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PREFACE

In response to the local people's concern about the water problems in the
Kilauea area of Kauai, the State of Hawaii Department of Land and Natural
Resources and the East Kauai Soil and Water Conservation District requested
that the United States Department of Agriculture Soil Conservation Service
initiate a study to help alleviate the problems. The Kilauea Agricultural
Water Management Study was the result of that request. The objective of
the study was to address the problems, opportunities, and concerns in the
Kilauea area. With this in mind, the study team analyzed the resources and
problems in the Kilauea area, formulated alternative plans, and identified
sources of implementation assistance.

The study's findings are presented in this report which contains a summary,
three chapters, and six appendices containing resource and technical infor-
mation. Information in this report can be used by the local people, the
County of Kauai, and/or the State of Hawaii to help envision the future of
the agricultural industry in the Kilauea area and to decide on a plan to
achieve that desired '"future." The information could also be helpful in
requesting funds to implement a plan.

The Kilauea Agricultural Water Management Study is a cooperative river
basin study conducted under the authority of Section 6, Public Law 83-566,
the Watershed Protection and Flood Prevention Act. Cooperative river basin
studies provide USDA planning assistance to Federal, State, and local
governments. The study was conducted by the USDA in cooperation with the
study sponsors, the DLNR and the East Kauai SWCD. The study follows
guidelines described in the Soil Conservation Service's National Basin and
Area Planning Manual.

USDA responsibilities in the study were managed by the USDA River Basin
Field Advisory Committee composed of representatives from the Forest Service
and the Soil Conservation Service. The SCS was responsible for conducting
the technical studies and writing this report.

Two special committees were formed to assure public input and to provide
resource data for the study. The committees are the Citizens Advisory
Committee and the Resource Committee. The Citizens Advisory Committee is
made up of representatives from the following groups:

- Farmers Water Association of Kilauea

- East Kauai Soil and Water Conservation District

The Resource Committee is made up of representatives from the following
groups or agencies.

- USDA Soil Conservation Service

- USDA Forest Service
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U.S. Department of Interior Fish and Wildlife Service
U.S. Department of Interior Geological Service

State of Hawaii Department of Land and Natural Resources
State of Hawaii Department of Agriculture

State of Hawaii Farm Bureau

County of Kauai Office of Economic Development

County of Kauai Department of Planning

County of Kauai Department of Water

East Kauai Soil and Water Conservation District
Hawaiiana Investment Company, Inc.

Mary N. Lucas Trust Estate



SUMMARY

The lack of an adequate supply of agricultural water in the Kilauea area
of Kauai prevents farmers from achieving their full income potentials and
limits opportunities to make more productive use of land already comitted
to agriculture. In a state where over 60 percent of the fresh vegetables
and melons and over 75 percent of the fresh fruits consumed locally are
imported from the U.S. mainland, continued production and expansion in
agricultural areas such as Kilauea are especially important. Yet, over
two billion gallons of water flows unused from Kilauea's reservoirs to
the ocean each year. Conserving this water would help alleviate the
agricultural water problems in the Kilauea area.

DESCRIPTION OF STUDY AREA

The study area encompasses 22,500 acres located on the north side of the
Island of Kauai, the fourth largest island in the Hawaiian chain (Figure 1).

The climate in the study area is very mild. Average annual rainfall varies
from 60 inches along the coastline to over 100 inches near the mountains.
Average annual temperatures range from 75° F along the coastline to 68° F
near the mountains.

The topography is similar to other areas on Kauai. The terrain along the
coast is relatively flat, rising gradually towards the mountains before
merging with the steep forested mountain area. Several streams have cut
gulches that run from the base of the mountains to the sea.

The study area is rural in character, with conservation and agricultural
land uses dominating the landscape. Approximately 9,830 acres are in
conservation land uses such as forest reserves (9,000 acres), and shoreline
and river banks (830 acres). The 205 acres in urban use are in Kilauea
town, the major community in the study area. The remaining 12,465 acres

in the study area are designated '"agriculture" by the State's land use
classification system. Of these agricultural lands, 8,550 acres are
classified prime and 3,150 acres other important agricultural lands.

The entire economy was dominated by the sugar industry until the closing of
the Kilauea Sugar Company plantation in 1971. The plantation held 8,000
acres, grew 4,400 to 5,000 acres of sugarcane, and employed 400 workers.
Most of Kilauea's residents worked for the plantation and lived in planta-
tion housing.

Agriculture is still the most important industry in the study area. The
major agricultural industries are the production of orchard crops, livestock,
truck crops, and freshwater prawns. There is a total of about 45 agricul-
tural operations, many of which produce more than one kind of crop or
agricultural commodity. These operations generate an estimated $2.6 million
annually (farm value). Present agricultural land use is shown in Table 1.
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Table 1
Agricultural Land Use - 1982

Number ! Gross : . Idle
: of : Farm : Acreage Used3/ : Farm
Land Use :OperationslszcreageE/:Irrigatedﬁ/:Nonirrigated:AcreageE/

Orchards
Guavas 1 350 0 300 50
Papayas 14 165 100 5 60
Bananas 8 50 10 5 35
Macadamia Nuts 1 S 0 5 0
Pasture 15 6,680 0 3,845 2,835
Feed Corn 1 140 0 ' 140 0
Truck Crops 14 60 30 0 30
Prawns 1 60 358/ 0 25
Total 55 7,510 175 4,300 3,035
7/
Idle Ag Land 4,955~
Total Zoned for Ag 12,465

1/ Includes some double counting of operations. Some operations produce
more than one kind of agricultural product.

2/ Total farm or ranch operation acreage or portion of total acreage set
aside for the particular land use. :

3/ Acres out of gross farm or ranch acreage actually planted in crops or
grazed. :

4/ Irrigated by agricultural water system, domestic water system, or

T private water systems.

5/ Acres out of gross farm or ranch acreage not used for production
purposes. For crop farms this area may be in fallow, used for farm
dwellings, buildings, or roads. For ranches (pasture) this area is
mostly brush covered land on the ranch that is not grazed.

6/ Acres of ponds.

7/ Land zoned agriculture - not used for agricultural production.
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CHAPTER I - PROBLEMS, OPPORTUNITIES, AND CONCERNS

The major problems in the study area all center around the lack of an
adequate agricultural water system. The major problems include reduced
incomes for farmers, potential income losses, and low level use of agri-
cultural land. If measured in losses in net farm income, these problems
equal an estimated $3 million annually.

Farm income is reduced because the existing agricultural water system is
not suited to modern irrigation methods. Use of the system for irrigation
purposes requires extra equipment and labor. The cost of the equipment

and labor increases production costs and results in lower incomes for
farmers.

Farm income may be lowered further because the agricultural water system

is unstable in certain places and may fail. If the system fails, some
farmers would lose their only source of irrigation water and would probably
lose their crops. These farmers may also lose their source of water
because of unsecured water rights.

Opportunities to make more productive use of land are limited by the lack
of a modern irrigation system that services all of the agricultural land

in the study area. The existing agricultural water system does not service
all of the existing farming areas, forcing some farmers to use the domestic
water system. There are over 4,000 acres of idle agricultural lands in

the study area suitable for crop production. Many of these idle acreages
do not have an adequate source of agricultural water. Conserving some of
the water that flows to the ocean unused would provide opportunities to

service the entire study area and grow irrigated crops in areas presently
idle.

The management of water resources would provide opportunities to develop

hydroelectric power generation facilities and water-based recreational
activities.

Farmers are also concerned about water rights because the study area's
reservoirs and watersheds are owned by several private entities. The
management of streamflows is a study concern because diverting water for

agricultural purposes could conflict with the instream uses of water such
as wildlife habitat.

