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EXECUTIVE SUMMARY

The dssue regarding the expansion of LURAN-C in the Hawaiian
Istands 1is addressed in this study. As well as a conventional
benefit/cost analysis, this study also provides much of the
background data and other underlying elements which contribute to
an expansion decision. In addition to quantified benefits and
costs to the wusers and operators of the system, this study
considers the current and future growth of the islands, their
economy, and other tfactors contributing to the utilization of
LORAN-C by the maritime community.

The Hawaiian Archipelago consists of two separate geographic
regions. The main Hawaiian Islands at the eastern end comprise
the centers of population and commerce. The Morthwest Hawaiian
[slands extending 1200 nm to the northwest of the main islands
consist of & series of small isolated islets and shoals which
are, by and Tlarge, uninhabited. LORAN-C <coverage of the
archipelago is presently provided by the Central Pacific chain;
however, assured coverage only includes the northwest Hawaiian
Istands and adjacent waters. There is limited coverage of the
main Hawaiian Islands.

When the Central Pacific chain became operational in 1961, it was
a military system designed to meet the requirements of national
defense, As a result, civil maritime needs were not involved in
tne design of the system. Since military effectiveness was the
principal 1issue, civil benefits and costs were not considered.
The proposed expansion of the Central Pacific chain addresses the
principal civil traffic areas in order to provide navigational
tix coverage to those regions of high traffic density heretotfore
uncovered. Further, as part of the expansion decision the
requirements of the civil user are arrayed aqainst the current
and projected user benefits, system operator costs and user
costs.

Three decision options are considered: expansion of the Central
Pacific chain; retention and status quo; and by implication,
termination of the system. Two expansion alternatives are
addressed: the first involves reconfiguring the system by adding
another station at Kauai in the main Hawaiian Islands. This
alternative provides additional coverage to the south and
slightly more coverage to the northeast. The second alternative
relocates the present Kure transmitter eastward to Midway Island
in the Northwest Hawaiian Islands thereby increasing coverage
eastward 1into the principal North American trade routes.
Investment and operating costs for these alternatives are
considered as well as the operating costs for the Central Pacific
chain,. Investment costs for the Central Pacific chain are
considered sunk and do not enter into the analysis. Benefits
attributable to all three alternatives are determined.

xi



The following conclusions have been drawn with respect to the

costs,

benefits, and other elements affecting the decision

structure,

0

Under the most optimistic set of assumptions the Central
Pacific (CENPAC) chain which currently provides LURAN-C
coverage of the Hawaiian [slands is marginally
Justifiable on the basis of costs and benefits to the
civil marine users. This chain was designed to meet the
requirements of the defense community and does not
provide benefits to that area of the Hawaiian Islands
where the greatest civil maritime activities lie. A
benefit/cost time stream for the Central Pacitic chain
and the alternatives is shown in Fiqure 1.

1304

range

Spiarden,

L1004 ----- cmcmcccmarmcmaencccccee oo

1980 1985 1990 1995 2000
YEAR

079 4

0.50 4

BENEFIT COST RATIO (cumulativa)

.25

o
3

Figure 1: LORAN-C BENEFIT/COST TIME STREAM

The benefit/cost relationships of the confiqurations
designed to extend LORAN-C coverage narrowly favor
system expansion since those alternatives show slight
improvement over the Central Pacific chain. However,
these relationships do not reach a level considered
sufficient to warrant either an investment descision or
futher study. The benefit/cost ratio for the
reconfigured chain with a master station on Kauai is

xii



1.25 wnile the ratio for the chain with a repowered and
relocated station on Midway Island is 1.47.

Benefits to U.S. fishing vessels drive the results.
However, the uncertainties associated witn these
benefits are such that under tne worst case assumptions
for the Central Pacific chain the accrued benefits do
not reach a level sufficient to pay back operating
expenses, Similar conclusions can be drawn with respect
to the minimum benefit/cost relationships for the
expansion alternatives.

Because of the 1limited civil wutility of the Central
Pacific chain and the less than favorable benefit/cost
relationships for the expanded chains, no overriding
case for either system expansion or retention can be
made. Although, if tha Central Pacific system s
retained for reasons other than benefit/cost
considerations its worth will be enhanced through
expanded coverage.

The benefits for the expansion alternatives are similar
and, 1in the aggreqgate, present little discernabile
ditfference. However, using other criteria such as costs
and benefits per vessel mile and per square mile of
coverage, it 1is apparent that the Midway relocation
alternative provides greater benefits to a greater
number of users at slightly lower costs. On this basis
it is the preferred alternative.

The principal beneticiaries of coverage from the Central
Pacific chain are foreign flag fishing and foreign flag
cargo vessels., The Kauai reconfiquration will provide
additional benefits to these groups of users; the Midway
relocation alternative will benefit the U.S. flag users
the most by providing coverage to the North America -
Hawaii traffic.

The benefit/cost ratios for all alternatives including
the Central Pacific chain tend to be insensitive to
major events which cause changes 1in benefits. The
prevention of a major navigation-related marine disaster
through expanded LURAN-C coverage will not raise the
benefit/cost relationships to a level sufficient to
justify a positive investment decision.

Vessel groundings occur throughout the entire Hawaiian
Archipelago. However, the frequencies and severities
are low and the greatest numbers occur within the main
Hawaiian Islands. In the shoal areas of the archipelaqgo
to the west of the main Hawaiian Islands fewer
groundings occur but they are of qreater severity.
LORAN-C coverage from the Central Pacific chain s
available 1in the latter area but not in the former.
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Based on historic data some quantitative benefits can be
attributed to expanded coverage.

Although most Coast Guard benefits from gxpanded LURAN-C
coverage cannot be quantified, substantial qualitative
benefits can result, These penefits are in improved
capability 1in the enforcement of laws and treaties,
particularly the enforcement of the Fishery Conservation
flanagement Act, 1in the marine environment protection
mission and in search and rescue operations. Hith
respect to search and rescue some quantitative benefits
can also be derived from LORAN-C expansion throuqgh
improved navigability. These benefits can result in
savings in helicopter/fixed wing operations. However,
helicopter wupqgrading with self-contained navigational
capability can yield similar benefits without LORAN-C
expansion. Since this upqgradina is already planned for
FYB2-83, no LUORAN-C benefits have been assigned,

The advent of NAVSTAR GPS in 1987-1948 could signifi-
cantly affect the number of ships that equip witn
LORAN-C, This, in turn, would lower all projected
benefit/cost ratios thereby making all system alterna-
tives investigated even less promising. Some large
marine operators have already indicated their intent to
derer the acquisition of any additional radionavigation
receivers wuntil the presumed availability of HNAVSTAR
GPS,
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1. INTRODUCTION
1.1 General

This study of the benefits and costs of additional LORAN-C
coverage in the Hawaiian Islands was conducted by the
Transportation Systems Center (TSC) under the sponsorship of the
U.S. Coast Guard, Office of Mavigation. This study is in partial
tulfillment of the requirement for an assessment of the needs for
expanded LORAN-C coverage in the extracontinental regions of the
United States as laid down in the Federal Radionavigation Plan.
In this plan the issues of the expansion of LURAN-C in the
Eastern Caribbean, Hawaii, and the Northern Regions of Alaska are
left unanswered pending the results of a study of the benefits
and costs of expanded coverage 1in each of these areas. A
previous study nhas addressed the Eastern Caribbean; a future
study will consider the Alaska expansion. This study considers
additional LORAN-C coverage in Hawaii.

1.2 Scope and Ubjectives

The issue of the expansion of the current Central Pacific LUORAN-C
Chain 1is addressed in this report. Uther alternative systems
(Omega, Transit, NAVSTAR GPS) are considered where appropriate
but in less detaijl. [nasmuch as expanded LURAN-C or NAVSTAR GPS
would not be available in Hawaii until the mid or late 19Y80's,
the data presented are based on projections and trends derived
from an analysis of current operations. Where wuncertainties
exist, ranges of values are shown. Whenever possihle benefits
are quantified in terms of dollar savinas;: however, when
yuantification is not possible, qualitative benefits are noted.

The objective is to provide an early indication of the
requirements, if any, for enhanced coverage of LORAMN-C in the

reqion surrounding the major Hawaiian lIslands. The principal
elements considered are the benefits and costs to the maritime
user and to the government. The costs of the system are

considered both in terms of the operational costs of the current
Central Pacific chain and the additional capital and operational
costs associated with expanding. and reconfiquring this chain
througn the addition or relocation of transmitter stations.
Both benefits and costs are considered within a framework of the
marine operations in the region. Included are a determination of
tne marine population expressed as traffic and trade into and
through the area of current and expanded LURAN-C coveragqe, Also
considered are the origins and destinations of all marine traffic
both in terms of Hawaii-specific traffic as well as that traffic
which transits the area, but which is nevertheless, a beneficiary
of the LUORAN-C system.

Uther principal wusers and beneficiaries of the expanded or

reconfigured system are the Hawaiian fishing industry and the
Federal Government. While the current contribution of the

1-~1



tishing industry is less than 0.2 percent of the Gross State
Product, there is a concerted, coordinated drive to expand this
industry by the year 2000 to a level of nearly eight times its
current state, The role and possible contribution of expanded
LORAN-C in meeting this goal is considered as a passible benefit
area, Also considered are the benefits to the government,
particularly the Coast Guard, 1in terms of improved mission
capability and operational effectiveness, mainly in the Search
and Kescue element. Finally, the role and possible benefits in
the .reduction of navigation-related maritime incidents due to
enhanced LORAN-C signal coverage is addressed and quantified.

