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Chapter 1
REGIONAL OBJECTIVES

Currently and in the foreseeable future, the Hawaii region will be
almost wholly dependent upon imported petroleum products for generation of
power in the public utility system. The purpose of this regional study is
to document the role of hydroelectric power in the Hawaii region, both
currently and in the foreseeable future. The report will not recommend pro-
jects for authorization of construction by the Corps of Engineers. However,
the report will present information on those potential projects which should
be considered for continued study consistent with the following objectives:

1. Increase the energy self-sufficiency of the region.

2. Assess the physical potential for increasing hydroelectric power
capability and generation.

3. Determine the potential for increasing hydroelectric generating
capacity by development of new sites and by adding generating facilities
to existing water resource projects.

4. Assess the general environmental and socioeconomic impacts of
hydroelectric power development.

5. Provide for maximum feasible utilization of the energy potential
derived from the region's water resources.
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Chapter 2
EXISTING CONDITIONS

2.1 GENERAL AREA DESCRIPTION

For the National Hydroelectric Power Study, the Hawaiian Archipelago
constitutes the Hawaii Region. The Hawaiian Archipelago extends some 1,523
miles over the North Pacific Ocean, between the islands of Midway on the
west and Hawaii on the east. The archipelago consists of a chain of moun-
taintop islands, islets, pinnacles and reefs, all rising thousands of feet
from the ocean floor. A large part of the Pacific Ocean surrounding Hawaii
has depths from 16,000 to 20,000 feet. Except for Midway Island, the archi-
pelago is under the jurisdiction of the State of Hawaii, the 50th State
admitted to the Union, the 47th in geographic area and 40th in population.
Midway has no potential for hydropower development, so the study area
following comprises only the State of Hawaii.

The State's eight principal islands (with their areas in square miles)
are Niihau (73), Kauai (553), Oahu (608), Molokai (261), Lanai (140),
Kahoolawe (45), Maui (729), and Hawaii (4,038). These islands form a
400-mile-long arc at the southeastern end of the archipelago and comprise
more than 99 percent of the region's land area. Of the eight islands,
Kahoolawe is barren, uninhabited and under military control; Niihau is pri-
vately owned and little developed. The other six islands of Kauai, Oahu,
Molokai, Lanai, Maui, and Hawaii, therefore, constitute the principal study
area. The island of Oahu, which is the third largest in land area, is the
social, cultural, economic, and military center of the State. The study
region is shown on Figure 2-1.

The islands and mountains that constitute the Hawaiian Archipelago have
been built almost entirely by volcanic activity. Each island is the top of
an enormous volcanic mountain, modified by stream and wave erosion and minor
amounts of organic growth. The geology is predominantly igneous, with lava
basalts and sporadic occurences of pyroclastics comprising the majority of
the rock types. The decomposition of lava and pyroclastics results in the
residual, lateritic soils found blanketing most of the islands.

Constant erosion has changed the topography of the islands from huge,
gently sloping volcanoes to dissected and incisioned cliffs, valleys and
basins. The topography of many of the drainage areas is characterized by
relatively steep stream courses and steep, rugged basaltic formations. As a
result, the streams generally do not meander as they traverse alluvial
areas. In areas of the State which are geologically youthful, few if any
perennial streams are found. For example, on the island of Hawaii, 710
intermittent streams reach the sea along three—fourths of the coastline, a
distance of about 225 miles.
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2.2 CLIMATOLOGY AND HYDROLOGY

In general, the climate of the Hawaiian Islands is characterized by a
two—-season year (summer and winter), mild and uniform temperature, stri-
kingly marked geographic differences in rainfall, generally humid con-
dition, and by a general dominance of tradewind flow from the northeast.
During the five-month summer from May through September, tradewinds prevail
80 to 95 percent of the time. During the seven-month winter from October
through April, the prevalence of the tradewinds decreases to 50 to 80 per-
cent. Although the trade-winds produce most of the annual rainfall over the
Hawaiian Islands, it is during the absence of these winds that most of the
flood-producing rainfall occurs. In particular, storms from the south which
are known as "Kona" storms produce the damaging floods in Hawaii. These
storms usually occur during the winter months.

Much of the rainfall in Hawaii results from orographic effects of the
northeast tradewinds, the most prominent feature of air circulation in the
islands. However, major storms are almost always associated with a migra-
tory low pressure area accompanied by widespread heavy rain and southerly
winds. 1In the open ocean, at the latitude of the Hawaiian Islands, the
average annual rainfall is approximately 25 inches. The actual average at
70 inches indicates about 45 inches of rainfall is orographically extracted
from moisture-bearing air. These effects are evident from the annual rain-
fall maps, which show the tremendous depths of rainfall deposited in moun-
tainous areas and the large variation in rainfall between the mountain and
coastal areas. In many mountainous areas of the State these depths exceed
240 inches. At Mt. Waialeale, on Kauai, the average annual rainfall totals
486 inches.

The average rainfall is often highly variable from one year to another.
Even in areas where the rainfall is very high and the monthly averages are
all above 10 inches, the rainfall of some months may vary by 200 to 300 per-—
cent from one year to another and there may be some months with only 1 or 2
inches of rain. With such a high variability of rainfall, it is inevitable
that there are occasional droughts. Drought conditions are prevalent when
the winter rain fails. Although such a deficit of winter storms can affect
any portion of the State, the impact is severest over the normally dry areas
dependent chiefly on these winter rains. In these localities, the small
amount of rainfall that occurs during the usually dry summer season is
insufficient to prevent severe drought.

Steep streams extending from mountainous rainfall belts to the shoreline
are characteristic of the topography and relatively small geographic area of
the Hawaiian Islands. There are no large watershed areas with complex
stream systems comparable to continental areas, but only relatively small
drainage basins, usually consisting of one principal stream with minor tri-
butaries. As most streams have only a few branches generally located in
their upper reaches, the water quickly finds its way to the sea. As a
result, streamflows are generally very flashy in nature. Minimum flows may
consist principally of groundwater seepage and spring discharges. Maximum
flows result from heavy rains and reflect the rapid surface runoff typical
of Hawaii's mountainous areas.
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2.3 ECONOMICS OF AREA

Hawaii is a prosperous state with growing population and economy.
Between 1950 and 1978, the total resident population increased by over 79
percent, from 500,000 to 897,000. The gross state product increased tenfold
during this same period, from $900 million to $§9 billion. The three largest
contributors to the State's economy are tourism, Federal expenditures, and
agriculture. The bulk of agricultural activity is in the production of
sugar and pineapple. The most rapid growth in the past decade has been in
the tourist industry. Tourist arrivals increased from 243,216 annually in
1959 to 3,670,309 in 1978. Visitor expenditures have grown by an average of
over 17 percent annually since 1959, when they amounted to $109 million.
Estimated 1978 visitor expenditures were over $2 billion. While visitor
expenditures increased by a factor of 20 over this period, defense expen-—
ditures only tripled. The trend in tourist industry growth will probably
continue, although at a slower pace, together with the State's economy in
general.

Hawaii's locational advantages and climate are apparent to the visitor
industry and the military establishment. Its mid-Pacific location also has
important trade and finance implications. The island of Oahu has about 81
percent of the population of the State, and includes the major military
installations. Oahu also has a considerable agricultural and food pro-
cessing industry and the largest regional tourist destination area, Waikiki
beach. The other islands, sometimes referred to as the Neighbor Islands,
do not have as diversified an economic base. 1In the past their economies
have centered on agriculture and attendant food processing but, employment
in these two sectors has been on the decline. The growth in the tourist
industry, however, has stimulated the Neighbor Islands economies as well as
the State's economy.

The 1970 Census recorded a labor force of 346,859 of which 337,595
(49,785 in the military) were employed. Between 1940 and 1970 the number of
employed persons almost doubled. During this same period, agricultural
employment fell from 55,000 to 13,000. By occupation, one out of every six
workers is classified as either professional or technical. Activities in
the 1970 employment with large number of workers are services (82,000),
government (70,000), retail trade (50,000), and manufacturing (31,000).
Labor union membership was estimated at 82,000 in 1970.

From a cursory viewpoint, it may appear that the Hawaiian Islands
are insulated from other economies in the mid-Pacific area and should exhi-
bit stable employment. On the contrary, growth in the tourist industry and
strategic shifts in military deployment link Hawaii's economy to other
Pacific Basin economies and to the global military situation.

Information from U. S. Census of Population reports indicates that the
number of employed persons in the State grew at over 2 percent a year during
the decade of the 1950's and increased to an annual rate of over 3 percent
during the 1960's. This State growth pattern strongly reflects the average
annual growth rate of about 3-1/3 percent experienced by the City and County
of Honolulu for both decades. The Counties of Hawaii, Maui, and Kauai have
had a somewhat different experience. During the decade of the fifties,
these counties experienced a continuing decline of employment in the agri-
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cultural sector, which resulted mainly from the impact of mechanization.
Though this decline in agricultural employment still continues, the develop-
ment of a significant tourist industry in these counties has expanded
employment over the past decade.

2.4 MAJOR ENERGY USERS

Hawaii derives 92 percent of its energy from petroleum. Table 2-1 shows
consumption of petroleum in Hawaii by basic industry.

Table 2-1
HAWAlI PETROLEUM CONSUMPTION BY BAS IC INDUSTRY, 1976

User Category Percent of Total

Air Transportation 27.
Ground Transportation 15
Water Transportation 3
Military Transportation 8
Military (Other) 9.
Industrial/Commercial 14
Residential 13
Other 7
Total 100.

QIO LN B~y

Source: State Energy Office consultant's unpublished report.

Combined transportation is by far the largest energy consuming industry.
Two of Hawaii's largest industries stand out in this table; tourism, which
is Hawaii's largest industry, accounts for the majority of the 27 percent
consumed by air transportation and a significant portion of the 16 percent
used by ground transportation; the military establishment, which is a major
industry in Hawaii, accounts for almost 18 percent of the total petroleum
consumption. Table 2-2 shows the major civilian energy users in Hawaii.
The two largest users, overseas airlines and residents (home and car), con-
sume more than half of the State's energy. One quarter of the State's
petroleum consumption is for electricity generation.

In 1976, about half of the State's electrical energy was consumed by
residential users. Other major electrical energy users included retail
(7.3%), hotel (6.7%), institutions (5%) and manufacturing (4.8%). The con-
sumption of electricity for the State and four major islands is summarized
in Table 2-3. As displayed in that table, users on the island of Oahu con-
sumed 85.2 percent of the State's total electricity, while users on the
islands of Hawaii, Maui, and Kauai consumed 6.6, 5.5 and 2.7 percent,
respectively. Consumption of electricity on the island of Molokai amounts
to less than one-half of 1 percent of the State's total and is therefore

excluded.
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2.5 FUTURE DEVELOPMENT

Forecasts of regional demographic and economic growth are taken from the
OBERS Series E projection [3]. Series E refers to the latest detailed
regional and national projection of population, employment, and earnings up
to the year 2000. Projections are for the Bureau of Economic Analysis (BEA)
economic area 173, encompassing all of the islands in the State of Hawaii,
and are summarized in Table 2-4.

Although the OBERS population projections are somewhat low, projections
of earning and income are useful to show the relative magnitude of earnings
in various industrial sectors. OBERS forecasts average annual growth in
earnings and total personal income at 3.5 and 3.6 percent, respectively,
between 1970 and 2000. Trade, services, and government sectors are expected
to have the highest industrial sector earnings. Per capita income in Hawaii
was higher than the national average in 1970, and is expected to remain so
throughout the forecast period. The disparity between the national average
and Hawaii per capita incomes is expected to decrease over time. Between
1970 and 2000, per capita income i1s expected to grow at 2.5 percent
annually.
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Table 2-4

PROJECTED POPULATION, INCOME AND MAJOR SECTOR EARNINGS(OBERS)

HAWAIT (BEA AREA 173)
(Constant 1976 Dollars)

YEAR
1980 1985 1990 2000
(Earnings in million §)

Agriculture 107 110 114 128
Mining 0 0 0 .0
Construction 317 370 432 580
Manufacturiag 255 295 342 455
Transportation utilities 329 399 483 697
Trade 549 643 752 1,035
Finance 262 324 400 598
Services 712 896 1,127 1,721
Government 1,211 1,443 1,721 2,431
Total Earnings 3,741 4,483 5,372 7,646
Total Personal Income 4,555 5,502 6,645 9,575
Total Population (thousands) 847 911 979 1,085
Per Capita Income ($) 5,375 6,042 6,791 8,823
Per Capita Income

Relative To U.S. 1.12 1.11 1.10 1.08

Source: 1972 OBERS Projections, Regional Economic Activity on the U.S.,
Series E Population, U.S. Department of Commerce, Bureau of Economic

Analysis, 1974.

