gecthermal resource.

However, the differences between the two systems and their
impacts are more numerous than their similarities. The hvdrogen
fuel cell alternative would use a considerable amount of the 400
MW of power generated from the geothermal development for power
transmission and conversion, hydrogen production and  hydrogen
liquifaction, and therefore, would net only 136 MW of electrical
power for wuse on QOahu, as compared to the cable systems's

approximately 489 MW after line losses.
The hydrogen alternative would require a greater amount of

infrastructure, ancillary facilities and personnel than the cable

system including {on the Big Island) four 100 MW geothermal power
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'plants._ transmission lines and DC converters, barge and .pier
facilities, electrolysis and liquefaction plants, hydreogen
barges, and on Oahu, barge pier and unloading.facilitiés, fuel
cell power plant and BOP facilities. The cable 'system would

regquire the geothermal power plants totaling 500 MW, transmission

lines and AC/DC converter stations, a cable repressurizing

station and the cable itself.

Although both actions would require geothermal steam to generate
electricity, the electrolysis plant would require a fresh water
supply at 325 gallons per minute and a sea water supply at 1500
gallons per minute. The fuel cell plant wbuld'have a propane

fuel consumption of 87 tons per day.

Transmission 1lines associated with development of the hydrogen
alternative would run through a small portion of the Voleanoces
National Park, accordingr to the figures illustréting the
alternafive in the Fluor study and shown in Section 2.2.1. The
transmission lines for the cable system would not pass through

the park.

When considering the possibilities of vandalism or sabotage the
facilities for the hydrogen fuel cell alternative could be more
easily protected and guarded than the cable itself. O0f course,
the location of the ' cable on the ocean floor Iis itself an
inherent . prdtective_ measure. Accidents in the hydrogen

alternative would be worse, as hydrogen is a highly flammable
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substance. An accident during transportation of the hydrogen

tanks between islands by barge could alsoc occur.

Finally, hydrogen may have better uses than as a fuel to generate
electricity. For example, hydrogen is an important feedstock for
enhénéing the production of methanol and ammonia. Hydrogen is
being considered as an important transportation jet fuel for near

future and automobile fuel for the distant future.

The benefits resulting from installing a transmission cable
system would not occur under the no action aiternative. If the
cable system supplied apprﬁximately half of the regquired demand
for electricity, oil-fired generating stations would continue to
service the other 50% of demand for electricity on Oahu and would
provide spinning reserve in the event of a failure in the cable
system; Likewise, conservation programs as well as development
of alternative and renewable energy resources would continue to
contribute toward the reduction in demand for oil. However, to
continue to wuse 0il to meet the majority of demand fof
electricity has several disadvantages in comparison with a cable
system transmitting geothermal energy. As discussed earlier, the
problem of accumulation of carbon dioxide in the atmosphére would
not be lessened. The dependence on o0il or other fossil fuels
will continue if research and development of alternative energy
technologies and resources are not promoted and funded. The

cable system, by promoting development and utilization of
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alternate and renewable energy sources wouldrmean more jobs, more
business opportunities, greater energy security, a stronger local

economy, an improved balance of trade and a larger tax base.

Purchase of petroleum takes place in an unstable international
market. Millions of dollars leave the State that could otherwise

-remain in the local ecdnomy. No significant increases in

employment would accompany continued use of the existing system..

Individual islands would remain independent in their electrical
grid systems, and would not receive the benefits possible with
"energy bridging." The State would remain vulnerable to the
effects of an oil embargo. If the existing exemption to the 1978
Fuel Use Act were rescinded in the future, and electrical demand
rose significantly, the possible alternatives that could supply a
large amount of electrical power, i.e. a coal-fired generating
station or a nuciea: power plant, would likely be more expensive
because of environmental protection reguirements. Therefore,
although the exXxisting system is technically and. economically
feasible for the near-term (as.long the price of 0il is low}, in
the long-term it is not consistant with the State's goal of
increased energy self-sufficiency. Replacement . of present
generating units with new o0il-fired units would involve a
commitment to the future which does not include substantial

alternative energy sources for electric power generation.
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3.0 Description of the Environmental Setting
3.1 Térrestrial Corridor Segments

The geographic area impacted by the proposed action varies with
the résource under c¢onsideration. Physically, the immediate
environment in and surrounding the corridor would be affected and
this would impact, for example, biotic rescurces. Other
resourées, for example scenic guality, could be impacted over
1argerﬂ regions of the islands that the corrider runs through.
The cross—island corridor on Hawaii, the southern area of Maui,
and the southeastern area of Oahu are the general regions that
could be affected by the proposed action. Where an indeterminate
area would be affected, such as with socioeconomic impacts,
entire islands or the State are generally considered in the
discussion. In the analysis there is a special emphasis on

resources that would be significantly affected by the action.
3.1.1 Climate, Meteorology, Natural Hazards apd Air Quality
3.1.1.1 Climate and Meteorology
Generalized information on statewide weather patterns is useful

because the cable system would traverse portions of three of the

four counties. As summarized in the Atlas of Hawaii, "The

outstanding features of Hawaii's climate include mild and equable

temperatures the year round, moderate humidities, persistence of
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northeasterly trade winds, remarkablé'diffe:ences in rainfall
within short distances, and infreguency of severe storms...
Average temperature ranges from about 74-75 F in March to 79-80 F
in - September " (University of Hawaii, 1983). Theré is however,
remarkable variabilit? from one area on an island to another area
on the same island. This is especially true for precipitation
patterns. Along the Hawaii corridor from Puna to the eastern

side of the ‘'saddle," rainfall varies from about 100 to 150
inches/year, As the corridor traverses to the leeward side of
the Big Island, mean annual rainfall abruptly decreases to about
20 inches/year. The coast near Mahukona is the driest area of

Hawaii, with a mean annual rainfall of less than 10 inches.

The Maui overland corridor is also quite dry, mean annual

rainfall being less than 30 inches.

At Waimanalo; Oahu, mean annual rainfall is less than 40 inches
at the coast, but increases to about 150 inches at the crest of

the Koolau Range.

With the excepfion of the eastern half of the Big Island where
the rainfall varies little seasonally, rainfall in the study area

is seasonally highest in winter and very low in summer.

Monthly mean high and low relative humidity data are also

summarized in the Atlas of Hawaii. Along the preferred route,

the highest humidities occur on the Hilo side of the Big Island,
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65-90%, with a slight tendency for higher values in summer. The
lowest wvalues along the route, 45—35%, are Tecorded from the
northwest coast of Hawaili. Eastern Oahu values, 65-80%, are

intermediate.

In Hawaii, light to moderate northeasterly trade winds usually
prevail throughout the year, but terrain modifies the wind
patterns in many places. The study areas included in this
environmental assessment are subject to fairly typical tradewind
regimes, with the exception being western Hawaii. In the lee of
Mauna Kea, tradewinds are generally absent, and diurnal land and
sea breezes predominate., Wind velocities in the saddle between
Mauna Kea and Mauna Loa are accelerated as are velocities near
Maui's south coast. Figure 11, from Haraguchi (1979), is a wind
rose for non-sheltered Hawaiian waters. Northeast trade winds

averaging about 13 knots blow about 70% of the time,

Temperatures along the route vary seasonally with mean summer
daily maxima in the upper 80° 's and mean winter daily minima in
the mid 60° 's. Generally in Hawaii, mean temperatures decrease

about 3o

F for each 1,000 feet rise in elevation. Temperatures
in the saddle portion of the Big Island {(maximum elevation about
6,600 feet) can therefore be expected to'be on average about 20

degrees cooler than at the coast with wind effects possibly

‘increasing this disparity.
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. FIGURE 11

WIND ROSE FOR HAWAITAN WATERS

(Shown are frequency of wind direction from
the four quadrants and the average wind speed in the quadrants.)

Source: Haraguchi, 1979
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3.1.1.2 Hazardous Weather
Four classes of phenomena are likely to cause hazardous weather
in Hawaii: strong northeast trade winds, kona (southwest) winds
and storms, tropical cyclones, and hurricanes (Haraguchi, 1979).
Strong trade winds are the most freguent cause of hazaraous
weather in Hawaii (Haraguchi, 1979). They occur an averagé of 92
d/yr and may persist for several days at a time. Hazardous days

are those with winds greater than 10 m/s (22.4 miles/hr).

Tropical cyclones in the North Pacific form both east and west of
180 degrees longitude. Those generated in the west North
Pacific, however, rarely pass as far east as Hawalii and, although
considered possible threats to the islands, the probability of
gsuch an occurrence is very low. On the other hand, Pacific
tropical cyclones originating east of Hawail almost always travel
westward and are known to pass thfough the islands, sometimes
bringing damaging wind, waves, and rain. Tropical cyclones are
relatively common weather phenomena which can potentially evolve
into less common and often destructive storm vortices called

hurricanes or typhoons.

A hurricane is a large cyclone that originates over the tropical
ocean. These tropical c¢yclones are called hurricanes in the
Atlantic and eastern and central North Pacific, and typhoons in
the western.North Pacific. A hurricane or typhoon has winds of

33.4 m/s (75 miles/hr) or greater. In the western North



Pacific, hurricanes with wind speeds of'67 m/s (150 ﬁiles/hr) or
greater are called_supertyphoons. Thé-weathEr accompanying a
hurricane, other than its destructive winds is heavy rain and.
possible watefspouts: spawned by thé.cumulonimbuS' cloudé that
spiral into the center. The areal coverage of the rain extends
.over severai hundred kilometers (km); The strong winds extend
outward nearlyIIBO'km from the hurricane's eye. The wind stress
on the ocean surface creates rough and high seas which can cause

high surf at nearby shores,.

At least 20 hurricanes or tropical storms approached within 480
kﬁ of the islands bhetween 1950 and 1982. Most of these tropical
'cyc;unes did little or no damage to the islands. Figure 12 shows
the tropical storm trécks in Hawaiian waters between 1950 and

1982.

Hurricane IQaL in November of 1982, took a very unusual path,
passing within 75 km of Kauai. Wind speeds reached 117 mph, and
Iwa was considered a major disaster for Kauai and Oahu. Undersea
communications cables and undersea pipelines were displaced
during the high wave surges that accompanied the hurricane (U.S.
Army Corps of Engineers, 1983). However, these cables are very
different from the proposed electrical cable, being much lighter
and smaller in diameter and much less complex 1in internal

structure.
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FIGURE 12
HURRICANES AND TROPICAL STdm_qs
| IN HAWAIIAN WATERS

(1950-78 and Iwa in 1982)

hurricane stage (maxiru= wind speed 33 knots or cmorte)
‘aw—= Tropical stomm stage (maximun wind speed 35 to 64 knots)

sees ETOpical depression stage (Mmaxirum wind speed less than 35
knots)

FERNANDA
Aug 72

Jul-Aug 73

-~

JCHY, Aug 78
1-‘. LI T

! -
MIRIAM Aug 78
4

Ve
.

Rerraencer Paul HamacucHi, 1979, Weatuer 18 Hawaitran waTERS, Paciric
Weatuer, Inc., HowoLutu, Hawalr,

- P. HaracucHi, 1682, Hymrricane lwa: WinOS aNo waves, Paciric WeaTHER,
Inc., 1982, HoworwurLu.
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The kona wind in Hawaii is a stormy, rain-bearing wind generallyr
blowing from the southeast and associétéd:with’low pressure zones
moving easterly toward Hawaii. Kona winds hazardous to marine
activities may be 13 to 21 m/s (2§—47 miles/hr) over a 325 knm
width. = The winds are greatest immediately ahead of an advancing
cold front-of in the converging southwest flow in the southeast
quadrant of the low pressure field., On land, kona winds can be
amplified by topography such as mountains, guéting more than 45
m/s (100-miles/hri {Haraguchi, 1979). Kona storms with vortices
that. do not extend to the ground surface are mostly obsérvéd in
summer, whereas those that reach the surface are primarily a
winter occurrence. The'peak-month for occurrence of kona storms
is September, during which an average of about four storms is

observed.
3.1.1.3 Tsunanis

A tsunami is a longfperiod (15-60 minutes between Crestsj ocean
wave produced by a‘sudden, large disﬁladement of the ocean floor
or shore such as by an éarthquake, volcanic eruption or
landslide. Hawaii's location in the central Pacific_exposes'her
shores to tsunamis from all guadrants. Since 1813, 112 tsunamis
have been observed in HéWaii’and sixteen of these have.lcaused
significant damage (Haraguchi, 1979). The no?th shores of the
Hawaiian Islands are more susceptible to inundation than other
coasts. The south shores. aré; generally at least risk

{Bretschneider, et al., 1975). Locally generated tsunamis may
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not follow this pattern, but are relatively rare events, Six
have occurred in the last century_and only o;e of these caused
severe destruction. The four places where the proposed cable
»system would intersect the shoreline may be affected by a
tsunami. The overland corridors, however, proceed directly
inland after leaving the shore so the remainder of the
terrestrial route would not be directly affected by a tsunami
with a significant amount of strength. The damage from the
tsunami éf April 1, 1946 was summarized by Shepard, et al.
{1946). 6éscriptions of damage areas near the proposed corridor

are as follows:

HAWAII - "At Mahukona the water rose on shore to 14 feet above
sea level but did no damage. It is reported that before the
first wave the harbor was dry as far out as the inner buoys,
which would require a lowering of water level of ahout 35 feet.
The water rose gently, like a tide, without breakers...North of
Mahukona the height to which the waves dashed on shore increased

to 20 feet, and locally to 24 feet near Upolu Point."

MAUI - "At Nuu, 3.5 miles west of Kaupo, the waves came up only
about 10 feet...At Keoneoio the water came up 13 feet and damaged
or destroyed three houses...At Makena the waves came up 11 feet,

but there was nc apparent damage."
OARU - "On - the North side of Makapuu Head the high-water mark was
37 feet above normal, the highest on Oahu...At Wailea Point the

waves rose 7 feet. Motion pictures of the waves were taken at-
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this point, showing the waves coming in around both sides of

Mokulua Islands and meeting inside. Damage to the beach houses

was not great}"
3.1.1.4 Earthquakes, Volcanism and Landslides

Swarms of volcanic earthquakes commonly precede eruptions on
Hawaii, but few are felt and very few cause any damage. 'crustalr
deformations which cause most earthguakes in continental regions
are nearly abseﬁt in Hawaii. As shown on Table 4, of the 13
earthuakes of magnitude § or greater that occurred within the
State  between 1969 énd 1978, 12 were located on or just off lthe

island of Hawaii.

TABLE 4

EARTHQUAKES OF MAGNITUDE 5 OR GREATER: 196%-1978

————— —————— ——— T ————— T T L e S . il ek okl ke e e e e S e o e WY W o T — T S T T T T T T " Wl B 1 Bt

DATE : : LOCATION ' MAGNITUDE
: {RICHTER SCALE)
1969: May 9 Hawaii 5
1971: August 1 Southeast of Hawaiil 4.5-5
1972: December 23 West of Kona 5
1973: April 26 Hawaii 6.2
October 9 Hawaii 4.8-5
1974: November 30 Hawaii 5.5-6
1975: January 1 Near Pahala, Hawaii 5.1
' January 1 Mauna Loa, Hawaii 5.1
January 2 Near Pahala, Hawaii 5.6
January 5 Mauna Loa, Hawaii 5.1
November 29 Puna, Hawaii 5.7
November 29 Puna, Hawaii 7.2
1977: January 22 100 mi. south of Kaua1 5.0

— —— . T, . e, e M Ty . . . e e N T T . i Tt . . . g T W T _——— T ———————— - -

Source: Augustine 8. Furumoto, N. Norby Nielsen, and William R.
Phillips, A Study of Past Earthquakes, Isoseismic._Zones. of"
Intensity and Recommended Zones for Structural Design for __Hawaii
(Honolulu: University of Hawaii, Center for Engineering Research,
June 15, 1972), pp.16-19; Hawaii Institute of Geophysics,
records. Complete to December 31, 1978. -
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The Uniform Building Code (U.B.C., 1982) specifies seismic risk
zones based on historical data and proximity to major fault
systems. The seismic zZones for the State of Hawaii are shown in
Figure 13; the rift zones and fault systems on the iéland of

Hawaii are shown in Figure 14.

For regulatory purposes, the State of Hawaii has designated the
entire State as 2Zone 3. All buildings must conform to the

criteria for this zone.

The éouthern two-thirds of the Big Island is considered a high
risk area for active wvolcanism (U.B.C., 1982). Zones of relative
risk from volcanic hazards on the island of Hawaill are identified
in Figure 15. The potenfial magnitude of volcanic hazards is
summarized in Table 5. Volcanic activities that could cause
damage to the cable system include lava flows, pyroclastic
material from explosive eruptions, particle and gas clouds, or
ground subsidence and surface. rupture. The lands susceptible to
lava flows include riff zones, such as the éurrently active one
on Kilauea's east flank and Maui's iﬁactive but "geclogically
recent"” two-mile wide southwest rift zone which reaches from
Haleakala to the sea between Ahihi and La Perouse Bays. Mauna
Loa last erupted in March and April of 1984, simultaneous with
Kilauea for the first time since 1368. Lava flows from the
recent eruption came within four miles of populated areas of Hilo

and cut an existing power line.
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_ FIGURE 13
SEISMIC RISK ZONES IN HAWAII
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Zone 0 - No damage.

Zone 1 - Minor damage; distant earthquakes may cause damage to structures with
fundamental periods greater than 1.0 second; corresponds to Intensities
V and Vi of the M.M.* Scale. .

Zone 2 - Moderate damage; corresponds to intensity VIl of the M.M.* Scale.
Zong 3 ~ Major damagé: corresponds to intensity Vil and higher of the M.M.* Scale.

Zone 4 - Those areas within Zone No. 3 determined by the proximity to certain
' major fault systems,

*Modified Marcalli Intensity Scate of 1931

Source: Uniform Building Code
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FIGURE 14
RIFT ZONES AND FAULT-SYSTEMS
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. FIGURE 15 _ :
"Z0NES OF OVERALL RELATIVE RISK FROM VOLCANIC HAZARDS
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TABLE 5

ERUPTIONS AND._L-AVA FLOWS ON THE ISLAND OF HA'WAll

Number of eruptions originating within hazard arcas and number of times lova flows have covered Jand wilhin hazard areas
during historic and reccnt prehistoric limes.

Historie time (since approximately 18300} Recent prehistoric lime (5,000-year
interval prior o 1800}
Number of times Number of times Percentlage Number of times | MNumber of times
venls have erupt- lava f{lows have ol tand . venis have erupt- lava [lows have
Ales ed within aren covered land covered ed within area covered land
; : within arca within zcea (estimated) . within area{estimated)
A 0 0 [1} 0 0
B 0 0 Q 0 Less than -]
C 0 .0 0 Less than 5 Less than 3
D /] 0 o 0. More than 10"
NE 1 2 6 Maore than 10 More than 10
E. 1 a5 . 15 About - 14 More than 100
F 80 More than 80 S0 About . 2,000 More than 2,000

* Most lava [lows thnl entered areas D and E arupled [rom vents in area F.
Ares A, Kphala Volcano, No volcanic aclivily has occurred in this area for about 60,000 years.

Arce B consists of the lower (lanks of Mauna Kea. Mo aruptions have occurred in this area during the last 10,000 years.
This land could be buried only by relatively long lava [lows issuing (rom vents in ares C.

Area C is the summit region and upper {lanks of Mauna Kee. The latest cruptions within this area look place between
3,000 and 5,000 years ago. They consisted of small lava [lows and moederately explosive emissions of spatter and particles
that built cinder cones. Volcenic ash was spread widely by air currents. Future eruplions will probably be similar,
although the eruplive frequency is now so low that Lhe hazard must be regarded as very small

Area D includes selected ereas on the flanks of Kilauen and Mauna Loa that are somewhal protecied by topography [rom
burial by lave.. No historic or recent prehistoric flows have invaded these areans.