1.3 Assumptions and Approach

Since this is principally an operational study of benefits and
costs, alternative LURAN-C system configurations and capabilities
are included only as they relate to these determinations.
Approximate system coverage is more important in this study than
technical system capabilities and constraints, Therefore, the
configurations shown are used for illustration and for developing
estimated benefit and cost data. A more precise study of these
alternatives for the purposes of developing detailed
specifications and characteristics could be the subject of a
future effort if required by the results of this analysis. At
this time, it is the principal intent to provide meaningful cost
and benefit estimates of the potential for system expansion.

Civil marine users are assumed to be the principal beneficiaries
although Coast Guard air and marine users are also considered.
Uf the civil marine users, only those vessels (both U,S. and
foreign flag) engaged in U.S. trade or calling at Hawaiian or
Mainland U.S. ports were considered. Foreign vessels engaged in
foreign trade or transiting through the LORAN-C coverage areas
were outside of the scope of this study. It is probable that
these vessels would also derive benefits from LORAN-C system
expansion.

Under the ground rules of this study, civil aviation users are
assumed to be outside the area of interest. Further, as the FAA
has certified Umega to replace LORAN-A as the externally
referenced radio aid to navigation for use in the oceanic enroute

phase of navigation (Reference 1). FAA certification of the
aviation use of Omega is obtained only upon request by the
individual airlines. Such certification 1is restricted to the

region between 70 N and 45°S. Military users were not considered
because the stated DUD position assumes that LORAN-C will be
phased out in favor of NAVSTAR GPS when the latter system becomes
operational (Reference 1).

Unly coverage provided by LORAN-C ground wave is considered. At
this time the quality of coverage from LORAN-C sky waves 1is
unknown and a definition of their utility for navigation will
require a program of monitoring and surveying beyond the scope of
this study.



The users of the LORAN-C signal in other than radionavigation
applications were not considered although current indications are
that this population may be considerable. Among this group are
the scientific and technical users of the precise time component
of the LORAN-C signal. Also not considered are those users of
the communication applications of LURAN-C.

NAVSTAR GPS is assumed to be fully operational by the end of 1988
(Reference 1) while the LORAN-C expansion alternatives would be
in place and operational by 1985, However, current estimates
indicate that the NAVSTAR GPS date may slip, while the LORAN-C
expansion date is contingent on an early decision together with
prompt congressional action.
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2. BACKGRUUND

The current Central Pacific (CENPAC) LORAN-C Chain became
operational in 1961, The original rationale for the
installation of LORAN-C in Hawaiian waters was governed by the
requirements for national defense and military effectiveness.
Costs were a secondary issue. Further, since civil entities were
not involved, nor were they at that time a potential user of the
system, a conventional benefit/cost analysis was not performed,

At the time of initial conceptualization and installation of the
CENPAC Chain, the needs of the military gqoverned its
configuration and coverage. Thus, current coverage of LORAN-C in
the Hawaiian Islands 1is qeographically optimized for mititary
requirements but not necessarily civil needs. The CENPAC Chain
provides coverage to the west of the main Hawaiian I[stands, and
includes most of the islets and shoals comprising the
Archipelago; it extends on the south to Johnston Island and
includes the open sea areas to the west and south of the main
islands.

The declassification of LORAN-C made two radionavigation systems
available for civil use. These systems, LORAN-A and LORAN-C,
provided similar coverage of local waters. Neither covered the
main islands and, of the two, LORAN-C provided considerably
greater regional coverage. Further, LORAN-C provided vastly
improved accuracy and reliability. In 1974 LORAN-C was
designated as the government-provided navigation system for the
coastal regions of the Continental United States, Gulf of Alaska
and the Great Lakes. At that time a schedule was promulgated
which provided for the orderly phase out and termination of the
LORAN-A system. No specific mention was made regarding the
expansion of LUORAN-C into the insular regions of the U.S.,
specifically Puerto Rico and Virgin Istands in the Eastern
Caribbean and the main Hawaiian Islands. Nor was any mention
made regarding the reconfiguration or expansion of the Alaska
chains so as to incorporate the Coastal Confluence Zone north of
the Bering Strait and Seward Peninsula.

The 1977 edition of the National Plan for Navigation, raised the
issue of LORAN-C expansion into the above areas (Reference 2).
This issue was reiterated in 1979 in the Federal Radionavigation
Plan, the successor document to the National Plan for Navigatian,
Further, in the Federal Radionavigation Plan the U.S. Coast Guard
is specifically tasked with recommending for or against LORAN-C
expansion in areas of the U.S. Coastal Confluence Zone outside
the Continental United States and Southern Alaska.

Heretofore, system investment decisions were made either based on
the needs of the military, as with the Central Pacific LORAN-C
Chain, or as a question of national policy as was the case with
LORAN-C expansion and reconfiguration in the continental Coastal
Confluence Zone and Great Lakes. For the first time, expansiion



decisions now include requiremants of the civil user arrayed
against the current and projected user benefits, system operator
costs, and user costs. In the Central Pacific LORAN-C
configuration the needs of the military were the driving factors
in the decision structure and, as a result, system coverage
excludes those areas of major civil maritime traffic, The
proposed Central Pacific expansion confiqurations, on the other
nand, address the principal traffic areas and provide siagnal
coveraqe to those regions of high traffic density heretofore not
covered.

In FY80, the Transportation Systems Center addressed the needs,
benefits, and costs of the civil maritime radionavigation user in
the Eastern Caribbean (Reference 3). The results of that study
of LORAN-C alternatives indicated that the payback period of
benefits to costs did not occur until late in the system life
cycle, Further, that study indicated that under the most
optimistic set of assumptions and expansion alternatives
selected, the system was only marginally cost-beneficial
(Benetit/Cost ratios <1.6). In some of the system configurations
considered, the net Tife cycle benefits did not exceed the life
cycle costs. The study results were used as the basis for a
subsequent decision by the Secretary of Transportation not to
expand LORAN-C into this region. -

The study of the expansion of LORAN-=C in the Hawaiian Islands
addresses similar issues. The question to contend with now,
however, is whether to expand, terminate, or continue a system
which provides partial coverage and some benefits to the civil
maritime community although the coverage may not he focused on
the needs of the majority of users or potential wusers, The
following sections provide the assumptions and basis for the
subsequent analysis and findings.



3. CHARACTERIZATION OF THE HAWAIIAN ISLAMDS
3.1 The Hawaiian Archipelago
3.1.1 General

The Hawaiian Islands comprise an archipelago consisting of a
series of volcanic islands, islets, reefs, and shoals extending
1400 nautical miles along a northwest, southeast axis. The
principal 1islands are in order of size, Hawaii, Maui, Oahu,
Kauai, and Molokai and are lgcated on the eastern extremity. The
archipelago extends from 154°49'W (Cape Kumukahi on the Island of
Hawaii) to 178920 W (Kure Island). In a north-south direction,
it extends from Ka Lae on the Isl%pd of Hawaii, the southegnmost
point in the the United States (18745'N) to Kure Island (28 30'N)
(Reference 4),. Most of the islands are surrounded by a narrow
coastal shelf which drops off rapidly to great depths. Fiqure
3-1 is a chart showing the major islands, shoals, banks and
islets. Also shown on this chart is the 1000 fathom curve which
by its proximity to the shoreline indicates the narrowness of the
offshore coastal shelf. A1l islands in the archipelago are part
of the State of Hawaii except for the Midway Islands which are
part of the naval defensive sea area and are reserved for
purposes of national defense.

3.1.2 Coastal Confluence Zone (CCZ)

The Coastal Confluence Zone 1is characterized as a region of
moderate maritime traffic and reasonable proximity to the
coastline and, as such, is an area which requires more precise
and more reliable navigation aids than the high seas. The
Coastal Confluence Zone of the United States is that region
extending from the harbor entrance to 50 nm offshore or to the
edge of the continental shelf (100 fathom curve), whichever is
greater., The designation of a Coastal Confluence Zone in its
strictest interpretation is applicable both to major land masses
(Continental United States) and to island groups (Hawaii and
Puerto Rico/Virgin Islands). In this zone, transoceanic traffic
patterns tend to converge, inter-island or inter-port traffic
exists in patterns that are essentially parallel to coastlines
and ships of Jlesser range tend to confine their operations.
Movement of traffic 1in the CCZ may be point-to-point as in
coastwise or foreign trade; directed, in the sense of fishing or
survey vessels; or casual, in the sense of recreational craft
(Reference 2). In the Hawaiian Islands, the Coastal Confluence
Zone extends approximately 50 nm offshore since the 100 fathom
curve dgenerally begins a few hundred yards offshore due to the
rapid and steep dropoff. Thus the CCZ would follow the shoreline
of the islands and extend the length of the archipelago.

3.1.3 Fishery Conservation Zone (FCZ)

The Fishery Conservation Zone (FCZ) was established by the
Fishery Conservation and Management Act of 1978 and delineates a

3-1
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region wherein the United States exercises fishery management
jurisdiction. Generally this region is defined as a zone 200 nm
seaward from the baseline from which the territorial sea is
measured (Reference 5). Figqure 3-1 shows the FCZ for the
Hawaiian Archipelago. It extends from 200 nm east of the Island
of Hawaii to 200 nm to the northwest of Kure Island so as to
include the Hancock Seamount. This encompasses an area of
approximately 648,000 sq. miles and is an area over which the
Coast Guard exercises jurisdictional control in its mission of
enforcement of maritime laws and treaties.