CHAPTER II - ALTERNATIVE PLANS

Ten alternative plans were formulated to address the problems, opportunities,
and concerns in the study area. Nine of the ten alternative plans entail
developing agricultural irrigation system(s) to service two main areas, the
area around Kilauea town or the west side of the study area and the area
below the Ka Loko Reservoir or the east side of the study area. The tenth
plan entails developing an agricultural irrigation system and hydroelectric
power generating facilities. All of the alternatives also contain land
treatment measures needed to achieve the benefits of the proposed irrigation
systems. Alternative Plan 9 has been identified as the National Economic
Development Plan or that plan which reasonably maximizes net national

economic benefits. Table 2 provides a brief summary of the ten alternative
plans.
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CHAPTER III - OPPORTUNITIES FOR -IMPLEMENTATION

Sources of technical and/or financial assistance to implement elements in
the alternative plans include various Federal and State programs and local
funding by the private sector.

Sources of Federal assistance include Public Law 566, the Watershed Protec-
tion and Flood Prevention Act; Public Law 46, the Soil Conservation Act of

1935; the Agricultural Conservation Program; and Farmers Home Administration
programs.

Sources of State assistance include the Department of Land and Natural

Resources Division of Water and Land Development and the Department of
Agriculture's Agricultural Loan Division.

Funds for implementing plan elements could also come from the private
sector. Land owners and operators in the study area could pool their
resources to finance plan elements. Companies and individuals with large

land holdings and agricultural interests may be willing to finance plan
elements.

APPENDICES

Six appendices contain resource and technical information developed or
collected as part of the study. The information was used to develop the
three chapters in this report. The appendices are listed below:

Appendix A - Location, Climate, and Topography

Appendix B - Human and Economic Resources

Appendix C - Land Resources

Appendix D - Water Resources

Appendix E - Water Use Inventory

Appendix F - Fish and Wildlife Inventory



CHAPTER 1
PROBLEMS, OPPORTUNITIES, AND CONCERNS

INTRODUCTION

Agricultural production in the Kilauea area is handicapped by the lack of
an adequate agricultural water system. Present farm income is reduced,
farm income may be further reduced, and opportunities to make more produc-
tive use of land committed to agriculture are limited.

The existing agricultural water system, the Kilauea Sugar Company Irrigation
System, is outdated, not suited to modern irrigation methods, and the
quality of the water available from the system is poor. The system cannot
be considered a dependable source of water because it is structurally
unstable in certain places and some water rights are not secure. The system
also does not deliver water to all the farming areas in need of agricultural
water. Some farmers must depend on the domestic water system for irrigation
water. Other farmers have installed their own distribution pipelines from
the existing agricultural water system.

The Kilauea Sugar Company Irrigation System was used as recently as 1970 to
furrow irrigate over 3,000 acres of sugarcane (Table I-1 and Figure I-1).

In 1982 there was a total of only 140 acres of irrigated crops in the study
area. Of this, only 50 acres were irrigated by the sugar company's original
distribution system and 25 acres were irrigated by private pipeline systems.
Although there is a need for agricultural water, over 200 million gallons
flow to the ocean unused each year (Figure I-2).

REDUCED FARM INCOME (LACK OF ADEQUATE WATER SYSTEM)

The existing agricultural water system originally provided irrigation water
for the 8,000 acre Kilauea Sugar Company plantation. Constructed in the
1800's the system consists of six reservoirs and over 34 miles of ditches,
flumes, and tunnels (Figure I-3). Since the closing of the sugar company
in 1971, the system has not been used extensively. The system's open
distribution ditches are unsuited to modern irrigation equipment and do

not permit good water management practices.

Only a small section of the original sugar company system is presently used
for irrigating crops. This section consists of the Stone Dam Reservoir and
the Mill Ditch distribution system. The 18,000 foot long Mill Ditch is
unlined and overgrown with californiagrass and silted in. Although the
water from the ditch is. free, there are costs associated with using the
water for irrigating crops. Farmers must pay for extra equipment such as
pumps to get the water out of the ditch and filters to clean the water so
it can be used in their drip irrigation systems. The farmers must also
expend extra labor to clean the filters and do repair and maintenance work
on the ditch. These extra costs reduce farmers' income,
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Farmers who depend on the domestic water system for their supply of irriga-
tion water are also faced with water problems. Of the 50 million gallons
supplied by the domestic water system annually, 3.75 million gallons are
used for agricultural purposes. The supply from the system is limited,
thus the competition between domestic and agricultural users will grow more
intense as additional areas are developed. Water shortages will probably
occur during dry periods of the year, forcing water use restrictions.

Kauai County's Department of Water Supply, which operates the system, has
limited water meters to one 5/8-inch meter per lot. Because of this limit,
farmers are not able to make efficient use of their time and resources.
Some farmers must spend extra time operating their irrigation systems in
order to cover all their fields. The extra labor involved increases their
production costs and decreases their income.

The lack of an adequate agricultural water system causes farmers' produc-
tion costs to be higher and their net profits to be lower. In 1982, farm
income was reduced by an estimated $8,000 (Table I-2). This amount will
increase to $32,000 under projected future conditions assuming no project-
type improvements are made to the existing agricultural water system.

Table I-2
Summary of Problems and Opportunities

Conditions
: Present : Future
Problem (Cause) or Opportunity : 1982 : 1990
I. Reduced Farm Income (Lack
of Adequate Water System)... s 8,000 $  32,000Y
II. Reduced Farm Income (Loss
of Water Supply)............ 0 48,000/
III. Limited Agricultural Oppor-
tunities (Lack of Adequate
Water Conservation and
Distribution)............... 3,000,0001/ 2,900,0001/
IV. Hydroelectric Power Develop-
ment Opportunities.......... 84,0002/ 84,0002/
Total... oo, $3,092,000 $3,064,000

1/ Total annual net income in 1982 dollars.
2/ Value of 1.2 million kilowatt hours of electricity.
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REDUCED FARM INCOME (LOSS OF WATER SUPPLY)

Net farm income could be further reduced because the Mill Ditch distribution
system is in poor condition and could possibly fail. If this occurs, the
farmers using the ditch would lose their source of irrigation water and

would probably lose their crops. Agricultural production would not be
viable without a source of water.

Unsecured water rights also threaten the viability of the Stone Dam - Mill
Ditch System as a water source. The farmers using the system do not have
any legal agreement guaranteeing them a supply of water from the Stone Dam
Reservoir. There is the possibility that the C. Brewer Company, owner of
the reservoir, would divert the water for its own use. If this occurs, the
farmers using the system would not have water to irrigate their crops.

The farmers using the Stone Dam Reservoir - Mill Ditch System produce crops
worth an estimated $48,000 annually (net income). This amount represents

potential farm income losses based on the assumption that the system will
fail to operate one day (Table I-2).

LIMITED AGRICULTURAL OPPORTUNITIES

The lack of an adequate water supply limits opportunities to make productive
use of land committed to agriculture. Over 12,400 acres out of the total
22,500 acres in the study area are zoned for agricultural use. In 1982

over 6,600 acres were used for pasture and over 4,900 acres were idle.

Under projected conditions (1990), over 5,800 acres will be used for pasture
and 5,300 acres will be idle. Many of these areas do not have an adequate
source of agricultural water. Providing a modern distribution system to
capture and distribute the water presently flowing to the ocean would allow
irrigated crops to be grown in pasture or idle areas.

More local agricultural production is needed to lessen the amount of

produce now imported. About 60 percent of all the truck crops (fresh
vegetables and melons) consumed in Hawaii are imported from the mainland
United States. Over 65 percent of the bananas consumed locally are also
imported from countries such as Panama and Honduras. Table I-3 shows the
statewide acreage needs to meet the additional market opportunities in 1990.

Hawaii's agricultural industry was once almost entirely dependent on sugar
and pineapple as export commodities. The declining viability of both the
sugar and pineapple industries has emphasized the need for the agriculture
industry to diversify. There are several commodities which show potential
for further development as export items. Table I-4 shows the estimated
statewide land requirements for these commodities.

