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SYLLABUS

The purpose of this report is to document the feasibility, the impacts,
and technical features of potential flood damage reduction improvements for
the Waimea River, island of Kauai, Hawaii. The final Environmental Statement
which describes the impacts of the final alternative plans is included.

This report will serve as the authorizing document for construction upon

approval by the Chief of Engineers.

The scope of the report included identification of the flood problem,
examination of various alternative plans, and evaluation of pians in terms
of technical, economic, environmental, and social acceptability. The
evaluation and plan selection process was guided by the dual national
objectives of National Economic Development (NED) and Environmental Quality
(EQ) in accordance to the US Water Resources Council {WRC) regulations for
Federal Water and Related Land Development projects. The flood problem in
the Waimea area was attributed to backwater river effects, potential
overbank floodflows, and inadequate interior drainage and ponding in the
urbanized, low-lying west bank area.

The recommended plan of improvement consists of a structural levee and
floodwall system providing a level of protection up to the Standard Project
Flood. As discussed within the text of this document, the District Engineer
in June 1980 initially recommended a simiiar plan which would provide a
level of protection up to a one percent exceedance frequency flood {100-year
flood}. However, based upon further evaluation by the Office of the Chief
of Engineers, exceedance of the 100-year flood would result in catastrophic
conditions. In view of this concern, the Chief of Engineers considers the

Standard Project Flood plan appropriate.

The plan of improvement includes a levee extension downstream of
Kealii Ditch, rock toe protection and a new reinforced concrete I-wall
constructed on the existing levee, two new flood gates and regulated flood-
plain areas. The plan is substantially in compliance with all applicable
environmental statutes. The estimated first cost of the recommended plan is
$5,763,000, of which $3,853,000 is the Federal share and $1,910,000 is the
non-Federal share. This project would be authorized under Section 205 of .
the 1948 Flood Control Act, as amended. The statutory limit for Federal
expenditures is currently $4 million for a project at any single locality
regardless of any disaster declaration.

Pertinent data are shown on ‘the following sheet. The District Engineer
recommends the plan be approved and constructed provided local interests
furnish necessary assurances satisfactory to the Secretary of the Army prior

to initiation of construction.

i Rev. 26 Feb 82
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WAIMEA RIVER FLOOD CONTROL
WAIMEA, KAUAI, HAWAII

PERTINENT DATA

HYDROLOGIC AND HYDRAULIC DATA
Drainage Area at Mouth
Fiood Discharges at Mouth
Standard Project Flood
0.2 Percent Flood (500-year)
1.0 Percent Flood {100-year)
Design Data
Discharge Along Improvements
Velocities

PROPOSED IMPROVEMENTS

Levee Extension

Length

Height
Floodwall

Length

Height
Rock Toe Protection, Length
Road Raising, Length
Fiood Qutlets and Gates
Regulated Floedplain

85.5 Sq, mi.

100,000 cfs
90,000 cfs
64,000 cfs

100,000 cfs
7 to 14 fps

1,575 feet
7 to 13 feet

5,675 feet

8 to 11 feet

4,650 feet

500 feet

1-24 inch and 5-60 inch

Internal Drainage Ponding Area 11 acres
Agricultural Floodway 52 acres
PROJECT FIRST COSTSY
Total Federal First Costs $3,853,000
Total Non-Federal First Costs 1,910,000
Rights of Way & Indirect 130,000 :
Cash Contribution 1,780,000
Total Project First Costs , $5,763,000
AVERAGE ANNUAL BENEFITS AND cOSTSY/ 2/
Total Average Annual Benefits $ 461,000
Total Average Annual Costs 460,000
Federal $ 294,000
Non-Federal 166,000
ECONOMIC FEASIBILITY MEASURES
Average Annual Net NED Benefits k) 1,000
Benefit-To-Cost Ratio 1.00+
1/ Excludes pre-authorization costs. Price level: Apr 1982.
gased on 7-5/8 percent rate and 100-year economic life. —
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Includes annual operations and maintenance estimate.
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INTRONUCTION

STUDY AUTHORITY

By letter dated 31 March 1978, the Mayor of the Kauai County requested
assistance for flood control improvements within the Waimea River drainage
basin. The purpose of this report is to evaluate the extent of the flood
problem and to determine the feasibility and justification of Federal
participation in providing flood mitigation measures in the Waimea River
drainage basin.