3.2 Principal Ports and Harbors

Honolulu, on Oahu, is the capital of the state, the center of
poputation and the largest commercial deep water facility in the
Islands (Figure 3-2). It is located on Mamala Bay on the south
side of the Island. This bay extends from Diamond Head on the
East to Barbers Point on the West. The Port of Honolulu handles
approximately 96 percent of the oceanic traffic and serves as the
distribution point for the majority of the marine commerce
destined to or originating from the other islands. There are 42
major piers, wharves and other docking facilities in the Port of
Honolulu and vicinity; 31 of these facilities are in the Port of
Honolulu proper. The balance are in the various basins and
lagoons bordering Mamala Bay. Three of these facilities are at
Barbers Point serving the petroleum refinery and shipping
operations there. Also located on Mamala Bay is the U.S. Naval
Base at Pearl Harbor which has been established as a defensive
sea area and is closed to commercial traffic.

The other principal ports in the Hawaiian Islands are Hilo and
Kawahae on Hawaii, Port Allen and Nawiliwili on Kauai, Kahului on
Maui and Kaunakakai on Molokai. 0f these, Kahului and Hilo are
the largest in terms of numbers of facilities and capabilities;
all are equipped to handle barge traffic as well as petroleum
offloading and bunkering.

3.3 Principal Trade Routes
3.3.1 0Oceanic Trade Routes

The oceanic trade routes between the Hawaiian Islands and
continental 1land masses and other islands can be grouped into
four quadrants. The northern quadrant consists of the traffic
from Alaska and the West Coast of the United States and Canada;
the eastern gquadrant traffic is from the Panama Canal and the
West Coast of South America. Traffic in the south-southwestern
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quadrant is from Australia, New Zealand and other Pacific Istands

such as American Samoa, F1Ji, Cook and Society Islands. The
western quadrant traffic is from Southeast Asjia, the Orient and
Soviet Union, Included in this quadrant is trafttic frow

Singapore, Indonesia, Pnilippines, Japan, Taiwan, and Korea.
Also included is traffic from the Trust Territories such as Guam
and the Marianias Islands. The track Tlines for these trade
routes are shown in Fiqure 3-3. Wnhen multiple track lines are
shown, i.e., Japan or Alaska, alternate routes are available,
Since tnis chart is based on a Mercator projection, these routes
should appear as slightly curved lines, For ease in portrayal,
rhumb lines are used and thus represent an approximation of the
route.

[n addition to oceanic traffic which is either destined for or
originates from the Hawaiian I[slands, there are also
trans-Pacific trade routes which are used by transient traffic
between the west coast of the United States and the southern and
western Pacific ports. Tr=se trade routes pass througn either
the major islands or the archipelaqo proper, or else are in close
proximity to the Islands. They are also shown in Figure 3-3.
Unly one route, the Seattle to Australia route, goes between the
islands of Kauai and Oahu. Most of the remaining trade routes
pass to the nortn of the Islands principally the Southeast Asia -
California routes. On the other hand, only two routes pass to
the south of the 1Islands and they represent the Australia -
California traffic. These trade routes were subsequently used to
develop a characterization of oceanic traffic and to provide a
basis for tne determination of system bhenefits, ’

3.3.2 Inter-isltand Trade Routes

Honolulu 1is the principal port of the Hawaiian Islands and most
oceanic and interisltand traffic either originates or terminates
there. Uceanic <cargo may be offloaded at Honolulu and
transsnhipped by barge to the adjacent 1islands, Sometimes a
vessel is partially offloaded at Honolulu and then continues to
subsequent ports in the islands. The interisland trade routes
.are shown 1in Fiqure 3-4. Some of the traffic 1is made up of
multiple barge Toads with multiple destinations. Jne or more
barges will be left at an intermediate port while the principal
load continues on to its final destination. On the return trip,
the process is reversed.

Most ot the barge traffic tends to follow the <coastal trade
routes and more circuitous interior channels between the islands.
On the other hand, larger vessels will sail direct via the open
waters to their destination. In either case, navigation or
piloting is performed visually and augmented by radar.
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3.4 0Ucean Basin Environment: UWeather and Climate
3.4.1 General

The ocean basin environment of the Hawaiian Islands is marked by
a tropical climate which is unusually favorable for the mariner.
Adverse effects such as severe storms are rare, short-lived, and
do relatively 1limited damage (References 4,6).* Uverall the
climatic features are dominated by trade winds whose influences
are felt throughout all seasons, by uniform temperatures in all
regions and by extreme variations in rainfall between adjacent
areas. The following is a discussion of those elements of the
Hawaiian weather and marine environment which impact upon the
mariner and safe navigation.

3.4.2 WMWind

Overall, the wind is the dominant characteristic of Hawaiian
weather. The trade winds blowing from a northeast direction are
not only persistent and predictable but also account for
approximately 70 percent of the wind distribution. The Pacific
Anticyclone (Pacific High) 1is the source of the Hawaiian trade
winds. Circulation around this cell is in a clockwise direction,
which, together with a slight deflection of the surface winds
away from the high pressure region account for the northeast
trade winds that dominate the area. The trade winds have an
average velocity of 13 knots and are marked by seasonal
variations, They are strongest and most persistent during the
summer months; between January and March they are least frequent
and sometimes disappear for an entire month. The qreatest effect
upon the mariner from the trade winds is in the channels between
the islands. There the winds tend to be funneled and accelerated
as they pass between the steep coastal slopes of the isltands.
This funneling effect tends to increase the wind velocities by 5
to 20 knots or more. The effect of this acceleration upon the
channel waters is to develop choppy waves which in time become
rough and confused. While this effect is not critical for ocean
going vessels, it can be hazardous for small craft (Reference 7).
The strongest trades are in the-Alenuihaha Channel between Maui
and Hawaii, Other regions where the winds accelerate greater
than 20 knots include the Kaiwi Channel between Oahu and Molokai,
and the Pailolo and Kalohi Channels between Maui, Molokai and
Lanai.

*Subsequent to the draft of this report, hurricane Iwa struck the
istands of Kauai and Oahu in November 1982 causing major damage.
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Kona (leeward) winds are strong south or southwesterly winds
accompanying shifts in the weather pattern, When these shifts
occur, the trade winds disappear and are replaced by winds from
the opposite direction, Because of the shift in direction, the
normally Tleeward slopes of the islands become windward slopes.
Kona winds are usually associated with storms, heavy rainfall and
cloudiness. Areas which have no rain when the trade winds are
blowing a-e deluged. This weather pattern is associated with a
tropical low and cold front advancing from the west., The impact
upon the mariner of Kona weather is to cause heretofore safer
shores and anchorages to become unsafe for small craft.

3.4.3 Storms and Visibility

The effect of storms, lows and accompanying reductions in
visibility are minimal upon the mariner and marine
navigation. Thunderstorms in Hawaii are uncommon and are
generally associated with cold fronts and Kona lows. When they
do occur, they are mild and of short duration. Hail seldom
occurs. Waterspouts are formed occasionally, generally during
the Kona season and are associated with cumulonimbus clouds and
thunderstorms. When a waterspout funnel is formed, it rarely
touches the surface of the water and therefore is of 1little
danger to the mariner. Hurricanes and typhoons sometimes visit
the islands, however their force usually has been attenuated.
The Hawaiian Islands 1lie at the extremes of the West North
Pacific typhoon area and the East North Pacific hurricane area
and those tropical storms that do appear have been greatly
dissipated. O0Of the two types of storms it is more probable that
the hurricanes would reach the islands. These storms are bred
off the North American coast and travel westward. Most often
however, they recurve to the east or die before reaching the
Islands. Reduced visibility due to thick weather and fog to the
extent that it interferes with shipping is almost wunknown.
Reductions in visibility that do occur are generally attributable

?rto rain and mist. In nearly thirty years of record keeping
there have been no recorded days when the visibility dropped to
one quarter mile or less. Visibility 1less than 2 miles is

recorded less than 1 percent of the time and is generally
confined to the winter months.

3.4.4 Currents

The effect of currents upon the mariner is not pronounced nor
should it impact greatly upon maritime navigation. The currents
surrounding the Hawaiian Islands are extremely variable. They
are the product of many forces and are difficult to define except
in general terms, There is a prevailing westward oceanic drift
caused by the north Pacific equatorial current. The prevailing
trade winds tend to drive the surface current in a westerly
direction thereby enhancing the effect of the overall westward
drift. Tidal currents are weak and reversing in the channels,
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but tend to rotate around the islands, generally in a clockwise
direction., The maximum velocity of the current is 1.5 knots with
an average of about 0.5 knots.

3.5 MHarine Navigation in the Hawaiian Islands
The ability to navigate in Hawaiian waters and in the oceanic

regions surrounding the Islands is a function of the generally
favorable weather conditions in the area and of the

availabilities of electronic and visual navigation aids. The
impact of weather and the ocean basin environment upon marine
navigation 1is slight as was discussed in Section 3.4. The

greatest effect is from the trade winds and Kona weather which
can be hazardous to small craft operators but would be slight
with respect to oceanic traffic. In addition, the Hawaiian
region 1is characterized by deep water with the relative absence
of shoals except extremely close inshore or in certain areas of
the archipelago. Because of the benign weather and hydrographic
conditions and the relative proximity and topography of the
islands, most mariners rely on a combination of visual and radar
piloting for inter-island sailings. The generally high, rugged
coastlines of the islands provides good and well defined radar
returns (Reference 4). Landfalls at a distance of 20 to 30 miles
is not wuncommon; some navigators report radar contact at 40
miles.

For open water and trans-Pacific navigation by large and small
ocean going vessels, long range and global electronic navigation
sytems are generally used. Ground wave LORAN-C signals from the
Central Pacific Chain are available up to 1000 miles to the west
of the principal Islands, Omega signals are available from four
stations, with a fifth, Norway, generally usable at nightime.
Transit 1is available and used although time between fixes is
approximately 90 minutes in Hawaiian waters. A complete
discussion of radionavigation systems and user requirements is
given in Sections 6.2 and Appendix A.