Arca DE, Hun!alai Voleano, Lava {lows have buried land in this ares more recently than in area D. Yet the [requency
of eruptions of Hualalai is much less than Kilsuea and Mauna Loa. Moreover, vents are not confined to rift zones. Risk
on liualalai is ralher poorly defined beceuse of the sparse historie record, bul jt probably spans a range equwalem lo
those in area D and the low risk ports of arca E.

Area E, includes the flanks of Kilauca and Mnauna Loa thot lie direetly downslope from the summit areas and rift Zones
where lava (lows originnte. Land lobeled & is susceplibic to burinl by lava llows erupled within the summit and rifl
areas jabeled F.  In addilion, vents along minor rilt zones on Mauna Loa have erupled a [ew limes within area E. Degres
frn-;k within this area varies widely, but in general, it becomes !css with increasing distence [rom the summits and major
rift zones.

Arca F, the arca of highest risk, includes the summit areas and maijor rilt zones of Kilauea and Mauna Loa. Most of
the land labeled F has an histocie and rccent prehistoric rccord of active voleanic venils, cones, and craters: ground
cracking and subsidence; ond burial by lava [lows, MNarrow coastal rcgmns on pacts of Kilauea and Mauns Loa are zlso
labeied F because they lie within belts of [requently active faulls in which the land is subject to cracking, abrupt,
subsidence, and 10} 1 ted t5

possible [looding by locally gencrate unamis, _ Aelsrance: DPED, 198t
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Landslides in Hawaii are of two basic‘typeS: subaerial slides of

soil or loose rock, and large-scale slumping oE massive subaerial
or submarine blocks on the flanks of active volcénoes.  The
former typically occurs oh relatively steep slopes, especiélly
when they are water-saturated. The latter type is associated

with active volcanism, and is common in Hawaii (Normark, et al.,

1979).
3.1.1.5 Air Quality

With the exception of urban Honolulu, "Air over Hawaii in general
is relatively clean and low in pollution. Natural pollution from
#olcanic action can be severe under certain wind conditions, but
[ such severify] is a rare occurrence" - {University . of Hawaii,
1983). Salt spray carried by seabreezes heaf the doastal areas
may be considered a natural 'pollutant' as it causes damage to

the built environment, including utility systems.
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. 3.1.2 Land Features and Use
3.1.2.1 Topography, Geology, Scils

The following descriptions of the study areas are from research
at the University of Hawaii, by the Land Study Bureau, which
classified land - on each island by physical gualities for urban
uée. This work, performed in the late 1960's - early 1970's, is

the most*fecent complete and systematic land assessment for the

islands.
HAWAII - 1In general, the corridor runs through many identified
landforms. It begins on Hawaii's east side, in the Kilauea

undissected wupland, and goes northwest to the Hilo lava plain,
then between the Mauna Loa undissected upland and the Hamakua
dissected upland to the Humuula Saddle. On the west side of the
island, it goes between the Mauna Loa undissected upland and the
Waimea slightly dissected upland, then heads north through the
Waiakea slightly dissected wupland and ends in the Mahukona
undissected upland. There is a low-cliffed volcanic coastline at

the shoreline interface point (University of Hawaii, 1983).

MAUI - "East Maui consists of the Haleakala dome, a volcanic mass
that reaches about 10,000 feet elevation at the summit [and
maintains a c¢liff and valley formation to the seal]. The south
side of Haleakala is relatively dry and predominantly sloping énd

rocky. Progressing from west to east, the portion from Cape
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Kinau to Kemole Gulch consists primarily of a'a lava flows with
complex slopes over 10 'per cent. There is‘_hardly any soil
material except in the immediate vicinity  of wvarious cinder
cones. From Kemole Gulch to Nuu Bay are older volcanic materials
having cdnsiderably more soil material but still rocky. Depth to
hard lava rock is generally in the 0 to 5 foot range, ﬁith some

decomposed lava extending into the 6 to 10 foot range. The lands

are sloping, and dissected by numerous gulches" (LSB, 1970},

"The west side [of Haleakala] faces Central Maui and merges with
it at its western boundary. Slopes are flatter at lower levels,
in the 0 to 10 per cent range, becoming increasingly steeper with
rise in elevation. in the Lower and Upper Kula Road area the
slopes reach the 11 to 20 per cent range, then gquickly steepen
into the 21 to 30 per cent range. Generally, the amount of.soil
increases = northward, with the southern portion having more rocks
and lava outcrops. Complex slopes are associated with shallow
rocky lands on this west side because the thin .volcanic ash
deposition has not tdtally covered and- smoothed the rough
"underlying lava surface. Sopil depth in the rockier portions- is
predominantly in the 0 to 5 foot range, while on the deeper

northern areas it extends to the 6 to 10 foot depth" (LSB, 1970).

In summary, according to the Land Study Bureau maps the southwest
Lualailua Hills and Makena portion of Maui consists of two
preddminant s0il characters: {1) A'a lava - vrocky, surface

well-drained with a 0-5 feet depth to underlying consolidated
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lava, and (2) Nonexpanding soil - rocky, surface well-drained

with a 0-5 feet depth to underlying consolidated lava.

OAHU - The Waimanalo Plain is the study area on the windward side
of the Koolau Mountain Range. The study area has mostly smo6th
slopes from 0 to 10 per cent. Just inland of the study area the
slopes greatly increase to become the Koolau Range. Along the
shore the socil character 1is coral sands, non-rocky, with a.
well-drained surface. The depth to underlying consolidated coral
is between 6 and 10 feet. A large portion of the area has
non-rocky,  expanding soil, with a well-drained surface and a
depth of 15 feet to.underlying consolidated lava. There are a
few places with a high wéter table and a few areas with steeper

slopes (LSB, 1969).

"Soil type" refers te the distribution of so0il orders according
to the National Cocperative Soil Survey Classification of 1967,

as described in the Atlas of Hawaii.

HAWAII - Three types of soils are found along the corridor. The
Inceptisols are best develoéed on the thin mantle of volcanic ash
which covers extensiﬁe areas of the island. The Histosols are
organic soils that occur in geologically yvoung but forested lava
land. This soil type is characteristically a thin (2 to 8 inch)
layer of organic material accumulated on lava rock. The
Aridisols “occur onl? in very dry regions, and on the Big 1Island

this order is largely confined to the leeward shores.
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MAUI -~ The so0il type ih the Maui cdrridor.is predominantly the
Inceptisols, which are best develbpéd on the thin mantle :of
volcanic ash. In a small éortion of the area'ére.the- Entisols,
éhich_ are weakly developed soils found on old beach sand and on
recent alluvial deposits. The remaining areas are categorized as

"miscellaneous land types."

OAHU -~ Two soil types are found in the study area on Oahu. They
are the Entisols (described above) and the Mollisols. The
Mollisols are well-drained, relatively young soils that devélop'
on coral, lava, or allﬁvium. They occur in moderately dry areas

of the islands and are generally rich in plant nutrients,
3.1.2.2 Agriculture

The study areas contain mostly range and pasturé_lands in - the
Agricultural land use district. The dry areas support only low
population densities of cattle. There are truck farms,
nurseries, poultry farms and a dairy in the Waimanalo area on
Oahu. Vegetable crops are plentiful in the Waimea area on
Hawaili. Diversified agricultural activities are found rather

than sugarcane or pineapple cultivation.
In the Jlate 1970's, the Hawaii Department of Agriculture in
cooperation with other State and federal agencies developed the

ALISH (Agricultural Lands of Importance to the State of Hawaii)



classification system which classifies agricultural lands into
three categories of potential suitability for crop production:
prime agricultural lands, unigue agricultural lands anhd other

important agricultural lands.

- Prime agricultural land is land best suited for the production of
food, feed, forage, and fibre crops. The land has the so0il
guality, growing season, and moisture supply needed to produce
sustained -high vyvields of crops ecconomically when treated and
managed, including water management, according to modern farming

methods. Many, but not all, prime lands are irrigated.

Unigue agricultural land is land other than primé agricultural
land that is used for the production of specific high-value food
crops. The land has the special combination of soil gquality,
growing season, temperature, humidity, sunlight, air, drainage,
elevation, aspect, moisture supply or other conditions, such as
nearness to market, that favor the production of a specific crop
of high rquality and/or high yield when the land is treated and
managed according to modern farming methods. Certain unique

Jands, such as those used for taro or watercress cultivation, are

irrigated.

Other important agricultural land is land other than prime or
- unigque agricultural land that is of state-wide or local
importance for the production of food, feed, fibre, and forage

crops. The 1lands in this classification are important to
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agficulture in Hawaii, vyvet they exhibit p:ppertiesl such as
seasonal wetness, erodibility, limited rooting zone, slope
flooding, or droughtiness, that exclude them from the prime or
unigue agricultural land classifications. These lands can be.
farmed satisfactorily by applying gréatér inputs of fertilizer
and: other soil amendments, drainage improvement, erosion coﬁtrol
practices, and flood protection, and can produce fair to good

crop vields when managed properly.

According to ALISH Rand Classification maps, the Hawaii corridor
paSses through several small areas of prime agriculture land and
other agriculture land, but avoids areas of unique agricultural

land.

The Maui corridor passes - through neither prime nor unique’
agricultural lands, but includes small areas of other

agricultural lands,
The Oahu corridor may pass through prime agricultural land and
other agricultural land mauka of Kalanianaocle Highway in
Waimanalo, depending upon the alignment.

3.1.2.3 Forestry
In Hawaii, forest lands are divided into two classifications:
commercial and noncommercial. Hawaii's timber resources have, in

recent vVvears, been harvested sporadically and only cn a small
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scale (University of Hawaii, 1983). . On the ?ig Island, east
toward Hilo, are forest and water reserves plus Ohia-Koa forest,
tree plantations, and "private and other” forest and water
reserve lands. The central portion of the island is State forest
and water reserve lands. The Mahukona to Humuula Saddle portion
of the study area is "non-forest land". The study area on Maui
is identified as "non-forest land". The inland portion of the

study area on Oahu is a State-owned forest and water reserve.
3.1.2.4 Recreation

Numerous outdoor recreational activities are an importanf part of
thé lifestyle of many Hawaii residents. The variety of outdoor
recreational opportunities in Hawaii is glso a key ingredient of
the State's visitor industry. Formal outdoor sports follow
seasonal schedules while informal sports occur vyear-round as
permitted by Hawaii's mild climate. The State Comprehensive
Outdoor Recreation Plén'has identified all types of recreatidn
areas throughout the islands (DLNR, 1985). IListed below are
"recreational opportunity areas" named in the  SCORP and
identified within the study areas on Hawaii, Maui and o©Oahu.

Their present status is also listed.
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TABLE 6

RECREATIONAL OPPORTUNITY AREAS

T o e i T . i e Sy . S T T T T S UL S b b e by el Y I S T T S T ——

————— ————————— T — ——— —— — A —— T e S e el o, ey R e eyl S ————— T —— _—— Tt Tty oo g o S W

HAWAII:

Mahukona Beach Park

Mahukona Boat Hoist

Lapakahi State Historic Park
Lapakahi MLCD
Kawaihae-Polclu Bike Route
Skeet Range

Camp Kilohana

Kaumana Elementary
Kaumana Playground

Lokahi Park

Keaau Ball Park

Keaau Community Center
Shipman Gym

Keaau Elementary/Intermediate

MAUI :

Makena-~La Perouse
Auwahi-Kanaio
Kaupo-Makena Bike Route
Ahihi-Kinau NAR

Puu 0lai Beaches

Oneloa Beach

Huakini Beach

QOAHU:

Waimanalo Bay State
Recreation Area

Waimanalo Beach Park

Waimanalo District Park

A Tri K Stables

Pope Elementary

Kamehameha Ridge Jeep Trail

Waimanalo Bikeway :

Waiku Panaha Street Access:

Kaulu-Kanu Street Access

Waimanalo Beach Reserve

Kaiona Beach Park

Waimanalc Foothills Trail

Waimanalo Forest Reserve

Source: (DLNR, 1985)
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A "Potential resource," as listed under the status column, is
defined in the SCORP as an opportﬁnity area that has been
identified or recommended but is not necessarily recognized or
favorably endorsed by the implementing agency. Historic and
archaeological sites are also listed and identified on the maps,
but are not included here. (See Section 3.1.7, Archaeological
and Historic Resources.) In addition to specific recreational
areas, sightseeing may be included as an important recreational

activity and is discussed in Section 3.1.6, Visual Resources.

In the Mahukona, area a vwvariety of populaf recreational
oppertunities already exist, each receiving freguent use on a
daily_ basis. The other areas listed are along the saddle road
and through the towns of Kaumana and Keaau to the Puna District.
The list for Hawaii is not exhausive due to the large area

covered,

On Maui, the only recreational opportunity area listed as
'existing' is the Ahihi-Kinau NAR. Similar to the adjacent
beaches listed as potential resources, the coastline is without
amenities except for the road. Nevertheless, this coastline is a
popular recreational area as is, though wvisited by few numbers of

people on a frequent (i.e., daily or weekly) basis.
On Oahu, the existing recreational areas are popular and used on
a daily basis by a number of people. 0On weekends the beach parks

are especially popular,.
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The bike routes listed as 'planned' in the stﬁdY,areas on each
island may not be cﬁnstructed for ?eérs. given the fact that
extensive road repair and alterations would be reqgquired in .many
of these areas. Government budgeting priorities do not appear to

favor these items in the near future.
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3.1.2.5 Natural Areas

Many types of natural areas are identified and protected
throughout the islands. The overland corridors were selected to
avoid these areas wherever possible. The more significant areas
are termed '"exclusion areas" for the cable system route.
Following is a list of excluéion areas for the three study areas

including the regions of influence surrounding the study areas.

TABLE 7

EXCLUSION AREAS FOR OVERHEAD TRANSMISSION LINES

Hawaii Puu O Umi Natural Area Reserve
Mauna Kea: Ice Age Natural Area Reserve
Waia Kea 1941 Lava Flow Natural Area Reserve
Pu'u Maka'ala Natural Area Reserve
Kahau'alea Natural Area Reserve
Protective Subzone {excluding Geothermal

Resource Subzone)

Puu Kohala Heiau, National Historic Site
‘Upolu Point Coast Guard Station
Hawali Volcanoes National Park
Military Impact Area of Pohakuloa Training Area

Maui Ahihi-Kinau Natural Area Reserve
Protective Subzone
Haleakala National Park

Oahu Protective Subzone

Pertions of Bellows Air Force Station
Portions of Kaneohe Marine Corps Air Station
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Source: (DHM Planners, Inc., 1986 and 1987)

The transmission lines may pass through other natural areas, such
as the State forest and water reserve areas on Oahu and Hawaii,

and the Critical Palila Habitat and the Mauna Kea area along the



saddle on Hawaii. These are environmentally sensitive areas,
however, - in alignment selections areas that could be

significantly adversely affected would be avoided.
3.1.2.6 Residential, Commercial and Industrial Areas

Identification of residential, commercial and industrial features
along the corridor and within the study areas follows.  Nearest
major wurban centers are included along with regional growth

characteristics.

HAWAII - With the exception of Hilo, the entire region
surrounding +the study area on Hawaii is rural in character, and
hés a' low population density. Much of the cross-island corridor
is far from residential communities. However, there are a few
major subdiﬁisions in the Puna and Keaau region, though not vet
fully develqped,. and there is rapid resort development in the-
Kohala «coastal region. There is aiso a small residential area
near the Kaumana substation. There are no major commercial or
industrial activities along the route."ﬁocatéd in the northwest
portion of the study area are two harbors, Kawaihae Harbor is a
commercial deep draft porf, but Mahukona Harbor serves only small

boats ..
MAUI - The study area on Maui is presently very rural in
character. The closest urban cénter_is Wailea to the north, with

a 1980 peopulation of 1,124 (DPED, 1985)., Very few commercial or
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industrial activities are present in the immediate study area.
Growth may occur in the northwestern ﬁortion'Bf the study area,
when the Seibu properties are developed at Makena. Mauil as a
whole has experienced rapid growth in the last 10 vyears.
Nevertheless, the study area has an overall Jlow population
density, as inferred by census data. The entire study area is
within 1980 censﬁs tract number 303.02 which has a land area of
45,442 acres, a 1980 resident population of 1,227 and 474
households. This census tract includes the Kihei - Makena area
that has experienced significant population growth. Ten years
earlier, in 1970, the resident population was only 100 for that

tract (DPED, 1985).

QAHU - The study area on QGahu is rural in character, and low
density single family houses are clustered along the main road.
The closest urban center is Waimanalo Beach, with a population of
4,161 in 1980. It is also within 20 minutes drive of the major
urban center cof Honclulu., Commercial and industrial activities
in the 'study area are not intensive. The entire study area is
within 1980 census tract number 113 which has a land area of
7,100 acres, a 1980 resident population of 9,132 and 2,137
households. In 1984 the resident population was 9,288 (DPED,

1985).



3.1.2.7 Land Ownership and County Zoning

The following is a partial list of landowners along the corridor.

TABLE 8

MAJOR LANDOWNERS ALONG THE PROPOSED CORRIDOR

ISLAND AREA LANDOWNER
~Hawaii Makaohule Point State lands

Mahukona Beach Park Hawaii County
Mauna Kea Forest Reserve Hawaiian Home Lands
Humuula Game Reserve Hawaiian Home Lands.
Pohakuloa Training Area Hawaiian Homes/State
Parker Ranch Richard S. Smart
Kawaihai area Queens Medical Center
East Hawaii area C. Brewer and Co., Ltd
East Hawaii area Amfac Inc.
East Hawaii area W.H. Shipman Ltd.

Maui Huakini Bay State lands
North Ahihi Seibu Properties
Haleakala area Haleakala Ranch Co.
Southern Maui Ulupalakua Ranch Inc.
Southern Maui Hawaiian Home Lands

Oahu Waimanalo Beach Park Hawaiian Home Lands
Waimanalo area State lands
Aniani converter site Public Utility Companies
Waimanalo area Federal government

Source (University of Hawaii, 1983)

The County of Hawaii has Land Use Pattern Allocation Guide Maps
that delineate planned zoning patterns. The Mahukona area on
Hawaii 1is zoned Resort, and is surrounded by an area designated

as Alternate Urban Expansion. The coastline is zoned as Open
Area. Moving inland and across the isiand is land =zoned
Extensive Agriculture, Intensive Agriculture, Conservation and

finally, on the Hilo side is land zoned Orchards.
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The southern area of Maui between Huakini Bay and. Ahihi Bay is
2zoned Conservation and Agriculture accordiﬂb to Maui County

Zoning Maps.

On Oahu, the Waimanalo study area has Residential zoning along
the coast and Preservation inland to the mountains according to

Oahu's Development Flan Maps.
3.1.2.8 Airports and Training Areas

The proposed corridor may lie within the apprecach/departure zone
of Bradshaw Airfield on Hawaii. No other airports would be
affected, Also - on the Big Island, the U.S, Army Pohakuloa
Training Area uses land leased from the State. Portions of this

property might be crossed by the transmission lines,
3.1.2,9 Electrical Power Generation

Electrical power for residential, commercial and industrial uses

on Maui, ©Oahu and Hawail is generated primarily from oil-fired

plants. The State is over ninety per cent dependent on o0il for
energy production, but several alternative energy resources do
contribute to the total supply (DPED, 1981). Statewide,

electricity sales exceeded 6.6 billion kilowatt-hours in 1984, a

total that has increased 29 percent since 1974 (DPED, 19886).

HAWAII -~ "Hawail Electric Light Co., Inc. (HELCO) was organized
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in 1894 as Hilo Electric Co. and franchised in 1895 to generéte
and sell electricity in the Hilo area. By 1921, it was serving a
number of populated sections well beyond the Hilo Distriét. In
February, 1970, HELCO became a wholly-owned subsidiary of
Hawaiian Electric Co., Inc. (Black, 1986), HELCO's peak load
was 108.6 megawatts in 1986, and that year thé company sold 546
‘'million kilowatt-hours of electricity to its more than 41,900
metered customers. HELCO's 21 generating units at four locatioﬁs
(Kamuela, Kanoelehua, Keahole and Waiakea) have a system capacity

of 127 MW according to HECO's system planners.