The study and report were accomplished under the authority of Section 205 of
the 1948 Flood Control Act, as amended:

"The Secretary of the Army is authorized to allot from any
appropriations heretofore or hereafter made for flood control, not
to exceed $30,000,000 for any one fiscal year, for the construction
of small projects for flood control and related purposes not
specifically authorized by Congress, which come within the
provisions of Section 1 of the Flood Control Act of June 22, 1936,
when in the opinion of the Chief of Engineers such work is
advisable. The amount allotted for a project shall be sufficient to
complete Federal participation, in the project. Not more than
$2,000,000 shall be allotted under this section for a project at any
single locality, except that not more than $3,000,000 snall be
allotted under this section for a project at a single locality if
such project protects an area which has been declared to be a major
disaster area pursuant to the Disaster Relief Act of 1966 or the
Disaster Relief Act of 1970 in the five-year period immediately
preceding the date the Chief of Engineers deems such work
advisable. The provisions of local cooperation specified in Section
3 of the Flood Control Act of June 22, 1936, as amended, shall
apply. The work shall be complete in itself and not commit the
United States to any additional improvement to insure its successful
operation, except as may result from the normal procedure applying
to projects authorized after submission of preliminary examination
and survey reports."

SCOPE OF THE STUDY

The study area (Figure 1) includes the lower Waimea River drainage basin which
is located in the west-central portion of the island of Kauai. This study
focuses on the evaluation of the flood and related water resource problems;
jdentification of the causes of these problems and their relationship to the
overall environmental and socioeconomic needs and desires of the people in the
study area:; development of alternative solutions for preventing flood damages;
determination of the costs, benefits, and environmental impacts associated
with implementing these measures; and selection of a recommended plan.



Studies conducted included site investigations, archeological surveys,
topographic surveys, geologic and material investigations, fish and wildlife
studies, engineering designs, economic evaluations, and environmental
assessments.

STUDY PARTICIPANTS AND COORDINATION

The U.S. Army Corps of Engineers, Honolulu Engineer District, was responsible

for conducting and coordinating the study and preparing the report. The
County of Kauai Department of Public Works is the local sponsoring agency,
coordinating Corps activities on the island of Kauai throughout this study.
Corps personnel have worked closely with the Kauai Departments of Public Works
and Planning who provided information on future plans for the study area,
utility maps, and pertinent County of Kauai reports and drawings. Assistance
was also provided by the Hawaii State Department of Transportation and the
U.S. Fish and Wildlife Service. The Department of Transportation furnished
data and construction information on the bridge at the Belt Highway. Baseline
information and an analysis of effects on fish and wildlife within the Waimea
drainage basin were provided by the U.S. Fish and Wildlife Service.

The study was also coordinated with other appropriate federal and nonfederal
agencies, and with interested groups or individuals. A workshop was conducted
in Waimea, Kauai, on 25 January 1979 at the Waimea Neighborhood Center. In
addition to the workshop, two public meetings were held at the same location
on 8 November 1979 and 28 February 1980. Details on coordination and public
views are summarized in Appendix F, PubTlic Involvement.

PRIOR STUDIES

In March 1959, authority to prepare a Detailed Project Report under
Section 205 of the Flood Control Act of 1948, as amended was granted to the

Honolulu District by the Office of the Chief of Engineers. The report
concluded that the levee constructed in 1950 by local interests provided

adequate protection for tne major portion of Waimea town. The lower portion
of the town remained unprotected, but protection for this area could not be
economically justified.

In September 1978, a reconnaissance report on the Waimea River recommended
that detailed studies be undertaken to determine the feasibility of providing
additional flood control improvements for Waimea town. As a result, this
detailed study was authorized.