Celestial navigation 1is frequently used by many of the oceanic
vessels which operate from Hawaii and transit the Pacific. The
generally fair weather and absence of cloud cover favor the use
of this means. In particular, the recreational boater,
specifically those engaged in ocean sailing and ocean racing such
as the Transpac and Clipper Cups races, tend to opt for the more
traditional methods, particularly celestial.

Radiobeacons are not available in the Hawaiian Islands. However,
a calibration beacon is available upon request at Diamond Head on
Uahu, No other marine radionavigation aids are available in the
Hawaiian Islands.
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4, ECONUMY OF THE HAWAIIAN ISLAHNDS
4.1 Overview

The purpose of this section is to present an overview of Hawaii's
economy, emphasizing the elements or activities that affect
marine operations.

The Hawaiian economy will remain relatively small in size
regardless of future qgrowth rates. Economic growth, among other
inputs, requires land, natural resources, technology and a pool
of specialized 1labor. Hawaii 1is deficient in the first two
inputs, which are the limiting elements to achieving high growth
rates. In particular, the growth of the Hawaiian economy will
reflect land limitations imposed by the size of the islands. An
accelerated growth of any one activity will have a negative
effect on other ones. For instance, a high growth rate of the
construction industry due to high demand for hotels, industrial
or commercial parks and residential housing will drain land away
from agricultural usage, For example, sugar acreage harvested
declined from 100,600 acres in 1979 to 97,400 acres in 1980 while
construction activity has been on the rise. The implication of
this competition for scarce resources is that expansion of one
activity may raise the level of trade and marine operations,
while contraction of the other may lower both trade and marine
operations.

In 1980, the Gross State Product (GSP) of Hawaii was valued at
11.4 billion dollars, an increase of 1.21 billion dollars from
1979. Table 4-1 indicates the major income producing activities
for the economy that produced goods and services in 1980 valued
at 10.67 billion dollars. Total Federal outlays ranked first,
accounting for 30.9 percent of the income produced. The tourist
industry generated 3.0 billion dollars, ranking second (28.1
percent) among all income-producing activities. Manufacturing
sales ranked third, accounting for 2.5 billion dollars or 23.4
percent of the total income produced.

Table 4-2 shows the performance of Hawaii's economy from 1970
through 1980. As Table 4-2 indicates, GSP and per capita
personal income more than doubled in that period. However, these
gains were largely offset by rising prices, as is indicated by
the Honolulu Price Index (equivalent to the Consumer Price
Index), which from 1970 to 1979 rose 79 percent. In 1970,
foreign trade totaled 225.9 million dollars, of which 77 percent
represented imports and the balance was exports. In 1980,
foreign trade exceeded 2.0 billion dollars and imports rose from
77 percent to 91 percent, indicating a higher deficit in the
balance of payments.

In 1970, 9.61 million tons of cargo were shipped via sea to or
from Hawaiian ports, Incoming cargo accounted for 77.6 percent,
or 7.46 million tons. In 1980, total cargo accounted for 15.0
million tons, representing a net increase of 5.39 million tons
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TABLE 4-1.

ITEM

Visitor Expenditures
Manufacturing Sales
Federal Nondefense Outlays
Federal Defense Outlays
Construction Completed
Diversified Agriculture

Total

Source: Reference 8, 9, 10

MAJOR INCOME PRODUCERS

(1978 - 1980)

4-2

1978

4
—l—‘—l—l'\)
— ON WP -
W~ B 0w

$7.41

AMOUNT IN BILLIONS

1979

$2.62

1.86
1.66
1.31
1.34
.15

$8.94

1980

$ 3.00
2.60
1.90
1.40
1.60

17

$10.67
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over the 10 year period. The principal commodities imported are
crude oil, automobiles, lumber, machinery and equipment,
transportation equipment, furniture and household durables,
metals and other industrial commodities. Hawaii exports refined
petroleum, pineapple (fresh and canned), sugar, scrap metal,
papaya, coffee, veal and textile garments.

The remainder of this section is a description of the most
important economic elements affecting marine operations.

4.2 Economic Elements Affecting Marine Operations
4,2.1 Agriculture

The gradual development of service-oriented industries coupled
with competition for 1land use, is changing the role of
agriculture,. Though agriculture contributed nearly one billion
dollars in value in 1980 (in Table 4-1, some items are included
under manufacturing), the production of traditionally 1important
products, such as sugar and pineapple, has declined. Sugar
production in 1971 exceeded 1.22 million tons, while in 1980 it
was at 1.02 million tons. Similarly, pineapple production in
1970 was 820,000 tons, while in 1980 it was 657,000 tons.
Figures 4-1 and 4-2 show production for sugar and pineapple,
respectively. Although diversified agriculture (includes all
other products and livestock with its products, except sugar and
pineapple) has increased by 11.7 percent since 1975, its total
sales in 1980 amounted to only 171.9 million dollars. The
largest component of diversified agriculture is livestock
products, accounting in 1980 for sales amounting to 81.2 million
dollars,

Given these trends, it can be assumed that the level of exports
will not change substantially in the near future. However, the
level of imports will depend on local population growth rates and
on the visitor industry. Using a regression analysis it was
estimated that the defacto population (number individuals in the
state at any given day) will be 1,383,000 in 2000, up 32.6
percent from 1980. It can be postulated that demand for imported
agricultural products, will rise by a similar rate over the
twenty-year period,

The net result of the defacto population growth will be reflected
in increased marine traffic activity. The U.S. mainltand can be
expected to remain the major supplier of aqricultural products.
The magnitude of the traffic increase is presented in Appendix C.

4,2.2 Tourism

Tourism is the second most important source of income for Hawaii.
Table 4-3 shows various data pertinent to the visitor industry.
As Table 4-3 indicates, the industry grew at an annual average
rate of 13.8 percent from 1960 to 1980, while during the 1970-80
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period the growth rate decreased to ¥.5 percent per vyear,. Since
both westbound and eastbound visitors travel to Hawaii primarily
by air, the visitor industry creates almost no marine traffic
except for three trips made by large cruise ships which sail from
the West Coast to the Urient via Honolulu. Plans call for three
more cruise ships to provide services between the west coast
ports and Hawaii. However, no firm date of operations has been
established nor has the number of sailings been decided. Une
U.S. cruise ship, the S.S. Uceanic Independence, now makes weekly
trips vyear-round sailing the following itinerary: Honolulu,
Hilo, Kona, Maui, Kauai.

The tourist industry is important to Hawaii's overall economy
because it not only affects the level of demand for goods and
services but also determines to a large extent the level of

construction activity. Hawaii imports most of the needed
construction materials from the mainland and, thus, changes in
construction activity affect marine traffic. In addition to

creating a demand for qoods and services, the visitor industry
also creates a demand for marine-related attractions such as
commercial sport fishing, As of 197y, 100 commercial
sportfishing vessels (charter boats) operated in the state. The
base of the majority of the boats 1is the Honokakau harbor in
Kailua-Kona, Hawaii which 1is the center of commercial sport
fishing. Charter vessels usually fish for half to a full-day (12
nours) and operate within 20 nm from shore.

In 1980, the number of visitors declined by 0.7 percent (from
1979) due to a drop in the westbound traffic. Furthermore, in
1980, spending in real terms increased by 2.5 percent below the
average annual rate 1in the past decade. A further decline in
visitors is also projected for 1981. Data from the first six
months of 1981 show that the industry will experience a reduction
ot 1.6 percent from its 1980 Tlevel. These declines are
attributable to poor economic conditions on the mainland,
escalating jet fuel costs and increased competition from other
resort areas around the world. The state and private industry
nave undertaken an aqgqressive advertising program in many markets
-to attract more visitors. The success of the program, however,
will largely depend on improved employment opportunities, rising
real personal incomes and other monetary factors on the mainland.

4.2.3 Fishing

Tne fisning industry in the last 20-30 years has not changed in
any substantial manner, and as a result, Hawaii imports
increasing quantities of fish to meet the demand of its canning
industry, its growing population and tourist industry. Hawaii,
recognizing the economic importance of a healthy fishing
industry, launched a program to assess the factors inhibiting its
further growth. The publication of the state planning document,
“Hawaii Fisheries Development Plan (1979)," was the first step
toward the definition of the problems and constraints associated
with the fisning industry and its real potential (Reference 11).



Accordina to estimates presented in this document, the 1478
income derived directly from the harvesting sector accounted for
less than 0.2 percent of the GSP, while the contribution of the
whole fishing industry to GSP did not exceed 0.8 percent.

Five tuna species (skipjack, vyellowfin, bhluefin, bigeye and
albacore) accounted for 75 percent of the total landings in 1978,
while bottomfish accounted for 13.5 percent. The balance
represented all other species combined. The majority of the
commercial fishing boats take daily trips, sailing up to 50 nm
from the shores of the major isltands. Unly four largs multi-
purpose and 27 albacore vessels (the latter operation commenced
in 1978 on an experimental basis) fish in tne Midway Islands
{1000-1400 nm from Honolulu), where it is claimed that there is
an abundance of resources.

The stock of migratory species such as tuna and mahimahi s
limited within the current range of operations. Consequently,
current landings of those species do not represent the actual
potential of the resource that could be harvested. Further, due
to fishing pressure on the non-migratory inshore stocks, there
appears to be a decline in the productivity of vessels.

In 1978, commercial, semi-commercial and recreational vessels
landed 13.3 miltlion pounds of fish valued at 12.2 million
dollars. However, the potential of the fisheries within the
Hawaiian region is estimated at 74 to 118 million pounds per
year. Of the additional 61 to lU4 million pounds per year, 47 to
/1 million pounds represent tuna species. The balance consists
of all other species combined.