"The company also purchases biomass-fueled electricity under firm
contracts from Big Island sugar ﬁlantations, and it purchases
wind, hydro and geothermal-—-generated power from other produceré
selling electricity from those resources. Of the total 1985
kilowatt-hours of electricity sold to HELCO customers, 36 percent
was supplied. by the sugar companies, 3 percent was generated
using steam from the experimental geothermal power plant at
Pohoiki, and 1 percent came from small hydroe sources and wind
energy. HELCO's facilities include 556 pole-miles of 69 KV and'

33. KV transmission lines; 1,896 miles of overhead distribution

lines plus 210 miles of underground distribution lines" (Black,
'19886) .
MAUI - "Maui Electric Company, Ltd. was established in 1921 and

now serves the Islands of Maui and Lanai. In November 1968, the

Company - became a wholly-owned subsidiary of Hawailian Electric
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Companvy, Inc. {Black, 1986). Maui Electric's peak load in 1986 -
was 110.1 megawatts. It has more than 34,600 metered customers
and sold 578 million kilowatt—hours-of electricity in 1986 on
Maui. With a system capacity of 122 MW, four oil-fueled stean
generating units at Kahului and eleven diesel units at Maalaea
provide power for Maui. "Maui Electric alsoc has agreements with
Pioneer Mill in Lahaina for 8 MW of standby power, and HC&S for
12 MW of firm power. Maul Electric purchases power from Dole
Company for distribution to its 876 customers on Lanaij. Other
-facilities include 203 miles of 22.9 KV and 69 KV transmission

lines and 991 miles of distribution lines" (Black, 1986).

QAHU - Electric power for Oahu is geﬁerated by the Hawaiian
Electric Company. In 1886, electricity was first used in
Honelulu to light Iolani Palace. In 1986, one hundred vyears
later, sales amounted to more than 5.63 billion kilowatt-hours
(DPED, . 1986). Hawaiian Electric Company operates sixteen
generating units on Oahu, has a system capacity of 1,277 MW and
services over 230,000 customers. On Oahu, HECO alsc purchases
electricity from Hawaii Indepehdent Refinery, Hawaiian Electric
- Renewable Systems' wind farm, smaller independent windpower
suppliers and two sugar companies, Oahu has 169 miles of 138 kV
transmission 1lines and 663 miles of 46 kV transmission lines;
1153 pole-miles of 2.3-12 kV distribution lines; and 18 miles of

underground transmission lines (HECO, 1987).
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3.1.3 Hydrology
3.1.3.1 Surface Water

According " to the Atlas of Hawaii (University of Hawaii, 1983),

the landforms of surface water drainage basins -feflect the
geologic age and rainfall in different parts of the Hawaiian
Islands, and watersheds are typically small. There are no lakes
near or within the corridor.  Flooding may occur in coastal
regions of the study areas due to high waves or tsunanmi
inundation. Only those small portions of the cable system
befween the shoreline and the substation where the cables would
§onnect to .overhead_ lines would be eprsed to coastal flood
hazards. ‘However, 1t is anticipated that the cables would be
buried or otherwiée protected through this area, so risks of

flood~-related damage to the system would be minimal.

On Hawaii, the Mahukona coastal area is_not shown on the Flood
Insurance Rate Maps (FEMA, 1981) because there is minimal :isk of
tsunami inundation. The inland study areas across the Big Island

are termed areas of minimal flooding.

For Maui,  Flood Insurance Rate Maps fFEMA, 1981) describe the
coastline at Huakini Bay as in the 100-year coastal flood =zone.
According to the corresponding Flood Boundary and Floodway Map,
Huakini Bay is considered a coastal high hazard area. As a

coastal high hazard area, flcoding of Pahihi Gulch at Huakini may
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occur during periods of heavy rainfall and high waves. At Ahihi
Bay on Maui's southwest coast thé ratihgs are~similar: 100 year
coastal flood with wave action and coastal high hazard area. The
remainder of the Maﬁi study area, which is inland, is described

on the maps as an area of minimal flooding.

For ©Oahu, most of the coastline is within the 100-year flood
zone. The inland areas, where the preferred route would traverse
inland toward the base of the Koolau mountains, are not subject

to flooding.
3.1.3.2 Groundwater

Several types of groundwater occur within the study areas., Maui,
Oahu and Hawaii study areas have basal water of excellent gquality
floating on salt water. Additionally, in the Hawaii Island
corridor, there is brackish basal water along the Kohala coast
(University of Hawaii, 1983). Waimanalo (0Oahu), alsq has
dike~impounded water and perched (alluvial) water (DLNR, 1981}.
Although short periocds of drought may occur, there is usually a
sustainable vyield of groundwater for use (University of Hawaili,

1983).
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3.1.4 Ecology
3.1.4.1 Vegetation

Hawaii, as the geologi;ally youngest and geographicélly largest
of the Hawaiian Islands, has the greatest diversity of habitats.
This results in a high degree of endemic bhirds, fish,
inverfebrates, and pilants. . In the Puna District, introduced
plants dominate below about 4900 foot elevation. Native forests
have been reduced by various types of habitat destruction,
including competition with introduced species, overgrazing by
exotic game species, agricultural development, 'lumbering and.'
volcanic activity. Remnants of native forests subsist in_ some
isolated, elevated areas (kipukas) which have escaped lava

inundation (FWS, 1979).

West Puna is primarily undeveioped forest land. Agriculture is
limited, but crops include macadamia nuts, papayas and flowers.
Southwestern Puna is part of Hawail Volcanoes National Park. To
the east are grassy plains with orchids and ferns. Ohia

(Metrosideros nolymo;pha} trees .are common, and  palm, mango,

coffee, guava and monkeypod are occasionally found. Sugar, once

a major crop, is being phased out.
The flora near Keaau is dominated by exotic species, reflecting
past disturbances including major fires in 1926 and 1931,

reforestation, landscaping, agriculture and urbanization. The



vegetation near Keaau consists of canefields, closed mixed
forests, open mixed forests and rudefai'areas“(?hillips, Brandt,
Reddick & Assoc., 1984). A recent survey (Char, 1984) identified
139 plant species including 100 (72%) exotic species, 19 {13.5%)
endemic species, 15 (il1%) indigenous species and 5 (3.5%) species

of Polynesian introduction.

Along the saddle, the vegetation includes grasses and shrubs,

pasture, scattered mamane-naio, ohia-koa forest (open and

closed), barren lava and introduced grassland (EDAW, Inc., 1983).

Coastal vegetation in the Kohala area 1is dominated by kKiawe

(Prosopis pallida) with many grasses and a secondary scrub

vegetation of koa-haole (Leucaena leucephala) in dryer uplands.

Cleared, cultivated areas generally have the indigenous paln

(Coco  nucifera) and hala (Pandanus odoratissimus) as well as the

tree heliotrope (Messerschmidia argenta), the beach naupaka

(Scaevola taccada), the morning glory (Ipomcea spp.)., and

remnants of the coastal strand vegetation. Also common are the

exotic Iironwood (Casuarina equisetifolia),  plumeria (Plumeria

rubra) and bougainvillea (Bougainvillea spectablis).

Southern Maui has a variety of native plants growing along its
coastal shore, but low elevations generally consist of dry land
that has been used for grazing and has been disturbed from its
natural state. In the higher elevations are a few special areas

that',have more vegetation, such as the Auwahi Forest at the 4000



feet elevation. .In the deeper and larger gulches, such as the
Manuwainui - Gulch and the Pahihi Gulch, are the only pockets of
vegetation found along the-study‘corridor. No rare or endangered
plant species have been recorded in the Maui study area (DLNR,

1987).

The vegetation of the Waimanalo study area was sur#eyed in 1976

for the Flood Management Plans and Preliminary Engineering

Studies for the Waimanalo Flood Control Project {Fukunaga and

Associates, Inc., 1976). .Three general categories or subzones
were described. First is the conservation subzone in the upper
watershed and forest reserve regions, where panicum, Hilo grass,

guava, staghorn fern, ghia-lehua, koa and honohono grass can be

found. Second is the area of cultivated plains, where truck and
diversified agricultual crops are grown. Third is the shoreline

subzone, with kiawe, coconut, ironwood, koa haole, lantana,

ilima, pili grass, Bermuda grass, and bristly foxtail.

3.1.4.2 Wildlife

Wildlife along the Hawaii corridor includes cattle, sheep,
introduced birds, game birds, migratory birds, native birds and
native forest birds. More specifically, Berger (1984), in a
recent survey in the Puna area, concluded that the predominantly
introduced vegetation of this low elevation area does not provide
suitable - habitat fpr any endemic Hawaiian forest birds. The

author réports that the Hawaiian hawk (endangered, endemic), the
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Hawaiian owl (endemic) and the Hawaiian hoary bat (endangered)

are known to occur in the Hilo area.

Southern Maui wildlife is exotic and includes feral pigs, and
possibly goats, at higher elevations. Cattle ranching
predominates. . No native bird habitats exist in the study area.

However, game birds, such as pheasants may be seen.

In the 0Oahu study area, numerous bird species were observed

during the inventory for the Waimanalc Watershed Plan and EIS,

(DLNR, 1981) including common mynahs, bérred doves, spotted
doves, Japanese white-eyes, red-crested cardinals, spotted
munias, red-vented bulbuls, house sparrows, and cattle egrets.
In the upper watershed region and open agricultural lands, feral

dogs, cats, mongoose and rats may typically be found.
3.1.4.3 Unique and Native Ecosystems

STREAMS - Streams are generally considered special habitats for
native agquatic animals, though the percentage of pristine stream
ecosystems has greatly diminished as the human population has
increased and major streams have been altered and channelized.
The Fish and Wildlife Service, Biological Services Program,

published a comprehensive report entitled Stream Channel

Modification in Hawaii, (1978). Of particular use is Part A of

the report: Statewide Inventory of Streams: Habitat Factors and
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Associated Biota. Locations of perennial streams, both

continuous and interrupted, were identified and surveyed. .

On Hawaii, the Kawaihae area along the proposed corridor has the -
Waiulaula Stream, a possible interrupted stream with four
tributaries. Also on Hawaii are the Wailoa and Wailuku Rivers in
Hilo. Their tributaries may be within the general study - area,
No 1listed streams were within the Maui study area, although the
numerous gullies that dissect southern Maui may have oc¢casional
flows after heavy rains. On Oahu, Waimanalo Stream is listed as
a perennial stream, however, it is not within the immediate area
of the proposed corridor. . In summary, the only streaﬁ that the
proposed corridor may actually cross is the Waiulaula Stream,
The stream was described by the FWS as well-exploited,  modified

or degraded - moderate to low natural water gquality (FWS, 1978}. .

WETLANDS - The Ahiﬁi-Kinau Natural Area Reserve is located within
the study area on Maui, but for corrior idéntification purposes
is classified  an "exclusion area”. This protected area has a
s?stem of brackish anchialine ponds, a rare and unique type of
aguatic ecosystem because of their physical features and biota.
The cable system would not come close to or intérfere with this
protected environment. There are no wetlands within the Oahu or

Hawail study areas.

FORESTS — A unigue habitat found on the Big Island is the kipuka,

which is an older forest area surrounded by more recent lava
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flows. These pockets of relatively pristine ecosystems are of
considerable interest to evolutionary'biologists because of their
older successional stage and relative isolation from other
natural habitats (EDAW, Inc., 1983). They occur within the

proposed corridor in the saddle between Mauna Kea and Mauna Loa.
3.1.4.4 Threatened and Endangered Species

A preliminarv inventory of threatened and endangered plant and
animal species aiong the corrior was made for this assessment.
Table 9 summarizes the listed, proposed, and candidate endangered
and threatened flora and fauna species that may be present in the
vicinity of the terrestrial portions of the corridor (FWS, 1987).
A "listed séecies" is one which has been determined to be
endangered or threatened under Section 4 of the Endangered
Species Act. A "proposed species" is one which has been proposed
in The Federal Register to be listed as above. A '“"candidate
species" receives no prbtections under the ESA, but ié under
study by the Fish and Wildlife Service because it appears to
warrant consideration for addition to the protected list. The
Service encourages consideration of ‘candidate species in

environmental planning under NEPA.

As shown in the table, there are no listed or proposed threatened
or endangered plants along the corridor. There are, however,
seven candidate species of plants that have a historical range

within portions of the corridor or are frequently found in areas

-101-



with similar habitat conditions. The majority of these candidate
plant species are found along the corridor on Oahu and Maui.
Among this list of plants are two vines, two herbs, one shrub.

with long branches,'one shrub or small tree, and one small fern.

Eleven listed threatened and endangered animal species are known
to inhabit, fly over or pass through portions of the corridor, or
have a historical range along portions of the corridor. The
corridor on the Big Island has the majority of these species.
Among - this list of anihals are one mammal (the bat}), ten birds,
and two sea turtles. There are no proposed or candidate

threatened and endangered animal species along the corridor.
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TABLE 9

-—

LISTED, PROPOSED, AND CANDIDATE ENDANGERED AND THREATENED
SPECIES WHICH MAY BE PRESENT IN THE VICINITY OF THE
TERRESTRIAL SEGMENTS OF THE PREFERRED ROUTE
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PLANTS

-There are no listed or proposed species of plants along the
corridor.

—Candidate species of plants which may be along the corridor and
the islands on which they occur: '

Canavalia haleakalaensis MAUI
Capparis sandwichiana var. sandwichiana OAHU
Marsilea villosa OAHU
Portulaca sclerocarpa MAUI, HAWAII
Vigna owahuensis OAHU

Bidens graciloides OAHU, MAUI
Santalum ellipticum var. littorale OAHU

ANTMALS

-There are no proposed or candidate species of animals along the
corridor.

-Listed species of animals which may be along the corridor and
the. islands on which they occur:

Hawaiian hoary bat (Lasiurus cinereus semotus) HAWATI
Hawaii akepa (LoXops coccineus coccineuns) . HAWAII
Akiapolaau (Hemignathus monroi {=wilsoni})) HAWAII
Hawaii creeper (QOreomystis (=LoXops) mana) HAWAIT
'0'y (Psittirostra psittacea) HAWAII
Hawaiian hawk (Buteo solitarius) HAWAII
Hawalian goose {(Nescochen (=Branta) sandvicensis) HAWAII
Palila (Loxioides (=Psittirostra) bailleui) HAWATII
Hawaiian stilt (Himantopus himantopus knudseni) HAWAII, MAUI
Hawaiian duck (Anas wyvilliana) HAWAII
Hawaiian coot (Fulica americana alai) HAWAII, MAUI
Green sea turtle (Chelonia mydas) All Islands*
Hawksbill sea turtle (Eretmoschelvs imbricata) All Islands*

*

When ashore, sea turtles are under the jurisdiction of the
Fish and Wildlife Service. The locations of all nesting
beaches are not known and may vary from year to vyear.
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3.1.5 Socioeconomic
3.1.5.1 Institutional Setting

Hawaii 1is governed at two levels: State and County. The county
governments are the only municipal level of government. Although
the counties may have geographical or otherwise distinctive

towns, there are no formal "townships" as in other states.
3.1.5.2 Population

Most of the land within the study areas is of low-density rural
character or unpopulated. Fﬁr the islands in general, larger
concentrations. of - population are: . Hilo, Hawaii;
Wailuku-Kahului, Maﬁi; and Honolulu, Oahu. The total resident
population for the State, including armed forces personﬁel
stationed in Hawaii, was 964,691 iﬁ April of 1980, Provisional
estimates .for 1984 indicate a resident pepulation of 1,039,000.
The wvisitor popﬁlation total for 1984 was approximately 4,856,000
visitors staving overnight or longer (DPED, 1985). (See Section

3.1.2.6 for additional population information.)
3.1.5.3 Economics

Almost all sectors of the economy, including tourism, government[
manufacturing, agriculture, exports and imports, construction,
retail and wholesale sales, and others, are ultimately dependent

upon the use of electricity. As the economy grows, it can be
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assumed that the demand for electrical power will increase. For
example, between the vyears 1974 and 1984 T electricity sales
increased 29 percent (DPED, 1985) despite a great increase in

consumer electric rates.

3.1.5.4 Emplovment

The total number of jobs in the State increased in 1985 by 2.0%,
or 9,000 jobs (DPED, 1986). In the decade between 1974 and 1984,
Hawaii's 'civilian jobcount increased from 375,000 to 454,000

{DPED, 1985), about a 21% increase.

3.1.5.5 Transportatiocon

Several major roads and highways would be important to the cable
system. The overhead transmission lines might parallel or cross
the following: Saddle Reoad, Kawaihae-Waimea Road,
Kawaihae-Mahukona Rcocad (Akoni Pule Highway), and Hawaii Belt Road
on Hawaiil, Piilani Highway on Maui, and Kalanianaole Highway on
Oahu. Numerous dirt roads and jeep trails might be utilized for

construction and maintenance of the system.

3.1.6 Visual Resources

3.1.6.1 Landséape of the Study Area

The study areas on all three islands are predominately rural and

undeveloped. Although few specific viewsheds are protected by
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land use laws, preservation of visual gquality is a Statewide
goal. No_formal ordinances concerning Qisuallfesources exist for
the study  areas. However, as mentioned in the discussion of
recreational opportunities, sightseeing is a very popular form of
outdoor activity. The most notable landforms that would comprise
informal scenic .vistas would be Mauna Loa and Mauna Kea on
Hawaii, Haleakala on Maui, and the Koolaus on Oahu. Coastal

landscapes are also an important visual resource.
3.1.6.2 Corridor Landscape Description

Landscape types within the study area were determined based on
visual surveys of the aras from existing roadways. The landscape
types were classified as a éombination of two landform conditions
(flatland-ridge and hillside) with two vegetative patterns
(grassland and tree cover) yielding four landscape types within

which the proposed project may be located.

1. Flatland—Ridge/Gréssland
2. Flatiand-Ridge/Tree Cover
3. Hillside/Grassland

4. Hillside/Tree Cover

The landform categories reflect two types of tower background
conditions: silhouette or immediate landform backdrop. Towers
in flatland, gradual sloping land and on ridges would be in

silhouette along the skyline boundary or backdropped by a distant
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landform. The absence of wvisual texture in thé sky and distant
landforms minimizes wvisual absorptioh and™ increases vwvisual
contrast. The hillside landform category includes moderate to
steep slopes of a landform which could provide an immediate

backdrop to a transmission line.

Grassland zones include areas of smooth homogenecus grasses, lava
flow lands with varving degrees of grassland and low shrub cover,
and agriculture and pasture lands. Tree cover zones are areas

with more than approximately 25% tree cover.

Much of the  Hawaii study area is included in the
flatland-ridge/grassland category due to the long gradual slopes
of Mauna Loa and the.saddle. This landscape type also occurs on
puus (cinder cones) and ridges, and when the middle ground is out
of view, as is found in the Kohala area. The hillside/tree cover
landscape type is alsco found along portions of the Hawaii

corridor near Keamuku.

The hillside/grassland is the dominant landscape type in the Maui
corridor due to the steep slope of Haleakala where the
predominate landcover is a mixture of lava, scrub vegetation and

grasses.