Note: Sum of sector earnings may not equal the total because of discrepan-

cies in OBERS data.
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Chapter 3
EXISTING ENERGY SYSTEMS

3.1 EXISTING ENERGY SYSTEMS EXCLUDING HYDROPOWER

Nuclear

There are no nuclear power plants in the State of Hawaii. The technology
for producing power on a commercial basis from the fission process is well
developed but is economical only in large—scale units. Even the smallest
commercial reactors are too large for integration into the region's electri-
cal systems before the turn of the century.

0il

Hawaii derives 92 percent of all energy from petroleum. More than half of
it is used for transportation in the form of jet fuel and gasoline. About 25
percent of it is used for the generation of electricity.

There are a total of five utility companies servicing the main populated
islands. All of the companies are investor—-owned but are regulated by the
State Public Utility Commission. Each of the islands is served by indepen-
dent power systems. There is no interconnection of power between the
islands. The utility companies are:

Island Company

Oahu Hawaiian Electric Company (HECO)

Hawaii Hawaii Electric Light Company (HELCO)

Kauai Kauai Electric Division of Citizens Utility
Company (KED)

Maui-~Lanai Maui Electric Company (MECO)

Molokai Molokai Electric Company (MOECO)

The largest company in the State is Hawaiian Electric Company (HECO).
Two companies on neighbor islands, Maui Electric and Hawaii Electric Light,
are wholly owned subgsidiaries of HECO. The island of Lanai is serviced by
Maui Electric but the generating plant and most of the distribution lines are
owned by the privately-owned Dole Company.

These five oil-burning utilities generated 6,541 GWh of electricity in
1978, 90.5 percent of the State's total electric power. The major generating
equipment in Hawaiian Electric Company's system is designed to burn residual
fuel oil. Even with today's critical oil situation, o0il remains Hawaii's
most economical source of energy. Alternative energy sources including
biomass (chiefly the sugarcane waste, bagasse), wind, geothermal energy,
refuse, and ocean thermal energy conversion (OTEC) will be developed to
reduce dependence on oil. However, in the foreseeable future, oil is
expected to be the main source of electrical energy.




Coal

Ma jor economic and environmental problems will be encountered if petro-
leum fuels are to be replaced by coal. Coal is expensive in Hawaii because
it must be imported from overseas. In addition, for large-scale seaborne
transport of coal to power plants in Hawaii, a new ocean bulk handling
system, port facilities, unloading and storage areas, and a surface transpor—
tation system from dockside to generation plant would have to be built at a
large investment cost. The environmental problems would arise from the fact
that, because of the higher impurities content, control of environmentally
unacceptable pollutants such as sulfur dioxide and particulates is more dif-
ficult, and large quantities of ash require disposal.

Waste Material

Hawaii obtains about 7 percent of its energy by burning waste material.
Electrical generation in the State of Hawaii was first begun in the sugar
mills to power the processing of sugar and has evolved along with these
agriculture~based origins. Power is produced by the agricultural processing
power plants by burning a residual product of sugarcane, bagasse. In 1978,
private companies generated 687 GWh of electrical energy, mainly from
bagasse, or 9.5 percent of the total electric energy generated in the State,
which was 7,228 GWh in that year. In 1978, bagasse supplied 38 percent of
the electrical energy of the island of Hawaii and 23 percent of the island of
Kauai. A 12 MW bagasse power plant was completed in 1980, forming an
integral part of the Lihue Sugar Plantation facilities in Kauai. The power
plant, built under a cooperative agreement among Foster—-Wheeler Corporation,
AMFAC and Kauai Electric, will annually produce 55.6 GWh of electrical
energy. Refuse is another potential source of energy. The City and County
of Honolulu is considering implementation of a solid refuse treatment plant.
If constructed, the power plant is expected to produce 48 MW of power,
totalling 4 percent of Hawaiian Electric's installed capacity.

Geothermal Energy

Natural heat from the earth shows great long—range potential for Hawaii's
energy future. Economic comparisons generally show that geothermal energy is
competitive with conventional energy sources. High—temperature water can be
used for power generation, while water in the intermediate temperature range
may find application in manufacturing processing, desalting of sea water, and
agriculture. Geothermal environmental problems are relatively minor;
potentially, there could be some impact in the form of noxious gases, noise
from exhaust steam, ground subsidence, and water contamination.

Practically all potential developable geothermal energy is located in the
Island of Hawaii. Although the amount of recoverable geothermal energy is
still unknown, a test well (HGP-A) was drilled 6,450 feet into the eastern
rift of Kilauea volcano on Hawaii Island in 1976 to explore geothermal poten—
tial. Construction of a 3 MW geothermal power plant to utilize the steam
from HGP-A, which is funded by the Department of Energy, began in January of
1980. The Hawaii Electric Light Company has agreed to purchase at least 2
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MW of energy for the first two years the generator operates. The first pro-
duction of electricity from geothermal energy is scheduled for mid-1981. If
huge reservoirs are found yielding greater energy than is needed on the
Island, breakthroughs in undersea transport of energy will be necessary before
power can be transmitted to the other islands. Hawaiian Electric Company is
currently investigating the feasibility of placing undersea power transmission
cables between the islands.

Wind

Enormous amounts of energy are contained in the persistent trade winds
that sweep the Hawaiian Islands. Wind power is a renewable natural energy
resource and has the advantage of generating no noxious substances. It shows
excellent potential for providing a significant percentage of the future
energy requirements of Hawaii. The best wind locations in the Hawaiian
Islands include Kahuku on Oahu, Kahua Ranch on Hawaii Island, West Molokai,
and McGregor Point on Maui. A 200-kW wind machine has been built at Kahuku,
partially funded by the U.S. Department of Energy. The model MOD~0A machine
used here was built and erected by Westinghouse Electric Corporation.
Hawaiian Electric has an agreement with Windfarms Ltd. to purchase 80 MW of
wind generated electricity which is expected to be on line in three to four
years.

Ocean Thermal Energy Conversion (OTEC)

Hawaii has warm surface water and deep cold water near shore the year
round. The technology of OTEC would use this thermal energy differential to
produce electricity. Should OTEC systems become a practical reality, Hawaii
could become energy selfsufficient. A small demonstration plant, Mini-OTEC,
has proved successful and produced 50 kW of electricity. Commercial OTEC's
would range in capacity from 200 MW to 400 MW at an estimated power generation
cost of as low as 4 cents per kWh. However, problems of marine fouling of
equipment and transmission of the electric energy remain to be overcome. In
addition, recent funding limitations of the Federal government will severely
constrain future applied research and development of OTEC.

Summarz

In the State of Hawaii electric power is generated on the six developed
islands of Oahu, Hawaii, Kauai, Maui, Lanai and Molokai. Each of the islands
has its own electrical system, and there is no interconnection of power
transmission lines between the islands. Most of the State's power is gener-—
ated by the oil-burning utility companies. In 1978, these companies
generated 92.4 percent of the electric power (excludes hydropower). The
remaining 7.6 percent was generated mainly by the sugar companies for their
own consumption.
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All electric power on the island of Molokai is generated by the Molokai
Electric Company. On the island of Oahu, Hawaiian Electric Company
generated 98 percent of electric power in 1978. The remaining 2 percent of
the island's total electricity was produced by three sugar companies; Oahu,
Waialua, and California and Hawaii. On the other major islands private com~
panies generate a much more significant portion of the electric power; in
1978, private companies produced 47.2 percent of the total nonhydropower on
the island of Hawaii, 27.4 percent on the island of Kauai, and 18.4 percent
on the islands of Maui and Lanai. Table 3-1 displays the capacity and energy
generation of the existing electric system.

Table 3-1
ELECTRICAL POWER CAPACITY AND ENERGY GENERATED HAWAII, 1978

Entire System 1/ NonHydroelectric 2/

Percent of Total Percent of Total

Total Utility Private Total Utility Private

Oahu Island

Installed capacity, MW 1,236 98.0 2.0 1,236 98.0 2.0
Energy generated, GWh 5,723 98.0 2.0 5,723 98.0 2.0
Hawaii Island

Installed capacity MW 163 65.0 35.0 159 64.5 35.5
Energy generated, GWh 558 54.9 45,1 527 52.8 47.2
Kauai Island

Installed capacity MW 106 59.0 41.0 98 63.4 36.6
Energy generated, GWh 299 6l.4 38.6 253 72.6 27.4
Maui and Lanai Islands

Installed capacity MW 142 59.3 40.7 137 61.5 38.5
Energy generated, GWh 619 67.4 22.6 589 81.6 18.4
Molokai Island

Installed capacity MW 7 100.0 - 7 100.0 -
Energy generated, GWh 29 100.0 - 29 100.0 -
State of Hawaii

Installed capacity MW 1,654 88.9 11.1 1,637 89.6 10.4
Energy generated, GWh 7,228 90.5 9.5 7,121 92.4 7.6
Notes:

1/ "State Energy Plan”, Department of Planning and Economic Development,
State of Hawaii, September 1980,

2/ Derived from Table 3-2
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3.2 ROLE OF EXISTING HYDROPOWER WITHIN EXISTING ENERGY SYSTEM

Relationship of Hydropower Within Existing System

Hydropower facilities were originally installed to supplement the needs
of the plantation industry. Only three islands now have developed and
operating hydropower plants. These are Maui, with 7.1 MW installed capacity;
Kauai, with a 7.9 MW capacity; and the island of Hawaii, with 4.2 MW capa-
city. Of the 20 operating and retired hydropower plants on the islands, 18
are owned by sugar plantations for their own industrial use, and two are
owned by a utility company. Only 13 hydropower plants are operating in the
State. Their total installed capacity is 19.2 MW, producing an average
energy of 107.1 GWh per year. Hydropower accounted for 1 percent of the
State's total electric power in 1978. An inventory of hydropower plants in
the islands is shown in Table 3-2.

Hawaii Electric Light Company, Inc. (HELCO), the utility which serves the
island of Hawaii, is a subsidiary of HECO. HELCO is also the only utility
company that operates hydropower plants. The plants are located near Hilo,
the largest area of consumption. The hydropower plants operated by the sugar
plantations are largely part of irrigation systems, and power generation is
dependent to some extent on seasonal rainfall and crop irrigation priorities.

Marketing and Regulations

There is no electric reliability council in the State of Hawaii. The
State is not serviced by a Federal power marketing agency since there is no
Federal power marketed in Hawaii. However, any potential Federal power mar-
keting activities will be performed by the U.S. Department of Energy.
Currently there are no hydropower plants in the State licensed by the Federal
Energy Regulatory Commission (FERC). Licensing is required for nonfederal
development in the following cases: (1) development is on an historically
navigable stream or a stream which could reasonably be improved for
navigation; (2) development is on Federal land; or (3) energy is transmitted
interstate. FERC has enacted a new rule to permit owners of small hydropower
projects (5 MW or less) to apply for exemption of licensing requirements pro-—
vided the site is not on Federal land and does not require construction of a

new dam.

Hydropower facilities operated by utility companies are regulated by the
Public Utilities Commission (PUC) of the State of Hawaii under the Department
of Budget and Finance. The PUC does not regulate the hydropower plants owned
by sugar companies if the sole use is industrial. However, when sugar com-
panies sell excess power to utilities for public consumption, the rates must
be approved by the PUC.

Parameters Governing Use of Existing Hydropower

Hydraulic turbines do not perform well when actual flow is substantially
different from the design flow. In Hawaii, since most of the runoff comes
during the winter months (November through March) existing turbines are not
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being fully used. Because of relatively small drainage basins having only
one principal stream with minor tributaries, streamflows are low, highly
variable, and largely unregulated. Hydropower plant capacities are small,
usually operated on run-of-river streamflows. Most hydropower plants were
installed by the plantations in their irrigation ditches. 1In addition, in
contrast to most mainland installations, practically all of the existing
projects are characterized as high head, low discharge facilities and uti-
lize impulse—~type (Pelton) turbines.

During the past decade many hydropower plants were deactivated or aban-
doned. 1In certain instances, sugar plantations owning plants went out of
business; in other cases, turbine/generator equipment no longer performed
effectively. However, some plants could be reactivated and there is poten-—
tial for increasing the capacity of curreuntly active plants. The prospect
for reactivation is enchanced by certain recent developments:

a. Sharply rising petroleum prices make hydropower economically
attractive.

b. There is an increasing interest among the plantations to sell energy
as a prime source of revenue.