To narvest the additional 61 to 104 million pounds per year,
another 185 large fishing vessels must be added to the current
fleet. The Hawaiian Fisheries Development Plan estimated that
the Gross State Income could be increased in 1990 by 53 million
dollars and, in 2000, by 92 million dollars (in 1979 prices).
"The present discounted value of direct income derived from the
projected increase in catch was estimated to be 168 million
dollars through the year 2000" (Reference 11).

However, 1if the above stated direct benefits, as well as the
expected 1indirect benefits, are to occur, several constraints
inhibiting the growth of the industry must be overcome. The
principal constraints are associated with limited dock space,
availability of support facilities (such as fuel and cold
storage), vessel financing, marketing and product promotion and
price of fuel,

Assuming that these constraints are overcome, fishing operations
will change dramatically. Tuna operations will be expanded to
the Northwestern Hawaiian Islands (MWHI), 1500 nm from Honolulu,
while bottomfish, lobster and other species will also be sought
in distances up to 1500 nm from Honolulu.
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4.2.4 Petroleum Imports and Refining

Hawaii's Targest manufacturing activity is petroleum refining.
In 1980 this activity accounted for an estimated 1.1 billion
dotlars out of total manufacturing sales that exceeded 2.5
billion dollars. The two refineries, Hawaiian Independent
Refinery, Inc. and Chevron USA, Inc. are located at Campbell
Industrial Park in Leeward Oahu and have a combined capacity of
100,000 barrels per day. The crude product for the refineries is
shipped from Alaska, Indonesia, Brunei, Malaysia, Singapore and
Africa. The majority of the refined product is consumed locally,
while the balance is shipped to the west coast, Trust Territories
and American Samoa.

Negotiations are underway concerning establishment of a third
refinery with a capacity of 50,000 barrels per day. If the
negotiations are successful, an increase of one-third above the
current and projected tanker traffic can be expected. Similarly,
it can be expacted that sales would be increased approximately 33
percent above current levels.

4.2.5 Diversified Manufacturing

Traditional manufacturing establishments in Hawaii, such as
processed food and construction related-materials have an
important place in the manufacturing sector. However, during the
recent past they have neither generated substantial income nor
provided increased employment opportunities. The principal gain
of the manufacturing industry has come from o0il refining, while
other segments such as iron, steel, concrete, garments and
textiles have suffered due to increased competition from other
Asian nations and high inflation rates.

In the case of iron, steel and concrete, production levels are
determined to a large extent by the performance of the
construction industry. In real terms the construction industry
is growing at a very moderate pace. Additionally, competition
from foreign producers and high inflation rates have contributed
to a sluggish demand for these products. The two major cement
establishments have a combined capacity of 600,000 short tons.
Production in 1980 was down to 379,000 short tons from 469,000
short tons in 1979, Production data from the first six months of
1981 indicate a further decline.

Une industry that seems to be on the rise is the electronics
manufacturing industry. Several electronics firms have started
operations in Hawaii and the state is involved in marketing
efforts to attract more firms. Manufacturing of electronics does
not require great amounts of materials, the final product s
light in weight and small in volume, and shipment costs relative

to the value of the product are low. Hawaii, due to its
proximity to Far East markets, seems to be in an advantageous
position for attracting electronics firms. This idndustry

however, will not have any substantial impact on marine traffic
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due to small amounts of materials used and small size of the
finished product.

In conclusion, diversified manufacturing 1is not expected to
affect future marine operations in any substantial manner.

4,2.6 Construction

Hawaii imports most of the needed construction materials from the
mainland and, hence, variations in construction activity affect
marine operations. Most of the materials from the maintand are
shipped to Hawaii via tugs and barqgqes which comprise a
substantial portion of the traffic bestween U.S. mainland and
Hawaii. In the next twenty years this traffic is expected to
grow moderately, and parallel the construction industry.

The construction industry accounted for 1.60 billion dollars 1in
1980, an increase of 260 million dollars from 1979, In 1960 and
1970 the construction industry contributed 15.8 and 18.4 percent
to the GSP, while its 1978, 1979 and 1980 contributions amounted
to 10.3, 13.2 and 13.7 percent. Construction output (measured in
1972 dollars) reached its peak in 1974 and 1975 when it totaled
865.1 and 820.3 million dollars.

In general, the construction industry feels the financial strain
during recessions, through tight credit and rising interest
rates. The construction industry in Hawaii is not an exception
to this rule, though recession cycles in Hawaii lag behind those
in the mainland by one year to 18 months. Due to high inflation
rates, expensive mortgages and a rising residential inventory,
tne growth of the industry has besen moderate.

Improved general economic conditions, however, will aid the
recovery of the construction industry through increased demand
for residential housing, and commercial and industrial buildings.
Finally, improved real incomes on the mainland will henefit the
visitor industry by increasing travel to Hawaii and thus
indirectly raising the demand for hotels.

4,2.7 Other Activities

Since 1975, Hawaii has expressed 1interest in establishing a
manganese nodule processing plant in Hilo, Hawaii. Manganese
nodules are black, pea-to-potato-sized concretions that have
grown on the sea floor and are primarily composed of metal
oxides.

Several international consortia have shown interest and have
conducted some preliminary mapping and field tests. One of the
potential areas for commercial development is situated 1,100
miles from the Island of Hawaii. Though the technology for ocean
mining is relatively new, it is 1legal issues that <constrain
commencement of ocean mining operations. In light of the rich
metal deposits to be found in the oceans, jurisdictional problems
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over the high seas and distribution of the resources have bsaen
hotly debated at the United Nations for several years.
Furthermore, the prospects for any settlements in the near future
are slim,

According to a transportation scenario developed by the Hawaii
Department of Planning and Economic Development, if the
processing plant is located in Hilo, four tugs and barges will
make 110 trips to transport three million metric tons of nodules
per year (Reference 12). Further, 110 additional trips will be
made to export the finished product. However, due to
uncertainties associated with ocean mining operations, the above-
mentioned trips were not considered in the traffic projections
presented in Appendix C, and their omission will not affect the
overall results of this study.
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5. VESSEL TRAFFIC AND POPULATION
5.1 Introduction

This section provides an estimate of the marine traffic which
originates at or is destined for the Hawaiian Islands as well as
the trans-Pacific traffic which operates in the vicinity of the
Hawaiian Islands. Also included is an estimate of the current
users of LURAN-C in this region as well as those additional users
who will acquire receivers should the system be expanded, This
section also contains a projection of traffic, vessel
populations, and LORAN-C wusers through the vyear 2000. Only
summaries are presented. Appendixes C, D, and E show the data
sources, methods wused to derive the traffic and population
estimates as well as detailed tables presenting this information.

Two concepts, vessel traffic and vessel population, are very
often wused in this analysis and they require some further
clarification. Traffic refers to vessel movements from port to
port. Traffic is a dynamic concept because it changes over time
and reflects time-dependent trade amonqg nations. Vessel
population, on the other hand, refers to the number of vessels
causing the traffic to occur. Vessels whose movements are such
that they have no destination, but rather habitually return to
the same port (e.g., fishing vessels), or are random in nature
(e.g., tramp vessels) are difficult to estimate. Because of this
latter limitation only vessels with definite origins and
destinations were deemed to generate traffic.

5.2 Marine Users of Navigation

Estimates were developed for civil vessels who operate within or
to the Hawaiian Islands and who were potential users of LORAN-C.
Military vessels were not included since the DOD position 1is to
phase out LORAN-C in favor of NAVSTAR GPS when the latter system
becomes available 1in the late 1980's. Vessels were further
identified as U.S. flag and foreign flag vessels, Because of
limitations of the data base, no attempt was made to identify
U.S. owned foreign flag vessels (flags of convenience). Under
the requirements of this study, only vessels engaged in U.S.
trade or calling at U.S. ports were considered. Foreign vessels
who operate or transit the area were not included. Discussed
below are the major categories of vessels used in this study.

o Large Commercial Vessels. These are the larage oceangoing
cargo, tank and passenger vessels greater than 1600 GT
principally engaged in Pacific and world-wide operations.
Also included in this category are government-owned
vessels and vessels engaged 1in resource exploration,
oceanography, hydrography, and other special operations
where accurate radio-location determination is important
and cost is relatively minor in importance.



Small Commercial Vessels. This cateqory consists of the
smaller vessels (less than 1600 GT) whose operations are
not only inter-island but oceanic as well, Included in
this category are ocean going tugs and barges, small
cargo and coastal vessels. Because the data base for
foreign flag vessels did not differentiate by type of
operations, foreign fishing vessels were included in this
category.

Commercial Fishing and Commercial Sport Fishing.
Commercial fishing vessels are those vessels habitually
engaged in fishing operations from which the captain and
crew derive their principal source of income from the
landing of fish. Commercial sport fishing vessels are
vessels available for <charter or hire by tourists and
private parties and any income derived from the landing
of fish is supplemental to the basic mode of operation.
Because of the variable nature of the tourist industry in
Hawaii, commercial sport fishing operators frequently
engage in commercial fishing when <charter operations
decline. Further, there are a large number of
subsistence fishing vessels whose operators engage in
part-time activities as a means of supplementing their
income,. This Tlatter categqgory of fishing vessels was
considered as part of the recreational boating category,
although many of these operators have commercial fishing

licenses. Only U.S. flag fishing vessels were
considered; foreign flag fishing vessels were included in
the small commercial vessel category (see above). A

detailed analysis of the Hawaii fishing industry is given
in Appendix D.