On ©Oahu, the rural lands of Waimanalo are classified in the
flatland-ridge/tree cover landscape type because the existing

buildings, as well as tree cover, provide vériety in the
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landscape. The hillside/tree cover landscape type is primarily

found on Oahu in the corridor along the base of the Koolaus.
3.1.7 CGCultural Resources

Preservation of historical, archaeological, and cultural
resources in. Hawaiil is a very important actiﬁity. Educational
opportunities involving the heritage of early life in Hawaii are
also a valuable type of‘resource. The Historic Sites Section of
the DLNR, State Parks Division, lists historic and archaeoleogical
sites on both the State and National Registers (Hawaii/National
Registers of Historic Places)} Below are listed sites within the
study areas and surrounding vicinities on Maui and 0Oahu that are

eligible, recommended or already on the National Register.
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TABLE 10

HISTORIC AND ARCHAEOLOGICAL SITES
WITHIN THE MAUI AND OAHU STUDY AREAS

Maui
USGS Quad Map #14:
: : Wahene Platform
Cave of Seven Coffins
USGS Quad Map #15:
Alena Habitation Site
Lualailua Heiau
Kaluakakalica Cave
Lualailua Cave
Papakea Petroglyphs
Hanamauulao Conmplex (Recomm. for Nat'l Reg.)
Kipapa Archaeological District
Lualailua Terrace Complex
Kahikinui House
QOahu :
USG5 Quad Map #15:
Makaniolu Shelter (Recomm. for Nat'l Reg.)
Kukuipilau Heiau (On Nat'l Req.)
Pohukunui Heiau (Recomm.for Nat'l Reg.)
Ko'a (Rabbit Island)
Bellows Field Arch. Area (On Nat'l Reg.)
Heiau
Pahonu Turtle Pond
USCG Makapuu Light (On Nat'l Reg.)
Waimanalo Ditch Syst, {Eligibkle for Nat'l Reqg.)
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The Big Island 1is rich in archaeological resources. Many
historic sites have been mapped, studied and listed on the State
and/or Federal Registers. The Ahupuaa of Lapakahi is an
especially significant site within the study area that offers a
valuable educational lesson in Hawaii's cultural heritage. The
known archaeological and historic sites on the Big Island are too
numerous +to list here, and there are believed to be many
undiscovered sites islandwide. ' The assistance of a gualified
archaeologist would be required during alignment selection to

mitigate potential impacts on such sites.
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3.2 Submarine Route Segments .
3.2.1 Bathymetry

The gubmarine route ﬁas been divided into four depth ranges (see
Table 11 below). The majority of the submarine‘ roﬁte is in
relatively shallow water. Approximately 80;5% of the route, or
178 miles, is less than 547 meters (1800 feet) deep. About 27
miles of the route are between 547 and 1094 meters (1800-3600
feet) deep. Thendeepestlportions of the route include 8 mileé in
the 1094-1641 meters (3600-5400 feet) range and 8 miles in the
1641-2188 meters (5400-7200 feet) rahge; Digitized bathymetry
data available from the National Ocean Survey (NCAA) were
computer " contoured and an.atlas of the entire route was produced
(Campbell, 1985).
TABLE 11

APPROXIMATE DISTANCE WITHIN DEPTH RANGES
FOR SUBMARINE ROUTE (KM)

DEPTH RANGES

Feet 0-1800 1800-3600 3600-5400 5400-7200
Meters 0-547  547-1094 1094-1641 1641-2138
Fathoms 0-300 300-600 600-900 900-1200
From To
Mahukona Kohala Slope 27 5 - -
Kohala Slope Maui Slope - 10 i 8
Maui Slope Huakini Bay 7 2 7 -
Ahihi Bay Waimanalo 144 10 - -
TOTALS 178 27 8 8
PERCENT 80,5% 12.2% 3.62% 3.62%



The technical feasibility of the proposed submarine cable system
depends upon fhé existence of a route, no part'of which could
create unacceptable spans or_bends of the cable. In order to
verif§ the existence of such a route, several studies have been
completed and additiﬁnal work is ongoing. Because of the dgreat
depths, steep slopes and roughness there, the Alenuihaha Channel
betwaen_ Hawaii and Maui has received the greatest amount of
sﬁrvey effort. A preliminary survey in the channel was done by
the'gniversity of Hawaiil Institute of Geophysics (Campbell, 1983)
and”ivery precise mapping was completed in two later surveys
(Magai Ocean Engineering, et al., 1986; Makai Ocean Engineering
and. Scripps Institution of Oceanography., 1987). Precise mépping
of the remainﬁer of the route (Maui to Oahu) will be completed in

1987.
3.2.2 Marine Geology
3.2.2.1 Corridor Description

Using preliminary bathymetric maps, a cable route has been
identified that pfoceeds along the shallow, sand—-covered terrace
off Kohala, Hawaii, crosses the Alénuihaha Channel and the
shallow terrace south of Maui to come ashore at Huakini Bavy.
After crossing Maui's southwest coast overland, the .submarine

route follows the shallow terrace west of Maui, east of Lanai and

south of Molokai, crosses the eastern end of Penguin Bank,

proceeds across the deeper portions of the Kaiwi Channel and
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finally comes up onto the shallow terrace surroundind Oahu

{Figure 16).

3.2.2.2 Hazardous Areas

Areas classified as haiardous to a submarine powér cable have
been determined cdnsidering both the selected cable design and
the nature of the bottom. The céble is suscéptible to damage
during both installation and operation. During installation,
depth is the primary hazard because of its direct relationship to
cable tension during deployment.' Subéequenﬁly, other bathymetric
and toPdgraphic featﬁres assume more importance. These include
steepness of 510pes and bottom roughness. Steep slopes are
hazardous to. the selected cable for two reasons: first, the
circulation of 0il within the cable conductor may be impeded by
too steep a slope; second, deployment of a cable along a steep
slope exposes it to broadside deris flows from above. .Debris
flows or underwater landslides are one of the major causes. of
cable failure. The roﬁte selected avoids slopes so steep that
0il circulation would be impaired. ﬁhefe it is impossiblé to
avoid steep slopes, the route has been selected to run
perpendicular to the bottom contours so as to provide minimum
cable exposure to flows from above. This is a primary rationale

for going overland on the southern portion of Maui,
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FIGURE 16
SUBMARINE PORTIONS OF PREFERRED DEEP WATER CABLE ROUTE

Source: Campbell, 1985
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Excessive bottom roughness also presents a hazard to the 'cable.
Either of two potential failure ﬁodes may be induced by
roﬁghness: excessive unsupported spans or too abrupt a bending
radius. An excéséive unsupported span would accelérate_ fatigué 
of the':cable(s lead sheath due to vortex-induced oscillations
over time in the free span subjected to cross currents. sharp
bends (radius less than 1.5 m) may potentially displace internal

layers of the cable,'degfading}its electrical characteristics.
3.2.3 Physical Oceanography
3.2.3.1 Waves And Swells

Oceancographic cornditions in Hawaiian waters were summarized 'by
Edward K. Noda and Associates (1986) for the HDWG Program.

Their synopsis of the wave climate is as follows:

"The wave climate in Hawaiian waters is characterized hy two
primary seasons: summer and winter. The summer wave climate is
dominated by the strong northeasterly tradewind-generated waves
as well as southern swell generated by distant winter storms in
the southern hemisphere. In the Alenuihaha Channel, the
high-energy tradewind waves predominate over the low energy_
southern swell,. .However, these two wave types c¢an occur
simultaneously. The winter wave climate is characterized by a
weakening of the tradewinds and the occurrence of infregquent

southwesterly "Kona" storm waves as well as freguent
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northwesterly swell generated by winter storms in the North
Pacific or by mid-latitude low pressure systems. The Alenuihaha
Channel is somewhat sheltered from the northwesterly swell by the

island of Maui, but is directly exposed to southwesterly waves."
3.2.3.2 Currents And Tides

Coastal currents in Hawaiian waters are typically comprised of the

following components:

o Tidal currents;
o Wind-driven currents;
o Eddy currents; and

¢ Background oceanic currents.

The relative magnitudes of these components vary with location,

distance from shore and depth.

Tidal currents act on the entire water column, but at depths
shallower than 300-400 meters are modified by wind stréss and
eddy currents. Below fhis range, tidal current magnitudes and
phases are guite predictable, although site-specific records are
necessary for this because of the effects of bathymetry and
island masses on the tide wave. Figure 17 is a co-tidal chart
showing the movement of the tide wave from NNE to SSW through the

Hawaiian Islands.
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"In the open ocean, peak tida; currents are towards the SSW under
the wave crest (high tide) and towards.fhe NNE under the wave
trough (low tide). Around the islands, however, the tide wave
interacts with the island masses, creating divergihg currents oﬁ'
upstream sides and- convefging currents on downstream sides,
eddies around points and headlénds, and flow intensification
through channels. Tidal currents are also influenced by
bathymetry, and tend +to follow the depth contours with

intensification along steep slopes.

Tidal currents along the proposed cable path are expected to be
nearly in phase. However, the amplitudes would vary due to the
steep slopes and deep water depths" (Edward K. Noda and

Associates, 1986).

Tides in Hawaii are predominantly semi-diurnal with diurnal
inequality. Tidal current speedé oscillate with peak speeds
occuring at periods of 6 and 12 hours.corresponding to the high
and low .cycles of the semi-diurnal and diurnal components.
Typical speeds are less than a half knot. Peak speeds very
rarely may reach one knot., Peak direction is towards the WSW at

Honolulu high tide and towards the ENE during Honolulu low tide.

Currents directly induced by wind stress on the ocean surface are
confined to the upper 200 meters of the water column for winds
less than 30 knots. Maximum speeds are about 2% of surface wind

speeds. The direction of the induced surface current is 45° off

, -115-



the wind direction. Frictional resistance.at successive 'depthé
reducgs- speeds exponentially and deflects current directions
clockwise (in the northern hemisphere) so that at some depth the
direction of this curreht is opposite the surface cﬁrrent.' In 36'
knot winds, this depth is about 200 meters. At this depth,

current speeds are only about 4% of surface current speeds,.’

Eddy currents ére a dominant feature in waters west of the
Hawaiian Islands, and it may be that strong winds flowing through
the channels spawn these "downstream" eddies. Eddies are not so
dominant a feature within the channels but do exert an influence
on the surface (upper 300-400 meters) current patterns there,
The signifigance of the eddy current component to nearshore
| currents depends onh edd? size and location. Along the cable
route, eddy current speeds are not expected to exceed abqut 1.5

knots.

Background occeanic currents are weak and superimposed' on the
other components. Edward K. Noda and Associates (1986) assume
speeds of about 10 c¢m/sec (0.2 knots) and directions of
east—-northeasterly or westerly in the Alenuihaha Channel. They

apparently oscillate with a period of about 20-25 days,
3.2.4 Ocean Uses

A cable would directly affect the ocean floor beneath it by its

physical presence and temperature elevation and to some extent
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the water column along the route (through electromagnetic fields)

and four Jlandfall areas of very narrow widths.
3.2.4.1 Vessel Traffic

The cable system would be located outside of maﬁor U.s. and
foreign shipping lanes except where they pass through the Molokai
Channel to converge at Honolulu. Tug and barge services used for
transportation of interisland commodities utilize the channels on
a regular basis. Other medium to large vessels also move between
islands for various reasons. Two luxury liners cruise among the

islands, as 4o numerous smaller private vessels,
3.2.4.2 Military Uses

The U.,S. Navy is a significant user of the seabed, surface and
subsurface waters around the Hawaijan Islands, and has
established +two area classifications for use: Warning Areas and
Fleet Operating Areas. Warning Areas include ocean areas and
"special wuse air spaces" above, which are used by military

aircraft for training exercises involving gunnery, torpedoes and

missile firings.
Fleet Operating Areas are designated open ocean areas that are

assigned to surface ships and submarines for specific types of

military operations and training exercises, Areas used for
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submerged submarine operations and training are outlined in

purple on all National Ocean Service navigational charts.

The only restricted area near the proposed Cable_sﬁstem route is
that which includeé the ocean area surrounding the island of
Kahoolawe three nautical miles to seaward. The cébJe—route dogs
not enter that area. Naval vessels do sometimes anchor off

Lahaina, but not along the remainder of the route.
3.2.4.3 Other Cables

The military maintains. communications and other cables in
offshore Hawailan waters. Once a final route is selected for a
commercial cable system, the Navy will provide information
regarding their locations and potential conflicts. In addition
to the military's cables, the telephone company has trans-pacific
communications cables  terminating on Oahu. Hawaiian Telephone
Company once used copper cables +to facilitate interisland
communications, but now uses microwave technology. Their cables
may still lie between islands. These cables are very different
from the proposed electrical cable, being much lighter and
smaller in diameter and much less complex in internal structure.
An example of one such cable is the one lying along the ocean
floor in the center of Hanauma Bay, a protected marine

environment.
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' 3.2.4.4. Commercial Fishing

Hawaiil's fisheries commercially exploit about 60 of ‘the 700

species of fish which inhabit local waters. Commercial fish

landings in the State of Hawaii during 1984 were estimated to be
about 15,873 +tons, worth about $29 million to fhe' producers.
These figures represent a marked increase above the 1983
estimated landings (about 13,152 tons) and value ‘to " producers

($18 million) (U.S5. Dept. Comm., 1985).

Eleven species, including tunas, billfishes, coastal pelagic
species, lobsters, and deepwater bottomfish, comprise over éo%'of
the commercial landings. In 1983, there were an estimated 2500
fishermen who were licensed to sell their catch in the State of
Hawaii, Over 130 fishing vessels larger than 5 tons and an
additional 1,000 or more smaller boats are involved in commercial
fisheries on a regular basis, Much of the fishing is done within

20 nmi of the populated islands (Hida and Skillman, 1983).

Many @ Hawaii fishermen are multi-gear and multi-species
harvesters. They employ several types of fishing methods to
target on different species or species groups, sometimes during
one fishing +trip and more often during different seasons.
Seasonal availability of species, weather and current conditions,
and market conditions are all considered in determining what type
of fishing 1s conducted. Many of the larger boats (e.g.,

skipjack tuna pole-and-line, tuna longline, distant-water lobster
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trapping, and bottomfish hook-and-line} fish with one geaf type

throughout the year.

Longline Fishétg

The most valuable fishery in the State of Héwaii is tuna
longlining. Over 40  boats based on the island of 0Oahu and a
small number based on the island of Hawaii fish for bigeye,
.yellowfin and albacore tunas (ahi) and billfishes at grounds as
far as 600 nmi from port. Based on an average of 4 fishermen per
boat, there are about 160 full-time fishermen employed- in the
longline fishery. In recent vears, the longline catch has
reached as high as 18,814 tons worth $10 million to the
producers. Nearshore waters élong the preferred cable route are

not heavily used for this type of fishing.

Skipjack Tuna Fishery

The second largest commercial fishery, in terms of landed weight
and catch wvalue,  is the live-bait, pole—-and-1line fishery for
skipjack tuna (aku). In 1985, this fishery produced an estimated
907 to 1,361 tons (worth $2.5 million to the producers), far
below historical levels of catch. The 10 boats based on Oahu
have an average crew size 6f 10, so there are approximately 100

fishermen in this fishervy.
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Troll Fishery

In recent years, with an  increased number of commercial
charter—fishing boats based on QOahu and the placeﬁent of fish
aggregation devices offshore, there has been a significant
expansion of the commercial troll fishery. Roughlylzoo vessels
and 240 fishermen indicated that they trolled commercially, and
about ' 1,000 additional boats and fishermen indicated that they
combined “treolling with other types of commercial fishing on
license forms issued by the State of Hawaii in fiscal year
1981-1982.  Commercial troll-caught landings have averaged about
680-907 tons (valued at $2 million to the producers) in recent

years. Yellowfin tuna (ahi) contribute the largest share of the

catch,  followed by blue marlin, ono, mahimahi, and skipjack tuna
(Hida and Skillman, 1983). There is significant +trolling

activity in the waters offshore of the Kona District.

Tuna Handline Fisheries

Handlining for large tunas is the most important commercial
fishery off the island of Hawaii. Yellowfin tuna is thé primary
target, although albacore tuna and billfishes are also taken in
this fishery. There are an estimated 250 small boats in the
fishery and, assuming an avérage of 2 fishermen per boat, about
500 fishermen are involved. The most productive fishing grounds
are within 20 nmi off Cape Kumukahi (South of Hilo}, South Point,

and the Kona-Kohala District of the'Island of Hawail. Annual
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landings in this fishery often exceed 907 tons worth about $3

million to the producers (Hida and Skillman, 1983).

Coastal Pelagic Fisheries

The bigeve scad (akule) fishery is fourth most important on Oahu

in terms of catch weight. In recent years, commercial 1landings
have totaled about 227 . tons {worth about $500,000) to
harvesters).  The majority of the catch is harvested using gill

nets and seine nets (Hida and Skillman, 1983).

A substantial bommercial -fishery exists for mackerel _écad
(opelu), particularly offshore of.the Kona-Kohala District. "In
recent years, annual landings have approached 227 tons, worth
more than $500,000 to the harvesters . A valuable food fish as
well as bait fish, opelu is:caught with handline gear and 1ift

nets (Hida and Skillman, 1983).

Other Fisheries

A deep—éea hookfand;line fishery for bottom fish occurs at . the
bank complex surrounding the islands of Molokai, Lanai, Maui, and
XKahoolawe. Fish trapping on a commercial scale is intensive
offshore of Molokai. Netting of Kona crab is heaviest at the
'Penguin_ Bank and other banks near the island of Melokal. At

present, trapping of deep-sea shrimp is limited to waters off the
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southern coast of Oahu, although intensive fishing has occurred

in the past off the Kona-Kohala District.

A network of Eish Aggregating Devices has been estaﬁlished around'
the islands. FADsAare anchored buoys which have proven to be
effective in attracting fish and increasing catches. One
criterion used for selection of the submarine route was avoidance
of FADs including the anchor location and several miles radius
around each FAD to allow for buoy movements with the prevailing
currents. © The submarine route does not come within three miles
of any existing FAD, and cable deployment or repair would not

impact FAD usage.
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3.2.4.5 Recreation

Powerpoating and sailing are common recreational pursuits around
and between the islands. Canoeing is also very popular, though'
much closer to shore; with the exception of the yearly Molokai to
Oahu race. Many -~ other _ocean' sporting groups- hold regular'
conpetitive events. Most of these sports are nearshore
activities, such as wave sporté and waterskiing. SCUEA diving,
snorkeling, swimming, netting and shore fishing are other popular

nearshore activities.

Sportfishing on chartered vessels is a commercial activity that
is significant to the visitor industry. It is a popular activity
for adventuresome tourists and also many Hawaii residents. A
great wvariety of other types of recreational boating trips are
commercially available (e.g., dinner cruises, glassed-bottomed
boat tours), and although they operate in nearshore marine

environments, none operate close to the cable landfalls.

Site-specific recreational 'uses of waters near the  preferred
cable landfalls are summarized from information presented on maps
prepared for the U. S. Army Corps of Engineers in their Hawaii
Coral Reef Inventory Program. The Mahukona area supports shore

fishing, limu (seaweed) collecting, diving, and snorkeling (ORCA
and Cheney, 1981). Huakini Bay on east Maui 1is sparsely
utilized, with. shore fishing the predominant - :ecreational

activity. Ahihi Bay is much more extensively utilized:; the most
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popular activities are shore fishing, throw-netting, diving and
snorkeling (AECOS, 1981a). The area offshore Waimanalec landing
is the heaviest utilized of the landfalls with shore fishing,
diving, ~snorkeling, _spearfishing, gill-netting, fish tfapping;
octopus collecting, canoe paddling, and other recreational

activities (AECO0S, 1981ib).
3.2.4.6 Marine Life Conservation Districts

None of Hawaii's seven Marine Life Conservation Districts are
within the preferred marine corridor. However, Ahihi Bay is a
Protective Subzone of the Conservation District (513-2 marine)
and the Ahihi-Kinau Natural Area Reserve lies adjacent to the
preferred corridor. A portion of this Protective Subzone, South
Ahihi Bay near Paako, was surveyed in 1974 for a proposed
development along the coastline. It was described as having
abundant, diverse fish fauna nearshore and lower diversity and
abundance offshore. The nearshore coral coverage was low but the
diversity of species was high. There was also a variety of
invertebrates and attached algae present, Generally, the area is
a flat, sand-dominated environment, lacking relief. ‘Submarine
areas seaward of the 20-meter contour contain sand deposits of

commercial size {Neighbor Island Consultants, 1975).
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3.2.5 Marine Biology
3.2.5.1 Endangered/Threatened Species

The Endangefed Speéies Act of 1973 (16 U.S.C 1531 et seq.)
prohiﬁits Tattempts" to haraés, ﬁursue, hunt,. etc. listed
spacies. The ESA also prohibits significant environmental
modification or degradation to the habitat used by and acts which
result in the significant disruption tb natural behavior patterns
of threatened and endangered species. A significant Federal
action will trigger a consultation process with the Fish and
Wildlife Service and the National Marine Fisheries Service to
ensure that the action will not jeopardize the continued
existence of a 1listed species or result in destruction of a
"critical habitat." The ESA provides for the preparation of
recovery plans for endangered species. There is presently in
effect a recovery plan for the Hawaiian monk seal (Gilmartin,

1983) and a plan fqr the green sea turtle is in preparation.