¢. The implementation of the Public Utility Regulatory Policies Act
(PURPA) of 1978 mandating regulatory agencies to establish energy rates
based on avoided petroleum costs assures hydropower producers of receiving a
fair market price. This has spurred plantations to take a second look at

their existing and new alternative energy systems.

d. There is a growing recognition that the combination of wet-season
hydropower and dry-season bagasse could produce year round firm power for
possible sale to a utility.
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Chapter 4
DEMAND SUMMARY

Forecasts of electricity demand have been made by the State of Hawaii
(Table 4-1) and Hawaiian Electric Company and Kauai Electric Division (Table
4~2). Another forecast was made in a study by Harza Engineering Company
for the Institute for Water Resources, U.S. Army Corps of Engineers (Table
4-3 [1, 2]. 1In that study, three projections of electricity demand were
developed for use in assessing the regional market for hydropower.
Projection I was derived from forecasts made by the utilities [5].
Projection II was derived from the forecast made by the Institute for Energy
Analysis (IEA) at the Oak Ridge National Laboratory in May 1977 [3].
Projection 111l was based on the "Consensus Forecast of U.S. Electricity
Demand"” [4]. From these three projections, a "median” forecast was selected
and is considered to be representative of future power and energy demand of
the State. The OBERS population forecasts are adjusted to reflect the
latest census [4].

4.1 Capacity

The peak demand for all the utility companies in the State of Hawaii was
1,120 MW in 1978, up from 726.6 MW in 1969. The total utility-installed
capacity increased from 862 MW in 1968 to 1,470 MW in 1978 which was 88.9
percent of the total installed capacity in the State. Table 4-4 shows the
peak load and installed capacity from 1968 to 1978. The majority of the
peak load occurs on Oahu. However, Oahu's share of the total peak load in
the State decreased from 86.4 percent in 1969 to 81.9 percent in 1978. This
is attributable to the faster growth of the Neighbor Islands during the past
decade. Installed capacity on Oahu constituted 84.2 percent of the State's
total capacity in 1968. This percentage has reduced to 81.3 in 1978.

Hawaii's peak demand now occurs in winter and it is expected to continue
doing so in the future. According to Harza's projection, the peak demand
between 1978 and 1985 is likely to grow at an average annual rate of 4.5
percent from 1,100 MW to 1,500 MW. After 1985, annual growth in peak demand
is likely to be about 4.0 percent until 1990, then 3.6 percent through the
end of the century. The peak demand is expected to be 2,600 MW in 2000.

Utilities projected peak load is somewhat lower. As shown in Table 4-2,
it will only be 2,127 MW in 1998. This projection does not cover Molokai
Electric Company which constituted less than 0.5 percent of the total peak
load for the utility companies in 1978. Also shown in Table 4~2 are the
utilities projected generating capacities. The planned additions are pre-
sented in Table 4-5. The Neighbor Islands are expected to exceed Oahu's
rate of growth in the next two decades. Projected peak load and installed
capacity for Oahu in 1998 are 70.9 and 71.0 percent of the State's total,
respectively. These percentages are considerably lower than 1978. Maui is
projected to have the most significant gain in peak load; from 7.0 percent
in 1978, to 18.1 percent in 1998, and in generating capacity from 5.7 per-—
cent in 1978 to 16.8 percent in 1998. Kauai, the island with the most
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Table 4-2
PUBLIC UTILITIES PROJECTED PEAK LOAD AND GENERATING CAPACITIES, HAWAH 1979-98

YEAR HECO HELCO MECO KED
Peak  Capaclty Peak — Capaclty Peak Capaclty ~ Peak CapacTty
Load(mw) (mw) Load(mw) (mw) Load(mw) (mw) load(mw) (mw)

1979 906 1209 87 124 87 99 36.5 62.1

1980 994 1350 90 124 95 112 38 62 .1

1981 1022 1350 g3 124 103 12 39.6 74.1%

1982 1049 1350 97 124 112 125 41.2 74 .1

1983 1077 1350 100 124 121 138 42.8 74 .1

1984 1106 1350 103 127 131 151 44.4 74 .1

1985 1136 1350 107 141 141 164 46.1 74 .1

1986 1163 1420 110 141 152 164 47.7 7441

1987 1191 1420 114 141 165 190 49.3 74 1

1988 1220 1420 118 141 178 203 50.9 74.1

1989 1249 1489 122 155 192 216 52.6 82.1

1990 1278 1489 127 155 207 229 54.2 82.1

1991 1307 1559 131 155 224 255 55.8 82.1

1992 1336 1559 136 168 242 268 57.4 82.1

1993 1365 1729 140 168 261 294 59.1 92.1

1994 1395 1729 145 168 282 307 60.7 92.1

1995 1426 1729 150 182 305 333 62.3 92.1

1996 1453 1729 156 182 329 359 63.9 114.3

1997 1481 1729 161 196 355 398 65.6 114.3

1998 1509 1799 167 196 384 424 67.2 114.3

* Kaual Electric Divlision w!ll have contract purchase power from Llhue
Plantatton amounting to 12 MW In 1981; thus, planned additlons by the
publlc utllity Itself are not projected to occur untl]l 1989.

SOURCE: Offlclal HECO and KED projectlons, 1979.
Abbrevtatlons:
HECO ~ Hawallan Electric Company MECO - Maul Electric Company

HELCO - Hawall Electric Llght Company KED - Kaual Electr!lc Dlvision of
Cltlzens Utllity Company
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Table 4-5
PLANNED ADDITIONS TO ELECTRIC GENERATING CAPACITY, PUBLIC UTILITIES, HAWAll 1979-98

(Megawatts)
Location of Planned Additions
Oahu Hawaii Maui Kauai
Kahe Waimea Ke—-ahole Maalaea Lihue
1979 14
1980 141 13
1981
1982 13
1983 13
1984 3 13
1985 14 13
1986 70
1987 26 (2 units)
1988 13
1989 69 14 13 8
1990 13
1991 70 26 (2 units)
1992 13 13
1993 170 26 (2 units) 10
1994 13
1995 14 | 26 (2 units)
1996 26 (2 units) 22.2
1997 14 39 (3 units)
1998 70 26 (2 units)

Source: Official HECO and KED projections, 1979.

Note: Kauai Electric Division will have contract purchase power from Lihue
Plantation amounting to 12 MW in 1981. Thus, planned additions by the uti-
lity are not projected to occur until 1989.
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hydropower potential, is expected to remain at 3.2 percent in peak load and
grow slightly from 4.2 percent in 1978 to 4.5 percent in 1998 in generating

capacity.

4.2 ENERGY

The electric energy sold by the utilities in the State of Hawaii for
1978 was 6,005 GWh, increased from 3,104 GWh in 1968. This corresponds to
an average annual growth rate of about 6.8 percent. Electricity data for
all utility companies from 1968 to 1978 are presented in Table 4-6.

The "median"” electric energy demand in Hawaii as projected by Harza, is
expected to grow from a projected 6,800 GWh in 1978 to 9,100 GWh in 1985, an
average annual growth rate of 4.3 percent. The electric energy demand is
expected to grow to approximately 15,800 GWh by the year 2000, an average
annual growth rate of 3.9 percent between 1978 and 2000. The island of Oahu
currently consumes the largest portion of electrical energy generated. The
island of Maui is expected to have an accelerated growth in demand because
of its expanding tourist industry.

Projections by the State are based on the assumption that conservation
measures, such as improved efficiency in appliances, will be adopted. As a
result, an average annual growth rate of 2.3 percent from 1980 to 2005 is
shown. This projection also reflects the anticipated consumption levels for
electricity regardless of the primary energy source utilized for electric

generation.

In 1978, Hawaii's annual load factor was 69.5 percent. The annual load
factors for the Hawaiian Electric Company and its subsidiaries, Hawaii
Electric Light Company and Maui Electric Company, increased from 57.7 percent
in 1970 to 62.3 percent in 1977. From projected peak and energy demand fore-
casts by the utilities, future load factors are expected to average 69

percent.
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Table 4-6
HISTORICAL ELECTRICITY DEMAND, HAWAII, 1968-78

(GWh)
Utility
Year HECO HELCO KED MECO MOECO  Total
1968 2,728 166 78 119 13 3,104
1969 3,004 186 90 126 14 3,420
1970 3,276 214 103 146 15 3,754
1971 3,601 247 112 186 16 4,162
1972 3,943 279 121 197 17 4,557
1973 4,189 302 132 221 17 4,861
1974 4,393 320 136 243 17 5,109
1975 4,555 333 149 275 18 5,330
1976 4,762 363 156 316 19 5,616
1977 4,911 377 167 353 23 5,831
1978 5,025 394 179 382 25 6,005
Sources: 1. "An Inventory and Analysis of the Electric Energy Industry in

the State of Hawaii," Pacific Analysis Corporation, Prepared for the U.S.
Army Corps of Engineers, Pacific Ocean Division, 29 March 1977.
2. State of Hawaili Data Book 1977-79.

Abbreviations:

HECO - Hawaiian Electric Company MECO - Maul Electric Company
HELCO - Hawaii Electric Light Company MOECO - Molokai Electric Company
KED - Kauai Electric Division of

Citizens Utility Company
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Chapter 5
METHODOLOGY

5.1 REGIONAL PROCEDURES AND CRITERIA

Regional Screening Criteria

Potential hydropower projects in the region were screened according to
physical, economic, and environmental considerations. Screening was per-
formed in four progressive stages. Only projects that demonstrate an
appropriate level of physical potential, marketability, and environmental or
social acceptability were considered for future development.

Stage 1

An inventory of the existing dams, existing hydropower facilities, and
undeveloped sites having the physical potential to generate hydropower was
made to provide the data base for the screening process. Only sites in one
of the following categories were retained for evaluation in Stage 2:

1. Existing dams exceeding 40 feet of head and 800 acre-feet of storage.

2. Existing hydropower facilities with any potential incremental capa-
city.

3. New undeveloped sites with developable capacity exceeding 100 kW.
Stage 2

A second screening of the sites in the inventory identified those sites
which show some possibility of being marketable. Site—specific data were
coded and analyzed by computer programs which evaluated site hydrology,
project costs and benefits, and identified the scope of project by maxi-
mizing net benefits. Sites which did not show promising marketability were
deleted from further consideration.

Stage 3

In the third stage, sites were screened on the basis of environmental,
social and institutional considerations. Sites with overriding adverse
environmental, social, or institutional impacts were removed from considera-
tion.

Stage 4

For all sites passing the first three stages, economic evaluations were
performed manually using cost curves published in references 7 and 9. Costs
obtained from these curves may not entirely agree with manufacturer and
contractor bid prices. However, since the intent of this study is to make a
comparative analysis of potential projects, absolute accuracy of cost estima-

5-1

P —




tes is not critical. The unit energy cost for each project was estimated by
comparing the project cost with the amount of energy generated. Projects
costs were adjusted to the June 1980 price level based on a construction
cost index. Annual costs include interest and amortization of total
construction costs, based on a project economic life of 50 years and an
interest rate of 7-1/8 percent, and annual maintenance and operation costs.

Data Collection Procedures

All existing dams, existing hydropower facilities, and undeveloped sites
with reasonable hydropower development potential were considered to be
possible sites for new or incremental hydropower development. Data on the
location, ownership, available power head, and potential flow were collected

for each site.
Stage 1

The data base for potential hydropower sites was established principally
from two sources; the National Program of Inspection of Dams [10] and
hydroelectric power resources data published by Federal Power Commission [5].
Other references [1, 2, 3, 4, 6, 8, 11, 12] were also utilized and pertinent
data were adopted to complement the inventory.

Stage 2

Additional site specific data from published and unpublished reports and
topographical maps as required for computer analysis, were collected during
this stage. However, no site visits or field surveys were made. These data
include location and identification, physical and hydrologic characteristics,
and power features that were not in the Stage 1 data base.

Stage 3

Estimates of the capacity and energy generation of potential projects were
determined by computer. Copies of these estimates were distributed to the
concerned public for their information and comments. As a result of this

public-involvement process, more data and information were obtained to
modify the data base.

Stage 4
There were no data collection activities during Stage 4.

Screening Procedures and Evaluation

Stage 1
Data collected from various sources were evaluated and compared with the

Stage 1 criteria. Data for sites exceeding minimum head/storage or minimum
capacity were included in the preliminary inventory data base.
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Data for sites identified during Stage 1 were added to the computerized
data base for site specific evaluation. The computer performed (1) analysis
of streamflow data using flow-duration techniques to develop a range of cap-—
city and energy potentials; (2) computation of project benefits using FERC
power values; (3) computation of powerhouse and switchyard costs from
generalized cost curves; and (4) identification of the scope of project
which would maximize net benefits. Results of the computer analysis indi-
cated that all potential projects had a reasonable likelihood of marketabi-
lity and, therefore, no sites were dropped during this stage.