Recreational Boats. This category of vessels consists of
cabin cruisers, sailboats and yachts whose principal
operations are in pursuit of 1leisure time activities.
Considered in this category are all boats required to be
registered by the State of Hawaii which includes all
motorboats and sailboats over eight feet in length. Also
included are documented yachts. Part of the recreational
boat traffic are U.S. mainland and foreign registered
boats which cruise to Hawaii.

Other. Included in this categqory are users of LORAN-C
but not necessarily users of navigation, Precious coral
dredging, diving and ocean floor mining of manganese
nodules are typical. These are activities wherein the
vessel requires positional information rather
navigational information.
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5.3 Vessel Traffic
5.3.1 Data Sources

The data used in the determination of vessel traffic were derived
principally from the Department of Commerce, Foreign Trade
Division of the Bureau of the Census, and the State of Hawaii,
Department of Transportation, Harbors Division. These statistics
were supplemented with information provided by many shipping
companies operating vessels in the study area. A list of
contacts is shown in Appendix F.

The Bureau of the Census compiles its statistics from U.S.
Customs documents which contain vessel, movement, and cargo
information of all U.S. vessels engaged in foreign trade and
foreign vessels engaged in U.S. trade (Reference 13). This
information is obtained from manifest documents supplied to the
U.S. Customs by vessel masters and shipping agents. The Bureau
of the Census wutilizes this information to compile monthly
traffic statistics by U.S. port.

These statistics served as the principal data source used to
estimate the following traffic and population components:

0 Foreign flag vessels generating revenue traffic hetween
U.S. mainland ports, foreign ports, and Hawaii.

o U.S. flag vessels generating revenue traffic between
foreign ports and Hawaii.

The statistics compiled by the Hawaii Departmant of
Transportation, Harbors Division were utilized to estimate the
following traffic:

o U.S. flag vessels operating between U.S. mainland and
Hawaii and U.S. flag vessels operating within the
Hawaiian [stands.

The traffic representing foreign vessels which do not make trade
transactions (load or discharge cargo), but call in Hawaii for
replenishment or medical reasons was obtained from the "Bunker
Log Book" from the U.S. Customs, Hawaii District.

5.3.2 Uceanic Traffic

The estimated revenue traffic for 1979 between U.S. mainland
“including Alaska and Hawaii, and Hawaii and foreign ports was
derived from Table C-1. The following discussion summarizes
these data. As this table indicates, the direct oceanic traffic
consisted of 2,727 moves. Nearly forty percent of this traffic
was between U.S. mainland and Hawaii, while the remainder was
between Hawaii and foreign ports. Of the oceanic traffic (2,727
moves), U.S. flag vessels accounted for 1,154 moves or 42

5-3



percent, the balance was handled by foreiqn flag vessels.

Of the traffic between U.S., mainland and Hawaii, over 80 percent
was handled by U.S. flag vessels, with U.S. flag large cargo
vessels accounting for approximately 50 percent of the moves.
Virtually all of the large cargo traffic originated or terminated
at west coast ports (principally, Los Angeles, San Francisco,
Portland and Seattle), the balance represented traffic having
origin or destination at Gulf ports or East Coast ports.
However, this may not represent the total Hawaii - mainland
traffic since many of the East Coast and Gulf vessels which
transit the Panama Canal declare this port as their origin or
destination on their customs documents.

The large tank vessel traffic between U.S. mainland and Hawaii
generated an estimated 96 moves. This traffic flow consisted of
North Slope crude product from Alaska to Oahu. The refined
product was consumed locally or transported to west coast ports.
Uther petroleum flows consisted of diesel or special products
from the mainland to Hawaii.

Approximately 220 moves were made by U.S. tugs/barges between the
west coast ports and Hawaii. The tugs/barges principally carried
construction materials from the Pacific northwest ports to
Honolulu, while pineapple and raw sugar was shippped as backhaul.
Foreign tugs/barges did not account for any of this traffic.

The revenue traffic between foreign ports, non-continental U.S.
ports and Hawaii was estimated at 1,668 moves most of which, 83
percent, was handled by foreign vessels, the balance by U.S.
Approximately 51 percent represented traffic between Japan and
Hawaii, mostly small cargo vessels, These small cargo vessels
are generally fishing vessels which provided product for the
Honolulu tuna canneries. The traffic between the Pacific Islands
and Hawaii consisted of 121 moves ranking second, while the
Panama Canal - Hawaii traffic ranked third with 95 moves.

Large cargo vessels comprised approximately 23 percent, or 383
moves, of the total Hawaii-foreign port traffic. 0f this
traffic, foreign flag cargo vessels handled 60 percent of the
volume. Crude petroleum product from Southeast Asia generated 92
moves which represented 6 percent of the Hawaii-foreign port
traffic, Over 96 percent of this petroleum was handled by
foreign tankers.

Among the small (non-tug) commercial vessels sailing in foreign
trade, U.S. and foreign flag small cargo and tankers, and “other"
vessels generated a total of 1,087 moves the majority of which
were made by foreign small cargo vessels.

The ports of Hilo, Kahului, and Nawiliwili - Port Allen handled
an insignificant portion of the total direct oceanic traffic,
(less than 4 percent). The port of Honolulu, on the other hand,
accounted for majority of the traffic, approximately 96 percent.



Mmost of the2 carqgo is unloaded in Honolulu and then transshippead
to other Hawaiian ports, principally via tugs/brages. Sometimes
the oceanic cargo is partially unloaded in Honolulu and then the
vessel continues on to other ports in the main Hawaiian [stands
tor further off loading.

In addition to the direct oceanic revenue traffic, two other
traffic categories were estimated: (a) non-revenue traffic -
generated by vessels which call in Hawaii for repair,
replenishment, medical care for the crew and (b) through traffic
- generated by vessels which do not call in Hawaii but transit
the area enroute to either U.S. west coast ports (Los Angeles,
San Francisco, and Seattle) or Australia, Singapore, Bruneij,
Malaysia, Phillipines, Indonesia and Guam. Both of these
categories of traffic would be, nevertheless, users and
beneficiaries of LURAN-C.

The non-revenue traffic consisted of an estimated 817 moves, 85
percent of which was made by Japanese fishing vessels. Pue to
the long periods that these vessels stay on the high seas, they
call periodically in Hawaii to replenish their supplies and rest
the crew. The through traffic cateqory consisted of 391 moves,
the majority of which (331) were handled by foreiaqn flagqg
carriers. A detailed discussion of these categories is qiven 1in
Appendix C.

5.3.3 Inter-Island Traffic

Inter-island traffic was estimated to ba 4,794 moves, nearly all
of which (99 percent) was handled by U.S. vessels. Tugs/barges
comprise the bulk of tnis traffic. The 786 moves made by the
U.S. Targe cargo vessels represent traffic which was attributable
to Matson Navigation Company vessels, the principal inter-istand
carrier. Included in the large cargo vessel traffic was also the
traftic generated by the U.S. cruise ship S.S. Oceanic
Independence which sails year-round in inter-island tourist
trade.

5.3.4 Traffic Patterns and Densities

Using the vessel tracks for oceanic sailings described in Section
3.3.1, major traffic patterns were developed. These traffic
patterns reflect only those oceanic vessel moves associated
directly with the Hawaiian Islands and include both revenue and
non-revenue producing operations. fiot included were oceanic
traffic which may transit the area but would not call at any
Hawaiian ports, The traffic was segreqgated into four principal

patterns: West Coast of MNorth America, Panama Canal and South
America, South Pacific and Western Pacific. This traffic was
further segregated by origin or destination. When the

origin/destinations of the traffic was unknown or unspecified it
was assumed to be distributed proportionately among the traffic
patterns. Hhere traffic originated from the same general area,
certain simplifying assumptions were made, as for example,
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Indonesia includes Brupei, Malaysia and Singapore. The traftic
by region was separated by U.S. and foreign flag. The results of
tnis analysis are shown in Fiqure b5-1.

In Figure 5-1, tratfic flows dre proportionately weighted as
shown by the size of the arrows. Thus, over 50 percent of the
Hawaii oceanic trade is with Western Pacifc countries followed by
approximately 32 percent with the West Coast of North America.
Panama Canal and South Pacific regions account for nine and six
percent respectively. Further, it is significant to note that in
tne Western Pacific trade pattern less than eight percent of the
transactions are carried by U.S. flag vessels. This trend 1is
also prevalent among South Pacific and Panama Canal vessel
traffic. Un the other hand, this tendency is reversed with
respect to North American traffic wherein U.S. flaq vessels
comprise over eighty percent of the traffic.

5.4 Vessel Population
5.4.1 Commercial Vessels

During 1979, the number of large commercial vessels customarily
operating in support of U.S. trade in Hawaii was estimated at 240
vessels, three-fourths of which were cargo vessels. UOf the total
cargo vessels engaged in this trade, two-thirds were foreign
flag; wnile among the tank vessels 75 percent were of foreign
registry. The U.S. tank vessels principally carried crude o0il
from Alaska and refined product to U.S. west coast ports. The
foreign flag tank vessels carried mostly crude oil from
Singapore, Brunei, Indonesia and other Southeast Asia ports to
the two refineries at Barbers Point.

Approximately 27 U.S. flag tugs operate in the trade between
U.S. west coast ports and Hawaii as well as in inter-island
trade. Three foreign flag tugs were also identified as
customarily operating between Hawaii and foreign ports.

In addition to 240 1large tank and cargo vessels and 30 tugs,
another 373 vessels of various types were identified as having
called in Hawaii more than once. Uf those, approximately 300
were fishing vessels principally of Japanese registry. The
balance represented small cargo and tank vessels and other vessel
types.