Within the general area of the proposed cable system occur the

endangered Hawalian monk seal (Mepnachus schavinslandi), the
endangered humpback whale (Megaptera novaeangliae), the

- threatened green sea turtle (Chelonia mydas), and, occasionally,

the endangered hawksbill (Eretmochelys imbricata), the threatened

loggerhead (Caretta caretta), the endangered leatherback

(Permochelys coriacea) and the threatened Pacific ridley
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(Lepidochelvs 01;vacea) sea turtles. Information about each of

these is presented below.

Hawaiian Monk Seal

The ﬁawaiian monk seal is found throughout ‘the NWHI and
infrequently in the waters around the main Hawaiian Islands.
Annual census figures indicate that the population has declined
throughout most of its range during the past two decades. Only
the French Frigate Shoals population has increased. The greatest
declines have been noted at Pearl and Hérmes Reef and Midway
{Gilmartin, 1983). The most recent estimate of the total monk
seal population is 1,488 (Gerrodette, 1985). Monk seal habitat
includes sandy beaches, hard substrate bench areas and exposed
reefs, Vegetation behind the beaches is also used fdr shelter.

Inner reef waters are important to weaned pups.

Data from attached recorders indicate that 75% of the dives made
by adult seals are to depths of 40 m or less, although dives to
125 m .were recorded. Monk seals are known to consume spiny

lobsters, octopi, eels, and various reef fishes.

Turtles

The information presented in this section is primarily from a
comprehensive synopsis of biological data on the green sea turtle

Ain the Hawaiian Islands by Balazs (1980). The threatened green
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sea turtle is the only sea turtle species which lives and breeds
in the NWHI. More than 90% of all breeding by Hawaiian green sea
turtles occurs at French Frigate Shoals. Nesting also occurs -at

Laysan, Lisianski and Pearl and Hermes Reef.

Reproductive cycles vary between two and three yeérs for females.
and one and two years for males. At French Frigate Shoals, the
number of fema;és nesting annually'Since 1973 varied from 94 +to
243.. The annual production o¢f hatchlings for the Hawaiian

Archipelago has been estimated to be 26,500,

Post-hatchling turtles less.than 35 cm in carapace length are
rarely found at inshore feeding areas frequented by adult
turtles. It_ is assumed that young sea turtles develop in the
pelagic ~environment, Méan growth rates for older turtles in the
NWHI were found to range from Q.07 to 0.14 centimeters per month
in carapace length. Hatchlings are preved upon by ghost crébs,
but tiger sharks are virtually the only known natural predator of

the larger green sea turtles.

Green sea turtles spend most of their lives inshore foraging and
basking. Basking occurs on sand beaches and in some places on
calcareous beach rock slabs. Green sea turtles have been found
to feed on 56 species of benthic algae, one marine angiosperm and
nine types of invertebrates. Adults usually feed in waters less
than 10 m deep, but may rest at depths of 20-50 m. In the main

Hawaiian Islands., important green sea turtle feeding and resting
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areas include the Kau and North Kohala Districts of Hawaii

(Balazs, 1980).

0f the two other common species of sea turtles found in the
Hawaijan Islands, small ﬁumbers of the hawksbill have been
recorded resting on Molokai and Hawaii and the leatherback is
regularly reported from offshore waters. The loggerhead and the
Pacific (olive) ridley sea turtles are rare wvisitors (Balazs,

1980).

Humpback Whale

Much of the information summarized below is taken from the
Humpback Whale National Marine Sanctuary Draft Management Plan

and Envirdnmental Impact Statement (NCAA and DPED, 1983).

The humpback whale is one of the most depieted species of marine
mammals in the world with a total population estimated at
4,000-5,000 whales. There has been no commercial harvest of this
species since 1966, and it has been listed aé endangered in the
u.s. since 1970. The family Balaenopteridae of which the
humpback is a member also inciudes the blue, finback, sei;
Bryde's and Minke whales. Adults may grow to exceed 13 m in
length and weigh up to 40 tons. Reproductive maturity is reached
in 5-6 vyears at a size of 11-12 m. Life spans may reach 70
years. .The reproductive cycle generally spans 2 vyears. The

whales mate on their summer feeding grounds Iin northern
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latitudes. After an ll-month geétation period, a single 4.5—5 m
calf is .born. Weaning takeé place after about six to eight_
months prior to the southward winter migration. Nafural
mortality rates of calves or adults are unknown. fhe literature
suggegts that the humpback_seldom.feeds while in its wintering

grounds in Hawaii.

The Hawaiian population of-humpbacks is the largest of the three
Pacific populations, numbering 600-800. The whales usually first
. appear in Hawaii in November, peak in abundance in mid—February,
and are scarce by mid-May. Humpbacks enter the main Hawaiian
Islands from the north or northwest, with the waters of Maui
County é primary destination. Few pass north of Niihau and
Kauai. Areas of importance tco humpbacks during their residence.
in Hawaiian waters include fhe nerthwest coast of the Big Island,
from Keahole Point to Upolu Point, and the bank extending off Ka

Lae (South Point), Hawail (NOAA and DPED, 1983).

In - 1983, the National Oceanographic and Atmospheric
Administration proposed a Humpback Whale National Marine
Sanctuary to include waters to 100 fathoms around the main
Hawaiian Islands (NOAA and DPED, 1983). The Governor of Hawaii
however, notified the Administrator of NOAA that the sanctuary
would not include State waters, and a sanctuary has not been

designated.
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3.2.5.,2 Marine Mammals

The. Marine Mammal Protection Act of 1972 (16 U.S8.C. 1361 et
sgq.) in its broadest terms prohibits the "taking"'oﬁ all mariné‘
mammals. "Téking" is broadly interpreted to include "harassment"”
or aéts which uninfentionally affect the naturai behavior. of
marine mammals. The MMPA provides additional protection to
"depleted" species, those with populations below a defined
"optimum sustainable population" or which are threatened or

endangered under the Endangered Species Act of 1973,

Shallenberger (1979) thoroughly reviews the status of marine
mammals in Hawaiian waters. Nineteen species are at least
occasionally sighted, but there is little information on species
other than the humpback whale and the spinner dolphin. The
humpback whale is discussed above as an endangered species. The

other species are briefly discussed here.

The fin whale (Balaenoptera physalus) is extremely rare in

Hawaiian waters, and the Brydes whale (Balaenoptera edeni) is

also rather rare. These species more frequently occur 1in the
NWHI than in the main islands. There have been no reliable

sightings of the Minke whale (Balaenoptera acutorostrata) in the

main Hawaiian Islands, but sightings in the NWHI have been

frequent enough to indicate it is a regular visitor.
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The sperm whale (Physeter catodon), frequently seen in the NWHI,

is another species rarely seen in the main Hawaiian Islands. The

goosebeaked whale (Ziphius cavirostris) is very uncommon anywhere

in Hawaiian waters. The densebeaked whale‘ (Mestlodon'

densirostris) has been observed in the NWHI and in the main

islands, but is also uncommon.

Killer whales (Orcinus orca) are extremely rare in Hawaii, but

have been seen in the NWHI and in waters arcund. the main islands.

The false killer whale (Pseudorca crassgidens) is not common in

Hawaii, but 1is on occasion found in large herds in association

with vellowfin tuna. The pygmy killer whale {(Feresa attenuata),

one of the world's rarest and least understood large mammals, has
been observed around the main Hawaiian Islands. The melon-headed

whale or "Hawaiian Blackfish" (Peponocephala electra) is seen in

the main Hawaiian Islands, but little more is known about its

distribution. The pilot -whale . or "Blackfish" (Globicephala

macrorhynchus) is the most common small whale in the Hawaiian

Islands, found in the NWHI as well as around -the main islands,.

The pygmy sperm whale (Kogia breviceps) is known from sightings

and strandings in the main islands.

A number of species of dolphins occur in Hawaiian waters. The

bottlenose dolphin (Tursiops gilli) occupies a variety of

habitats around the islands including estuaries, inshore and

offshore waters. Individuals grow to a size of 4 m and more.



The spotted dolphin (Stenella attenuata) is very common in

Hawaii, and may be the most abundant Hawaiian cetacean. It is
found- in large herds throughout the islands, nearly always at

least 3 km from shore.

The spinner dolphin (Stenella longirostris) is also found

throughout the Hawaiian chain. The Hawaiian population has
behavioral and morphological differences from populations in the
eastern tfopical Pacific. Schools tend to remain in well-defined
homE' ran§Es. These dolphins eat primarily mesopelagic fish and
epipelagic/mesopelagic sgquid. The rough-toothed dolphin (Steno

bredanensis) is common in Hawailan waters but is rarely seen in

waters less than 90C m deep. Other species rare in Hawaii
include Risso's dolphin (Grampus griseus} and the striped dolphin

{Stenella coeruleocalba).

3.2.5.3 Other Potentially Affected Organisms

Precious corals (pink, gold, bamboo, and black corals) are
characterized by great longevity, slow growth and low rates of
mortality and recruitment. Colonies occur on stable, c¢leanly
swept, hard substrates where light penetration and wave action
are reduced. Major beds along potential commercial cable routes
occur offshore at Mahukona, Hawaii, in the Auau Channel between
Lanai and Maui and off Makapuu, Oahu (Grigg, 1974). Ahihi Bay is

one of the few locations in Hawaii where the rare coral, Porites
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duerdeni, is found. The final cable route would avoid these

coral beds.

Disruption of the marine environment would occur primarily in the
nearshore regions of trehching where the cables would come
ashore. The marine environments at the four prospective

landfalls are described in the paragraphs below.

Mahukona, Hawaii

From the shoreline to a depth of about -5 feet exists a
high-surge adapted subtidal community with a total coral cover of
10% (1% alive) on basalt pavement or boulders. Offshore to
" depths of about -15 feet is a community adapted to moderate surge
levels. Coral cover ranges from less than 1% to 30% with up to
15% live coral. Farther offshore rocky outcrops have a limestone

cover of up to 90% with 50-90% living coral coverage.

The heaviest coral growth consists of Porites lobata and Porites

compressa. These species are uniformly distributed in most
areas. Coral cover exceeds B80%. Areas of high coral growth
occur off Makaohule Point and Kaoma Point. The most'conspicuous

echinoderms are Iripneustes gratilla, Echinothrix calamaris, and

Diadema paucispinum. Small numbers of Acanthaster planci occur

in regions of heavy coral growth. Subtidal algae are mainly the

crustose red Porolithon onkodes and species of Galaxaura.

Heavily grazed Ulva fasciata, Enteromorpha sp., Sargassum sp.,

Turbinaria, and Padina exist at the shallow, subtidal level.
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Generally, the area supports a very diverse and abundant fish
fauna. The near absence of spear fishing, aguarium fish
collepting, and shell collecting along the entire North Xocohala
coastline is evidenced by an abundance of game fish and man?'

forms of reef life.

The shallow reef supperts at least 25 fish species of which

Zebrasoma flavescens, Ctenochetus strigosus, Chromis wvanderbilti

and C._ verator are abundant and Chromis hanhui, Naso  Jlituratus,

Adiorvx xanthervthrus, and Scarus sordidus are common.

The fish assemblage in -40' to -60' just before the descent to
deeper reefs, is only moderately diverse. Surgeon fishes are the

most abundant species (Acanthurus mata, A. glaucoparieus, and

Ctenochaetus strigosus). The = common species are Zebrasoma

_flavescens, Chromils hanui, Nasc lituratus, Chaetodon

malticinctus, Scarus sordidus, and Decapterus pinnulatus. Deeper

reefs notably support large morays, ulua, reef white-tipped

sharks and Thompson's butterfly fish, Hemitaurichthys zoster.

The  intertidal communities are those characteristic 6f high and
low wave exposure rocky cliff habitats. Because much of the area
is subject to at least medium wave stress, the Iintertidal
communities Jlargely reflect theose of the high wave <cliff

community. The seaweeds are dominated by the browns Sargassum

echinocarpum, Turbinaria ornata, Chnoospora sp., Giffordia sp.:

and the reds, Pterocladia capillscea, P. caerulescens, Ahnfeltia
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concinna, and -Amansia_ glomerata. Intertidal greens are Ulva

fasciata, ' Chaetomorpha minima and Enteromorpha sp. Porphyra sp.

occurs in abundance high in the intertidal during winter months.

Tide pools also contain Valonia aegagrophila, Janig'spp., Liagora’

spp. ., Hypnea spp., Padina spp.. Codium sp., Chlorodesmis

hildebrandtii, Caulerpa racemosa, Boodlea sp.. and Laurencia spp.

Huakini Bavy,  Maui

Aﬁ extensive cobble beach at the head of Huakini Bay was probably'
formed by a past large storm event. A small.doastal plain has
been built by alluvial fans at the mouths of several gulches
entering the bay. At least  five streanm channels flow
intermittantly to the ocean after heavy rains. The. bottom of
Huakini Bay is covered with dafk‘sand deposits, and nearshore
waters are turbid due to resuspension of sediments. No surveys

of flora and fauna are reported from the available literature.

Ahihi Bay, Mauil

The northwesterinn end of the bay is.bounded by cliffs. Along the
central portion of the bay are boulders, rubble, lava rock
veneered by limestone and small pockets of sand. The southern
portion of +the bay has a bottom of sand-veneered reef rbck.

Dense growths of the coral, Porites compressa, are found at

depths of 30-60 feet in southern Ahihi Bay. The fish community

is diverse, consisting of at least 64 species. Thalassoma
duperreyi, Chromis leucrus, Ctencchaetus strigosus, Zebrasoma

flavescens, and Chromis verator are most common. In the central
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bay, coral cover is low (about 10%), but species diversity is

exceptional. Porites lobata and Pocillopora meandrina are most
common. Other invertebrates are very diverse. The sea urchins,

Echinometra mathaei and E. mathael oblingata are common. Algal

cover is very low in shallower waters, but increases to about 25%
at -30 feet. Ahihi Bay is one of a few 1locations in Hawaii

(besides Kaneohe Bay) where the rare coral, Porites duerdeni, is

found.

Kaiona Beach, 0Oahu

The fringing reef off Kaupo and Kaiona beaches near Waimanalo
reaches é width of about 3000 feet (900 meters). However, fronm
about the middle of Kaiona Beach and continuing to the northwest,
the reef margin is mostly submerged at depths of 10 to 15 feet (3
to 5 m), except for scattered patches of reef limestone which
nearly reach the water surface. The submerged reef continues to
widen to the northwest, and a distinct depression, réaching
depths of over 20 feet (7 m), occurs between the outer margin and
the shore. The geomorphology of this reef approximates that of a
barrier type. A large sand reservoir occupies the depression off
the west end of Kaiona Beach. On the submerged reef margin, sand
and rubble patches are mixed with limestone pinnacles rising to

10 feet (3 m) off the bottom.

Large reef blocks (3 ft or 1 m high) on the submerged reef flat

are, in places, covered with a dense growth of the alga,
Asparagopsis taxiformis. Lyngbya sp. is abundant on some
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blocks. The encruStihg alga Perolithon onkodes, and Haldplegma

sp. are also present. Heads of the coral, Porites lobata,  are

common, although Pocillopora meandrina and Porites compressa are

more abundant. Abundance and varietv of fishes off Kaiona Beach

Park are generally-.low. "Acanthurus triostegus and Dascyllus

albisella are most common, followed by Stethojg;;s'balteatg.
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4.0 The Probable Impact of the Proposed Project on the

Environment and Mitigative Measures

One of the main purposes of this report is to idenfify and asseés
environmental impaéts that may be expected from installation and
operation of an interisland electrical cable systém, as described
under the section titled "Proposed Action." Actions may have
either positive or negative impacts on the environment. Impacts
are described as either direct or indirect. Direct impacts can
be short-term, such as those generated by construction
activities, or long-term such as those associated with the
operation of the cable system. Indirect impacts are those that
result from population growth or land use changes generated or
facilitated by implementation of the cable system. Impacts are
considered cumulative when a series of events or developments,

related or not, affect a resource.

Clearly, the presence and significance of many of the impacts are
highly dependent on the alignment selected for the commercial
cable system. Within this environmental assessment,
route-specific environmental constraints will be evaluated for
the preferred route as an example of what could be expected for
the route chosen during.commercial development. The preferred
route described herein encompasses a wide corridor and detailed,
site-specific analyses are not possible. As stated before, most
significant impacts can be avoided with careful route selection.

Therefore, 'potential' effects are distinguished from 'probable'
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effects of the proposed action on the environment. Théy are

described below, along with proposed mitigating measures.
4.1 Terrestrial Impacts and Mitigation
4.1.1 Soil Erosion

Soil erosion is caused by disturbing the ground surface, which
allows the natural elements, sﬁch as wind and rain, to carry away
topsoil. This would occur during fhe construction of overhead
transmission 1lines which involves road access improvement, pole
and anchor placement and clearing of small parcéls of land for

on-shore terminals.

The descriptions of soil characteristics for the study areas show
that a well-developed s0il layer is lacking for almost the entire
length of the proposed . corridor, thus limiting the potential for
erosion. In genéral,_Maui has mostly rocky aa lava flows without
a  developed soil base.  Hawail has a thin layer of soil or rocky
-lava for most of the corridor. Oahu has a rich, young shallow
s0il layer. The potential for erosijion is largely determined by
the amount of vegetatipn that is removed or cleared and the
amount of Jland disturbed for construction of the overland
trénSmission system. Much of the stﬁdy.area on Maui and Hawaili
is sparsely vegetated. The study area on 0Oahu has more dense

coverage.
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An erosion control plan would be necessary to help mitigate the
potential for erosion. This plan would be developed during
alignment selection and include appropriate scheduling of
clearihg, grading and grubbing, and replanting. Efosion controi'
measures include minimizing'soil exposure,-controlling runhoff and
shieléing the soil. Impacts o©f overhead traﬁsmission line
construction in forested areas can be minimized by transporting
peles, equipment and personnel by helicopter if road access Is
inadequate or undesirable. Areas with steep slopes and areas of
high eroéion hazard potential are constraining factors to
transmission line siting and passage through such areas has been

minimized in selection of the proposed corridor.
4.1.2 Unigue and Native Ecosystems

Larger unigue or native ecosvstems, whether formally protected or
otherwise identifed as ecologically sensitive environments, have
been avoided in selection of the proposed corridor. (See Section
3.1.2.5, . Natural Areas.) Alignment selection would seek to
minimize disturbance of any smaller 'pockets', such as kipukas,
as discussed 1in Section 3.1.4.3, Unigue and Native  Ecosystems.
Introduction and growth of invasive, exotic species of plants
could disrupt the ecological balance. Methods to prevent. or
minimize impacts on unigue, native eceosystems adopted for local
transmission line placement include the following (EDAW, Inc.,

1983):
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o A qualified ﬁotanist would survey the aiignmenf
through .the areas desciibed as ecologically
sensitive in order'to identify pole sites which
would minimize 'ecosyétem disruption 'and to-
recommend appfopriate site-specific mitigation,
such as re-planting of exposed aréas with

indigenous vegetation.

o Only approved herbicides would be used to clear
pole sites or to maintain clearance. within the

transmission line easement.

o Where additional clearance is required for
conductors, trees in the areas described as
ecologically sensitive would be trimmed
‘approximately once every +twOo Vears rather than

- removed from the easement.

o Existing jeep trails would be used to the extent
possible for- access to  the pole sites by

construction and maintenance personnel.