Soil suitability ratings indicate there are over 4,000 acres of idle
agricultural lands in the study area suitable for growing irrigated orchard
and truck crops. If these areas were farmed at a reasonable intensity,
approximately half of the area planted with crops, an additional

$2.9 million in net farm income could be generated annually (Table I-2).
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Table I-3
Estimated Statewide 1990 Acreage Needs for Truck Crops and Bananas

: +1990 Additional:
Production : Acres :Mkt.Opportunity: To Meet

(1,000 1bs.) : Harvested :for the State2/: 1990 Mkt.
Commodity : State : Kauai : State : Kauai: (1,000 1bs.) :Opportunityz/fif
Truck CrOpsﬁ/ 70,710 1,460 4,200 100 112,566 3,839
Bananas 4,600 700 580 45 10,471 1,138

1/ Statistics of Hawaiian Agriculture 1981, Hawaii Agricultural Reporting
Service, June 1982.

2/ Statewide Agricultural Park Action Plan, Phase I Program Assessment;

" prepared for: State of Hawail, Governor's Agriculture Coordinating
Committee; prepared by: H. Mogi Planning and Research, Inc., March 17,
1982,

3/ Assumes some acres cropped more than once a year.

Table I-4*
Estimated Statewide Land Requirements for Export Commodities

1980 Acreage : 1990 Estimated : Additional

Commodity : in Crop : Acreage : Acreage
Flowers and Nursery 1,447Y 3,7502/ 2,303
Macadamia Nuts 13,4003/ 24,7694/ 11,369
Papaya 2,9715/ 6,5009/ 3,529
Guava 9757/ 1,3288/ 353
Aquaculture 500 5,892/ 5,392
Total 19,293 42,239 22,946
Approximate 19,000 42,000 23,000

1/ DOA, Statistics of Hawaiian Agriculture, 1980.

2/ Ten percent average annual growth.

3/ DOA, Statistics of Hawaiian Agriculture, 1980.

4/ UH College of Tropical Agriculture and Human Resources Industry
Analyses.

5/ Acres in crop, Papaya Administrative Committee Annual Report, 1980.

6/ UH College of Tropical Agriculture and Human Resources Industry

" Analysis, 1984 projection.

7/ DOA, Statistics of Hawaiian Agriculture, 1980.

8/ 1983 projection, Hawaii's Guava Industry, DPED, 1981.

9/ Acquaculture Development for Hawaii, 1978.

*Source of table: Statewide Agricultural Park Action Plan, Phase I,
Program Assessment; prepared for: State of Hawaii, Govermor's
Agricultural Coordinating Committee; prepared by: H. Mogi Planning
and Research, Inc., March 17, 1982.
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HYDROELECTRIC POWER DEVELOPMENT OPPORTUNITIES

Hawaii's dependence on imported oil for electricity generation makes it
vulnerable to fluctuating prices. Electricity sales for the island of
Kauai in 1981 were 199,452,000 kilowatt hours. Electricity needs will
rise to an estimated 248,000,000 kilowatt hours in 1990 according to
energy projections based on increased population.

The water stored in existing reservoirs and the abundant surface runoff
in the study area provide excellent sources that could be harnessed to
produce electricity. The Ka Loko, Puu Ka Ele, and Kalihiwai reservoirs
are located at sufficient elevations so that installing hydroelectric
facilities, such as turbine generators, to produce electricity on a large
scale would be possible if piped distribution systems were installed.
Turbine generators could be placed at various locations along the distri-
bution systems. An estimated 1.2 million kilowatt hours of electricity
could be generated annually if hydroelectric facilities for the three
reservoirs were installed. The 1.2 million kilowatt hours, worth an

estimated $84,000, represent the hydroelectric power development opportuni-
ties in the study area (Table I-2).

Two agricultural operations in the study area presently use small generators

that produce enough electricity to meet their needs. Additional generators
could be installed to meet the needs of individual agricultural operations.

PUBLIC WATER-BASED RECREATION DEVELOPMENT POTENTIAL

The management of water resources provides opportunities for the development
of more water-based recreational activities. Recreational activities in the
study area are mostly natural resource oriented. Activities include hiking,
camping, biking, fishing, hunting, swimming, diving, surfing, and scenic
driving. Kilauea Park is the only park in the study area at the present
time.

The opportunity to develop recreational activities is actually an incidental
beneficial effect of developing irrigation systems as proposed by this study.
Developing recreational activities is not an identified purpose of this
study. Recreational opportunities will be identified and described, however
recreational measures were not included in the development of alternative
plans. Recreational opportunities will be described in terms of water
surface acres with development potential for recreational activities.

WATER RIGHTS CONCERNS

The problems associated with unsecured water rights for the Stone Dam
Reservoir - Mill Ditch System users were discussed earlier (page 13).
Another water rights concern expressed by the public dealt with the current
ownership of the study area's reservoirs and contributing watershed areas.

After the Kilauea Sugar Company (a subsidiary of C. Brewer and Company)
closed, Brewer sold some of its land parcels and let the leases expire on
other parcels it held. This resulted in the divided ownership of the
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sugar company's irrigation system reservoirs (Table I-5). Contributing
watershed areas are also owned by several entities. All of the reservoirs
and all but one of the contributing watershed areas are in private owner-
ship. Without secure water rights the risk involved in making capital
investments for improving the agricultural water supply would be too high.
Financial institutions would also be reluctant to lend capital to finance
water development projects without secure water rights. The U.S. government
would not participate in cost sharing without the securing of water rights.

Table I-5
Reservoir and Contributing Watershed Ownership

Ownership

Reservoir Reservoir Contributing Watershed
Ka Loko C. Brewer and Lucas Estate State of Hawaii
Puu Ka Ele C. Brewer and Lucas Estate C. Brewer, State of Hawaii,

and Lucas Estate
Kalihiwai C. Brewer C. Brewer and Dyer
Stone Dam C. Brewer C. Brewer, Dyer and Ley
Morita Lucas Estate C. Brewer and Lucas Estate
Waiakalua C. Brewer* C. Brewer and Lucas Estate

*Ownership by C. Brewer will be conveyed to the Kilauea Farm Association
after all the Waiakalua Farm subdivision lots are sold and with the
stipulation that the Hawaiiana Investment Co., Inc. can use the reser-
voir for any future irrigation systems.

STREAMFLOW MANAGEMENT

Streamflow management is a concern in the study area because the offstream
use could compete with the instream uses of the water. The offstream use
is agricultural water and the instream uses include fish and waterbird
habitat, aesthetic, and recreational.

Water has been diverted from four streams in the study area to provide
water for the Kilauea Sugar Company's irrigation system since the system
was constructed in the 1800's. In the initial phases of this study the
public expressed concern that this study would propose new irrigation
systems that would divert more or too much water from the streams. Exist-
ing Hawaii laws provide only minimum protection of the beneficial instream
uses of water. This study will address this concern by identifying the
amount of water diverted from the streams utilized by the proposed irriga-~
tion systems (see Table II-7 on page 57). More detailed studies, beyond
the scope of this study, would be required to determine how diverting
water from the streams would affect offstream uses.
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CHAPTER I
ALTERNATIVE PLANS

FORMULATION OF ALTERNATIVE PLANS

- Ten alternative plans are presented for consideration. The plans were
formulated in a systematic manner to insure that all reasonable plans

were evaluated. The plans were formulated to address the objective of
the study, in ways that contribute to the Federal objective of national
economic development. The objective of the study was to alleviate the
agricultural water problems, achieve the opportunities, and address the
concerns as identified in Chapter I. Each plan consists of a system of

strategies, programs, and/or structural elements which address this
objective.

Many alternative plans were identified throughout the planning process.
Some plans were eliminated and others were refined through additional
developments and subsequent iterations. The study sponsors and the public
were involved throughout the planning process through meetings and con-
sultations.

Nine of the ten alternative plans entail developing one or two agricultural
irrigation systems to service specific areas in the study area. The tenth
alternative entails developing an agricultural irrigation system and hydro-
electric power facilities. All of the plans include some land treatment
measures needed to achieve the benefits of the proposed irrigation systems.
Onfarm irrigation systems are not included as a land treatment measure.