Stage 3

A few sites were screened out because of environmental, social or
institutional problems because (1) sites were in significant environmental
pristine areas (2) sites were of questionable safety; (3) sites had incre-
mental capacity potential of 100 kW or less; or (4) for existing hydropower
plants there was no expansion potential.

Stage 4

Marketability of power that would be generated at each site was eva-
luated manually (the results of the computer analysis were not used), and a
ranking of the projects was made according to unit energy costs. Potential
energy generation from these sites falls short of meeting the projected
future demand for the State and for each of the islands. To meet the
regional objective of increasing Hawaii's energy self-sufficiency, all
potentially feasible sites were identified as suitable for further study and
no further screening was performed at this stage.
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Chapter 6
PUBLIC INVOLVEMENT

6.1 ROLE OF PUBLIC INVOLVEMENT

In this study, the purposes of public involvement were to keep the
public informed about the status and findings of the National Hydroelectric
Power Study (NHS); to obtain needed information on existing and potential
hydropower facilities; and, to obtain public comment on potential problems.

6.2 PUBLIC CONTACTS

As mentioned in Chapter 5, information and data collected in the 1977-78
hydropower study conducted by the Corps of Engineers were used as part of
the data base for this report. In that study, workshops were held at each
of the four major islands in the State, namely, Oahu, Hawaii, Maui and
Kauai. A public meeting was also held at Kauai. Major input and basic con-
cerns resulting from these public contacts were:

a. Location of hydropower facilities.
b. Effect on water rights.

c. Effect on local electrical rates.
d. Environmental changes.

e. Alternative energy sources.

f. Past and current State studies.

Public information fact sheets on the National Hydroelectric Power Study
were distributed to selected government agencies, industries and citizens
who have an interest in hydropower development. Attached to the fact sheet
were the National Hydroelectric Power Study brochure published by the
Institute for Water Resources and data sheets on the preliminary inventory
of existing and potential hydropower facilities in Hawaii. Many valuable
comments and information were received from the public regarding additional
potential sites not included in the inventory and the accuracy of some data
in the inventory. The public input was incorporated in the final inventory.

U.S. Army Corps of Engineers staff members also are active participants
of the Committee on Small Hydroelectric Power Systems, sponsored by the
State of Hawaii, Department of Planning and Economic Development.
Representatives from Waialua Sugar Company, Department of Land and Natural
Resources of the State of Hawaii, Kauai Electric Division of the Citizens
Utilities Company, C. Brewer & Company, AmFac Corp., U.S. Army Corps of
Engineers, U.S. Department of Energy, Water Resources Research Center of the
University of Hawaii, Alexander & Baldwin, Theo H. Davies & Company,
Hawaiian Electric Company & Molokai Electric Company serve on the committee.

The several committee meetings held during March to August 1980 served as
forums for discussing the current and future impact of hydropower in the
State. A copy of the draft of this report was distributed to each of the
committee members for review and comment. The draft report was discussed
during the August 1980 committee meeting and additional information and
input were obtained and used to revise the report.
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Chapter 7
INVENTORY

7.1 STAGE 1, 2 AND 3 RESULTS

Size of Inventory

A total of 14 undeveloped sites and existing projects passed the three-
stage screening process. Among these projects, seven are unew sites, four
are on existing reservoirs, two are active hydropower plants for which addi-
tional capacity is possible, and one is a deactivated plant which could be
rehabilitated. Collection and analysis of site data were based on available
and readily developed information. Detailed engineering and other technical
studies were not performed specifically for this study. The results of the
study, therefore, are preliminary estimates of developable hydropower within
the foreseeable future.

Capacity and Energy

These 14 identified projects have a total capacity potential of 39.39 MW
and could generate 119.9 GWh of energy. These estimates include the capa-
city of 1.5 MW and energy of 8.1 GWh for two currently active hydropower
plants. The incremental capacity potential for the State is 37.89 MW and
the incrmental energy generation is 111.8 GWh (excluding what is currently
available at the two active hydropower plants).

Plant Factors

Plant factors for the identified projects in the inventory vary from
0.17 to 0.94. However, majority of the sites have plant factors between 0.2
and 0.3. This is attributable to the highly variable runoff in most
Hawaiian streams in relation to the installed capacity.

Primary Locations

Among the 14 projects in the inventory, more than half are located on
Kauai, mainly on the eastern and southwestern parts of the island the
remaining projects are located on the islands of Hawaii (2), Maui (3), Oahu
(1) and Molokai (1).

Potential Development

All potential projects identified in this study are small-scale in capa-
city (less than 25 MW). Only one project has a potential capacity of 10 MW,
and capacity of all others is less than 5 MW.
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Existing Projects

Development of the seven existing projects would be through expansion of
existing hydropower plants, rehabilitation of abandoned hydropower sites, or
construction of hydropower facilities on existing reservoirs. Total poten-
tial capacity created by this type of development is estimated to be 8.86
MW. The amount of energy which could be generated is estimated to be 27.6
GWh.

New Projects

There are seven undeveloped projects in the inventory. These sites have
a total capacity of 29.03 MW and energy potential of 84.2 GWh.

7.2 STAGE 4 INVENTORY

Projects Retained During Stage 4

All 14 projects remaining in the inventory after the Stage 3 screening
were retained in Stage 4 as suitable for further study. Table 7-1 tabulates
some general information and estimated capacity and energy for these pro-
jects. Their locations are shown on Figure 7-1.

Physical Characteristics

Selected projects are classified into five groups:
a. Expansion of active hydropower plants.
b. Rehabilitation of abandoned hydropower sites.
c. Construction of hydropower facilities on existing reservoirs.
d. Construction of new run-of-river hydropower facilities.
e. Construction of new storage reservolr hydropower facilities.

Projects in the first two groups are privately owned existing or aban-
doned hydropower plants. The capacities are small, 1 MW or less. Major
work for these projects would be limited to the installation or rehabilita-
tion of turbines and generators.

Civil engineering features, in addition to electromechanical components,
will be needed for the group "c" projects. The basic features include site
preparation, intake, penstock, powerhouse and switchyard. Existing reser-
voirs included in this group are relatively small, with the largest having

only a maximum storage of 9,000 acre feet. The highest dam is 105 feet high.

Construction works required for group "d" projects are essentially the
same as those required for group "c¢" projects with the exception that diver-
sion systems with limited pondage are included in the plans. Although built
on undeveloped sites, carefully designed and constructed run—-of-river pro-
jects included in group "d" may result in relatively minor changes to the

natural environment.
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Figure 7-1
LOCATIONS OF POTENTIAL HYDROELECTRIC PROJECTS, HAWAII
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Projects in group "e"” include Kokee Dam, 234 feet high with maximum
storage of 41,000 acre feet, and Waialeale Dam, 185 feet high with maximum
storage of 47,000 acre feet. These two projects require significantly more
extensive civil-works construction than other projects. Items of work are
basically similar to those for group "c¢" projects, with the addition of
reservoir construction. Construction of reservoirs would drastically alter
the physical appearance and topography of the site. Regulated reservoir
outflows would modify the flow regime of the existing stream.

FEconomic and Financial Characteristics

Estimated unit energy costs, which are the quotients of total annual
project costs over the annual energy, vary from 10 to 255 mills/kWh. Total
annual project costs were estimated by summing up the annual maintenance
costs and the amortized first costs based on a 50-year project life and the
fiscal year 1980 Federal discount rate of 7-1/8 percent. Projects of high
unit energy costs include those requiring extensive construction such as
large dams or long penstocks, and those with economically unfavorable energy
output. However, more than 50 percent of the potential projects have a unit
energy cost of 40 mills/kWh or less. This is about the price of surplus
energy on the current market.

General Environmental and Social Conditions

All sites with existing hydropower facilities or civil features have no
significant environmental concerns. Some of these facilities may no longer
be in operation. However, all of the affected waterbodies have had a
history of substantial modification to their watersheds. These modifica-
tions include clearing of natural riparian vegetation, monoculture commer-—
cial crops (and subsequent exposure to biocides), fords and road crossings,
total or partial channelization, and urbanization. These waterbodies no
longer harbor sustaining populations of endemic or native diadromous fishes,
crustaceans or molluscs. There are no significant recreational areas, or
sites of local or national historic significance located within or imme-
diately adjacent to any of these waterbodies. Although one or more of these
reservoirs and flumes may have been used for potable water supplies in the
past, none are apparently being used for that purpose at present.

The Wailua and Waialeale project site on Kauai possesses one of the most
disturbed aquatic fauna within the State. Continuous introductions of exo-
tic species and modification of watershed vegetation and the streambed have
resulted in the extirpation of virtually all native fauna from this exten-
sive stream system. The lower reaches of the river along the south fork,
however, drain the Wailua River State Park. Wailua Falls, the Fern Grotto,
and the Wailua River boat ride are favorite tourist destination points which
attracted over 4.5 million visitors to the park in 1979. The heavily vege-
tated banks of the estuarine reaches of the river provide habitat for three
endangered Hawaiian waterbirds (Hawaiian coot, Hawaiian gallinule, and
Hawaiian duck).

The Waimea river on Kauai, and its major tributary Makaweli Stream, drain
the impressive Waimea Canyon. The stream itself has a high complement of
indigenous aquatic fauna and is still utilized as a sport fishery. The
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Waihee Stream on Maui has been dewatered by past diversions for water
supply. However, subsurface discharge and spring flow create marginal habi-
tat for a rare native fish (Lentipes concolor). Further consideration of
these streams for hydropower development would require an evaluation of the
potential environmental effects of development on these resources.

The Wailoa River is the principal tributary which drains historic Waipio
Valley in Hamakua, Hawaii. Waipio was once the site of g large Hawaiian
agricultural village; therefore, a substantial number of historic sites and
archaeological resources probably exist along the stream. Wailoa/Waipio is
the source of numerous ancient legends and has tremendous cultural and
spiritual value to Hawaiian people today. The stream itself harbors large
populations of migratory and diadromous native fauna. Lower Waipio Valley
today harbors one of the State's principal centers of commercial taro agri-
culture. This wetland crop depends entirely upon maintenance of adequate
streamflow for irrigation year-round.

Of the 14 potential projects, Hanalei and Kokee possess the most
valuable and significant resources. The lower reaches of the Hanalei River
flow through the Hanalei National Wildlife Refuge, which serves as prime
habitat for four endangered Hawaiian waterbirds and for migratory waterfowl.
Flow from the Hanalei River is needed to irrigate the island's largest com—
mercial taro fields as well as to maintain artificial waterbird ponds. The
river itself serves as the center of the seasonal fishery for native goby
fishes. The estuary provides a resource for recreational boating, and is a
nursery and spawning area for several marine fishes and crustaceans of com—
mercial value. Because the watershed is almost entirely State—owned,
excellent hiking trails extend toward the headwaters of the stream and are
frequented by hunters, hikers and people collecting fishes and shrimp from
the river. The Kokee project occurs within pristine forest reserves and
also within portions of the Kokee State Park. This elevated forest is com—
posed predominantly of native vegetation and native, endangered forest
birds. Several streams within the area are annually stocked by the Hawaii
Division of Fish and Game with rainbow trout to support a very small sport
fishery. Much of the watershed area which may be inundated by an impound-
ment provides habitat for endangered species and is crisscrossed by a net-
work of extremely popular hiking trails.

Sites Deleted Due to Noneconomic Constraints

Seven projects were deleted during Stage 3 because of enviromental,
social and institutional constraints. Three of them are on Oahu, and the
other four are on Kauai. The following table lists these sites and includes
reasons for deletion from further consideration.
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Table 7-2
SITES DELETED DURING STAGE THREE

Name of Project

Type of Project

Location

Reason(s) for Being Deleted

Kaneohe—~Kailua

Nuuanu

Ku~Tree

Lumahai

Koloko

Wainiha

Alexander

Waialeale

Existing Reservoir

Existing Reservoir

Existing Reservoir

New Run of River

Existing Reservoir

Existing Plant

Existing Plant

New Reservoir

Oahu

Oahu

Oahu

Kauai

Kauai

Kauai

Kauai

Kauai

Incremental capacity is only
0.1 MW. Project purposes
(flood control and
recreation) not compatible
with hydropower development.

Incremental capacity is only
0.06 MW. Dam safety is
questionable. Currently
under investigation.

Incremental capacity is only
0.07 MW. Dam has been
declared hazardous.
Reservoir has been drained.