Develaopment of access trails or roads for transmission lines
right-of-way management can have two beneficial impacts on
natural, forested environments. First, they provide a fire break
- and an access for firefighters when necessarvy. Second, thevy aid_

hunting of feral pigs where allowed and desired to help prevent
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further deforestation and associated damage to native ecosystems

(Nickolas, 1986},
4.1.3 Threatened and Endangered Species

Behavioral characteristics of wildlife species and the proximity
of the corridor to the habitats of érotected plant and wildlife
species determine the significance of potential impacts and
reguirements for mitigation measures. |

s
If further investigation confirms that areas of the corridor do
contain a habitat with protected species, the FWS would provide a

biclogical opinion and suggest conservation measures,

A Jlarge portion of the corridor on Hawaii was surveyed for the
Kaumana to Keamuku EIS (Berger, 1982). According to his report,
the Hawaiian hawk and the Hawaiian hoary bat are possible
residents of the corridor. The akiapolaau may possibly occur in
very small numbers in the larger kipukas of ohia-tree fern
vegetation along the Saddle Reoad, alfhough not officialily
recorded. Berger concluded that construction and operation of
the proposed Kaumana to Keamuku 138 kV powerline would have a
very minimal impact not only on the birds but also on the habitat
that they occupy. He states that the birds obviously have
adapted to the existing powerline. Whether a third powerline
would cause a cumulative impact cannot be determined at this

time, but would be assessed at the time of alignment selection.
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Temporary avoidance by wildlife near the corridor may be ‘caused
by construction activities. After the system is in place. there

would be no reason for further avoidance of the area by wildlife.
4.1.4 Archaeological and Historic Resources

EKnown archaecological and historic resources which have been
identified in the study areas would be avoided. If an
~unidentified site is found during alignment selection or
construction, the State Historic Preservation Officer would .be
consulted to determine further actions regarding the discovery.
 The full mitigative measure to prevent adverse impacts would be
as follows. P:oposed pole sites and any other surface areas that
would be disturbed by construction activities would be surveyed
by an archaeologist, who would locate and describe any historic
remains within the areas affected by construction. Suitable
~means to protect or remove significant reméins would be
determined in consultation with the archaeologist and the Hawaii

State Preservation 0ffice (EDAW, Inc., 1983}).
4.1.5 Land Use

From a standpoint of damaging lands or removing them from ' other
beneficial uses, instaliation of poles or tohers‘and electrical
transmission 1lines causes little impact. Existing land used for
agricultural, - recreatioﬁal, residential,‘ - commercial, .and

industrial purposes; airports, training areas, and

-144-



s

transportation routes would not be permanently altered. - This
includes some prime agricultural land on ©Oahu and some
recreational beachfront that mav be traversed on 0ahu and Maui.
Certain future land uses such as construction of new buildingé‘
may be prohibited wifhin the right-of-way. However, the corridor

was chosen to minimize land use conflicts.

A total of 2162.63 acres would be required for the transmission
line system overland corridor and onshore facilities. By island,
the land” requirements are as follows: Hawaii - 1,773.3 acres;

Maui ~ 334.2 acres; Oahu - 55.1 acres.
4.1.6 Socioeconomics

The. direct socioceconomic impacts of the commercial cable system
would be beneficial, There would be temporary employment
opportunities associated with cable installation and construction
of on-shore facilities. . There would be Jlong-term employment
opportunities associated with operation, maintenance and repair
of the system. Additional jobs would be indirectly created
through a multiplier effect. Creation of new jobs would increase
income and excise tax revenues to the State. With development of
the geothermal power resource, economic growth would be
stimulated throughout the State through the anticipated
stabilization of electric rates to consumers and to the extent
that monevy would remain in Hawaii that once went toward

purchasing imported oil. The number of barrels of oil purchased
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to provide electricity would be greatly reduced due to the

implementation of the cable system.

Highly significant also would be the increase in Hawaii's enerQ?'
security resulting from substitution of local energy sources for
impoféed pétroleum. The United States in géneral remains
extremely vulnerable to disruption of supplies and price
instabilities in world petroleum markets. Furthermore, the
market share of the OPEC hations,_our:most politically unstable
suppliers, 1is expected to increase from less than 25 percént ‘in
1986 to as much as 45 percent in 1995 (Yoshihara, 1987).
Hawali's energy situation is considerably more tenuous than fhat
of the mainland U.S. or Alaska because  of its_ geographic
isolation and because we derive 90 percent of our total eﬁergy
supply from petroleum, twice the naticnal average; -With respect
to generation of electricity, the contrast between Hawaii and the
rest of the nation is even more striking with Hawaii using oil to
generate 90 pefcent of its electricity compared to the national
average of only four percent. Substitution of . 500 MW qf
electricity from geothermal sources .would reduce Hawaii's
dependence on oil for electricity from 90 percent to about 60
percent and our dependence on oil for all energy needs from 90
percent ‘to about 80 percent, bearing in mind that the time to
bring this amount of geothermal on-line 'will also bring

additional demand.
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4.1.7 Elect;omagnetic Field Effects
4.1.7.1 Electromagnetic Fields

The human ehvironmént is’ chara&terized by both natural and
artificial electromagnetic fields. Some, like visible light, are
naturally perceived by the human body. Others, such as x-rays
and radic waves, have been harnessed to work for man. AC and dc

electric and magnetic fields fall into the latter category.

The earth-atmosphere system is characterized bv natural electric
and magnetic fields. A positive direct current field of several
hundred volts per meter is typical, but it varies geographically
and with weather conditions (Llaurado, et al., 1974). During an
electrical storm, this field may increase to as much as 10,000
V/m (Sheppard and Eisenbud, 1977). The electric field between a
perscn's body and clothing can be up to 100,000 volts per meter
in a very dry climate. The electric field wvalues that dc  lines
will produce are several thousand volts per meter, and they
decrease inversely with the square of the distance from the

conductor.

A magnetic field 1is produced around a dc line as a result of
current flowing through the conductor wire. The magnetic field
intensity, like the electric field intensity, also decreases

inversely with the square of the distance from the conductor. At
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the conductor, the magnetic field from an HVDC line is’ about

egqual to or less than the earth's magnetic field (0.6 Gauss).

HVDC technology has been used successfully for years in man&'
areas of the world,rincluding-the United States. Table 12 lists
existing HVDC transmission line systems in ﬂorth America.
Operating systems range in voltage from + 250 kV to + 500 kV,
The + 300 kV system proposed for Hawaii is, therefore, at the

lower end of what is typically understood to be HVDC.

Direct current transmission differs fundamentally from
élternating current transmission. AC, b? definition, means that
the polarity of a conductor alternates between positive and
negative. In the U.5., the freguency of this changg is 60 times
per second. DC conductors do not alternate in polarity. Because
.of this, the electrical environments near these two tybes of .
systems also differ fundamentally from one another. This is
primarily because of differences in how these environments affect
air ions. Each type of system produces ions of positive and
negative polarity. In an ac system, a positive ion produced by a

positive conductor begins to move away from the line (like

charges repelling), but in one sixtieth of a second, when the
conductor reverses polarity, is drawn back toward the line
(opposite charges attracting). Therefore, ions are not of great

significance around ac lines. Around dc lines, however, jions are
formed, repelled from their conductor of origin, and move along

the lines of fdrce to ground. Therefore, the environment around
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TABLE 12

HVDC TRANSMISSION LINES IN NORTH AMERICA*

SYSTEM ' - YEAR | LENGTH VOLTAGE CAPACITY
NAME BUILT (MILES) (V) (MW)
Pacific Northwest- 1970 846 +500 2000
Pacific Southwest _ (3200
Intertie by 1988)
The Nelson River 1977 553 +450 1620
Bipole I

Square Butte Line 19717 465 +250 500
The Nelson River 1978 578 +5600 1800
Bipole II ‘ : '

Coal Creek Project = 1979 436 +400 - 1000
(CU Line) '
Intermountain _ 1986 500 +500 1500
Power Project '

New England- 1986 107 +450 ‘ 690
Hydro-Quebec

Phase I

k]
Other countries with HVDC: Brazil, Denmark, Sweden, Norway,
Italy, Japan, New Zealand, USSR, Zaire, Mozambique, South Africa
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dc - transmission lines has = three principle components: 1)
magnetic field, 2) electric field, and 3) air ions. Organisms
near a dc line are, consequently, exposed ‘to elevated ion

densities in addition to electric and magnetic fields.

A séeond major differehce7between ac and dc is.fhat ac iihes
induce an electric current in nearby organisms. DC deces not
induce a currenf in nearby organisms although a surface charge
may build up. The effects of the characteristics of the HVDC

environment are further discussed below.

The electrical environment surrounding an HVDC transmission line
varies considerably depending on the presence or absence of a
"carona." A corona is defined as a Juminous discharge due to
ionization of the air around the conductor caused by a conductor
voltage gradient in excess of a certain critical value.
Transmission lines are.  designed to control levels of corona
activity, but fhe onset of corona is influenced by numerous
factors, including atmospheric elements, design parameters of the

line, and condition of the conductors.

The electrical environment surrounding an BVDC transmission line
may be completely characterized by the following:
o Electrostatic field - A non-ionic field established by

the application of potentials to conductors.
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o  Space charge - An ionic field resulting from corcona

discharge.

o Total electric field - The sum of.electrostétic and space

charge components.

o Ion current density - A vector function of total electric

field intensity.

o Ionic mobility spectrum - The range of iconic velocities

resultihg from ions of different weights.

Weather plays an important role in establishing dc electric field
strengths and distribution. Precipitation increases the space
charge by a factor of about 1.5 to 2 due to the Iincrease in
corona - points on the conductor. Temperature, pressure and
relative humidity (above 70 percent) also affect space ¢harge and
ion current density. Wind speed and direction have very
significant influences on ion movements. For larger ions and
aerosols, the aerodynamic effecfs may dominate the electric
forces, and the "ion cloud" may he displaced downwind. Ions may

be carried outside the transmission line right-of-way.

Electromagnetic fields surrounding dc submarine or buried cables
have received considerably less attention because they are
installed much less freguently and their design reduces or

eliminates eXternal fields. The cable selected in the HDWC
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Program is shielded, double armored and will "run cool,"  i.e.,
the conductor size is large in relation to ant;cipated load
factors. Extefnal electric fields will be eliminated.  External
magnetic fields may be reduced as well, depending on conductor -
current, shielding 'efficiency and phase proximity. Dames and
Moorel (1982) reports external magnetic fields around underground
(including submarine) pables decrease to zero within 50 .feet.
DOE (1982) predicted the following magnetic field strengths
around a solid dc submarine cable (+ 300 kV): at the cable,
field strength wés 54 times that of the earth's field; at one
meter from the cable, field strength was reduced to 3.2 times
that of the eafth's field; and; at 20 meters distance, the field
strength was only 0.16 of the earth's field. External fields
along submarine portions of the commercial cable system are
therefore expe;ted to be extremely small and of consequently

minor impact.
4.1.7.2 Air Ions

An ion is a charged molecule of air. Unlike alternating current,
the polarity of a direct current conductor does not change and
ions produced by corona are repelled from the conductor. FPeople
and animals traversing the right-of-way, therefore, may come into
contact with the ions produced by a transmission line. system.
Ions are, however, a part of our daily environment. They are
commonly created by natural forces, Ions can be formed, for

example, by the pounding surf; they are in the spray off
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breaking waves. .To put the potential exposure to ions produced
by HVDC transmission 1lines into perspective, the following
gquantitative estimates are given. In fair weather, the proposed
line would produce several thousand ions per cubic centimeter;'
and in raiﬁ the doncentration of ions at the edge of the
right;of—way would be on the order of 87000 per cubic centimeter.
A waterfall +tvpically generates a higher ion 7den5ity, about
10,000 per cubic centimeter. Near a highway, one is exposed to
perhaps 15,000-16,000 ions per cubic centimeter. Sitting around
a candelit table exposes cone to. perhaps 3b,000 iens per cubic
centimeter. Cooking in front of a gas stove with a pot blocking
the flame_ exposes one to 200,000 to 300,000 - ions per cubic
centimeter. Removing the pot from the flame creates exposures to

several times this density.
4.1.7.3 Effects of dc Electric and Magnetic Fields

A number of authors have critically reviewed the literature
concerning physiological effects of electric and magnetic fields
and their conclusions are consistent. For example, Sheppard and
Eisenbud (1977) reviewed several hundred publications from many
disciplines, and. conclude ",..there is no evidence that public
health or ecolcgical svstems have been Jjeopardized in the
slightest by artificial electromaghetic fields..."™ They caution
that more studies are needed, however. The work emphasizes ac
fields of: 1) several kV/m and magnetic fields less than one

gauss [(G), the range of exposure near transmission lines; and 2)
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electric fields less than a few hundred volts per meter and
magnetic fields greater than i G, typical wof exposures from

electric appliances and machinery.

The authors state that the whole subject would be greatly
simplified if the kinds of effects to be eﬁpected could be
identified from fheoretical- considerations. The absence of a
rationale for the assumption of effects_is a serious iméediment

to the design of productive biological experiments.

A study commissioned by the HDWC Program (Charry, 1986) reviewed
all existing literature in this field for both animals and ﬁan.
The author concluded that biological responses to dc -electfic
fields are either nonexistent or weak, and no harmful hea;th
effects from the proposed dc transmission line would be

anticipated.

Wilson (1974) reviewed the available literature on psycheclogical
effects of electric and magnetic fields and summarized as
follows: "...it seems that the psychological research on the
-influence o©f magnetic and electric energy has identified few
tangible. effects. For the mast part, the experimental efforts
lack a systematic approach.to the examination of the critical
variables involved,- and. parametric studies are the exception
rathér than the rule. Part of the difficulty probably lies in |
the fact that the research accomplished so far has not produced

data suggesting that a profound psychological hazard might be
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developing. This, in turn, limits interest in this field of

study by those searching for exciting and rapid developments."

Other resea:chers have come to the same conclusiohs for planté‘
and animals. The EHV—DC (extra high voltage-direct current) Test
Cente?, activated in November 19563, is a -test complex
specifically designed to investigate voltage-depéndent dc
phenomena. "During the 12 years the EHV-DC Test Center was in
operation, there was no formal program to gquantify the influence
6f the dc Test Line on plants and animals. However, the Test
Center staff was always aware of an obligation to note and
investigate all apparent changes in conditions, appearance, or
behavior that might be attributable to the presence of the Test
Line. Immediately under and adjacent to the Test Line were
irrigated alfalfa (hay) fields, sown grass pasture, and natural
-{(uncultivated) range land. 1In no instance were perceptible
differences 1in color, height, or growth densitv noted that counld
in any way be attributed to the Test Line;. nor were there any
complaints or remarks from the landowners .that o indicated a
suspicion on their part that the crops, either sown or natural,
were affected by the line. In season, beef cattle ranged on hoth
the seeded and natural grass pasture lands. A large portion of
the seeded pasture land included the right-of-way and land on
either side _of the tested span in Line Section 2. The Test
Center staff therefore had frequent opportunity to observe the
behavior of the cattle. The cattle appeared to wander freely

under and in the wvicinity of the Test Line under all weather
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conditions. They app#rently-did not react to changes in ﬁoltage
level such as those often occﬁrring during staged tests. It isl
difficult to draw a conclusion from the behavior of animals as
they tend .to be ver? adaétable 'tq» unusual sifuationé. An
interesting example was oEserved'in the Test Center vard wheré
‘birds insisted on building nests inside the 127 mm bus. They
apparently Ilearned to follow the equipotential lines éndrentered'
or left their ne#ts.at wili, even when the bus was energized to

600 kV" {(EPRI, 19786).
4.1.7.4 DC Space Charge Effects

A~ wide range of biologicél systems and biological responsés have
been studied to determine if ions are harmful to peoplé or
animals. They range from physiological observation to subjective
.mood responses, to respiration or respiratory decreases and brain
wave  activity, :chemical activify,_and pulse rate., A nhumber of
scientists whé studied these phenomena found no effects at all.
Some scientists did find effects. In general, the effects are
characterized as small and not harmful. In other words, the
effects are less than produced by other common stimuli of daily
life, or less than normal biological variability. For example,
considering stimuli that cause ‘changes in brainwaves, the
magnitude of response for activities like mEditafing-or opening
and  closing one’'s eyes is much greater than the magnitude of
response created by iomns, evén at densities much greater than

- would be found near operating dc transmission lines. Therefore,
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"...these effects would be difficult for the individual to
perceive because they would be within the range of physiological
and psychological alterations that occur in humans throughout

their normal daily activities" (Charry, 1986).
4.1.7.5 Personnel Safety Considerations

Any object under an overhead dc transmission line intercepts the
ion flow to ground. With perfect insulation there would be a
gradual increase in potential to the point of egquilibrium with
the space potential or to insulafion breékdown. In practice,
pofential is limited-by insulation resistance. This is the case
for a parked wvehicle. The following conclusion is based on the

results of the Test Center studies and experiences:

V"Although it has been shown that gasoline can be ignited under
controlled laboratory conditions at an energy level of 1.2 to 2.5
mJ, energy levels in excess of 100 mJ were reguired for ignition
in the practical situations tested. This energy level 1is not
attainable with any vehicle unless extreme measures are taken to

insulate the tires from ground" (EPRI, 1976).

Tests were performed on the Outdoor Test Tower at the Test Center
to describe the reactions and sensations of linemen working on

the dc line.
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"The probabiiity_ of a workman on a dc tower experiencing ‘an .
extreme—-annoyance - level shock (0;25 J) is . very .remote, . even
without mitigating measures, since normal footwear will usually'
limit charge accumulation to acceptable levels. | The- primary
hazard is probably fhe poséibility of involuntary motion induced
by a minor, unexpected.shock. In most instancés,. conductive
shoes alone will provide adeguate mitigation of dc ion current
interception and charge accumulation effects, particularly when
the lineman can take advantage of the shielding provided by the

tower body" (EPRI, 1976).

"The electrical induction measurements on people and objecfs
located - under the dc lines show that under the worst conditions
the induced currents_are only of the order of a few microamperes,

which is several orders of magnitude lower than even perception:
level for direct currents. The only noticeable effects which
might. be observed are possible micreshocks, similar to carpet
shocks; when a reasonably grounded person touches a large

well-insulated vehicle located under the 1line. '-Furthermore,
normal tires used on vehicles do hot provide enough insulation to

create even these minimal effects" (EPRI, 1976).

4.1,7.6 HVDC Generated Air Pollutants
DC transmission lines may produce small amounts of ozone and
oxides of nitrogen. Ozone is a highly toxic, irritant gas and

the various oxides of nitrogen, categorized as a group, NOx, may -
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be toxic. The EHV-DC Test Center (introduced in Section'@.l.?.a)
conducted tests to- determine if it is possible to predict oxidant
levels resulting from dc corona. "Two test conditions were
selected, both of which were considered more sevére thah would
ordiparily be encountered. The first test was staged in the
Power Supply Building with the exit portals sealed and the air
-pumps’ turned off. Measurements were made at.a radial distance of
10.7 meters from the 127 mm negative bus with the Drager Meter.
This device can discern the presence of oxidant concentrations of
apﬁroximately 0.01 ppm for ozone and 0.25 ppm for NOx, but
quantitative readability is limited to 0.025 ppm for ozone and
0.5 ppm fpr NOx. The bus was energized to -750 LkV (conductor
gradient of 21.7 kV/cm). After 60 minutes, no ozone or NOx were
detected by the sampling device. Aftef 120 minutes, the presence
of ozone was discerned, but it was below the readability limit of

0.025 ppm. No NOx was discerned.