The cost of onfarm irrigation systems is considered a crop production cost
and is accounted for in the benefit evaluation.

All of the alternative plans use the Stone Dam Reservoir and/or the Ka Loko
Reservoir as storage facilities for the proposed irrigation systems. These
two reservoirs were selected over the other four reservoirs in the study
area after considering the following factors: proximity of the reservoir to
the service areas, elevation and storage capacity of the reservoir, water
supply from source streams, and reservoir repair cost.

The agricultural irrigation systems proposed by the alternative plans were
developed to service two main areas within the study area. One area is

the Kilauea town area and the other is the area below the Ka Loko Reservoir
(Figure II-1). Alternative plans 1, 2, 3, and 4 all propose developing
agricultural irrigation systems that use the Stone Dam Reservoir for
storage and service the Kilauea town area. Alternative plans 5 and 6
propose agricultural irrigation systems that use the Ka Loko Reservoir for
storage and service the Ka Loko area. Alternative plans 7 and 9 propose
developing two separate irrigation systems and are actually two plans
combined. Alternative Plan 7 combines plans 2 and 5, and Alternative

Plan 9 combines plans 3 and 6. Alternative Plan 8 proposes the development
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of one irrigation system to service the areas in both plans 2 and 5. The
system would use the Ka Loko Reservoir for storage and would service both
the Kilauea town area and the Ka Loko area. Alternative Plan 10 proposes
the same irrigation system and services the same area as Plan 5, with
hydroelectric power generation facilities added.

Although several alternative plans service the same areas, the alternatives
provide a different level of water supply to irrigate a different number

of crop acres. The supply levels and acres irrigated were varied to give
decisionmakers an opportunity to compare the benefits and costs of provid-
ing water to an area farmed at different intensities.

The water supply levels were based on the crop acres irrigated. The pro-
jected acres irrigated (1) include the acres presently irrigated, (2) assume
no new collection systems or reservoirs are developed and existing delivery
systems are utilized, and (3) consider the amount of land suitable for crop
production according to soil suitability ratings. Soil suitability ratings
indicate the relative quality of a soil for a particular use compared to
other soils in the area. The ratings are based on properties that affect
the growth of crops and ease of cultivation. The soils are given a rating
of good, fair, or poor. Only those lands with soils rated good were con-
sidered potential areas for irrigated crop production (see Appendix C -
Land Resources for more details).

Hydroelectric power facilities were added to Alternative Plan 10 to display
its feasibility. Similar facilities can also be added to any of the other
alternatives that contain irrigation systems that use the Ka Loko Reservoir
for storage. It had been determined by previous investigations that develop-
ing hydroelectric facilities in conjunction with irrigation systems that use
the Stone Dam Reservoir for storage are not feasible.

The alternative identified as the National Economic Development Plan is the
plan which reasonably maximizes net national economic benefits. The Federal
government can participate in the implementation of the identified NED Plan.
The Federal government could participate in the implementation of another
plan with an exception from the Secretary of Agriculture. Since increasing
the number of irrigated acres in production increases net national economic
benefits, it would seem logical that the NED Plan would be the plan which
provides the most irrigation water to irrigate the most acres at the least
cost. However, it may not be feasible to irrigate the 'most' acres if the
crops cannot be sold because of marketing problems. If implementation of
the NED Plan is seriously considered, further analysis would be needed to
address this issue. With the markets assumed, the NED Plan for this study
is Alternative Plan 9 (Table 2, Item VII).

'DESCRIPTION AND COMPARISON OF ALTERNATIVE PLANS

The following sections provide a description of the ten alternative plans.
Each plan was evaluated in terms of (1) the effectiveness of the plan to
address the objectives of the study, and (2) the effects of the plan on the
human environment. The following sections contain displays showing each
plan's effectiveness and effects. The displays are organized in a manner
so the plans can be easily compared.
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Description of the Alternative Plans

The description of the alternative plans includes the elements proposed and
the operation of the irrigation systems and/or hydroelectric turbines. Maps
display service areas and location of the plan elements. Table II-1 on

page 50 lists the acres serviced and crop acres provided irrigation water.
Table II-2 on page 51 lists the elements in each plan, Table II-3 on pages

52 and 53 displays the cost of the irrigation elements, and Table II-4 on
page 54 displays the cost of the hydroelectric power elements in Alterna-
tive Plan 10.

Effectiveness of the Alternative Plans

The alternative plans were evaluated in terms of each plan's effectiveness
or extent to which it reduces the problems, takes advantage of the oppor-
tunities, and addresses the concerns of the study (Chapter I). Plan
effectiveness also provides a measure of the economic benefits generated
by each plan. Table II-5A on page 55 displays the effectiveness of plans
1 through 5 and Table II-5B displays the effectiveness of plans 6 through
10.

Effects of the Alternative Plans

The alternative plans were evaluated in terms of each plan's significant
effects on the human environment. The effects are displayed in three
accounts: national economic development, environmental quality, and other
social effects. The NED account shows effects on the national economy.
The EQ account shows effects on ecological, cultural, and aesthetic
attributes of significant natural and cultural resources that cannot be
measured in monetary terms. The OSE account shows urban and community
impacts and effects on life, health, and safety.

The effects of an alternative plan were measured as the differences between
the projected conditions with the plan and projected conditions without the
plan in the year 1990 (hereafter referred to as future conditions). Effects
in the NED account are expressed in monetary units. EQ and OSE effects are
expressed in appropriate numeric units. Monetary values are expressed in
average annual equivalents using appropriate discounting and annualizing
techniques, and applicable discount rate. The benefits and costs were
evaluated over a 50-year period based on the life of the proposed irrigation
systems. All values were discounted to present values and annualized. The
applicable discount rate used for the evaluation of effects for this study
is 8-1/8 percent as established by the Water Resources Council.

The NED account describes and identifies beneficial and adverse effects on
the economy. Beneficial effects in the NED account are increases in the
economic value of the national output of goods and services from a plan,

the value of output resulting from external economies caused by a plan, and
the value associated with the use of otherwise unemployed and underemployed
labor resources. The NED beneficial effects for all of the ten alternative
plans fell in the category of increases in the economic value of the
national output of goods and services.
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The increases in the economic value of the national output of goods and
services were attributable to increases in net farm income due to a
reduction in problems and/or the generation of electricity. The evaluation
of plan effectiveness provides a measurement of the reduction in farm
income losses and opportunities achieved, and will therefore be used to
evaluate beneficial effects in the NED account.

The adverse effects in the NED account are the opportunity costs of
resources used in implementing a plan. These adverse effects include
implementation outlays, associated costs, and other direct costs. Imple-
mentation outlays include the cost for structural measures, land and water
rights, project administration and engineering services, and operation and
maintenance costs for the structural measures. Associated costs are costs
in addition to implementation outlays for measures needed to achieve the
benefits claimed during the period of analysis. The only associated costs
included in any of the alternative plans are for land treatment measures.
Other direct costs would include the costs of resources directly required
for a plan, but for which no implementation outlays are made. There are no
other direct costs included in any of the alternative plans.

The beneficial and adverse effects in the NED account are divided into two
categories, agricultural irrigation and hydroelectric power, according to
its origin or purpose. Also shown in the NED account is average annual
net effects and the benefit-cost ratio. Average annual net effects equal
average annual beneficial effects minus average annual adverse effects.
Net effects are beneficial if positive and adverse if negative. The
benefit-cost ratio is determined by dividing average annual beneficial
effects by average annual adverse effects.

Each plan's effects in the NED account are discussed in the following
narrative sections for each plan. Table II-6 on page 56 provides a summary
of all the plans' effects in the NED account. Each plan's effects in the
EQ and OSE accounts are not discussed in the following sections; however,
significant effects are displayed in a summary table (Table II-7) on

page 57.
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ALTERNATIVE PLAN 1

Alternative Plan 1 entails developing an agricultural irrigation system that
would service 535 acres and provide water to irrigate 120 acres of crops in
the Kilauea town area (Figure II-2 and Table II-1). The service area
includes only those areas that are presently farmed or would be farmed

under projected future conditions. These areas are presently serviced by

the Stone Dam Reservoir - Mill Ditch agricultural water system or the County
domestic water system. The proposed system would use the Stone Dam Reservoir
for storage and have a piped distribution system. The system would have the
capability to supply a 12-hour peak irrigation demand of 1.6 million gallons
per day and an annual demand of 39.3 million gallons.