In June 1973, the U.S. Army Corps of Engineers, Pacific Ocean Division, and
the State of Hawaii, Department of Land and Natural Resources prepared a
flood hazard information report for the island of Kauai. This report defines
the flood problem on the island of Kauai and provides information on the
hydrology.
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THE REPORT

This document consists of a main report, which includes the environmental
statement, and attached technical appendices. The main report is essentially
a summary of the planning process and conclusions. The appendices contain
technical detail information and backup data to support the information
contained in the main report:

Appendix Title
A Hydrology
8 Geology and Soils
C Engineering Investigations, Design and
Cost Estimates
D Economics
£ Social & Cultural
F Public Involvement
G Natural Resources

PROBLEM IDENTIFICATION

Problem identification is the first task in the planning process. Although it
is the major task early in the study, the identification task continued, with
revisions and refinements throughout the study. The activities performed as
part of the Problem ldentification task are outlined below:

1. ldentify public concerns

2. Analyze resource management problems
3. Define the study area

4. Describe the existing conditions

: ,

. Establish planning objectives
NATTONAL OBJECTIVES

The Water Resources Council's Principles and Standards (P&S) require. that
planning for development of water and water-related land resources must be
directed toward achieving two equal national objectives: National Economic
Development (NED) and Environmental Quality (EQ). The NED objective is
achieved by a plan that increases the nation's output of goods and services
and improves the national economic efficiency. The EQ objective is achieved
by the management, conservation, preservation, creation, restoration, or
improvement of the quality of certain natural and cultural resources and
ecological systems.

3 Rev. 30 Jun 81



As an aid to decision making and plan selection, the P&S require that an NED
plan (the plan that maximizes benefits to the economy) and an EQ plan (the
plan with the maximum contribution to the environment) be designated. If no
plan can be formulated that is economically justified, the investigation is
ended. If no plan can be formulated with net environmental benefits, the plan
least damaging to the environment must be noted.

EXISTING CONDITIONS

Kauai, the northernmost of the eight major Hawaiian islands, is 103 statute
miles west and slightly north of Honolulu. The roughly circular island is
fourth largest in land area with 549 square miles. The study area (Figure 1)
is located in the town of Waimea, a community of 1,600 residents near the
mouth of Waimea River along the southwestern coast of Kauai. Land along the
western and eastern banks of the Waimea River is in urban and agricultural
uses. The historical Captain Cook Landing Site and the Russian Fort Site are
located on the western and eastern banks of the Waimea River, respectively.
Taro fields are located just above the confluence of the Waimea and Makaweli
Rivers, approximately 1.25 miles upstream of the river mouth. Kekaha is the
district's principal residential area, located about 2 miles to the west of
Waimea.

ENVIRONMENTAL SETTING

The island of Kauai is the summit of one of the principal volcanic mountains
of the partially submerged Hawaiian range. This range extends for a distance
of 1,500 miles across the Pacific Ocean floor. Kauai has a complex geologic
structure as a result of volcanic activities, separated by intervals of
erosion and decomposition combined with faulting. The soils in the basin are
mainly residual. The soils in the lower floodplains are alluvial and marine
deposits of silts, sand and gravelly sands, and plastic clay and silt. A thin
Tayer of red-brown soil covers the area along the confluence of the Waimea and
Makaweli Rivers and lower slopes of the ridges.

The upper and central regions of the Waimea River basin are characterized by
deep canyons and steep hills. The upper western portion of the basin contains
Waimea Canyon, one of the popular tourist attractions of Kauai. The Alakai
Swamp, located in the higher regions of the 85 sguare mile drainage area,
measures 1/2 to 2 miles wide and 10 miles long. The ridges that bound the
drainage basin on the west and east rise from sea level to elevations of 4,000
and 5,000 feet, respectively.

The climate of the Waimea River basin ranges from subtropical in the lower
regions to temperate in the upper and central regions. Mean monthly
temperatures in the coastal area range from 700F to 780F, and temperatures

in the higher areas range from 670F to 750F. Trade winds predominate the

air flow patterns in Waimea, blowing from 80 to 90 percent of the time during
the summer months and 50 to 80 percent during the winter months.
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Located on the leeward side of Kauai, Waimea receives the smallest amount of
rainfall on the island. The average annual rainfall rate is about 22 inches
per year in the coastal plain. 1In the upper regions, rainfall averages

100 inches per year. Rainfall on Kauai is produced chiefly by orographic
1ifting of the trade winds which originate from the east or northeast. The
rainfall is seldom intense and is usually not responsible for the large floods
in the Waimea Valley. The "kona" (southerly) storms, associated with fronts
of extratropical cyclonic disturbances, are responsible for most of the floods
in the area. During a kona storm, the dry leeward and coastal areas may
receive enough rain within a single day to nearly equal their average annual
total. The study area is not located within any designated wildlife refuge,
marine sanctuary, or natural area reserve, nor are there any threatened or
endangered species or their habitats within the study area.