Project site is in signifi-
cant environmentally
pristine area.

Incremental capacity is only
0.07 MW.

There are no plans to expand
the existing capacity of the
plant.

There are no plans to expand
the existing capactiy of the
plant.

Alternative to Wailua which
would be more economically
feasible to develop.







Chapter 8
EVALUATION

8.1 REGIONAL DEVELOPMENT PLAN

A total of 14 projects emerged from the three—stage screening process for
possible inclusion in the regional plan. The total incremental capacity of
these 14 sites is 37.89 MW, much less than the utility projected additional
capacity requirement of 492 MW by 1990. From the preliminary analysis, it
appears that some of these projects may not be feasible at the prevailing
energy price level. However, the feasibility of these projects may be
improved in the future as a result of oil price escalation. To meet the
regional objectives of increasing Hawaii's energy self-sufficiency, all
these projects were included in the regional plan for potential development.

Economically Optimum System Ranking

Unit energy cost for each selected project was determined manually using
published cost curves. These projects were then ranked according to unit
energy costs. This ranking is displayed following.

Estimated Energy Incremental
Energy Cost¥ Potential

Project ID No. Project Name mills/kWh GWh
22 Hydro Kaumakani 10 8.3
6 Union Mill 24 4,1
9 Wahiawa Res. 29 7.5
11 Hanalei 29 16.5
1 Wailoa 33 12.3
23 Waimea 39 3.9
30 Hamakua Ditch 40 2.5
31 Wailua 46 18.7
15 Puu Lua Res. 63 3.0
32 Hoopoi Chute 64 3.0
26 Kualapuu Res. 72 0.6
25 Waihee 87 2.0
12 Kokee 119 29.2
16 Kapaia Res. 255 0.2

* June 1980 price level.




Environmentally Oriented System Ranking

Two of the 14 selected projects have unique ecological values which may
be jeopardized by development of hydropower facilities. An additional four
projects possess significant environmental resources within a portion of
their watersheds. Future detailed studies on the feasibility of these pro-
jects should consider the preservation of certain ecological, recreational,
and historical resources. The remainder of the project sites are in
disturbed areas, or have little or no significant environmental concerns.
The following listing of the 14 projects is in accordance with potential

environmental impacts.

No Significant Possess Important Potentially Severe
Concerns Resources Impact

Union Mill - Hawaii Wailoa — Hawaii Hanalei — Kauai

Wahidawa Res — Oahu Wailva - Kauai Kokee - Kauai

Puu Lua Res - Kauai Waimea - Kauai

Kapaia Res - Kauai Waihee = Maui

Hydro Kaumakani - Kauai
Kualapuu Res -~ Maui
Hamakua Ditch - Mauil
Hoopai Chute - Maui

Developable System Ranking

Projects recommended for further study are listed below on the basis of
combined economic and environmental considerations. Projects with high
marketability (unit energy cost of up to 40 mills/kWh) and no significant
environmental concerns were classified in the high—-potential group.
Projects with low marketability (unit energy cost in excess of 100
mills/kWh) and/or potentially severe envirommental impacts were classified
in the low potential groups. The remaining projects were included in the
medium potential group.

High Potential Medium Potential Low Potential
Hydro Kaumakani Puu Lua Res Kapaia Res
Union Mill ; Hoopoi Chute Hanalei
Wahiawa Res Kualapuu Res Kokee
Hamakua Ditch Wailoa

Waimea

Wailua

Waihee




8.2 SCHEDULE FOR DEVELOPMENT

Short~Term

Short—term projects include Hydro Kaumakani, Union Mill, Wailua, Hamakua
Ditch, Hoopoi Chute and Kualapuu Reservoir. They are considered to have a
reasonable chance of being developed by 1990 or earlier. Among them, Hydro
Kaumakani (Olokele Sugar Company) and Hamakua Ditch and Hoopoi Chute (both
owned by Hawaiian Commercial and Sugar Company) are being planned for
construction. A reconnaissance study of the feasibility of reactivating the
Union Mill hydropower plant was completed by the U.S. Army Corps of
Engineers (COE) in October 1979, under the Rural Energy Initiative Program
managed by the U.S. Department of Energy. The Hawaii Electric Light Company
has subsequently performed further investigations on the site.
Implementation has been deferred pending resolution of water and lease
agreements with the owner. A hydropower feasibility study of Kualapuu
Reservoir was prepared for the State of Hawaii by W. A. Hirai and
Associates, Inc. in February 1980. The design and construction of a 90-kW
hydroelectric plant was recommended and is being considered by the State.
COE is currently undertaking a survey study to determine the feasibility of
constructing run—of-river hydropower facilities in the Wailua River Basin.
The study is scheduled for completion in fiscal year 1982.

Long—-Range

Long—-range projects include Wahiawa Reservoir, Hanalei, Wailoa, Waimea,
Puu Lua Reservoir, Waihee, Kokee, and Kapaia Reservoir. Although the Kokee
project is currently under study, it is unlikely that any of these projects will
be developed by 1990.

8.3 FEASIBILITY OF DEVELOPMENT PLAN

The development plan is strictly a preliminary conceptual plan for the
Hawaii Region. Detailed site-specific feasibility investigations of these
projects have not been performed. However, some indications of the marketa-
bility and potential environmental impacts of these projects have been
generated from this study and are briefly discussed following.

Short~Term

From the results of preliminary estimates, it appears that the unit
energy costs for most of the short-term projects are either below or com—
parable to the current market value of non-firm surplus energy. The unit
energy costs of two projects exceed 40 mills/kWh: Hoopoi Chute (64
mills/kWh) and Kualapuu (72 mills/kWh). Their cost is considerably higher
than the current market value but they could be marketable in the very near
future. The economic, environmental and composite rankings of these short-
term projects are as follows:
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Economic Ranking

Environmental Ranking

Rank Project Rank Project L
1 Hydro Kaumakani 1 Union Mill
2 Union Mill 1 Hydro Kaumakani
3 Hamakua Ditch 1 Kualapuu Reservoir
4 Wailua 1 Hamakua Ditch
5 Hoopoi Chute 1 Hoopoi Chute
6 Kualapuu Reservoir 2 Wailua
Long-Range

Composite Ranking

Rank Project
1 Hydro Kaumakani
2 Union Mill
3 Hamakua Ditch
4 Hoopoi Chute
5 Kualapuu Reservoir
6 Wailua

Among the long-range sites, only four of the eight appear to yield a unit

energy cost compatible with current market energy values.

projects are considered for development after 1990.
energy values will be substantially higher at that time.
the majority of the long-term projects does not seem to be encouraging at this

time but may improve within the decade.
posite rankings of these long-term projects are as follows:

Economic Ranking

Environmental Ranking

All the long-term

It is possible that

The marketability of

The economic, environmental and com—

Composite Ranking

Rank Project Rank _Project Rank Project
1 Wahiawa Reservoir 1 Wahiawa Reservoir 1 Wahiawa Reservoir
2 Hanalei 1 Puu Lua Reservoir 2 Puu Lua Reservoir
3 Wailoa 1 Kapaia Reservoir 3 Wailoa
4 Waimea 2 Wailoa 4 Waimea
5 Puu Lua Reservoir 2 Waimea 5 Waihee
6  Waihee 2 Waihee 6 Kapaia Reservoir
7 Kokee 3 Hanalei 7 Hanalei
8  Kapaia Reservoir 3  Kokee 8  Kokee

Comparison of Hydropower Potential with Demand

As discussed in Chapters 3 and 4, the total capacity of the State's
electric system installed by utilities was 1,463 MW in 1978 (excluding
MOECO), and the utility projected generating capacity is 1,955 MW in 1990

and 2,533 MW in 1998.

Thus, the State needs 492 MW additional capacity by

1990 and 1070 MW by 2000 to meet the capacity requirements for the utilities
The additional capacity requirements by 1990 are 278 MW for HECO, 49 MW

alone.
for HELCO,

145 MW for MECO and 20 MW for KED.

By 1998, additional capacity of

588 MW, 90 MW, 340 MW and 52 MW will be needed for HECO, HELCO, MECO and KED,

respectively.

The total identified hydropower sites without overriding environ-

mental and/or institutional problems, however, only have a total incremental

capacity of 37.87 MW.
is needed,

8-4

Since potential power generation from all of these sites
they were all included in the development plan.




8.4 SUMMARY

From the standpoint of marketability, most of the projects included in the
regional plan have a unit energy cost less than or equal to the current market
value of surplus energy. Energy from other projects could be marketable in
the near future. From the standpoint of environmental impact, eight projects
with existing hydropower facilities or civil features have no significant
environmental concerns. Construction of Wailoa, Wailua, Waimea, and Waihee
projects may disturb important natural resources. Hanalei and Kokee sites
possess very valuable and significant resources and construction activities
could cause severe environmental impacts. Key characteristics of the develop-
ment plan for Hawaii are summarized in Table 8-1. The development of the
hydropower sites will not satisfy the additional capacity or energy require-
ments of the State. The contribution of new and incremental hydropower deve-—
lopment is expected to satisfy about 4 percent of the additional capacity
demand by 1998. However, the important consideration is that development of
any additional hydropower will relieve the State of the equivalent amount of
ngroleum. Based upon an assumed development of new hydropower plants pro-
ducing 111.8 GWh of additional energy by the year 2000, the annual savings in
0il used to generate electricity would total 186,000 barrels.
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APPENDIX

SUMMARY LISTING OF POTENTIAL HYDROPOWER PROJECTS




Introduction

A primary objective of the NHS was to inventory and evaluate potential
hydropower projects. Projects inventoried included existing dams and other
water projects and previously studied undeveloped sites. Project data were com—
piled from existing information sources supplemented by data from USGS
topographic maps, where necessary. No site visits or other field investigations
were made. Although to the extent possible, all existing and undeveloped pro-
jects were inventoried, only those projects with existing power generating faci-
lities or projects with a reasonable potential for development for hydropower
were retained in the NHS inventory. This inventory is permanently maintained in
a computer data base which includes descriptive information and the results of a
computer analysis of power potential and development costs for each project. In
all, the inventory for Hawaii includes 28 projects.

Tabulated Data

The purpose of this appendix is to provide a summary listing of selected
data on the 28 existing and potential hydropower projects which were included in
the NHS inventory (computer data base) for Hawaii. In the following table, pro-—
jects are listed in alphabetical order by county. A description of the data
included in the table precedes the tabulated information. However, a few items
warrant clarification:

(1) Up to four lines of information are presented for each project.

(2) Projects are separated by a space.

(3) As noted in the description of tabulated data. The third character of
the project indentification number describes the type and status of the project.
A description of each of the possible project status/types is shown in the
following matrix:

* STATUS * TYPE OF OPERATION *
* OF hhkhhkkhhhkhhhhhrhkhbhhkhhhhkhhhhrdhrhdhbdhhdrhrhhbhhdhhhhhkdrhihhhhhd
* WATERWAY *RUN OF* * * RES. WITH * IRRIGATION * *
* STRUCTURE *RIVER * DIVERSION * RESERVOIR * DIVERSION * CANAL * STORAGE®*
FhARRAA AR AA A AR AR AR A A A AR AR R AER AT A AR A AR AR AR A AR A A AR R A AR AR AR R A AR AR AR KR AR A AL A A AN A AR N
* * * * * * * *
* EXISTING * A * B * C * D * E * F *
* * * * * * * *
* EXISTING * * * * * * *
* WITH POWER * G * H * I * J * K * L *
* * * * % * * *
* EXISTING * * * * E3 * *
* WITH RETIRED* M * N * 0 * P * Q * R *
* POWER PLANT * * * * * * *
* * * * * & * *
* BREACHED * S * T * 3) * \ * W * X *
* * * * % * * *
* BREACHED * * * * % Tk *
* WITH RETIRED* Y * Z * 0 * 1 * 2 * 3 *
* POWER PLANT * * * * * * *
* * * * % * * *
* UNDEVELOPED * 4 * 5 * 6 * 7 * 8 * 9 *
* * * * * * k3 *
R R s T L T T Y R Lt L L L Lt L LT N AR AR AR Ry
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(4) Project costs shown were derived from computer application of genera—
lized cost estimating procedures and should not be construed to be represen-—
tative of actual costs. Further, it should be noted that as stated in Chapter 5
of this report, final economic screening of potential projects was based on
manually computed cost estimates; not on the computer estimates shown in the
summary table. The estimated energy costs used in the economic screening and
ranking of projects recommended for further study are shown in Chapter 8 of this

report (page 8-1).

(5) With a few exceptions, environmental and social impact assessments and
codes were completed only for those projects which are recommended for further
study (ACTV INV status of "2").