Plan Elements (1)

Alternative Plan 1 includes the following elements:

- restoration (dredge and repair) of the Stone Dam Reservoir to store
10.5 million gallons;

- installation of a pump station with three pumps and a filtration
system (total pumping capacity 1,110 gallons per minute);

.~ installation of a 82,000-gallon concrete tank;

- installation of 1,000 feet of 10-inch polyvinyl chloride pipe to
connect the pump station to the concrete tank;

- installation of a distribution system consisting of 24,000 feet of
4- to 10-inch PVC pipe;

- securing land and water rights for the Stone Dam Reservoir; and
- securing land rights for the other structural elements.

Figure II-2 shows the location of the structural elements, Table II-2 lists
the elements, and Table II-3 lists the cost of the elements.

Agricultural Irrigation System Operation (1)

At the present time, water from the Puhakuhono and Halaulani streams is
diverted into the Stone Dam Reservoir (elevation 340 feet) for storage. The
proposed system would continue to do this. The pump station would 1lift the
water from the reservoir up to the 82,000-gallon concrete tank (elevation

450 feet). Pumping the water to the tank before distribution would be
necessary in order to provide enough pressure in the distribution lines.

The filtration system would filter the water so it would be suitable for

use in drip irrigation systems. The distribution system would transport

the water by gravity from the concrete tank to the service areas.
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National Economic Development (NED) Account - Plan Effects (1)

Beneficial Effects (1)

The beneficial effects of Alternative Plan 1 are attributable to the
increase in net farm income. Providing an adequate irrigation water
system would increase net farm income by:

- alleviating reduced income problems (Table II-5A); and
- eliminating potential farm income losses.

The total average annual increase in net farm income would be $64,900
(Table 1I-6).

The plan would also generate incidental beneficial effects by decreasing
the amount of domestic water used for agricultural purposes. The proposed
irrigation system would provide water to farmers presently using the
domestic water system for agricultural purposes. Thus, additional water
would be available for domestic purposes. The effects of doing this are
considered incidental because decreasing the amount of domestic water used
for agricultural purposes is not a specified objective of this study. The
effects were therefore not evaluated monetarily and are not included in
the NED account. However, decreasing the amount of domestic water used
for agricultural purposes is beneficial to the Kilauea community and is
shown in the Other Social Effects account (Table II-7).

Adverse Effects (1)

The plan elements proposed by Alternative Plan 1 have a total implementation
cost of $1,510,000 (Table II-3). Average annual cost is $203,200.

Net Effects (1)

Alternative Plan 1 has average annual net benefits of (-) $138,300 and a
benefit-cost ratio of 0.3:1 (Table II-6).
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ALTERNATIVE PLAN 2

Alternative Plan 2 entails developing an agricultural irrigation system
that would service 2,135 acres and provide water to irrigate 440 acres of
crops in the Kilauea town area (Figure II-3 and Table II-1). The proposed
system would use the Stone Dam Reservoir for storage and have a piped
distribution system. The system would have the capability to supply a
12-hour peak irrigation demand of 6.3 MGD and an annual demand of 192 MG.

Plan Eleménts (2)

Alternative Plan 2 includes the following agricultural irrigation systenm
elements:

- restoration (dredge and repair) of the Stone Dam Reservoir to store
10.5 MG:

- installation of a pump station with three pumps and a filtration
system (total pumping capacity 4,080 gpm);

- installation of a 300,000-gallon concrete tank.

- installation of 1,000 feet of 16-inch ductile iren (D.I.) pipe to
connect the pump station to the concrete tank;

- installation of distribution system consisting of 51,000 feet of
2- to 20-inch PVC pipe;

- securing land and water rights for the Stone Dam Reservoir; and
- securing land rights for the other structural elements.

Figure II-3 shows the location of the structural elements, Table II-2 lists
the elements, and Table II-3 lists the cost of the elements.

Alternative Plan 2 also includes the application of a land treatment measure,
land smoothing, for the 320 additional acres of irrigated cropland brought
into production by the proposed irrigation system. Land smoothing is
considered an associated measure because it is needed to achieve the benefits
claimed for the proposed irrigation system. The measure is included in

Table II-2 as a plan element. The cost of the measure is included in

Table II-3.

Agricultural Irrigation System Operation (2)

The Plan 2 system would operate in the same manner as the Plan 1 system.

Water from the Pohakuhono and Halaulani streams would continue to be diverted
into the Stone Dam Reservoir (elevation 340 feet) for storage. The pump
station would 1ift the water from the reservoir up to the 300,000-gallon
concrete tank (elevation 450 feet). The filtration system would filter the
water for use in drip irrigation systems and the distribution system would
transport the water by gravity from the concrete tank to the service areas.
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NED Account - Plan Effects (2)

Beneficial Effects (2)

The beneficial effects of Alternative Plan 2 are attributable to the in-
crease in net farm income. Providing an adequate irrigation water system
would increase net farm income by:

- alleviating reduced farm income problems (Table II-5A};

- eliminating potential farm income losses; and

- providing opportunities to make more productive use of agricultural
land.

The total average annual increase in net farm income would be $795,200
(Table II-6).

The plan would also generate incidental beneficial effects by decreasing
the amount of domestic water used for agricultural purposes, as described
in Plan 1 (page 23).

Adverse Effects (2)

The plan elements proposed by Alternative Plan 2 have a total implementation
cost of $2,749,000 (Table 1I-3). Average annual cost is $341,300.

Net Effects (2)

Alternative Plan 2 has average annual net benefits of $453,900 and a
benefit-cost ratio of 2.3:1 (Table II-6).
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ALTERNATIVE PLAN 3

Alternative Plan 3 entails developing an agricultural irrigation system
that would service 2,135 acres and provide water to irrigate 815 acres of
crops in the Kilauea town area (Figure II-4 and Table II-1). The proposed
system would use the Stone Dam Reservoir for storage and have a piped
distribution system. The system would have the capability to supply a
12-hour peak irrigation demand of 11.8 MGD and an annual demand of 359 MG.

Plan Elements (3)

Alternative Plan 3 includes the following agricultural irrigation system
elements:

- restoration (dredge and repair) of the Stone Dam Reservoir to store
10.5 MG:

- installation of a pump station with three pumps and a filtration
system (total pumping capacity 8,160 gpm);

- installation of a 600,000-gallon concrete tank;

- installation of 1,000 feet of 2l-inch D.I. pipe to connect the pump
station to the concrete tank;

- installation of distribution system consisting of 52,000 feet of
2.5~ to 27-inch PVC or D.I. pipe;

- securing land and water rights for the Stone Dam Reservoir; and
- securing land rights for the other structural elements.

Figure I1I-4 shows the location of the structural elements, Table II-2 lists
the elements, and Table II-3 lists the cost of the elements.

Alternative Plan 3 also includes the application of a land treatment measure,
land smoothing, for the 695 additional acres of irrigated cropland brought
into production by the proposed irrigation system. Land smoothing is
considered an associated measure because it is needed to achieve the benefits
claimed for the proposed irrigation system. The measure is included in

Table II-2 as a plan element. The cost of the measure is included in

Table II-3.

Agricultural Irrigation System Operation (3)

The Plan 3 system would operate in the same manner as the systems proposed
by plans 1 and 2. Water from the Pohakuhono and Halaulani streams would
continue to be diverted into the Stone Dam Reservoir (elevation 340 feet)
for storage. The pump station would 1ift the water from the reservoir up
to the 600,000-gallon concrete tank (elevation 450 feet). The filtration
system would filter the water for use in drip irrigation systems and the
distribution system would transport the water by gravity from the concrete
tank to the service areas.
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NED Account - Plan Effects (3)

Beneficial Effects (3)

The beneficial effects of Alternative Plan 3 are attributable to the increase
in net farm income. Providing an adequate irrigation water system would
increase net farm income by:

- alleviating reduced farm income problems (Table II-5A);

- eliminating potential net farm income losses; and

- providing opportunities to make more productive use of agricultural
land.