The taro fields above the confluence of the Waimea and Makaweli rivers provide
marginal habitat for endangered Hawaiian ducks and Hawaiian coot. The
terminal reach of the river, from the confluence to the sea, is of negligible
value to endemic waterbirds. Due to the extensive recreational use of the
river and past modifications to riparian habitat, no endangered waterbirds
have been observed in the river below the taro fields. The shorelands
adjacent to the river mouth do provide feeding areas for migratory

shorebirds. Vegetation along the shoreline areas has been highly altered and
consists mainly of various grasses and shrubs.

The lower, estuarine portion of the Waimea River is habitat for migratory
freshwater species and itinerant marine fishes. Crabs and opae are found
along the river banks and under bridges. The few endemic species which exist
in the Waimea and Makaweli rivers are particularly abundant in the Makaweli
River.

At one time, prehistoric Waimea was a populous Hawaiian village with intensive
irrigated and terraced cultivation and numerous house sites and heiau
reflecting a prosperous native community. Waimea was the site of the first
anchorage of Captain James Cook, the first recorded contact between Hawaiians
and Europeans, and the opening of a world sea trade route. Until the 1840's,
Waimea was the port of entry for Kauai and in 1817, a Russian trader built
Fort Elizabeth on the southern bank of the river at its mouth. Both the Fort
and a single stone memorial commemorating Cook's landing site, located across
the river from tne Fort, are listed on the National Register of Historic
Places and are also designated National Historic Landmarks. Within Waimea
town there are two buildings, Gulick-Rowell House and Bishop National Bank of
Hawaii, dating from the sugar plantation era of the district, which are both
listed on the National Register. Remains from the prehistoric era are still
found back in the valley, notably a unique irrigation ditch, known as Peekauai
(Menehune} Ditch, with fitted, faced basalt slabs. This linear feature is in
the process of being determined eligible for the National Register. Part of
the ditch flows under a portion of the recommended project alignment. Other
sites in the region include Waimea Valley (Prehistoric) Complex, the
Keakuamele Heiau, and a series of prehistoric taro terraces and inter-field
irrigation auwai (ditches). The latter are located partially within the
floodplain and may also be eligible for the National Register.



HUMAN RESOURCES

The population of the island of Kauai declined between 1930 and 1960.

However, Kauai's population increased from 27,900 in 1960 to 31,800 in 1975
representing an increase of about 1 percent per year. During this period, the
population of Waimea town is estimated to have increased from 1300 to 1600,
representing an annual increase of 1.5 percent.

According to the 1970 census, the median age in the Waimea-Kekaha area is
29.5, with about nine percent of the people over age 65 compared with only six
percent for the State of Hawaii. 1In 1974, the median income per family for
Waimea-Kekaha was $10,100 as compared with $15,800 for the entire state.

DEVELOPMENT AND ECONOMY

Hawaii is a prosperous state with a growing population and economy. Between
1950 and 1975, the total resident population increased over 73 percent from
498,000 to 865,000. During the same period, the gross State product more than
quadrupled, from $900 million to $6.49 billion. The three largest
contributors to the State economy are tourism, defense expenditures, and
agriculture, the bulk of the last activity being in the production of sugar
and pineapple. The most rapid growth during the last several years has been
in the tourist industry. Tourist arrivals totaled 687,000 in 1965 and
2,830,000 in 1975. Tourist expenditures were $225 million in 1965 and $1.4
billion in 1975, an increase of 524 ?ercent. This is compared to an increase
of 125 percent for defense spending.l/

In the Waimea-Kekaha area, an economy dominated by the sugar industry is
giving way to one dominated by federally-supported defense and scientific
activities. Nearly all the land on Mana Plain west of Waimea is the property
of the State of Hawaii and the federal government. Almost al) of the
State-owned land is under long-term lease to the Kekaha Sugar Company. Kekaha
Sugar Company, owned by AmFac Inc., produces sugarcane on 7,947 acres and in
1976 employed approximately 440 workers. Employment at the sugar company has
been declining for several decades but is now expected to remain stable or
decline only gradually with continuing technological improvements. The chief
economic mainstay of the Waimea-Kekaha region is the defense/scientific
complex at Barking Sands and Kokee. The major operations at Pacific Missile
Range (PMR) involve the US Navy's missile testing and development and
Anti-Submarine Warfare training, the National Bureau of Standards, the
National Weather Service, and the Energy Research and Development Agency
(ERDA). At the beginning of 1976, a total of 560 persons were employed at
PMR, including 105 Navy personnel and about 250 dependents who lived on base.
At Kokee in the mountains, 253 full-time workers were employed by the NASA
gracging Station, the Hawaii Air National Guard, and the National Weather
ervice,