(6) Projects with stars appearing in seventh column (energy) are projects
for which insufficient data were available to make a complete computer analysis.




*SITAY] AMVWKNAS NI NDISNTIINT 04 LIIMLSIC Ag
NISOHD 34V HITHM SILIQ FJATLYNNILIV ‘IN3IONIL30 = 0

“8ITRYL AHYWWNS MT GIOQNTIINT 3¢
AINBHS 311$ SIHI  "W3IL8AS VvV J0 LMNVd ‘IN3ION3HE0 = §

“SIINVWWNG
WOd4 03IANTIIXT 3118 IATIVNHILIV IN3ONI430 = 3

*31TS INIONIJIGNT = 1
TeM0IN4 Sv 03N1430 €1 3000 INION3IJIONI/ZLINIONIL3Q 3H]
*vIINGLINg

TYNDTJYN IVLI0L 40 S3EVWIIST NT QI0NTIONT 38 ONNHS SLIICOMg IATLYNNILTIV
3791SS0d 3IHL 40 IND HITIHM SIFVITONT 0OSTV WILT SIHL  *WALSAS IW0OS 40 Lavg v SY HO

123370dd M3IHLIO0 IW0OS 0L IATLYNMNILIV NV SV SLJ33IM0Md G340I3IAIANN 40 NOTIVITITINIQL 3000 d3a 59 ve 1
L3THICTIAO HOVI NIHLIM NIBWNN IVIININAES INAINA = €000 0l=t
(§§ WALT H04 NOTIVINTIWADO0 NOLIJINIGI0 WILT 2 wHOd
01 H3434) 3000 LI3I¥LSI0 SHIINIGNT 40 Sd¥0D AWHY *8°n = HOd 9=t

*NOTLIYN3d0 40 S3dAL
SNNTHYA H0d S133r04d 034073A30NN FIVITIONT 6 1ML b ONV
S133rNNd G3HIVINE JLVITAONT € NyHL &  *S133r0Hd ONILSIX3
JLIVOTONT ¥ NMHME ¥ S3003  *(n8 WILT ¥04 NNLIVINIWNIOQ
NOTLdINI830 WILT 2 wia04 0L HIJ43IM) 3003 SNIVLS ANV 3dAL = 3 13
(NODTIVIATINEHY TvISNd) 3000 31viS IH 2«1
$3INTIVA $SHILIVHYHD

£000HOdIIH  370dWvX3

“3LIS WOVI H0O4 ¥3IT4TLINIOT ¥ILIVAVHI=01 3INOINA ¥38WnNN GI 311¢ 1 1 I
NOI1dI¥3830 INIQV3H *ON W3Ll *ON °ON
NWNT03 2 WY¥04d INIT NWNTI0D

eleq psjejnqe] jo uonduosag
liemeH ‘s)ooloig 1amecdolpAH jenjusjod pue Bupsixg jo Bupsiy Arewwunsg

A-4



“103r0Nd 3L 40 (S3ITIW INvNOs NI) vINY 3I9YNIVNO

S{SIALNANTW 40 SHINIL ONV STIINNTW “$334930)
JONLIONOT A8 NOILYINT 1230048d 40 NOTLVIISIEINTOI

*(SALNNIW 4N SHIN3L NV SIINNIW ‘S334930)
30NLILYY A4 NOILVYIOD LJ3M0Nd 40 NOILYII4IINIAL

*NOTLVITA4TAINIOT ¥04
030338 SY SdYW H3IHLIN ONY SF|TS 40 NOTLIYIOT INIMOHS dVW S9SN 40 NOTIVIIJIiNIQT

*(S3IINIOY TyM3034

ONV €3002 1IINLISI0O 40 1SIT Vv HO4 NOTLIVINIWNI0O NOILd4INIS3IO0

W3ILT 2 WH¥04 0L ¥3334) 3002 LIINLISIQ 3HL SILVITAONT XXX 343IHM

SHIINIONT 40 SdHNI AWHY *S°N SINISIHIINH XXX NIVA  :3LON
*HINMO LD3r0Nd 40 NOTLIVIT4TLINIOL

S03LVINT ST 133rNdd IHL IYIHM WYINLS 40 IWYN
CUILVIOT ST 1337044 FIHL HITHM NI JWYN ALNNOD ANVWIN

S(AIINTHd AUV SHILIVHVHI 0h JIHICSNd v 40 SHILIVHEVHI 62 1SHI4 IHl AIND  $310N)
L1J370Md INIWIAVNYW HILVM TVIINT 04 M0 WVO INTLISTXI 40 IWYN NOTLVIT4TINIOT

TLYMSYIY N04 vINY JIHAVYNONIN) NOL9IN=-8NS TIINNGD ALTIIAVIIZN 2IX¥LI3O3

“SI3YAWT YNOTINETEISNI
¥N/ONY AAVIZ0Q VEINIWNNNTAMT FSHIAGY NO ININIIHIS
FHL 03TIv4 AIHL ASAVIIA AGNLS N04 IATLOVMI (I¥IQISNOD 3118 = 9
“3TQISYIANT ATONIYIINIONG
HNOATIVIIWONDDZ 38 0 LIS IHL 40 INIWEDTIIAIO (IMOHS
STSATVNY NIFINVAQY 3ICNVYITIH AONLIS HN4 HATLOVNT QIMIQISNOD 3118 = §
‘01
NMYHL €637 S1 OT4iVH 274 3FHL 40 MY 0§ NyHL §837 S§I ALIDVdvd
AVIINIGLOA IVI0!L IHL JYIHM AGNLS MN34 FATLOVNT QI¥ICISNOD S3LIS =
c(snivisg
JATLIV 3FIVYIIONT 04 2 = 3000 ¥ JAVH 0SIV NVD SLIIJIMLISIOQ 3KY
AR NISOHD SILTS HIHIO  3ILON) 0°1 01 vNOI HO NVHL ¥3|1v3y9
OTIVH 378 ONV MY 0000 0F VNP3 HO NYHL ¥ILv3ING AL1DVdYD
AVILNIL0d IVLI0L ¥V 3IAYH LVHI AQNLS HOJ 3IATLIVY O3I¥IOTSNOD S311I5 = 2
01 NVHLI ¥31V3¥9
OTivda 3/8 ¥V ANY MM NO0T QNY MY 0G NIIME3IE ALIOvdYD) VIINILOdL
AvLI0L ¥ 3IAVH LVHL AGNLS M04 IATLOVNI 03I¥3AISNOD S3LIS = 1

ISMNTTI04 SV ANV SIU0D AYOINIANI NI 3ATLIV NOWWOD 330w 3HL 40 3W0S
‘(830023 40 NNTLVYNYIIX3 03DTvI30 04 NOTLIVINIWNIO0O NOTLJIH¥IS30 W3ILI 2 WH04 33%)
“SOTLYY O/8 QNY ALIDVAYD NO 03SVA S31IS ONTA4ILNIAQI X04 3003 ANMOLNIANI NI 3AILOV

NOILldINJ83Q

vIyv “y0

3aNLISNOT

IanLILv

AININIATY dVW

HINMO
WYIHLS 40 IWVN

ALNNOD AMVWINdA

IWVYN LJ3r0Yd

YNy y¥3IM0d

ANI ALJV

INIQY3IH
NWNI03

(panunuos)ejeq pajeingey jo uonduosag

921

131

9§

091

09
1s

ot

€5

*ON W3l
2 Wy0d

a2 é

ve 2

ae 1

*ON °ON
3NIT  NWNA0D

A-5



*133r0dd 3HL ¥O04

QILVYWTISI ST fVH]L A9¥INT IVILINIIO4 TVINIWIHINT FHL INTINAOMHd 40 (HMW/S NI) 1603 1603 A9HINI 115/7891¢

TLD3C0Mg 3HL HC4 O3LYWTLST ST LvHLI A9M3INI TIVNANNY

IAVHIAY TIVILINTLOd TVINTWIAINT IHL INTINQ0Hd 40 (§ 0001 NI) LS0D TVANNY V10L 1803 *INNY glg
*OIVANIWININT

SNTd ONTISIXI) 1237008d ML H04 QILVWILSI ST LvHL (HMW NI) A9H3N3I IVLI0L 40 INNOWY A9¥3INT 101 162
*133roNd

IH] ¥04 OFLVWILIST ST LvHL (HMW NI) A9H3INI IvNNNY ISVNIAV TIVINIWIHINI 40 LNNOWY A943INI *ONI 11¢

*133rNdd IHL HO4 (MM NI) A9¥3INI INILSIX3 40 LNNOWY "O¥NTI *i8Ix3 10¢
“(IVINIW3NONT SNd

ANTLISIXI) L230NHd IHL MO4 G3LVWILIST SI fvHL (MM NIY ALIJVEYD VLI0L 40 INNOWY ‘dvd *loi 062

"133r0Hd IHL HO4 O0FIYWILEST ST LvHL (MY NIY ALIOVAYD TIVINIWININI 40 INNOWY ‘dvd "ONT olg

*103rodd 3HE AN (M3 NTI) ALIJVdYD INILSIX3 4N INNOWY *dvd *1STx3 00%

“(G0T W3LI) QVIH ¥IMOd L3AN TVYWHON

WON4 03HHIISNVHL 40 FHNAIJ0Nd NOTLYHNG=M0T4 A8 03LINWOD 4T (1T W3LD)
TWYMI0Nd A8 O3INTwWH3L30 41 QVIH ¥3IMOd 13N (G3ILIHIIIM *OH " HMd 11

*(1334-343v NI) 39VH01S

WNNIXYA ‘00T WILT wWOM4 GIHNTASNYHL SYM INTIVA 39VHOLS FHL NIHL ‘03174408 LON
SYM B8R WILI 41 °700d TO¥INDD Q0073 40 401 1V (1334-340V NI) 3IOVHOLS 3ATLVINWNI q0LS *10d 8@

COIAWYINLS IHL ANEY WYQ 40 (1334 NI) LHOI3H vIISAHd 1H wWyo 19

"39v9 JIATLVINISTIHAIH FIHL 01 LI300Nd 3IHL 40 OILvN VIV IOVNIVYN
v NN a3sve S3INTIVA O3INIW¥3L3C

INIHIYW JIVIIGNTI S3NTIVA JAILVY93IN :3L0N

*(S42 NT) MOTANI TVNNNV IOVHIAY O *3AV g2l
ANTLIYNT AGNiS = I8
NOTEIVNI40 NT L2310¥8d = d0 §SINI0Nd NI AQNLS ALITIBISVI4 = d4
NOILINHLISNOD H3IANN = 3N AQNLS N04 Q371HOHLINY = ¥S
S$S3IUN0Hd NI WO = W@ 0380d08d AGNLIS = d8
O3FZTUOHLINY LIAT0OHd = Vd 3418 03T414iN30T = ST
TSMOTINS SY BNLIYLS LO3Tr0¥d 40 NOILVIIANT SNLVIS £9
AddNS H3ILVM = §
¥3IHLO0 = 0 NOTLVIIAYN = N
ONOd WdVd = d TO¥LINOD Q00714 = D
TOHINOD SINE30 = @ JTHL3ITIOHAAH = H
NOILV3INI3IY = ¥ NOTLVYOINYY =
1SMONT04 SV 83680d¥Nd LI3r08d Q3IZINOHLNY 40 NOTLVIISTINIC] *d¥Nd “royd 29
NOILdI¥J830 INIQVY3H *ON W3LI

NWNI02 2 Wy04

(psnunuos)ejeq pajeinge] jo uondussag

*ON *ON
INIT NWNI0I

A



IN3WWOD 31VIS H16

LSIYIINT ALINILIN Hi®
INIWW0OD 4NOHD ¥3IHIO HiL
INTHWNT dNOUT TIVINIWNOYTANI HL9
INIWWOI dN0H9 V30T H1S
ONVIWHY 4 Hit
O31v307134 NOTLVINODSNVHL [¢1:1
A31v30734 SITLINNWKWOD ane
SAIHNNSIY TVITHNLISIH ONY I¥HALIND 181
NOTILdINIS3Q NOILISOd
HILIVHVHD