5.4.2 Fishing and Commercial Sport Fishing

It is difficult to identify and characterize the U.S. commercial
fishing vessels since many recreational boat owners have
commercial fishing licenses yet do not engage in fishing as a
full time occupation. For purposes of this study, only vessels
which fish more than half to one day a week on a reqular basis
are considered as commercial fishing vessels. The balance are
considered as recreational boats. The U.S. fishing vessels were
classified into three categories: (a) full-time large commercial
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fishing vessels, (b) other smaller fishing vessels
(semi-commercial/subsistence) and, (c) commercial sport fishing
vessels, The first category refers to those vessels whose
operator and crew members derive their primary source of income
from the fish they sell. The second category are vessels used by
their owners to tish half to a full day per week. Part or all of
the catch is sold to supplement their incom2 or is retained for
private consumption. The third category include charter vessels

principally engaged 1in the sport fishing industry. The
population of the fishing vessels was estimated to consist of 342
boats. Of these, 56 represent full-time large commercial

vessels; 186 semi-commercial/subsistence and; 100 commercial
sport fishing.

5.4.3 Recreational Koats

InclTuded in this group were all pleasure boats which are
registered or documented in the State of Hawaii such as
sailboats, power boats, and yachts. The number of these boats
vas estimated at 12,326. Approximately 6208 boats or 50 percent
of the total population were between 16 and 26 feet, while 4365
boats or 35 percent were smaller than 16 feet. Only three
percent were greater than 40 feet.

The total number of recreational boats operating year-round 1in
Hawaii was obtained by adding to the local population ths U.S.
and foreign registered transient boats. An estimated 1,100-1,200
and 105 foreign recreational boats sail to Hawaii per year.
Thus, the total recreational boat population was estimated to be
approximately 13,500-13,600,

5.5 Projected Traffic and Populations

The direct oceanic traffic will increase by 653 moves over the
next twenty years, This estimate is based on MARAD projections
and discussions with state economic planners and shipping
companies (Reference 14 and Appendix F). Table C-13 in Appendix
C shows the direct oceanic traffic for the year 2000. This
appendix also contains tables showing the traffic for 1985, 1990,
and 199Y5. As Table C-13 indicates, the total traffic will
consist of 3,380 moves, an increase of 24 percent from 1979,

The U.S. mainland - Hawaii traffic will account for 68 percent of
the additional traffic, the balance being traffic between Hawaii
and foreign ports, This former traffic was estimated to consist
of 1,500 moves or an increase of 441 moves from 1979, On the
other hand, the Hawaii-foreign port traffic will consist of 1,880
moves, an estimated increase of 212 moves from 1979,

U.S. flag vessels will account for 46 percent of the total
oceanic traffic, the balance of the traffic will be handled by
foreign flag vessels, Most of the projected traffic increase
will occur in the large cargo, tanker and tug/barqge vessel types
which will account for an increase of 542 moves out of the total
653.
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Since the non-revenue traffic is not a contributing factor to the
Hawaii economy, it will reflect world-wide rather than Hawaii
trade conditions and probably increase more modestly over the
next twenty year period. In 1979 this traffic consisted of 817
moves, by 2000 it could reach 1010. On the other hand, the
through traffic could experience a dramatic increase. Since this
traffic principally consists of crude o0il flow from the far east
to the west coast, it is probable that it may double or even
triple as older petroleum sources bescome depleted and new regions
become suppliers.

Indications are that nearly all of the inter-island traffic will
continue to originate and terminate in Honolulu. By the year
2000 this traffic is projected to principally consist of 6,044
tug/barge, 1,139 large cargo, and 62 large tanker moves. All of
the tug/barge traffic will be handled by U.S. flag tugs and
nearly all (99 percent) of the 1,200 remaining moves will be
generated by U.S. flag vessels. In addition, an estimated 32
tugs will operate between U.S. and Hawaii, as well as
accommodating inter-island traffic.

Table 5-1 shows the expected population of fishing and
recreational vessels. The number of fishing vessels operating in
2000 is projected to be 641. Of those, 210 will be large modern
vessels engaged in full-time fishing, 140 will he commercial
sport fishing and the remaining 291 will be semi-commercial
recreational boats.

Projections 1in regard to full-time commercial fishing vessels
were derived from the state planning document "Hawaii Fisheries
Development Plan" (Reference 11), A detailed discussion of
limitations and constraints, number of vessels by fishery and
other pertinent data is presented in Appendix D. Projections for
the smaller fishing vessels were based on information provided by
state and industry officials and current operations. Commercial
sport fishing vessel projections were developed wusing tourism
growth trends and information provided by owners, operators, and
representatives of the commercial sport fishing community.

The number of recreational boats registered and documented in
Hawaii 1is projected to increase from 12,326 in 1979 to over
15,000 1in 2000, an estimated increase of 140 boats per year,
This estimate is based on an examination of historical boat
population data, dock space availability, credit cost and
availability, discussions with recreational boat experts, and
current boat sales. Detailed data on recreational boating are
given in Appendix E.

Due to lack of adequate berthing facilities to accommodate large
vessels, approximately 88 percent of the projected increase wil]
be under 26 feet, In addition to lack of dock space, current
tight credit conditions have made money both expensive and scarce
thereby affecting the larger boat purchases. The 26 to less than



VESSEL TYPE 1985 1990 1995 2000

Full-Time Large Commercial

Fishing Vessels 94 140 171 210

Other Smaller Fishing Vessels

(Semi-Commercial/Recreational) | 212 239 265 291

Commercial Sport Fishing 110 120 130 140

Recreational Under 16 Feet 4772 5111 5450 5789

Recreational 16 to less than

40 feet 8014 8364 8714 9064

Recreational over 40 feet 380 391 402 413
TABLE 5-1 _

FISHING AND RECREATIONAL VESSEL PUPULATION PROJECTIQNS

1985-2000
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40 feet boat category is projected to increase by 10 parcent
while the 40 to 65 feet and over 65 feet cateqories are projected
to grow slightly, one and one half percent, respactively.

Discussions with dockmasters in Hawaii and an examination of past
trends revealed that transient vessel population has not chanqed
appreciably in the last several years. Thus, it is estimated
that this population component will probably remain at its
current level, 1100-1200 U.S. and 105 foreign flag vessels.

5.6 LORAN-C Users - Current and Projected

Most of the large commercial vessels eangaged in shipping
operations with the U.S. have already acquired LORAN-C or other
authorized receivers to enter the U.S. Coastal Confluence Zone
(Reference 15). In addition, 20 of the 27 U.S. tugs which
operate between U.S. mainland and Hawaii and in the inter-island
trade are equipped with LORAN-C receivers. The seven tuqs which
do not carry LORAN-C operate exclusively in the inter-island
trade and they utilize piloting and dead reckoning.

Availability of expanded LORAN-C coverage will have the greatest
impact upon the fishing and recreational boating community. At
the present time LORAN-C coverage is limited to that region from
Kauai westward including the northwest Hawaiian Islands.
However, the majority of the fishing and recreational vessels
operate in the waters off 0Oahu and Hawaii where coverage is
limited to a single line of position and hence only a small
fraction of these users are so equipped. Currently there are 31
full-time large commercial fishing vessels and five or six large
recreational boats with LORAN-C receivers. These fishing vessels
operate in the northwest Hawaiian Islands where they utilize
LORAN-C for both navigation and enhancement of fishing
operations.

Table 5-2 shows LORAN-C user projections from 1985 to 2000. A1l
large commercial vessels will be equipped with LORAN-C or other
authorized receivers. A1l of the tugs operating in the U.S.
mainiand and Hawaii trade will have LORAN-C receivers as well as
nearly 90 percent of the tugs which are exclusively engaged in
inter-island trade. LORAN-C user projections for the fishing and
recreational vessels were developed according to two assumptions.
The first is that LORAN-C coverage is not expanded, while the
second assumes that LORAN-C coverage is expanded as indicated in
this study.

The fishing population shown 1in Table 5-2 1is based on the
assumption that future fishing operations will expand toward the
northwest Hawaiian Islands. The numbers shown reflect the
additional vessels which will operate in this region. With
respect to expanded LORAN-C coverage, a major group of new users
will be drawn from the fishing community. This additional group
will be those local operators whose principal fishing areas are
in the near vicinity of the major Hawaiian Islands and to the
south of Hawaii.
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As indicated in Table 5-2, under current LORAN-C coverage, very
few recreational boats are expected to acquire LORAN-C receivers.
With respect to expanded LORAMN-C coveraqge, the additional
recreational wusers will be those larger boat owners whose
vessels, because of their range and size, have the capability
for inter-island cruising.

5-13



6. RADIONAVIGATION SYSTEMS AND ALTERNATIVES
6.1 Introduction

The current and near term planned mix of radionavigation coveraqe
in the Central Pacific is, or will be, provided by four principal
systems: LORAN-C, Omega, TRANSIT and NAVSTAR GPS. The
performance characteristics of these systems is provided in
Appendix A. This section briefly describes these systems to
provide a framework against which the characteristics of LORAN-C
can be compared. Principally however, this section is concerned
with LORAN-C both in terms of the coveragqe currently provided and
the coverage expected to be provided by several proposed
alternative configurations.

Tne LURAN-C coverage diagrams have been supplied by the Coast
Guard and are presented for illustrative purposes as a means of
determining the amount of future costs and benefits expected to
be derived from system expansion. The proposed LORAN-C coverages
and configurations shown are estimates and should bhe used only
tor comparisons among alternatives. a rigorous technical design
and development study of these alternatives 1is beyond the scope
of this report and should be the subject of future activity if
the decision is made that further system development s
warranted.

The underlying approach used in developing these alternatives was
to provide coverage for those areas where coverage does not now
exist and which are areas of significant itinerant traffic.
these are areas which not only surround the principal islands but
which are also to the north and east of these islands. by
implication an additional alternative was also considered, namely
that of a null set, which would entail termination of the
existing central pacific chain should benefits, costs and other
medasures prove that it has marginal utility.