1/ Statistical information extracted or computed from the data published
in Bank of Hawaii's Annual Economic Review Reports.
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Unlike most of Kauai, tourism has not played a significant role in the economy

of Waimea, principally because there are no hotels or large restaurants in the
area. An estimated 500,000 tourists passed through Waimea in 1975 to visit
the Waimea Canyon area. According to County planning officials, tourists
usually follow the Belt Highway along the coast to view Niihau Island then
turn inland toward the mountains. Polihale State Park, beyond Barking Sands,
js another favorite tourist destination.

Other revenue for Waimea includes retail business activities and diversifed
agriculture. In 1976, fifty-six retail or commercial establishments were
located in Waimea employing approximately 170 people. Crops such as corn,
taro, and alfalfa are grown in the rich, fertile lands of the Waimea Valley.

The Belt Highway is the major transportation route serving the defense/
scientific complex at Barking Sands and the tourist destination areas of
Waimea Canyon and Polihale State Park. Although Barking Sands installation
has its own airfield, most of its food and logistical needs are supplied by
land transportation. According to State Department of Transportation
sources, in September 1975, a one-day count of 1,519 vehicles passed in both
directions on the Belt Highway west of Waimea.

FUTURE CONDITIONS WITHOUT FEDERAL ACTION

POPULATION PROJECTION

The 1975 population for the Waimea-Kekaha region is approximately 4,700 and
represents a 12 percent increase over the 1970 census. By the year 2000, the
population should increase to 8,400 (Table 1). Population growth will
continue to be dependent upon increased employment opportunities with
federally-supported activities, relocation of federal employees to new housing
in the nearby area, and immigration of new sugar plantation workers to replace
retiring workers.

TABLE 1. WAIMEA-KEKAHA REGION POPULATION PROJECTION

YEAR POPULATION
1960 3967
1970 4159
1980 5300
1990 7100
2000 8400
2010 10100
2020 | 12100
2030 14500

Source: Hawaii Water Resource Regional Study, Social Base Study Element
Report, 1975.
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ECONOMY AND LAND USE

The defense/scientific complex at Barking Sands and Kokee and the Qlokele
Sugar Company will remain as the chief economic mainstays of the Waimea-
Kekaha region. Tourism is not expected to play a large role in the economy of
Waimea-Kekaha area for at least 10 to 15 years. Kauai County's Regional
Development Plan provides for a 180-acre parcel of privately-owned coastal
land between Waimea and Kekana for possible residential, commercial,
industrial, resort, open or other uses. It appears that the residents favor
controlled growth and want to maintain Waimea as a plantation and residential
community and the regional center of socioeconomic and governmental
activities. Recommended zoning under the Regional Development Plan is shown
on Figure 2.

PROBLEMS AND NEEDS

FLOOD PROBLEM

Prior to the flood control improvements constructed by local interests in the

early 1950's, frequent and damaging floods occurred in Waimea. Photographs of
the lower Waimea River basin are shown on Figures 3 through 5. At the 1950
public meeting, local residents indicated that floods in 1916, 1921, 1927,
1942, and 1949 caused damages in excess of $1.0 million. The flood of January
1949 claimed two lives and destroyed five houses. Although the existing levee
along the west bank performed satisfactorily in containing intermediate flood
flows, it is inadequate for major flood events. The existing levee provides a
flow capacity of approximately 60,000 cubic feet per second (cfs), which is
approximately a 100-year event or less than 60 percent of the estimated
standard project flood peak. Downstream of the levee the river capacity is

about 48,000 cfs, which is equivalent to a 25-year runoff.

Approximately 480 acres could be inundated by the standard project flood. Of
the 480 acres, 250 acres are located in the Waimea town area below the
confluence of Waimea and Makaweli Rivers. Major improvements in the 250-acre
floodplain include residential development, small business and commercial
buildings, highways, streets, and utility facilities. Developments and
improvements will continue in the future in the urban section of Waimea. In
addition to new structures being constructed on previously vacant lands, oider
structures are being replaced with new ones. The floodplain on the left bank
and above the river confluence has been developed primarily for agricultural
uses.