The second test was even more severe in that it was performed in
the even more confined space of the 5,100 m3 fog chamber. Again,
the Power Supply Building exit portals were sealed and the air
pumps were de-energized. A single 61 mm'conductof; approximately
9 m in length, was energized to 750 kV ({37.2 kV/cm gradient).
After 120 minutes, the ozZone concentration at floor level was
less than 0.025 ppm, and the NOx concentration was below the

sensitivity limits of the Drager detector.
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It was concluded from these two tests that a more extensive
program for the investigation of oxidant generation caused by dc

corona was not warranted" (EPRI, 1976},
4.1.7.7 HUDC Transmission Line Audible Noise (AN)

"Audible noise is produced by the electric breakdown of air
around HVDC transmission lineS‘when.the lines are in corona. The
resultant random high-energy discharges produce compressions that
travel through air as acoustical energy (DOE, 1986)." Line AN
‘cannot be distinguished from background AN for line voltages

below +350 kV (EPRI, 1976).

4.1.7.8 HVDC Transmission Line Television

. Interference (TVI)

"Within the range of voltages and conductor surface gradients
investigated, TVI was found to be of little concern at distances
greater than 25 meters from the ‘right-of-way. A television
antenna Jlocated within the influence of the electric field of a
dc line operating above corona onset may pick up ionic currents
which will produce the same picture aberrations as line-radiated
TVI. ' Except under the most adverse conditions, interference due
to ionic currents can be reduced to acceptable levels by

shielding the tips of the antenna" (EPRI, 1976).
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4.1.7.9 . HVDC Transmission Line Radio Interference {RI)

ﬁRadio noise is a general "term wused in reference to any
undesirable disturbance of the radio frequency band, which‘rangeé'
from 3 kHz to 30,000 MHz...; Comber, Nigbor and Zaffanella (1982)
report that parameters that have the most signifi&ant effect on
RI levels are the number and diamgter of conductors. An increase
in either will result in a decrease in RI " (DOE, 19886).

4.1.7.10 HVDC Interference with Cardiac Pacemakers

"The results of a recent study indicated that electric and
magnetic fields from overhead transmission and distribution lines
are not a problem for the vast majority of patients with
implanted cardiac pacemakers. However, pacemaker operation can
be nonhazardously modified by pickup from fields from almost all
classes of transmission lines in certain rare instances where a
very sensitive pacemaker model is implanted with an uncommon lead
configuration. Onl the other hand, a much higher percentage of
patients may experience this same nonhazardous pacemaker

modification through direct contact with electric household

appliances or manufacturing equipment" (IIT Research Inst.,

1979).
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4.1.8 ‘Air Qualit?

Temporary reductions of air quality may accompany overhead
transmission 1line :installation'.and- terminal cohstructiQn_ at
immediate and adjacent cbnsfruction areas. Impacts onh air
quality by fugitive dust, for example, would be greatly reduced
by following requirements in construction permits, such as for
watering. Restriction of travelling speeds along unpaved access

trails would also greatly reduce the impact on air quality.

Long-term improvements in overall State ambient air guality may
accompany  substitution of geothermal plants for fossil fuel
burning generation units, made possible by the implementation of

the commercial cable transmission systenm.
4.1.9 Water Quality

Waiulaula Stream, an interrupted stream on Hawaii's west side, is

the only stream identified near the probosed corridor.

Construction of the overhead transmission line system would

involve careful pole'placement so as to prevent soil erosion and

increased turbidity in the stream and its tributaries. No other

impact on surface or groundwater is foreseen.
4.1.10 Visual Quality
The goal of this section is not to determine the visual quality
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of the existing landscape with and without the transmission line,
but to evaluate the potential degree of contrast. between - the
landscape and the tranmission line which determines how wvisible
the line will be in the given landscapé. The “visﬁal absorptioh‘
capability" is the' ability of a landscape to absofb change

without significantly affecting its visual character.

In the predominantly flatland-ridge/grassland landscabe found on
the Big Island, transmission structures would offen be in
silhouette against the sky or a distant background form lacking
visible texture. Therefore, towefs in this setting would have
.higher than average visibility because of their contrast with the
generally lighter tone of the sky or distant backdrop form.
Rights-of-way in this landscape would be virtually
indistinguishable from their surroundings because the surrounding
grassland vegetation cover could continue - through  the
right-of-way without interruption. This landscape typically has
low degrees of wvariety in topography or vegetation covér due to
flat topography and an open, homegeneous Jlandcover pattern
resulting in low visual absorption capability. ' There would be
little opportunity fo hide transmission structures with natural
screening at fore-, middle-, and background zones. Overall, the
potential for contrast in the fore- and middlieground would be
high. However, surface haze and salt spray may cause towers to
lose reflectivity soconer than would otherwise be expected,

resulting in minimal wvisual contrast perceived from a distance.
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On Maui, the hillside/grassland landséape Creates'é variety in -
texture and color in  the backdrop which is very capable of
visually absorbing a trahsmission line and right—of-ﬁay. The
Tough textured vegetation pattern could absorb the outline of the
structures and reduce their apparent contrast, and the vegaetation
within the right-of-way c¢ould be similar to  that of its.

surroundings.

In “fhe flatland—ridge/tree cover landscépe in Waiménalo, Oahu,
the variety in vegetation cover would provide moderate to high
visual absorption 'capability as well as opportunities for
screening project structures. At the base of the Koolaus behind
Waimanalo in the hillside/tree cover landscape; transmiésion
lines would have lower visibility mainly due. to the vegetated
hillside backdrop which would visually absorb the line, as well
'as patterns of trees which would help both to screen towers and
absorb right-of-way clearings.. There would be below éverge
visibility of rights-of-way due to the presence of natufal
clearing in scattered <tree cover areas. However, a cleared
corridor in dense ftree cover areas would be very visible if the
viewer is parallel to it, due to striking contrast with the
surrounding solid masses of vegetation, and the lengthy viewing

distance up or down a hillside.

As described in Visual Impact Analysis of Proposed 300 kVdc Line -

(DEM Planners, Inc.,  1987), mitigatién measures are techniques

for planning, designing, locating, constructing and maintaining
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the transmission line to avoid, minimize and/or_réduce the visual
impact on the environment. The visual impact -analysis points out
that the alignment selection process will reguire careful
analysis of the landscape characteristics so that the
transmission structures can be strategically located to minimize
visibility. The goal is to either conceal or reduce the contrast
of the project features with the landscape setting. The wvarious
landform and landcover characteristics of the project. érea
described earlier present a variety of factors that can be either
conducive to the placement of overhead transmission lines or can

offer .little concealment for the lines.

The analysis shows that appropriate use of distance Zzones and
landscape types is a very effective way to minimize wvisibility.
Every effort should be made to place alignments through the
distance zones and landscape types that can best assimilate a
transmission line and to take advantage of the wvegetation and

topaographic features found there.

Some clearing of vegetation along the right-of-way is necessary
to provide adegquate protection to the conductors. .The amount and
method of right-of-wav clearing can be an important féctor in the
visual impact of an overhead transmission line. Fortunately,
throughout much of the cofridbr area on Hawaii and Maui, minimal
right-of-way clearing would be necessary due to the low .
“grasslénd" vegetation. However, in dense tree cover such as in

portions of the Oahu corridor, extensive right-cof-way c¢learing
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could make a very noticeable visual impact on the landscape. - In
these areas, design of the right-of-way would require detailed
consideration. - Complete clearing 6f__ rights-of-way ‘is
unnecessary. "It 1s recommended that the clearing conform to the
industry specifications and that the vegetation be feafhered and
scalloped to reduce the tunneled or channeled visual effect by.
reducing the line, form, color and texture contrasts. Feathering
is a method of gradating the vegetation from tall down to low
vegetation to maintain an adequate clearance for the conductors
without remdving all trees and shrubs from the easement. A
scalloped right—of—way has an irregular, wundulating clearing
line. This is accomplished by preserving select trees or shrubs
within clearing 1limits and selectively clearing beyond normal
clearing limits. Selective clearing involves reducing vegetation
density within the right-of-way. This can be combined with both
the feathering and scalloping methods. When selectively removing
threes or shrubs in the feathering and scalloping process, all
"hazard trees" should be identified and removed. The health .of
the tree as well as its ability to survive new conditions
determine its designation as a hazard tree. Factors to consider
include: ' root exposure,. fungi development, splits in trunks and

branches, dead .tops, lJeaning trees, shade-loving, moisture

‘sensitive and weak-wooded trees."
"In addition to clearing techniques, revegetation activities can .
also reduce contrast. Those areas directly distrubed or cleared

during construction can be revegetated, particularly if natural
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re—growth would be slow and in areas of high visibility. The
selection of a mixture of plants similar to the surrounding
vegetation will® blend best with‘ adjacent undisturbed areas.
Dispersion of new plantings into existing vegetation patterns
also helps create a transitional band rather than a sharp edge"

{DHM, Planners, Inc., 1987).

Various construction techniques reguire different degrees. of
ground disturbance as follows: "Ground construction technigques
may require wide access routes and large spaces to be opened to
permit safe movement and staging of equipment aﬁd materials. The
width of" access rcads and other spaces needed for construcfion
may exceed that permanently needed for long-term maintenance of
the project. Therefore, plans and specifications for the project
should require restoration of disturbed areas no longer reguired

for use after construction is completed."

"An alternative to ground construction in areas with poor or no
existing access is the helicopter construction techique. This
reduces a project's visibility by.minimizing ground clearing to a
small area around each structure site" (DHM Planners, Inc.,

1987).
4.1.11 Noise

On each isjiand the study area encompasses land used - for

agriculture, grazing, pasture land, and rural residential areas.
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The noise levels in these areas would normally be below 45 dB
(decibels) as compared  to an urban residemtial area with a

typical dB range’ of 58 to 62.

Ambient noise levels would rise during nearshore excavation for
cable embedment, overhead transmission line installation and.
terminal construction during regular working hours. The loudest
example, a hoﬁering helicopter, used  to plaée workers and
equipment in areas without access roads, would generate up to 93
dBA  at a distance of about 100 feet. Increases in noise levels
would .occur on a short—terﬁ basis. Mitigation of ' this impact
would be done thfough'restriction of operating hours, and would

likely be a condition attached to cne or more necessary permits.

"Audible noise” from a transmission line system of line voltages
below +350 kV cannot be distinguished from background noises that

occur in the natural environment (EPRI, 1976).
4.1.12 Public Health and Safety

It is important for Hawaii to have reliable electric power for
the maintenance of public health.and safety. Without greater
energy self—sufficieﬁcy, people living in Hawaii will continue to
be vulnerable to possible oil shortages that could have negative
effects on public health and éafety, especially if the shortage -

were to be lengthy in duration.
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HVDC transmission 1lines are in operation throughout the. world,
many at much higher voltages than the +300 RV propeosed here.
Self-contained ©il-filled cables have been used worldwide for
underwater applications since the late '1940s. The service
performance of oil-filled submarine cables based on the intrinsic
quality of the cable design has revealed an impressive history of
reliability. The incidences of submarine cable failures have
largely been caused by external factors, such as mechanical
damage due to anchors or trawlers (C.T. Main, 1984).

Safety 1is built into the engineering design of the transmission
line svstem. Danger from shock or electrocution would not be any
more probable than with the existing transmission lines,. In
fact, with the sturdier support structures (towers rather than
poles) required for the proposed system, the danger of hanging
wires or toppled poles is lessened of removed. The submarine
cable is shielded such that people or marine organisms near or in

contact with the cable could not receive a shock.
4.1.13 Environmental Hazards and Maintenance Problems

This - discussion refers to the effects of the environment on the
cable system in contrast to the other categories describing the
effects of the system on the environment. As described in
Section 3.1.1.2, Hazardous Weather, strong northeast trade winds .
occur an average of 92 days a year and stormy Kona winds, which

occur onlv a few times a year have the potential to cause damage
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td an overhead .utilify. line system, Mitigation-,of this
possibility would include choosing the most secure structure
type, such as the steel pole or self—suppbrting lattice. This
would improve system reliability by rediacing the risk of damage

by high winds.

Range or bursh fires which occur seasbna;ly in dry areas are
hazards . to transmission line systems. They have the .capability
or severely lonizing air which éould caﬁse flashovers and power
interruption. Probabilities of fires have not heen caiculated,
but along the corridor only the Kawaihae area on the Big Islaﬁd
is a well-known problem area .for-thié hazard. Recently, méjor
brush fires have occurred in this area, and also in the Pohakuloa

area.

Along the shoreline, impacts to the system could result from high
wave surges and coastal flooding from hurricanes, tropical storms
or tsunamis. These events may affect the four cable landfall
sites, although none of them are on the more vulnerable northern
shores, The proﬁabilities of occurrence, duration and magnitude
of these events are difficult to estimate as are impacts
fesulting from them.  However, the 1946 tsunami, which caused
severe damage in many coastal areas, did little or no damage at
the four landfall sites. Hurricané Iwa was a very rare event and
displaced the smaller, lighter communicatiqn# cables around Oahu. -
The proposed power cable is much heavier than the communications

cables and would not move so readily. Burial of the cable in
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shallow waters would also be an effective mitigative measure - to

protect the system. o -

Volcanic hazards pose a threat teo that portion of the cable
system 1in the area of Kilauea's east flank. This short segment
of transmission line may require special engineering design and

-careful alignment to lessen the potential risk.

Salt spray from the ocean can increase maintenance requirements
for transmission lines. Accumulations of salt on insulators can
cause flashovers from a transmission line to a tower or to
another 1line. The inland distance to which this is ‘'a problem
varies depending on the local tradewinds and thé average annual

rainfall.

On Hawaii, the distance for salt spray maintenance is as high as
two miles inland from the shoreline. This would affect about

one-third of the corridor on Hawaii.

In' the  Maui study area, between Hana and La Perouse Bay, the
shoreline to approximatelvy three-forths mile inland is
susceptible to salt spray and between La Percuse Bay and  Kihei
the shoreline to approximately one-half mile inland is

susceptible. Most of the corrdor on Maui is further inland.
For 0Oahu, up to three-forths mile inland from the shore between

Makapuu and Kaneohe Bay would be susceptible to salt spray. This

wouid include about one-third of the corridor on Qahu.
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4.2 Marine Impacts and Mitigation
4.,2,.1 Cable’ Deployment
- 4.2.1.1 Vessel Traffic

During cable deployment operations, the cable vessel and support
vessels would constitute a hazard to navigation. This would be a
minor, temporary inconvenience for other vessels. Mitigation of
this . impact, to the extent possible, would be accomplished by
notifying the U.S5. Coast Guard, Aids to Navigation Branch,  one
month in advance of deplovment operations so that a synopsis‘ of
the anticipated actions may be punblished in "Notices to Mariners”
and by prominantly displaying the appropriate international

visual signals on the cable laving vessel.

4.2.1.2 Military Uses
The cable route avoids areas designated by the U.S. Navy as
Warning Areas or Fleet Operating Areas so ne direct interference

with Naval operations is anticipated. Transiting vessels would

be notified of deployment operations through the "Notices to

Mariners.”
4,2.1.3 Fish Aggregating Devices and Fishing
One fish aggregating device, identified as 'NN' (off Waimanalo),
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is located near the cable route. The surface buoy is moored bhy
chain and polypropylene line to a permanent anchor at the
seafloor. The mooring line allows the buoy to swing freely
. within a circle of _ébout one mile radius around the anchor
location: The preferred cable route passes several miles inshore
of this FAD and would not interfere directly with its wuse.
Recreational and commercial fishing vessels transiting to and
from +this FAD would have to avoid the wvessels inveolved in the
deployment operations. The anchored portion of the FAD would not

be affected.

The health and safety of persons consuming fishery products could
be cdmpromised if work in the nearshore environment were %to cause
a c¢iguatera outbreak. = New surfaces created by dredging or
blasting have the potential to stimulate the development of
ciguatera food chains. Ciguatera is a form of fish poisoning
caused by human consumption of fish whose tissues contain a
paralytic neurotoxin. éeveral species of microscopic,
unicellular algae which grow primarily attached to larger
seaweeds have been implicated as the source of transfer of toxic
material through the mnarine food chain until it becomes
concentrated in the tissues of certain species of food fish. The
environmental conditions which trigger massive blooms of the
algae are not Kknown, although conditions which have been
repeatedly assoclated with ciguatéra are dredging of reef areas,

sunken ships, and rainfall-runoff patterns.
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~Incidences of ciguatera poisoning in Hawaii have sometiﬁes been
. connected with construction’activifies which have exposed new
submerged surfaces through dredging. A small bloom of one
species of toxic algae occurred at Pokai Bay, 0Oahu, in August,
1978, coincident with the dredging of a small boat harbor nearby

and with an outbreak of ciguatera in fish from that area.

To date, no one can predict whether cor not a given construction
activity in the‘m&rine environment will lead to incidences - of
ciguatera poisoning. Exteﬁsive dredging of_Honokohau'Harbor and
Kawaihae Harbor on the island of Hawaii occurred without known.
incident. The only mitigating measure possible is to monitor
newly exposed submarine surfaces for blooms of the suspected

algae (Gambierdiscus toxicus). It is possible that minimizing

disturbances of the bottom during construction will reduce ' the
likelihood of ciguatera, but current information is not adequate

to predict or prevent'such an occurrence (Myers, et al., 1985).
4.2.1.4 Nearshore Uses

Construction operations in the nearshore environment would

include ©blasting, trenching, cable placement, backfilling, and

shoreside facility construction.

Nearshore trenching in the marine environment would be necessary

to bury the cable and ensure its protection from human

activities, marine organisms, and wave action. Burial of the
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cable would extend to a depth of about 100 to 150 feet, which is
approximétely one half mile out froﬁ‘the shorelines at Mahukona
and Huakini Bay, one mile at Ahihi Bay, and two miles at
Waimanalo beach. Blasting may be necessary to facilitate
'trenching activities. Blasting would be regulated under a permit
issued by the Army Corps of Engineers; Permit ponditions would
be developed in consultation with the National Marine Fisheries
Service, and would be designed to protect aguatic organisms,

especially endangered and threatened species.

Water quality would be affected during trenching activities.
Turbidity and sedimentation, though localized and transient, may
cause reduced oxygen concentrations and light penetration, and

burial or gill abrasion of aquatic organisms.

Use of the immediate construction area would be curtailed for the
duration of the construction period but, once installation was

completed, activities in the area could be resumed.
4.2.1.5 Endangered and Threatened Species’

The impacts of cable installation on endangered and threatened
species would primarily relate to blasting operations. Blasting
would temporarily degrade +the habitat and disrupt behavior
patterns. Mitigation measures are typically included as

conditions of the Corps of Engineers permit.
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The humpback whale is present in_Hawaiian waters-from December
through'May. Permit conditions may restrict or prohibit blasting
during these months. The gréen sea.turtle is present in Hawaiian
waters year-round... Visual inspectiqn_ of the areé by én
authorized group, use of small charge sizes, and use of éhaped
charges are mitigation.measureﬁ which have been used -in other
projects t§ prevent adverse imﬁacts to seals and turtles.

4.2.1.6 Marine Mammals

The marine mammals most likely to be encountered would be the
humpback whale, and the bottlenose, spinner and spotted dolphins.

The humpback is discussed above. Dolphins may be attracted into

- the construction area by their natural curiosity. Again, visual

inspection of the blasting area, limitations on charge size, and
use of shaped charges are mitigation measures to prevent adverse

impacts to these protected species.
4.2.1.7 Other Marine Biota

The majority of tﬁe route would be in deep water where biota are
relatively sparse. Deployment impacts would be very minimal,
restricted to destruction of sessile and relatively immobile
epibenthic organisms such as - gorgonians, - starfish ~ and

holothurians if directly under the cable.