6.2 Current SYSTEWMS
6.2.1 LURAN-C

LURAN-C is a pulsed, hyperbolic radionavigation system, operating
in the Y0-100 khz frequency band. The system 1is based upon
measurement of the difference in time of arrival of pulses of rf
energy radiated by a chain of synchronizad transmitters which are
separated by hundreds of miles, The measurements of
time-ditference (TD) are made by a receiver which compares a zero
crossing of a specified rf cycle within the pulses transmitted by
master and secondary stations within a chain. (Reference 1).

Coverage provided by a chain is definad by the signal to noise
ratio and geometric fix accuracy limit. This signal to noise
ratio is determined based upon the predicted signal strength from
the transmitting station, modified to reflect the conductivity of
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the path traveled, and compared with noise to provide relatijve
signal strength or signal to noise ratio (SNR). A SNR of one
to three is used in the coverage definition. The gesometric fix
accuracy l1imit is a contour which shows where a receiver, capable
of furnishing TD readings with a standard deviation of 0.1 M-y will
provide a two line of position (LOP) fix accuracy of 0.25 nm, 2
drms (95 percent confidence). (Reference 16). This definition
is used throughout this report in describing LORAN-C coverage.

The Central Pacific (CENPAC) LORAN-C chain provides fix coverage
of the Hawaiian Archipelago extending from the Kauai channel
westward to nearly the Midway Islands in the western portion of
the island chain, The extent of this coverage is approximately
944,000 square miles. The geometry associated with this coverage
is shown in Figure 6-1. n addition a single LOP is availableoas
far to the east as 150°W and as far to the west as 171°E.
However, since a single LUP does not constitute a fix, this
additional coverage will not be considered in this study.

The basic configuration of the CENPAC chain is a triad with
secondary stations at Upolu Point on the Island of Hawaii, and
Kure Island at the western extremity of the archipelago. The
master station is on Johnston Island, approximately 735 miles to
the southwest of Honolulu. A1l three stations have 625 ft
antennas and a peak radiated power of 275 kW. Listed below are
the personnel compiements for the three stations.

OFFICER WARRANT ENLISTED
OFFICER
Johnston Island 0 1 8
Kure Island 1 1 18
Upolu Point 0 1 10

The monitor station is collocated with the LORAN-C station on
Johnston Island; the control station is Jlocated at Kaneohe,
Hawaii in the same facility as the Omega Station.

6.2.2 Umega

The Umega system is a very low frequency (VLF) qlobal navigation
system operating in the 9-14 kHz band. It was developed by DOD
to meet the need for a world-wide general navigation system and
is now operated by the Coast Guard.

Umega wutilizes CW phase comparison of skywaves from pairs of
stations. The stations transmit time shared signals in four
frequencies: 10.2 kHz, 11 1/3 kHz, 13.6 kHZ and 11.05 kHz. In
addition to these common frequencies, each station transmits a
unique frequency to aid station identification and to enhance
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performance. The system 1is composed of eight transmitting
stations situated throughout the world, six of which are operated
in partnersnip with other nations.

The inherent accuracy of tne OMEGA system 1is limited by the
gaccuracy of the propagation corrections that must be applied to
the individual receiver readings. The corrections may be
obtained in the form of predictions from tables or automatically
in computerized recievers. The systam nas a design goal of 2 to
4 am (95 percent CEP). This depends on location, station pairs
used, time of day, and validity of the propagation corrections.
Uther operational characteristics include Y5 percent operating
time for each station including scheduled off the air time and
three station availability, world wide, Y5 parcent of the time.

In tne Hawaiian Islands coverage is provided by the tollowing
stations:
Norway (A)
Horth Dakota
La Reunijon (
Australia (G
Japan (H)

(D)
E)
)

Coverage contours for these stations are given 1in Appendix A.
The most promising LOP station pairs on the basis of lowest total
tix error, based on preliminary data for both day and night
readings, are AE - DH (Reference 17). No readings were available
for Australia (Station G). When this station is operational it
will provide a very strong, reliable siqgnal for the Hawaiian
region and will probably be used as one of the station pairs in
the future.

6.2.3 TRANSIT

TRANSIT (SATWAV) is a space-based navigational system operated by
the U.S. Navy primarily to meet military needs. It is available
for civil use and is widely used by both U.S. and foreign flag
operators (>20,000 wusers). The system consists of five
satellites in 600 nm polar orbits. The phasing of the satellites
is staggered to minimize time between fixes for users. In
addition, the TRANSIT system consists of four ground-based
monitors, The monitor stations track each satellite while in
view and provide the tracking information necessary to update
satellite orbital parameters every 12 hours.

The satellites broadcast ephemeris information continuously "on
approximately 150 MHz and 400 MHz signals. Une frequency 1is
rect1ired to determine a position with a maximum error of 500 m.
However, by wusing the two frequencies, higher accuracy can be
attained (35m). A receiver measures successive doppler, or
apparent frequency shifts of the signal, as the satellite
approaches or passes the user. The receiver then calculates the
geographic position of the wuser based on knowledge of the
satellite position that is transmitted from the satellite every



two minutes, and a knowledge ot the doopler shift of the
satellite signal, Also, vessel course, speed, and time must be
known to determine position accurately,

Coverage is world wide, but not continuous, and mean time between
fixes varies Jrom an average of 110 minutes at the equator to 30
minutes at 80 . In the regions of the Hawaiian Islands mean time
between TRANSIT fixes is approximately 90 minutes. DJue to non
uniform orbital precession Transit satellites are not in evenly
spaced orbits. Hence a user can occasionally expect periods of
between 6 and 11 hours when a fix is not available.

6.3 Future Systems - NAVSTAR GPS

MAVSTAR GPS is a space-based radionavigation system being
developed by the Department of Defense under Air Force
Mmanagement, The concept is predicated upon accurate and
continuous knowledge of the spatial position of each satellite to
the user. FEtach satellite transmits its ephemeris data. This is
periodically wupdated by the master control station based upon
data obtained from the monitors. The fully deployed operational
system 1is intended to provide highly accurate positional
information in three dimensions and precise time and velocity
information on a global basis continuously, to an wunlimited
number of properly equipped users. It will be unaffected by
weather and will provide world-wide coveraqe with a common grid
reference system. While the system was initially conceived to
meet the requirements of a wide spectrum of military missions,
current policy calls for civil availability with a deqradation in
system accuracy required to protect national security interests.

The major issues confronting the civil use of NAVSTAR GPS are the
accuracy of the supplied signal and the <costs of the user
equipment. Because NAVSTAR GPS has the capability of providing
high positional accuracy on a gqlobal basis it can supplement
LURAN-C, Transit, and Omega. Thus the potential for many civil
users is high. However, it is a developmental system with full
operational capability not expected until 19Y87. In 1983 a
preliminary recommendation from DOD/DOT regarding the future
navigation system mix (including the role of NAVSTAR GPS) is
expected. [n 1986 a decision at the national level will be made.
This decision will then become the basis for navigational system
impltementation. Until that time the civil role of NAVSTAR GPS
can only be surmised.

6.4 LURAN-C Expansion Alternatives

Improved coverage and coverage in areas where it does not now
exist is limited by lack of suitably located islands to serve as
transmitter sites. The alternatives that are presented are based
on expediency and tend to be compromises between required

coverage and available sites. Two LORAN-C alternatives are
considered for purposes of evaluating the costs and benafits of
increased LURAN-C coverage. These alternatives are: the



installation of an additional station at Kauai, and the
relocation of the existing Kure station to Midway Island. Given
a timely approval, it is assumed that these alternatives could be
operational by 1985, The characteristics and coverages are
discussed balow.

6.4.1 Kauai Reconfiguration

This configuration entails the installation of an additional
station at the Navy's Pacific Missile Range Facility on Kauai,
while retaining the existing three stations at Upolu Point,
Johnston Island and Kure Island. Further, the master station
would be transfered from Johnston Island to Kauai. The effect of
this reconfiguration is to extend coverage to the south and west
while providing minimal additional coveraage to the northeast.
The fix coverage for this confiquration is shown in Fiqure 6-2.
An antenna height of 700 ft and a radjated power output of 800 kw
is assumed,

This reconfigured chagn covers an area of 1.77 X 106 square miles
of which 0.8 X 10 square miles are attributable to the
additional station at Kauai. As well as regional coverage of
most of that area surrounding the major islands, this additional
station provides coverage of the South Pacific trade routes to
and through the Hawaiian Islands. There is also a slight amount
of coverage of the North American trade routes. The AC&I costs
of tnhis additional station are $4.5 million; the additional OE
costs are $0.323 miilion per year, both costs are in 1982
dollars.

6.4.,2 Midway Relocation

This alternative involves the transfer of the existing Kure
Station 40 nm eastward to the naval station at Midway Island.
Since the rationale for this move is to extend chain coverage
eastward, the transmitter would be optimized by dincreasing
radiated power to provide greater additional coverage,. A
principal assumption underlying this alternative is that the Kure
station can not be taken off the air while it is being relocated,
since uninterrupted signal coverage must be available. Thus four
transmitters must be provided while stations are being moved. A
new, fully manned and equipped station must be operational at
Midway before the Kure station ceases transmissions.

The relocation to Midway Island would entail certain savings in
lTogistics and manpower as well as changes in operations and
mission requirements. The assumptions associated with these
savings and changes include:

o Logistic support to the Midway Station as well as
berthing, messing and personnel support facilities will
be provided by the Mavy on a reimbursable agreement with
the Coast Guard.