ISMNIN04 SY O UANT 430 ST 3000 LIVLWI IVIJO0S »3I312VMVHD 3ININ

3000 LIVdWI VIJ0S

SANYTLIM Ril

S3ITI3I4S GINIANVQANT HL19

IViIaYH A4TI0TIM H1G

HSI4 SNOWONAVNY Hit

HSI4 INIQISTIH aNg

¥IATH JINIIS OGNV OIIM ane

SSINHYIGTIM ONY SHMYd FLVLS/IVNOTLYN 181
NOTLdIN383Q NOILIROd
HIEOVHYHD

EM0I04 Sy OANT 430

ST 3003 LJVdWI TIVINIWNOMIANI HILOVHVHI NIAIS

(e

3003 LIVAWI TAINWNYANT

NOI1d1¥3830 SNIQV3H

NWNI02

3IBYHOAY S AOLVW =
FIAVHOAY S HONIW =
INYIT4INDISNT =
3S43IAQY HONIW =
3SYIAQY HOCVW =

- NN

tOMNIT04 SY QINT 430 INVY § HINOAHL T S3A0D TIVITYINNN

1SMOTI104 SV

L SNWNT02J)

NMONAND
ON
S$3A

HH

n
N
A

03INT 430 38Y N ANV ‘N ‘A S3000 IVIIL3EVHdY
$53000 LIVdWI IVIJ0S OGNV TYINIWNONIANI 40 NOTLVNYIdX3I

(panunuos)ejeq pajejnqe] jo uonduosaqg

699

gag

*ON W3LI
2 W04

‘ON *ON
INIT  NWNI0D

A-7



I E S SRS R R R R R R R R R RS S R E R R R P R R R R R R R R R R EE P S P R R R R R R R R R R R R R R R R R R R R R R R R R R NSRS SY
avng I3TYNYH

¥
¥
¥
¥
¥
¥
¥
¥
¥
*
¥
¥
¥
¥
»
»
¥
¥
*
¥
»
¥
3
3
¥
¥
'y
X
¥
s
¥
¥
»
¥
¥
¥
%
¥
¥
¥
%
¥
*
'3
»
*
¥
¥
¥
¥
¥
¥

ADTAAANNA

AAAAANN

NNNAAANNN

MNNMNANA

NNOANANNA

ANAAANN

ANANANNNA

NANNANNN

ANDNNANNND

NNNNNNN

avidos

30NJ 1I0V¥dWT
TYINIWNOHTANT
L Ry RN S P R S P S S S S F S R S RS R Tt

Kﬁ««ii!&K¥“«i§(Ki«««ﬁﬁ*ﬁkﬂ&&‘Rl‘ﬁllﬁﬁiiiki«*«

»
¥
'S
¥

§aR2!
07021

0

396°¢5

69"

nl*

noYy

2Lh

LAT RN

rée

tee

LRk

0
0

(HMW/T)

(%

0ont)

X

KK K K KK OE R KKK KK KKK K X K KX K KK KKK KK K K XK E KK &K KKK KX

FXANUEERXNRSFFRNF RS A AN R RF SN NX
3003 12VdnT

¥
¥
¥
*

¥
0069l
nNoggl

X¥XNFIANX
n
0

L 3
¥
¥
¥
¥
¥
»
¥
¥
¥
F'S
*
¥
¥
>
0pget *
*
»
»
*
»
¥
¥
¥
»
notn x
notry 3

¥

*

¥
[T ES X R0
0 »
0 ¥

*

¥
XS R R EY
0 »
0 ¥

»

'S
IZ TR R

] ¥
0 »
EEEREREERE Y
(H¥W)  »
(HMW) &
(HMW)

AONAINT® (O *

¥1S03 AONINT¥AININITINT»
CIANNY*9ANT*LSTIX I

¥

1803

*

00GH ¥ /%292 *0*pnot * 071 . »
nogy * 0 * ST % 0°82 6S1 *¥d3IAIN IITVYNYH Ivnyyx » 2
0 » 0°01% * H % 8°L 22 » T3TYNVH * [100HOdSIN
¥ ¥ ¥ ¥ ¥
* * ¥ ¥ avar vorioyY x
0001 ¥ §£°669 ¥G* 9= LI x 171 02 ¥vINS FAANAIW ¥
0 ¥ 0 ¥ d0 ¥ G°1§ 6S1 *vV3IHIS YMYTIHVUM 1vNyy » ¢
0001 » 0611 » SHI » 9°[G 12 HTIOAN3SIH HIANYX3ITY ¥ Q100HOGIIH
¥ L] ¥ » ¥
¥ ¥ ¥ * avnn yMIITve x
ope? ¥ £°49 0°2ie- s L1 ¥ (10 HV9NG ¥YNIVIvM x
oone x 0 ¥ d0  » 0°¢  8/G1 « VOHYNOXNY X NINIONOH » 2
0y * 0°Re ¥ I % 00§ 12 = HIOAH3S3Y YMVIHVM % 6000HOJITH
¥ » » ¥ ¥
x . M x SAVNY vIINWYN YITIVHINNNN =
0067 ¥ [*2Ge *0* 1! LI ¢ ¥ ¥
D062 L ¥ ST ¥ §°.% GST » YoIvm ITVYMYH » 2
0 ¥ 0°01 ¥ H x 8°th 02 = VOIIvYM % T000HOdSIH
* X x » x
% ¥ x » *
i ¥ n*22¢ ¥ * * 00 LHS9IT 3IML2373 IIVMVH «
0 N ¥ d) % §°L GGl o » NX¥NIIVM [TYMYH x ¢
0 0 ¥ H % t°¢h 61 % NYIVM ¥ §000HOdHINM
» ¥ ¥ ¥ ¥
¥ x 5 ¥ ¥
80¢g ¥ nh9g YIRS » 2 » 00 ¥VONg YIVHONY »
00g » 0 * * 0°8h GGT » HJLIQ VIVHOX IIVMYH » 2 I
0 * 0 ¥ TH % 0°21 02 =« IIW NOIND ¥ 9000HOLDIH
% x * * »
L3 * » ¥ *
0 ¥ 0°00n %0 * ¥ 00 1H9TT 21843373 TIvMyH x
0 ¥ 0 * 400 ¥ §°G GGl «x NN IIYM™ ITYMYH % G
0 Cx 0 » H » 8°¢h 61 » 03NNd ¥ 2000HO0AHIH
¥ ¥ » ¥ %
* » ¥ x ¥
0 » 0*102 *( ¥ ¥ 03 AONTISS3308d 1Sv03d OTIH »
0 ¥ 0 ¥ 40 ¥ p*6  GG1 o« ITT0NOH ITYMYH » G
0 » 0 ¥ H ® 6°9h 61 » AIW NOXIVYVE * SO00HOANIH
¥ ¥ ¥ ¥ ¥
¥ ¥ » ¥ »
) ¥ 0°Gpy ¥ ¥ ¥ 00 3VINS VYNONOH »
0 * 0 * dN % 2°82 GGT »YNNVWYH ¥3IM0D ITymyd 5 G
0 » 0 » IH % R°G 02 » VYVMONOH ¥ ©h000HOdHIH
LR R R R R R R R R R R RS R P S R R P R R R R R P R R R R R R R R R R R R R R PR R PR R R R R R R PR R RSP PR P PR R RS RS RRR S ¥ B
(m¥) ¥ i ¥ (S4) » (IW*ng) * ¥ VIHY 43IM04
{M¥) » (14 Jv) = * (W*W a) = ¥
(M) * (14) » * (W'W Q) = ERIEREEEE L ¥ ANI 33003
VD CL0L ¥ QM "HMdy O 3NV ¥ V3IYVIN0 ¥ 3INMQ * ALDJV 4340
“dV¥3  CONT »*¥01S 10L¥  SNLVIS » 3ONLIAONQOT® WVI¥LIS 40 IWVYN= “00 AMYWINdD *
CAVITLISIXI ¥ UH Wy x°daNd°rNddy IONLILEYTY x dWVYN 1233r04d s Q0I 3LIS

¥

Buysi

»

jo8loayg

¥

¥

11lemeH ‘sjoaloiyg samodoipAp
jenusjod pue Bugsixg jo buysiy Aiewwng

¥

¥
*
¥
X
¥
¥
¥
¥
¥
¥
¥
L
¥
%
¥
%
¥
*
x
¥
¥
¥
¥
¥
*
¥
L
¥
¥
¥
¥
¥
X%
¥
¥
¥
¥
X
¥
¥
¥
¥
¥
¥
»
3
¥
¥
¥
¥
*
¥

A-8



IIKI«k&l«««lcukllkiliilkxklﬂiuc«««uciﬁ«kﬁilkl«ii«««i«tiiku«ﬁitﬁﬁi«««kiktkldki«iklikllﬁ«ﬁk«ilk«kklkktll««l&«Ikdﬁk*«i««l!iiliitkl«*k

he * A x * ¥ *» * ¥ *
¥ ¥ ¥ XXX¥¥¥¥¥Ex ( ¥ 0282 ¥0 ¥ * 00 YVINS VHVYINIXN ¥ ¥
¥ 0 ¥ 0 ¥ 0 ¥ 0 ¥ d0 ¥ G°gh 661 « YNVOHY N IvNvYy * ¢ ¥
* * 0 ¥ 0 *» 0 ¥ 0 * IH % Q%65 12 » VMYIYM ¥ n200HOGHIH »
x » % x ® X % L] » ¥
¥ ¥ ¥ ¥ » ¥ ¥ ¥ SOVNE YydyX IIVITvIivm « *
* ANNAAAANA ¥ ¥ n0/2n * 008L ¥ h*6GG ¥1° LG~ * 81 x 3LviS » ¥
* * 9 *29¢ x 00L2h » 008L * 0 ¥ dd ¥ B8°22 6G1 *¥YM w304 HLNOS IVNYY » 2 3 *
* AANAANA * 09061 0 * 0 ¥ 0°Ggl » HIH » $°1 22 =» AIVITIVIVM x HTOOHDDLIH »
» ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ *
x x * x * * x * » ¥
* * ¥ Noty ¥ N0S ¥ n°gee «0°22 » * 00 NOILVINYId 3INHIT » ¥
¥ L x 0 * 0 * 0 * d0 % 6°12 651 *JI7I=YNTIVM N IvOAYY * G ¥
¥ * 0 *» 00T¢ * 006G * 0 * IH x p°*1 22 » ANHIT H3ddN ¥ 0200HOINIH *
% *® x * ¥ ¥ ¥ ¥ X ¥
* s * ¥ * * ¥ * OvND INIOd VHYXVW » *
¥ NNANNNNND ¥ x 000¢ * 001 * 619 ¥6"¢9- » L * QL7 03 Hv9NS VHYMNIN » x
* * 116°n8 ¥ 000% * 0041 * 0 * d0 * 8°0h 6ST ¥§ I3 NIVH=N] Ivnvy x 2 ¥
¥ NAANNNA L WA 2 * 0 ¥ 0 * 0011 * I »* G6*'G 22 =« HIOAH3AS3H VNT NNd % STOOHOLIIH »
R * 3 ¥ x » * * x x
¥ * ¥ ¥ ¥ » L 3 ¥ x »
) % ¥ 000G x 00 ¥ 0°R02 ¥0°uh » ¥ N3 NOILVAINYIA INHIT x *
x LI} x 0 *r 0 0 * d0  * 8°92 681 ¥3ITI=-vyNIVM N TyNYY * & I x
¥ *x 0 ¥ NONg » 009 x 0 ¥ IH x 2°*1 22 « INHIT ¥3IM0T x T200HOANIHK »
x ¥ ¥ X ¥ ¥ 3 ¥ ¥ ¥
% » * ¥ ¥ * ¥ » x ¥
* * » €12 * 89 * 6°6% *»G° G- *» 1 ¥ JLIVISI SVINT N AMVW » *
* ¥ 29952 ¥ §12 ¥ 89 = 0 x d0 ¥ £°22 651 WY3H18440 IvNYy * § ¥
¥ ¥ §§ *g6 ¥ 0 0 ¥ 0 x I » (£°01 22 = HIOAH3SIY ONOION * LIOOHOLIIH =
¥ * » ¥ * ¥ ¥ X ¥ ¥
¥ * * ¥ * ¥ ¥ Y INIOd VHYNYIW ‘VHYXIN ‘YNIVH = ¥
x ANNAANNND x x Np262 ¥ 000071 ¥ 0*6G6 *h°g=- = 1 » ILViS x *
L » 21°1%% » 00267 * 00001 » 0 ¥ IS * 0°L% 6ST *341S IONIvmMVY Ivnyy » 2 »
¥ NAAANNA »  8n6G1 * 0 ¥ 0 » 0*0ne ¥ OMIH » 6°L 22 = 1231r08d H31vM 3I3IN0ON ¥ 2T00HOLLINH »
¥ x x * ¥ x ¥ R ¥ ¥
¥ ¥ ¥ ¥ ¥ ¥ X ¥ ¥ X
% ANNNNANND ¥ ¥ sxruyx¥y¥x 0  [*15- b » 2 » G117 02 NOILVINVId 3INHIT « *
* *» 0 ¥ 0 L] LI ¥ d0 % 6°%2 6S1 *x¥1S NINVWYNVYH Ivnyx » 2 ¥
Y} NNNAANN ¥ 0 ¥ 0 * 0 x 0 * I * 1°*1 22 =« HIOAH3ISIY VIVAYX * ST00HODIIH «
* » ¥ X ¥ % » » ¥ ¥
¥ » x * ¥ » » ¥ aQvne NOANVD VIWIVM «x ¥
3 ANNANNNNN ¥ * 0Nontl ¥ 0621 « [°012 *1°01= *» 5 ¥ 00 ¥v9Ns 373IN0T0 » ¥
¥ ¥ §58°62 ¥ NOEB x 061 ¥ 9 » d0 ¥ 8°9¢ 66T = I1IMYNYIW IVNYXY x 2 *
* NNNANNN *  19%/p? * 00l¢ *» 009 = 0*01 * IH » 1°0 @22 x INVMVWAVYY ND¥OAH ¥ 2200HNAHTIH *
IR R RS E R TR R R R R E R R R R R R R R R R RS R R R R R R R R R R S P R R R R R R R R R R T R R R R R R RS S N R RS PR R P S R RS PR P RS R R P R SR RS R PR RS PSS PR RS R RS R R SRR R RS R R R D S
¥ 3003 LOVdWI ¥ ¥ (HMW)  » (M) ¥ (13) % (542) *  (In°0S) = ¥ VIYV ¥IMOd »
¥ Ivioons ¥ (HMW/%)  # (HMW)  » (M) * (14 2v) = * (W'W Q) = * ¥
¥ ¥ (S 0001) x (HMW)  » (M¥) ¥ (14) » * (W'W Q) » FINIFHIITE dYW * ANI 3000 »
* * *¥AONANILOL * “d¥D) *L0L ¥ (M “HMd¥ O °3AY »  yY3Yv° H¥O » HIANMO * ALDY d30 *
» 3000 L1IVdWT ¥1S00 A9MINI*A9HINI®INI* “d¥d  “INT *3016 “101¥ SALYLIS » JONLIINOTI* WY3IYLIS 40 IWNYN- "03 AdVWINd » ¥
¥ IVINIWNOMIANT s 1SND *INNYXINNITISIXIx *dVITLISTIXT ¥ tH WY( x"daNd IONd* JANLTILVY = IWYN 1337044 *» QI 311IS *
IR R R R R R E R RS 2R PR RS R X R R E RS RS R R R R R E RS R R S S P R S R PR S SR R PR R P S R R S P R R S R R S E R R R R R R R R PR P P R RS R R R R R S R S R S R S R R R R R L R