The total average annual increase in net farm income would be $1,583,700
(Table I1-6).

The plan would also generate incidental beneficial effects by decreasing
the amount of domestic water used for agricultural purposes, as described
in Plan 1 (page 23).

Adverse Effects (3)

The plan elements proposed by Alternative Plan 3 have a total implementation
cost of $4,195,000 (Table II-3). Average annual cost is $488,700.

Net Effects (3)

Alternative Plan 3 has average annual net benefits of $1,095,000 and a
benefit-cost ratio of 3.2:1 (Table II-6).
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ALTERNATIVE PLAN 4

Alternative Plan 4 entails developing an agricultural irrigation system
that would service 1,930 acres and provide water to irrigate 755 acres of
crops in the Kilauea town area (Figure II-5 and Table II-1). The Kalihiwai
Subdivision would not be serviced because of the steep topography in the
area. The proposed system would use the Stone Dam Reservoir for storage
and have an open concrete ditch distribution system. The system would have
the capability to supply a 12-hour peak irrigation demand of 11 MGD and an
annual demand of 333 MG.

Plan Elements (4)

Alternative Plan 4 includes the following agricultural irrigation system
elements:

- restoration (dredge and repair) of the Stone Dam Reservoir to store
10.5 MG;

- installation of a distribution system consisting of 46,000 feet of
open concrete ditch;

- installation of outlet control structures at the end of seven concrete
ditch sections;

- securing land and water rights for the Stone Dam Reservoir; and
- securing land rights for the other structural elements.

Figure II-5 shows the location of the structural elements, Table II-2 lists
the elements, and Table II-3 lists the cost of the elements.

Alternative Plan 4 also includes the application of a land treatment measure,
land smoothing, for the 665 additional acres of irrigated cropland brought
into production by the proposed irrigation system. Land smoothing is
considered an associated measure because it is needed to achieve the benefits
claimed for the proposed irrigation system. The measure is included in

Table II-2 as a plan element. The cost of the measure is included in

Table II-3.

Agricultural Irrigation System Operation (4)

Water from the Pohakuhono and Halaulani streams would continue to be diverted
and stored in the Stone Dam Reservoir (elevation 340 feet). The concrete
ditch distribution system would transport the water by gravity from the
reservoir to the service areas. Farmers would have to install their own

pump and filter systems.



-32-

NED Account - Plan Effects (4)

Beneficial Effects (4)

The beneficial effects of Alternative Plan 4 are attributable to the increase
in net farm income. Providing an adequate irrigation water system would
increase net farm income by:

- alleviating reduced farm income problems (Table II-5A);

- eliminating potential farm income losses; and

- providing opportunities to make more productive use of agricultural
land.

The total average annual increase in net farm income would be $1,446,400
(Table 1I-6)

The plan would also generate incidental beneficial effects by decreasing
the amount of domestic water used for agricultural purposes as described
in Plan 1 (page 23).

Adverse Effects (4)

The plan elements proposed by Alternative Plan 4 have a total implementation
cost of $8,709,000 (Table II-3). Average annual cost is $997,300.

Net Effects (4)

Alternative Plan 4 has average annual net benefits of $449,100 and a
benefit-cost ratio of 1.5:1 (Table II-6).
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ALTERNATIVE PLAN 5

Alternative Plan 5 entails developing an agricultural irrigation system

that would service 3,885 acres and provide water to irrigate 525 acres of
crops in the Ka Loko area (Figure II-6 and Table II-1). The proposed system
would use the Ka Loko Reservoir for storage and have a piped distribution
system. The system would have the capability to supply a 12-hour peak
irrigation demand of 8.2 MGD and an annual demand of 510 MG.

Plan Elements (5)

Alternative Plan 5 includes the following agricultural irrigation system
elements:

restoration of the five-mile long Ka Loko Ditch;

- restoration (dredge and repair) of the Ka Loko Reservoir to store
408.9 MG:

- installation of a water control structure and filtration system at
the Ka Loko Reservoir;

- installation of a distribution system consisting of 55,000 feet of
2.5- to 20-inch PVC or D.I. pipe;

- installation of pressure regulators along the distribution pipeline;
- securing land and water rights for the Ka Loko Reservoir; and
- securing land rights for the other structural elements.

Figure II-6 shows the location of the structural elements listed above,
Table II-2 1lists the elements, and Table II-3 lists the cost of the elements.

Alternative Plan 5 also includes the application of a land treatment measure,
land smoothing, for the 375 additional acres of irrigated cropland brought
into production by the proposed irrigation system. Land smoothing is
considered an associated measure because it is needed to achieve the benefits
claimed for the proposed irrigation system. The measure is included in

Table II-2 as a plan element. The cost of the measure is included in

Table II-3.

Agricultural Irrigation System Operation (5)

The Ka Loko Ditch would continue to divert water from the Moloaa and

Puu Ka Ele streams and transport it to the Ka Loko Reservoir (elevation

747 feet) for storage, as it does at the present time. The water control
structure would regulate the flow of water from the reservoir to the distri-
bution system. The filtration system would filter the water so it would be
suitable for use in drip irrigation systems. The distribution system would
transport the water by gravity from the reservoir to the service areas.
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NED Account - Plan Effects (5)

Beneficial Effects (5)

The beneficial effects of Alternative Plan 5 are attributable to the increase
in net farm income. Providing an adequate irrigation water system would
increase net farm income by:

- alleviating farm income problems (Table II-SA); and

- providing opportunities to make more productive use of agricultural
land.

The total average annual increase in net farm income would be $661,900
(Table I1-6).

The plan would also generate incidental beneficial effects by providing a
minimal amount of stockwater. Although the proposed water system was not
designed to provide stockwater, ranchers would be allowed to use the system.
Projected stockwater use is insignificant in comparison to the total amount
of water that would be supplied by the system and would not affect the supply
for irrigated crops. The effects of providing stockwater are considered
incidental because providing stockwater is not a specified objective of the
study. The effects were therefore not evaluated monetarily and are not
included in the NED account.

Adverse Effects (5)

The plan elements proposed by Alternative Plan 5 have a total implementation
cost of $4,556,000 (Table II-3). Average annual cost is $479,100.

Net Effects (5)

Alternative Plan 5 has average annual net benefits of $182,800 and a
benefit-cost ratio of 1.4:1 (Table II-6).
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ALTERNATIVE PLAN 6

Alternative Plan 6 entails developing an agricultural irrigation system

that would service 5,880 acres and provide water to irrigate 865 acres of
crops in the Ka Loko area (Figure II-7 and Table II-1). The proposed system
would use the Ka Loko Reservoir for storage and have a piped distribution
system. The system would have the capability to supply a 12-hour peak
irrigation demand of 13.1 MGD and an annual demand of 628 MG.

Plan Elements (6)

Alternative Plan 6 includes the following agricultural irrigation system
elements:

- restoration of the five-mile long Ka Loko Ditch;

- restoration (dredge and repair) of the Ka Loko Reservoir to store
408.9 MG;

- installation of a water control structure and filtration system at
the Ka Loko Reservoir;

- installation of a distribution system consisting of 56,000 feet of
2.5- to 21-inch PVC or D.I. pipe;

- installation of pressure regulators along the distribution pipeline;
- securing land and water rights for the Ka Loko Reservoir; and
- securing land rights for the other structural elements.

Figure II-7 shows the location of the structural elements listed above,
Table II-2 lists the elements, and Table II-3 lists the cost of the elements.