Near the landfalls where trenching would be requireqd, impacts 

would be greater. Some bottom area would be disrupted, with loss
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of epifauna, infauna, and habitat. These losses, however, would
be restricted to very small areas."Followihg stabilization of
the backfilled trench, recolonization would occur and no net loss
of habitat is expected. Depending on the nature of the backfill
and possible use of armor stones, additional habitat may be
created. Impact mitigation would involve selecting a nearshore
route which avoids the richest reef areas and minimizing damage
to areas surrounding the trench by not stockpiling backfill in

the marine environment.
4.2.2 Cable Operation

Both the existence of the cable in the environment and its
operation would impact human use and biota along the cable path.

The sections below discuss these impacts.
4.2.2.1 Vessel Operations

The cable route was chosen to avoid popular anchorages. However,
once the system 1is installed, the cable route would become a
designated exclusion area for anchoring. Emergency anchoring

would be the main threat to the cable.

The magnetic fields from a submarine dc cable could cause an
error in ship compass readings of several degrees at the
shallowest point along the preferred route. This close to shore,

-howaver, other navigational technigues are more appropriate.

-176—



Becauses the magnetic field intensity decreases’ geometriCally.
with distance from the conductor,'ih.deeper‘hater this is not a
problem. Any ‘effacts on a compass would be temporary; with
readingé again becoming accuraté once the vessel moves out of the
influence of the magnetic field a short distance away from the

cable.
4.,2.2.2 Operations of Other Cables

The submarine dc¢ electrical transmission cable system could
impact nearby communications cables in several ways. Physically,
a lighter commﬁnications cable could be damaged during deployment
of the heavier power cable or during repéir recovery operations.
Subsequently, recovery and repair of the communications cable
could be  impeded. Interference with signal transmission could
occur from the cable itself or from a sea return in _close
proximity to the commuhications cable, The sea return location
can be selected to avoid interference with other cable systems,.
but avoidance by the power cable may not be possible. Once a
final submarine route is selected by a commercial developer, the
Navy will provide information on the locations of its cables, as
appropriate. A mitigation measure suggested by the Navy is to

align the cables perpendicular to each other where they cross.
4.2.2.3 Commercial and Recreational Fishing
The cable system would not interfere in any way with most types
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of fishing practiced locally. Some types of bottomfishing could
be slightly impacted, however. Tﬁese would include bottom
hook-and-1line fishing and trap fishing off the islands of Maui
County and on Penguin Bank. Impacts could result from fishing
gear becoming entangled in the cable.. In many areas, however,
the cable would become buried and this interaction would be
precluded. considering the general patterns of bottom roughness
along the cable route,  the cable system would not add a

significant obstruction.
4.2.2.4 Endangered and Threatened Species

Operation of the commercial cable system would have minimal
effects on endangered and threatened species. Throughout most of
-the route it would not intrude into habitat used by these
species, being either too deep, or where shallow, buried in
trenches. Two aspects of operation deserve further -discussion
however: electromagnetic field effects and faults. Because of
the cable design, employing internal shielding, external electric
fields would not be preduced. An external magnetic field would,
however, be established and maintained by current flow through
the conductor. This gives rise toc the guestion of effects on

humpback whale navigation.
There are two guestions that need to be answered in regard to
whether or not humpback whales would be influenced by magnetic

fields created by the proposed submarine cable. The first is
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whether or not humpback whales could detect such a field.  The
second is whether or not there would be an aﬂverse effect on the

whales from such a field.

The . magnetic field  for the proposed submarine cable has been
estimated to be 17 milligaus at a distance of 100 meters (2.8% of
the Earth's field). Because. the field falls qff as a function of
the sguare of the distance, the magnetic field would increase
with decreasing distance to the conductor. It is assumed that
the planned route is east-west, the orientation of the earth's
field is north-south, conductors are sufficiently separated to.
act independently, and the system is opefating at 500 megawatts

.carrying 133 amps.

Specific data for humpback whales are lacking, but the detection
threshold of pilot whales is approximately 5 milligaus {J.
Kirschvink, pers. comm. to J. Charry). .In the Hawaii area,
. the horizontal component of the earth's mnmagnetic field is
estimated to be 150 mG, and the wvertical component of the earfh's
magnetic field is estimated to be 300 mG. In addition, there are
local ancmalies along the lines of the earth's magnetic field

expected to range from 10 to 100 mG.

As the submarine cable would be crossing the field lines of the
earth's magnetic field, anomalies would be produced. These
anomalies, however, although within the detection threshold for

pilot whales, .would not be outside of the range of local
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anomalies already present in the earth's field. Therefore, it is
unlikely that whales could distinguish the submarine cable from
already existing ancomalies in the Earth's field, and there is
very little 1ikelihood that the submarine cable would have any

influence on whale navigation.

The most likely outcome, if whales can in fact detect the field
due to the submarine cable, and can distinguish it from other
lecal . anomalies, is that adaptation would occur and there would

be no:anticipated adverse effect on migration patterns.

Parenthetically, it is worth noting that there 1is a.  large
database on pilot whales indicating that they navigate by the
earth's field. Pilot whales have a large amount of ferromagnetic
material. A similar database does not exist for humpback whales,
although they too have been found to have large amounts of
ferromagnetic material in their systems. On the other hand,
there is some indication that whales do not always use nmagnetic
fields to navigate. Sperm whales, for example, do not navigate
by the earth's magnetic field, aﬁd humpback whales have been
observed to navigate by other means, e.g., following the

coastline.

The effect of a cable fault on whales and other marine biota is
also of concern. A set of calculations were performed to analyze
this potential effect. Key assumptions for the calculations are

1) the organism is at the same dielectric as salt water and 2)
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the current -diétributes radiaily from the cable. ‘Data from
humans indicate a. "let-go" current threshold “for dc of 60 mA.  If
a person's’ wrist is the most restrictive cross-sectional area
through whiéh current ﬁust flow, a +typical "let-go" currenf
density is 3.8 mA/cm?, If a cable breaks and 133 amps enter the
water, using the same relationship, it can be calculated that the
radius around the cable break in which the human * "let-go"
thresheld would be reached is about 52.7 cm, or roughly half a
meter. As this relationship is based on current density and not
size of organism, this radius would apply to other organisms as
well, Therefore, organisms within about a haif meter of a cable

break could experience a severe shock.
-4.2,2,.5 Marine Mammals

Potential impacts to marine mamnmals are similar te those
discussed.in the above section with reference to humpback whales.
However, as many of the marine mammals exist as resident
populations along the cable route, migration patterns would not

be affected in any event.

4.2.2.6 Other Marine Biota
The primary impacts from an operating cable system to other biota
along the route would arise from elevated temperatures around the
cable. The temperature at which SCOF cables operate results in

elevated temperatures in the surrounding medium. 1In most cases.
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of uncovered and trenched underwater cables, only substrate
temperature and not water temperaturérwould be elevated. This is
because convection quickly dissipates the heat. Therefore,
benthic ofganisms would be the most likely group affected by the
elevated temperatures. °~ More specifically, infaunal organisms
such as clams and worms would tend to come in contact with
elevated temperatures, whereas epibenthic species such as crabs
and fish would not. Generaliy, the degree of thermal tolerance
in agquatic systems is species-specific and is often dependent on
acclimation temperatures and ambient conditions. Expected
mortalities would be rare. Changes in community structure,
“growth, and metabolism would be more likely to occur though none
cf these would necessarily be detrimental to the aguatic ecology

{Dames and Moore 1982).
4.2.3 Cable Repair

An internal fault in one of the cables would indirectly impact
the surrounding environment. ' The thermal impact of operation
would be removed around the faulted cable, but overloading of the

opposite pole would increase thermal impacts near that cable.

In the event of a cable break, several additional types of
impacts would be possible. Electrocution or shocking of nearby
organisms could occur as described above. Organisms within about

a half meter of the break could be affected. Automatic fault
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detection equipment wouid deenergize a faulted cable within one

sixtieth of a second. .

Parting of a SCOF cable would release oii to the environment. A
self-contained, oil-filled cable uses dielectric oils which are
of a very low viscosity, solubility and toxicity. Unlike other
oils that have caused great damage in ocean spills, this oil - is
not sticky, dissolves eaéily and is not poisonous. Testing
conducted for the Hydro-Cheekye-Dunsmuir project in British
Columbia .indicated that oil in the self-contained cable had
little or no _discernable-effect on marine life. Experiments
conducted in Ttaly (Istituto di Entomologia Agraria, 1984) tested

" the toxicity of decilbenzene to marine ogranisms at three

different trophic levels: a primary producer (the algae,
Dunaliella tertiolecta); a primary conéumer {the brine shrimp,
Artemla salina); and a secondary consumer (the fish, Liza
aurata). Results indicated a very low level of toxicity,

particularly for fish. In saturated solutions, the survival of
fish was complete after 86 hours. Limited mortality‘was observed
at very  high concentrations of a suspension of the chemical.
Brine shrimp exhibited only a slight increase in mortality in a
saturéted solution. Some inhibition of phytoplankton growth

rates were observed at concentrations above 5-10% saturation.
Despite this demonstrated lack of toxicity, a Spill Prevention
Control and Countermeasure Plan would be  required by +the

provisions of the Federal Water Pollution Contreol Act, Public Law
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92-500 (Amendments of 1972), and EPA implementing regulations.
This plan must be prepared by the bperator‘bf a facility that
might be capable of discharging (by accident, equipment failure,
or operator error),  enough oil into navigable waters of the
United States to create a visible  sheen, discoloration,
-subsurface sludge, or emulsion. The purpose of the SPCC is to
outline the nethod of operation, measures, and equipment to be
used to prevent spills and the planned program of response in the
event of a spill. In the event of a spill, the Environmental
Protection Agency would be notified. Under the National 0il and
Hazardous Materials Poilution Contingency Plan (40 CFR 1510), an
Environmental Response Team headed by an On-Scene Coordinator
would take steps to assure that the best and most appropriate

clean up measures are taken,.
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4.3 The Relationship Between Local, Short-term Use of the
Environment and the Maintenance and Enhancerment of Long-térm

Productivity.

Energy securitvy would .be gained b§ transporting electricity
prdduced from the geothermal resource rather than using imported
0il for é large portion " of our future electricity needs..
Localized, short-term adverse impacts on the enviromment would
occur during construction of the systen. ‘Long—-term impacts
include the effect of the overland_portion of the system on . the

visual guality of the surrounding environment.

Future options 'for use of the environment would not be
foreclosed: however, certain uses of the environment would be-
narrowed in range as long as the system is 1in place,
Construction of new buildings would be restricted within the
right-of-way on land,- and along the undersea cable route
ranchoring would be prohibited. The system poses no risk to
health and safety, but without development of an alternative
energy source an oil shortage could threaten public health and

safety in the long-term.
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4.4 Any Irreversible or Irretrievable Commitmenits of Resources
A commitment of capitol, labor, fossil fuels and construction
materials would be made. Some of the construction materials
could be used again if dismantled. The vegetation removed for
pole sites, access roads and safety c¢learances would be

irretrievably lost, but over the long-term would regenerate.

The commitment of land would not be Jirreversible and, Aif
dismantled, the project would leave few traces. This is also
true for. the undersea cable route. The trenched nearshore

habitats would also regenerate with time.
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4.5 Any Probable Adverse Environmental Effects Which Cannot Be

Avoided ' ' - -

Localized, temporary adverse impacts on air quality and noise
levels would occur during construction.of the'commerqial cable
system,. Disturbance of piaﬁts and animals within and near the
right-of-way would also occur during construction activities on
land and mérine plants and animals would. be. affected during
trenching activities. There is also potential for soil erosion,
although mitigation. measures would make thié an insignificant
impact. Visual quality may be affected in the long-term from the
overhead transmission lines, however, mitigation measures wéuld

lessen this impact.

The '"no action" alternative would have similar impacts, but thev
would occur in different areas. New oil-fired generation plants,
for example, would have construction-related impacts on land. .
Impacts to . the marine environment could be much worse in the
event of an oil tanker spill or accident than anticipated from
this project. New overhead transmission lines will be required
as demand for electricity grows, but they would most likely be
‘built in different areas than for the proposed action. The "no
action" alternative wbuld not have the benefits of the proposed

action in meeting the goal of increased energy security by

tapping local energy sources.
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4.5.1 Indication of What Other Interests and
Considerations of Government Policies are Thought to Offset

the Adverse. Environmental Effects of the Proposed Action.

As discussed in Section 2.1.7.2, State Policies, the Hawaii State
Plah defines two major energy objectives: develop dependable,
efficient and economical statewide energy systems capable of
supporting the needs of the people; and, increase energy
éelf—sufficiency for Hawaii. The commercial cable system woﬁld
help .the State meet these objectives. Furthermore, the State
Energy Functional Plan encourages local commercialization of
alternate energy technologies. The commercial cable system would
allow realization of this objective at a larger scale than any

other alternative energv development plan potentialilly available.
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4.6 Unresolved'Issues
Two fundamehtal aspects pertaining to development of :the
commercial cable system remain unknoﬁn at this t;me, The first
is, who would own the cable system, and the second is, how woﬁld
it be financed. Selection of an alignment within the broad
corridors identified herein would come at a later.stage. Also
" unresolved is the timing of installation of the system, as this
would depend on coordination with the presently _unspecified

timetable for geothermal development.
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APPENDIX A

Permits Summary



FEDERAL PERMITS SUMMARY

'
o . o . B e g2 - —— . P T T T A . A e S A e el B e S e T . e e o S

REQUIRED FOR PROCESSING
PERMIT HDHC COMM ISSUED BY REVIEWED BY PREREQUISITES TIME TERM FEE NOTES
Department (1) *  COE NMFS EIS 2-8 monthe':'No Limit 8100.00 All state and county
cf the FWS approvals must be
Army : UsScaG CZM ] granted prior to
DLNR ‘Consletency ' ' COE final action.
Othere
Fublic
Hearing
NEPA ¢«  ceql NMFS Field Studies 6 months % No Limit  None'®! Essentially the same
Els - FWS of Blota, .one year+ . tormat as state EIS.
usca Historic
DLNR S$ites, Etc.
Others

o e i D . o} e e e e o e e e . A D D D e ok A ey o o e PR A T B S e Y e e . S o P N e B o S o A ket o P st i i ety S S e e e B T S R e -

{1) The HDWHC Program could be approved under a 'Letter of Permission'
or a 'Natlonwide Fermit,' neither of which would require an EIS.

{2) Excludes EIS5 preparation time and public hearing delays.

{3) Accepted by the President's Councll on Environmental Quality.

{4} Excludes EIS Preparatien time.

[5) Excludes EIS Preparatlion cost,
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. PERMIT

-Conservation
District
Use

For Work

In The
Shorewaters
ot the
State

- o

To Perform
Work Upon
State
Highway

CZM
Conslistency

STATE PERMITS SUMMARY

REQUIRED FOR

—————— - PROCESSING
HDOWC COMM ISSUED BY R!VIBHED BY PREREQUISITES TIME TERH ~FEE NQTES
{1) ¢ BLNR DLNR SMA Permit 6 months‘n One Year 550 00(” Need a maintenance plan
. for all utility
DoT Shoreljine i : installatlions (see CDUA,
Setback . : Appendix Kj.
Uariance :
Elats) _
v DoT  DoT SMA Permit 2-3 months One Year $30.00 Is combined with CDUP.
{Harbors) ) : : unless DOT nhjects to
Shoreline : . BLNR approval.
Setback - : '
Variance
EIS(s)
. poT Dot Project Plans . 1-3 months - SI0.00‘a) Appll#étlon evaluated
{Highways) . i on basils of legality,
Use and : safety and envrionmentnl
Ocaupancy . lmpact.
Agreemants
with DOT
«  pur'Y oeqe Fleld Studles of 6-12 montha'® ——  None Eosentially the same
Biota, Hiatoric format as SMA EIS or
Sites, Etc, NEPA EIS.
' *  DPED HCZMP Public Notice - 45 days-~ —-  None'"!  Must precede federal
, 6 manths : permit approval.

Certiflcation

e ——

[ S T G i S —"—— S p—— R L e el ———— - vl T W ek P — . — — e

(1) An opinion on appropriateness of Temporary Variance from CDUP for the HDWC Program has been requestad.

{2) Excludes EIS preparation time.

{3} The public Hearlngs required in SMA permitting are sufficient for the CDUA process, thereby reducing tees by §50. 00.
Excludes cost of EIS preparation. ‘

- {4) Minimum -
{5) Accepting

fee increases with project size and complexity.
agency in CDUA process.

(6} Excludes preparation time which may vary from about eix months to over one year.
{1} Excludes cogt of statement preparation.
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{city

latsa)

COUNTY PERMITS SUMMARY'!!

o e ke e e e e e i A R

rate varies wilth meter rate (950.20~90,40/meter/hour).

------------ PROCESSING
PERMIT HDWC COMM ISSUED BY REVIEWED BY PNEREQU[SIT!S TIME TIRH TeEE NOTES
Special . City Counci)  DLU state EIS (2}4-6 months No Limit #100.00'Y  Must precede any
Management {Honelulu) {Honolulu) nececbary state or
Area Use . federal land use
Planning Planning Public Hearing {Maul approval. (Other
Commicsions Departments $130.00) applications may be
(Nelghbor {Neighbor Demonetrate concurrent, however.)
Inlandsl ]nlnndnl Public Benefit
Shoreline . Clty Council DLU Demonstrate 4-6 months No Limit $100.00 Processed concurrently
Setback (Honolulu} {Honolulu) Public Banefit {Maui with SMA permit,
Varlance §35.00)
Planning Flanning Land Survey
Commlsaions Dapartmantas
{Nelghbor {Keighbor Public Hearing
Islands) Islanda)
Conditional . Clty Councll pLy Project Plane 3 monthe Mo Limit 6100.00 + May precede SMA Uen
Use Planning 880.00/acra approvsl. (Honolulu)
) Commisslon Adequate Up to
Infrastructure 81,000.00 {Necessary only if ter-
minal structures contain
Two Publlic office, Storage or
Hearlings malntenanca tacilities}.
{Planning ’
Cormicsion and
city Councily
Zaoning . Director, DLU Demonstrate 40 days ¥No Limit MNone Certaln minimum 2onlng
Haiver bLU Public Benefit ! requirements can be
{Helght? walved tor public
Project Plane utllicies (Honolulu).
Developrent . City Council DGP Letter of Intent 1€ Months WNo Limit #$100.00 DP Amendmént necessary
Plan Ordinance Planning Application {ainimum) to chang# Public Faclli-
Amendment [Approved Conriselon - ties Map regardless of
{Honolulu} by Mayor) : Two Public zening designation or
Hearinga permitted uses.
Bullding . Building Building Projact Flane 2 vieake one Yanr Varies Various permits for
Dapartment Dapartment with buildinge, electrical
{Honolulu) {Honolulu) project and plumbling work,
wize drlveway conastructlon,
PPW oPW etc,
{Heighbor (Neighbor
Islands) Islanda)
Grading . DPW DPH Project Plans 2-4 waeke One Year Varies with All other environ-
{All Countiea) (All Countjes) volune soll mental and regulatory
Temporary Erosion moved 5 approvals must be
Control Plan sbtained first
Street . DTS DTS Locationa, Dates, One wesk Specified {6) Special duty pollce
Usage ' Drawlngs, Etc. . In Permit officers required for
Fermlit : trafflc control.
11) city and County of Honolulu Syetss ueed for anslyses.
{2) Excludes EIS preparation time.
13] Excludes EIS preparatiun cost,
(4) Excludes land survey cost.
13) Excludes cost of instrument survey, drafting, and possibly solls analyaeu.
A performance bond may be required.
(G} Fues based on loss of parking meter ravenues = 82/meler/day on-sutreet, off-street
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