(penunuod)bunsi 108foid




R R R R R E R R P R R R R PR R R R R R S R R R R R R R R R R R R R R R R E R R P R R R R R R R R R R S R R RS SRR YRR Y

% x x * ¥ X ¥ » x LS
¥ * ¥ 0082 » Q0% * 0°092 *Q ¥ ] 02 ansg W03 NVIIVMYH ¥
» ¥ 0 * 0 * 0 * 0 * d0 % £*02 96T » HJLIQ vOlIvMm INYWw » g 3
¥ ¥ 0 *» n0Re *» 008 *» 0 ¥ HT ¥ §°6G 02 VIVd * 2200HOAMIH
* ¥ x ¥ ¥ ¥ £ ¥ ¥ ¥
» » » » ¥ ¥ » * ¥ ¥
¥ NANANNNNN A ¥ X ¥XFXXNENER () » f°0h~ *QY - *» 2 * ¥MIG TIVMYH 40 34vLiS » ¥
¥ x 0 ¥ N ¥ 0 0 x d0 % 0°¢  LGT ¥133d4 VNOYM=-ML INvw ¥ 2 ¥
* NNNNNNN * 0 x 0 x 0 x 0 * ST » 2'6 12 » JI0AHISIY NNAVIVON ¥ 9200HOJIIH *
¥ ¥ » » * ¥ ¥ ¥ ¥ ¥
¥ ¥ ¥ ¥ ¥ ¥ » » * ¥
¥ * ¥ ¥x¥xx¥xxvx¥x ( ¥ N°Geq ¥ - L ¥ 073 1w H3IINOIG * *
» ¥ 0 ¥ 0 L » 0 ¥ d0 ¥ 9°g¢ 961 «x YINvAy Y INVk x g ¥
¥ ¥ 0 » 0 0 » 0 * IH % 926 (2 +« VINYNYXY * 6200HOdHIH »
¥ ¥ ¥ ¥ » X * ¥ ¥ ¥
* * ¥ » ¥ ¥ x ¥ ¥ ¥
* x ¥ Nong? *» 009G * 0°099 *{) * ¥ 03 ans WOD NVIIVMYH x %
¥ L] ¥ 0 » 0 0 * d0 % %12 96T » HILIQ vOOIVM™ INVW % § ¥
X ¥ 0 ¥ 000%? ¥ 0NRG * 0 ¥ 41 ¥ n°¢y 072 x YHIHYY ¥ QZ200HOdNTH =
H' » x x ¥ » x x ¥ *
¥ ¥ ¥ ¥ * ¥ L ¥ ¥ ¥
¥ ANANANNND ¥ ¥ 0 * 0 ¥ 0 *0 » ¥ 2 9ns WOD NVITIUMYH » »
* * 0 * 0 * 0 * 0 ¥ *G/*0% 961 » HILIQ I3MIVM InNvin » 2 *
¥ NNNANNN * 0 » 0 * 0 * 0 ¥ » 1°¢G 02 » JLNH] INdOOH ¥ 2§00HO4ITH »
L ¥ » » ¥ ¥ * ¥ ¥ ¥
¥ ¥ » ¥ ¥ ¥ 5 * » ¥
* ANOANNNND ¥ x 0 x 0 * 0 X0 » % N3 ans WOD NYIIyMYH x ¥
¥ x 0 0 0 L * d0 * 1°02 961 *HILTQ VYNNVWYH Invw » 2 1 *
¥ NNNNONN ¥ 0 0 0 » 0 ¥ T * 625 02 HJ1IQ VNXYWYH » 0800HOdIIH ¥
¥ ¥ * * ¥ ¥ ¥ »¥ » ¥
% * ¥ » * ¥ * » avnn vyN3IVH = ¥
¥ ¥ ¥ 000he » NO9¢ ¥ B°hag *0*19=- » £ * 003 ¥VINS 30A48IW * ¥
¥ ¥ 0 * N ¥ 0 ¥ 0 * d ¥ G°gf 6S1 » VHINIVM IvNYY » ¢ *
% * 0 *» 000u2 » 009¢ *# 0°02 * H % 6°11 22 = VHINIVM * 6100HOdHIH *
¥ * L ¥ ¥ ¥ ¥ » ¥ ¥
¥ » ¥ ¥ ¥ ¥ ¥ ¥ QVNA NOANVD VIWIVM x ¥
¥ NNNANNNNA ¥ ¥ 009 R ¥ 006§ ¥ [*hg? *Gohg - » 29 * 03 HVINGS VHYNIN » ¥
* X 99°221 *» 00F¢ *» 0067 * 0 hd dfl % 9°g¢ 6GT = VIWIVM TYnvy * 2 *
» NNANANN ¥ BL'PON ¥ 000G *» 0001 *» 001 * IH » g°*2 22 = VIWIVM ¥ §200HOdHTIH *
» * » ¥ * ¥ » ¥ x ¥
M * * ¥ x ¥ * * VY4YX ‘3IIVITIVIVM = *
¥ NNDANANNA ¥ ¥ 00181 * 00p9 ¥ 9°60F% ¥0°061 » g2 L ¥ *
¥ ¥ L9°989 *» NoLgl » 00n8 L ¥ ¥ %22 6S1 xyM MHO4 HLINONS IVNVY % 2 g »
» ANAAMIA ¥ gleel 0 s 0 » 0°01 * *» §t2 22 VATIVM ¥ [g00HOALIH *
I S R R R P P R S P P R R P R R E R P R R R R R R R S PR E R R R R R RS P R R R R R R R R R R R R R PR R R S R S R R T R E S R R P R E R R R R R R R R RS SR R R R RN
¥ 3003 LIvdnWl ¥ ¥ (HMW) = (M) ¥ (14) x (542) ¥ (Iw°*08) = ¥ ¥Y3AV ¥IMOd »
* IvIJ0S ¥ (HMW/RY x (HMWY ¥ (MY) ¥ (14 2v) » *  (W'w Q) ¥ ¥ x
Ed * (% 0001Y = (HMW) » (M) * (14) ¥ L (W' Q) » IINTFYI4TY dVK * ANT 3403 =
* * ¥AGHINTT 104 *dVI UL ¥ *QH “uMdgx ) “3AV ¥ V3INVTHO » HIANMO ¥ ALJV 430 »
¥ 3000 12VdWI ¥1S00 A9MINI*AIYINI®ONI*¥ *dvI  “INT *HOLS *101* SNLYLS * JONLIOGNOT¥ WYIHLS 40 IWVN= *00 AdVYWIAd ¥ x
¥ TV INSUNONTIANT ¥ 1SN *TINNV*INNI®1STIXI* “4¥I°LSIXT ¥ {H WyQ »*daNd*rONd* IANLITILVY » IWYN L3370Nd ¥ QI 3118 ¥
¥

LR RS R R R RS R R L R R R R R R R R R E R R R R S R R R R R R R R R P R S R R N R T P R R E R R R D ST

(panunuoo)Bunsiy josfoid

A-10



LR R R R R R R R Ry

*
*
¥

¥
*

x % x » * ¥ » * avnoe N3NIIvm x

* NANANANNA = x 0002 * 0%L x ['0n? x0° Qg * ¢ * *

¥ x 0°924¢ *» 0002 L 0 ¥ ¥ R°2% 9GT x HIAIM IFIHIVM Invw » 2 I

® NONAANN ¥ 26911 * 0 » 0 x 0°07% x H % §%°96 02 « 33HIVM * G200HOJSTIH »
AR AR R AR LN AR R R R R R R R e R R R L R S R R R R R S R R S S AR R E R RS E LR
x 30N 12vdW] * x (HVW) x (v¥) * (14) x (842) % (Iw*ng) =« * V3yv ¥3IM0d

¥ Ivi3oe ¥ (HMW/S)  » (HVW) x (M) *» (14 2v) =» ¥ (W'W Q) = ¥

* ¥ ($ NoOT1Y » (HMW) ¥ {(WY) ¥ (14) ¥ ¥ (W*W Q) » JINTHTIAFY 4V ¥ ANT 3003

* * *AOHAINIC1OL* “dvd “inNl ®x QM “Hvdx O *3AY ¥ VINV NQO x HINMO * AL3JV 430

* AOND 1IVANWT #1S0D AGHINTFADNINI®OINT = "4y *ONT *¥0LS 1041 SNiVIS  » JONLIONOTY WYIHLS 40 IWYN= *00 A¥VWING »

¥ AV INIWNONTANT ¥ LSND TINNVXOMNTT1STIX I *4vI°t18IxT * IH HWYO *°4Nnd°rOdd* 30NLILvY * IWVYN 13310Md * ar 3ils

¥

R T R

(panunuos)bupsi joafoid

¥
*
¥
¥
¥

A-11






NHS MAPS

Two maps are inserted into the adjacent pocket. One is an index map
and one is a site location map. The primary purpose of the index map is @
to show the National Electric Reliability Council (NERC) regions, the
Corps of Engineers division and district boundaries, and Corps office
locations. A separate regional report and accompanying site location map
has been prepared for each of the NERC regions depicted on the index map.

The second map shows existing and potential hydroelectric site locations
for the subject region and is intended to provide general information to
the reader about the sites. The size of a project is depicted by the
" diameter of the circle and the type of project by color. Each site symbol
on the map is labeled with a four digit number which corresponds to a ten
character National Hydroelectric Power Resources Study site identification
code. Each part of the 10 character ID code helps to narrow down the
source of information for that site. TFor example, a typical site identi-
fication code is shown below:

OR A NPP 9999

Site ID Number
Corps Division and District

State —
Type of Project

Consequently, for more information about a site, one needs to determine
from the map a site's state and county, the Corps division and district,
and the four digit number. With the site ID number, the site can then
be located in the list of sites in the regional report or in Volume XII
of the NHS final report. If more detailed information is desired, the
appropriate Corps division and/or district office may be contacted.

¥ U. 8, GOVERNMENT PRINTING OFFICE : 1982-375-160