Alternative Plan 6 includes the application of a land treatment measure,

land smoothing, for the 715 additional acres of irrigated cropland brought
into production by the proposed irrigation system. Land smoothing is
considered an associated measure because it is needed to achieve the benefits
claimed for the proposed irrigation system. The measure is included in

Table II-2 as a plan element. The cost of the measure is included in

Table II-3.

Agricultural Irrigation System Operation (6)

The Plan 6 system would operate in the same manner as the Plan 5 system.
The Ka Loko Ditch would continue to divert and transport water from the
Moloaa and Puu Ka Ele streams to the Ka Loko Reservoir (elevation 747 feet)
for storage. The water control structure would regulate the flow of water
from the reservoir to the distribution system. The filtration system would
filter the water for use in drip irrigation systems. And, the distribution

system would transport the water from the reservoir by gravity to the service
areas.
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NED Account - Plan Effects (6)

Beneficial Effects (6)

The beneficial effects of Alternative Plan 6 are attributable to the increase
in net farm income. Providing an adequate irrigation water system would
increase net farm income by:

- alleviating reduced farm income problems (Table II-5B); and

- providing opportunities to make more productive use of agricultural
land.

The total average annual increase in net farm income would be $1,369,700
(Table I1I-6). ‘

Plan 6 would also generate incidental beneficial effects by providing a
minimal amount of stockwater, as described in Plan 5 (page 35).

Adverse Effects (6)

The plan elements proposed by Alternative Plan 6 have a total implementation
cost of $5,004,000 (Table II-3). Average annual cost is $521,300.

Net Effects (6)

Alternative Plan 6 has average annual net benefits of $848,400 and a
benefit-cost ratio of 2.6:1 (Table II-6).
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ALTERNATIVE PLAN 7

Alternative Plan 7 entails developing two separate agricultural irrigation
systems and is actually plans 2 and 5 combined. One of the systems would
service 2,135 acres and provide irrigation water for 440 acres of crops in
the Kilauea town area, as proposed by Plan 2. The other system would
service 3,885 acres and provide irrigation water for 525 acres of crops in
the Ka Loko area, as proposed by Plan 5. The two systems would service a
total of 6,020 acres and provide irrigation water for 965 acres of crops
(Table II-1). The systems would have a combined capacity to supply a
12-hour peak irrigation demand of 14.5 MGD and an annual demand of 702 MG.

Plan Elements (7)

Alternative Plan 7 includes all of the elements in plans 2 and 5. For a
description of the elements in each plan see pages 25 and 34, respectively.
Table II-2 lists all of the elements and Table II-3 lists the cost of the
elements in Alternative Plan 7.

Agricultural Irrigation System Operation (7)

Alternative Plan 7 includes the irrigation systems in plans 2 and 5. Each
system would operate in the same manner as the system proposed by its respec-
tive plan. The systems would not be connected and would operate independently.
For a description of the operation of the Plan 2 system see page 25 and for

a description of the operation of the Plan 5 system see page 34.

NED Account - Plan Effects (7)

Beneficial Effects (7)

The beneficial effects of Alternative Plan 7 are attributable to the increase
in net farm income. Providing an adequate irrigation water system would
increase net farm income by:

- alleviating reduced farm income problems (Table II-5B);
- eliminating potential farm income losses; and

- providing opportunities to make more productive use of agricultural
land.

The total average annual increase in net farm income would be $1,457,100
(Table II-6).

The plan would also generate incidental beneficial effects by decreasing the
amount of domestic water used for agricultural purposes and providing a
minimal amount of stockwater. The effects are considered incidental because
decreasing the amount of domestic water used for agricultural purposes and
providing stockwater are not specified objectives of this study. The effects
were therefore not evaluated monetarily and are not included in the NED
account. However, decreasing domestic water used for agricultural purposes
is considered beneficial to the Kilauea community and is shown in the OSE
account (Table II-7).
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Adverse Effects (7)

The plan elements proposed by Alternative Plan 7 has a total implementation
cost of $7,305,000 (Table II-3). Average annual cost is $820,400.

Net Effects (7)

Alternative Plan 7 has average annual net benefits of $636,700 and a
benefit-cost ratio of 1.8:1 (Table II-6).
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ALTERNATIVE PLAN 8

Alternative Plan 8 entails developing one agricultural irrigation system to
service the areas in both alternative plans 2 and 5. The Ka Loko Reservoir
would be used as a storage facility and a piped distribution system would
be installed to service the Kilauea town area and the Ka Loko area

(Figure II-8). The system would service a total of 6,020 acres and provide
water to irrigate 965 acres of crops (Table II-1). The system would have
the capability to supply a 12-hour peak irrigation demand of 14.5 MGD and
an annual amount of 702 MG.

Plan Elements (8)

Alternative Plan 8 includes the following elements:
- restoration of the five-mile long Ka Loko Ditch;

- restoration (dredge and repair) of the Ka Loko Reservoir to store
408.9 MG;

- installation of a water control structure and filtration system at
the Ka Loko Reservoir;

- installation of pressure regulators along the distribution
pipeline;

- securing land and water rights for the Ka Loko Reservoir; and
- securing land rights for the other structural elements.

Figure II-8 shows the location of the structural elements, Table II-2 lists
the elements, and Table II-3 1lists the cost of the elements.

Alternative Plan 8 also includes the application of a land treatment measure,
land smoothing, for the 695 additional acres of irrigated cropland brought
into production by the proposed irrigation system. Land smoothing is
considered an associated measure because it is needed to achieve the benefits
claimed for the proposed irrigation system. The measure is included in

Table II-2 as a plan element. The cost of the measure is included in

Table II-3.

Agricultural Irrigation System Operation (8)

The irrigation system proposed by Alternative Plan 8 would operate in the
same manner as the systems proposed by plans 5 and 6. The Ka Loko Ditch
would continue to divert and transport water from the Moloaa and Puu Ka Ele
streams to the Ka Loko Reservoir (elevation 747 feet) for storage. The water
control structure would regulate the flow of water from the reservoir to the
distribution system. The filtration system would filter the water for use in
drip irrigation systems. And, the distribution system would transport the
water from the reservoir by gravity to the Kilauea town and Ka Loko service
area.
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NED Account - Plan Effects (8)

Beneficial Effects (8)

The beneficial effects of Alternative Plan 8 are attributable to the increase
in net farm income. Providing an adequate irrigation water system would
increase net farm income by:

- alleviating reduced farm income problems (Table II-SB).
- eliminating potential farm income losses; and

- providing opportunities to make more productive use of agricultural
land.

The total average annual increase in net farm income would be $1,457,100
(Table II-6).

The plan would also generate incidental beneficial effects by decreasing

the amount of domestic water used for agricultural purposes and providing

a minimal amount of stockwater. These effects were not evaluated monetarily
and are not included in the NED account. However, decreasing domestic water
used for agricultural purposes is considered beneficial to the Kilauea
community and is shown in the OSE account (Table II-7).

Adverse Effects (8)

The plan elements proposed by Alternative Plan 8 has a total implementation
cost of $6,915,000 (Table II-3). Average annual cost is $762,800.

Net Effects (8)

Alternative Plan 8 has average annual net benefits of $694,300 and a
benefit-cost ratio of 1.9:1 (Table II-6).
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ALTERNATIVE PLAN 9 (NED PLAN)

Alternative Plan 9 entails developing two separate agricultural irrigation
systems and is actually plans 3 and 6 combined. One of the systems would
service 2,135 acres and provide irrigation water for 815 acres of crops in
the Kilauea town area, as proposed by Plan 3 (Figure II-9). The other system
would service 5,880 acres and provide irrigation water for 865 acres of

crops in the Ka Loko area, as proposed by Plan 6. The two systems would
service a total of 8,015 acres and provide irrigation water for 1,680 acres
of crops (Table II-1). The systems would have a combined capacity to supply
a 12-hour peak irrigation demand of 24.9 MGD and an annual demand of 987 MG.

Plan Elements (9)

Alternative Plan 9 includes all of the elements in plans 3 and 6. For a
description of the elements in each plan see pages 28 and 37, respectively.
Table II-2 lists all of the elements and Table II-3 lists the cost of the
elements in Alternative Plan 9.

Agricultural Irrigation System Operation (9)

Alternative Plan 9 includes the irrigation systems proposed by plans 3 and
6. Each system would operate in the same manner as the system proposed by
its respective plan. The systems would not be connected and would operate
independently. For a description of the operation of the Plan 3 system
see page 28 and for a description of the operation of the Plan 6 system
see page 37.

NED Account - Plan Effects (9)

Beneficial Effects (9)

The beneficial effects of Alternative Plan 9 are attributable to the increase
in net farm income. Providing an adequate irrigation water system would
increase net farm income by:

- reducing net farm income losses (Table II-5B); and

- providing opportunities to make more productive use of agricultural
land.

The total average annual increase in net farm income would be $2,953,400
(Table II-6).

The plan would also generate incidental beneficial effects by decreasing the
amount of domestic water used for agricultural purposes and providing a
minimal amount of stockwater. These effects were not evaluated monetarily
and are not included in the NED account. However, decreasing domestic water
used for agricultural purposes is beneficial to the Kilauea community and

is shown in the OCE account (Table II-7).
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Adverse Effects (9)

The plan elements proposed by Alternative Plan 9 have a total implementation
cost of $9,199,000 (Table II-3). Average annual cost is $1,010,000.

Net Effects (9)

Alternative Plan 9 has average annual net benefits of $1,943,400 and a
benefit-cost ratio of 2.9:1 (Table II-6).
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ALTERNATIVE PLAN 10

Alternative Plan 10 entails developing the same agricultural irrigation
system proposed by Plan 5 and hydroelectric power facilities (Figure II-10).
The agricultural irrigation system would service 3,885 acres and provide
water to irrigate 525 acres of crops in the Kilauea town area, as does

Plan 5 (Table II-1). The system would use the Stone Dam Reservoir for
storage and have a piped distribution system. The system would have the
capability to supply a 12-hour peak irrigation demand of 8.2 MGD and an
annual demand of 510 MG. Plan 10 also includes the installation of three
hydroelectric turbines capable of generating 881,500 kilowatt hours of
electricity annually.

Plan Elements (10)

Alternative Plan 10 includes all of the elements in Plan 5 as well as
hydroelectric power elements. For a description of the Plan 5 elements
see page 34. The hydroelectric power elements are as follows:

- installation of three hydroelectric turbines (turbine capacities
are 45, 35, and 95 kilowatts; total capacity of 175 kWh);

- modification of the distribution system pipeline (6,000 feet) to
accommodate the operation of the turbines;

- installation of 2,000 feet of D.I. pipe to connect turbine No. 3 to
the distribution system pipeline; and

- land rights for the 2,000 feet of D.I. pipe.

Figure II-9 shows the location of the three turbines and the irrigation
system elements, Table II-2 lists all of the elements in Plan 10, Table II-3
lists the cost of the agricultural irrigation elements, and Table II-4 lists
the cost of the hydroelectric power elements.

Operation of Agricultural Irrigation System and
Hydroelectric Turbines

The Plan 10 agricultural irrigation system would operate in the same manner
as the Plan 5 system. The Ka Loko Ditch would continue to divert and
transport water from the Moloaa and Puu Ka Ele streams to the Ka Loko
Reservoir (elevation 747 feet) for storage. The water control structure
would regulate the flow of water from the reservoir to the distribution
system. The filtration system would filter the water for use in drip
irrigation systems. And, the distribution system would transport the water
from the reservoir by gravity to the service areas.

The hydroelectric turbines would not affect the operation of the irrigation
system. Turbines 1 and 2 would operate during normal irrigation periods

and when excess water 1s drained out of Ka Loko Reservoir during high
rainfall periods. Turbine 3 would operate only when excess water is drained
out of the reservoir.
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NED Account - Plan Effects (10)

Beneficial Effects (10)

The beneficial effects of Alternative Plan 10 are attributable to the

increase in net farm income. Net farm income would increase because the
plan would:

a. Provide an adequate irrigation water system that would increase
net farm income by:

- alleviating reduced farm income problems (Table II-5B);
- eliminating potential farm income losses; and

- providing opportunities to make more productive use of agri-
cultural land.

b. Provide hydroelectric power facilities to achieve opportunities
to generate electricity.

The total average annual increase in net farm income would be $721,800
(Table II-6).

Plan 10 would also generate incidental beneficial effects by providing a
minimal amount of stockwater, as described in Plan 5 (page 35).

Adverse Effects (10)

Total implementation cost of the agricultural irrigation elements and the
hydroelectric power elements is $4,556,000 (Table II-3) and $436,000

(Table II-4), respectively. Total average annual cost of the agricultural
irrigation elements and the hydroelectric elements is $479,100 and $45,600,
respectively. The total implementation cost of the plan is $4,992,000 and
the total average annual cost of the plan is $524,700.

Net Effects (10)

Alternative Plan 10 has average annual net benefits of $197,100 and a
benefit-cost ratio of 1.4:1 (Table II-6).
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CHAPTER 1II
OPPORTUNITIES FOR IMPLEMENTATION

The ten alternative plans presented in the previous chapter provide various
options that can be pursued to alleviate the problems, achieve the oppor-
tunities, and address the concerns of the study. This chapter will identify
sources of technical and/or financial assistance to implement elements in
the alternative plans. Sources of assistance include various Federal and
State programs or authorities, and local funding by the private sector.
Implementation of any plan will require that the full initiative and
responsibility be exercised by the local people through their local organi-
zations. Sources of assistance are described below and are listed in

Table III-1.

FEDERAL ASSISTANCE

Public Law 566

Public Law 83-566, the Watershed Protection and Flood Prevention Act,
enables the Soil Conservation Service to cooperate with sponsoring State

and local agencies or organizations in the planning and carrying out of
works of improvement for soil conservation and other purposes, including
agricultural water management. High Federal priority for project planning
will be given to those projects that address the nation's most critical
water supply problems and preserve the nation's agricultural resource base.
Under this authority, the Federal government can provide up to 100 percent
of the technical assistance and finance up to 50 percent of the construction
cost of the irrigation system(s) in the NED Plan. The NED Plan is the plan
which reasonably maximizes net national economic benefits. As discussed in
Chapter II, page 18, the NED Plan for this study is Alternative Plan 9.

The remaining construction cost would be a local cost. The Federal govern-
ment can participate in the implementation of another plan with an exception
from the Secretary of Agriculture.

Public Law 46

The Soil Conservation Service develops and carries out its National Soil
and Water Conservation Program under Public Law 46, the Soil Conservation
Act of 1935. The agency, through conservation districts, can provide up
to 100 percent of the technical assistance that land owners and operators
would need to plan and apply any conservation practices included in the
plans.

Agricultural Conservation Program

The Agricultural Conservation Program provides financial assistance to land
owners and operators for the installation of conservation practices. This
program is administered by the USDA Agricultural Stabilization and Conserva-
tion Service. This program provides financial assistance in the form of
cost sharing, whereby the ASCS shares the cost of eligible practices with
the land owners and operators. (ost share amounts vary according to the
conservation practices.



-60-

Farmers Home Administration Programs

The USDA Farmers Home Administration is authorized to make loans to local
agencies or organizations sponsoring PL-566 projects. The sponsoring

agencies or organizations can acquire loans from the FmHA to finance the
local cost for plan elements.

The FmHA also makes loans for soil and water conservation purposes and
provides financial management assistance to farm and ranch owners or

operators for developing, conserving, and making proper use of their land
and water resources.

STATE ASSISTANCE

Department of Land and Natural Resources

The Department of Land and Natural Resources, under its Division of Water
and Land Development (DOWALD), is the agency responsible for implementing
water development projects for the State. DOWALD's water development

program puts emphasis on increasing the availability of agricultural water
in farming communities.

Department of Agriculture

The Department of Agriculture's Agricultural Loan Program promotes agricul-
tural development by making credit availa