The critical problem area is the gap along the west bank between the existing
levee and the Belt Highway (State Route 50). Because of the lower basin's
topography, overbank flow at this location would inundate much of the area
protected by the Tevee. Flooding is a major problem because of man's
activities and development of damageable structures within the floodpiain.
Inadequate interior drainage within the basin also contributes to the overall
flood problem in Waimea. Although levee overtopping has never occurred,
widespread property damage could occur should a major flood overtop the

existing levee.
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The Flood Disaster Protection Act of 1973 stipulates that future federal
financial assistance to a community would be contingent upon the comnunity's
implementation of an effective floodplain management program, participation in
tne National Flood Insurance Program (NFIP) or implementation of improvements
to alleviate future flood losses. The NFIP is an ongoing program; however,
insurance alone merely indemnifies property owners for flood losses, but does
not reduce physical damages from flooding as requested by local interests and
as defined by the study objectives.

The flood of 7 February 1949 was the most destructive to Waimea and to the
surrounding floodplain and beach areas. During this flood, the entire town of
Waimea was inundated. The highest gage reading ever recorded for the Waimea
River, 11.40 feet above MSL (45,500 cfs), occurred during this flood.
Rampaging waters swept through the town. Buildings and commercial
establishments were tilted off their foundation by the flood currents and the
town business center was flooded to depths of 3 to 8 feet. Waimea sustained
estimated damages in excess of $870,000 at 1949 price levels; the total effect
was devastating to the welfare of the community.

Severe flooding also occurred during the hurricane-associated flood of

16-17 August 1950. The Waimea River overflowed twice, causing flooding in the
streets to depths greater than 4 feet, and resulting in the evacuation of more
than 200 residents from tnhe valley. A flood stage of 7.50 feet above MSL
(32,000 cfs), the fourth hignest level ever, was recorded by the Waimea River
crest gage. In addition, high surf generated by the storm caused severe
erosion and some flooding along the shore.

There are no federal flood control improvements along the Waimea River. The
existing drainage improvements and levee works were constructed by local
interests (Figure 6). Early improvements consisted of an earth and rubble
wall along the right bank of the river. After the flood of 7 February 1949,
the Territory of Hawaii relocated the wall at the river mouth in an outlet
widening project. In 1950, the Waimea River was widened upstream and
downstream of the confluence with Makaweli River, and the excavated material
was used to construct an earthfill levee. The levee extends from about 300
feet upstream of the Belt Highway bridge to about 1,340 feet upstream of the
Makaweli River confluence for a total distance of 6,650 feet. The levee was
constructed 5 to 14 feet higher than the existing ground. The levee side
slopes are 1 on 1-1/2 on the riverward side and 1 on 2 on the landward side.
The riverward face of the levee is revetted with derrick-size stone which are
chinked and mortared. The crest width varies from 15 feet at the lower end to
25 feet at the upper end.

In 1952, tne County of Kauai with funds provided by the Territorial Govern-
ment, completed the existing project for Waimea River. The improvements
included channel excavation and widening, levee construction and grouted
riprap lining, a 300-foot reinforced concrete retaining wall and related
interior drainage facilities. The project was completed in 1954.

Since the completion of the levee project, increased urbanization in the
Waimea floodplain has overtaxed the interior drainage system such that
problems of ponding and inundation of lowlying residential and agricultural
areas during heavy rains are a common occurrence. Runoff from higher ground
deposits silt, mud, and gravel along Belt Highway and side streets. Mud and



debris are found in the existing drains and ditches which hamper discharges to
Waimea River. Storms of 1 December 1973 and 31 January 1975 document some of
these problems.

During the 1 December 1973 storm, an old auwai (ditch) in Tower Waimea Valley
overflowed and was the principal cause of flooding to adjoining properties.
Water blockage in existing drains and ponding problems were reported.

The 31 January 1975 storm produced the second highest gage reading of 8.77
feet above MSL (37,000 cfs) at the Waimea River crest gage. Since the river
stage was higner than the water level in the auwai, the floodgate {the outlet
terminus of the interior drainage system) was kept closed. Overflow from the
auwai flooded the lowlying areas of Waimea.

RELATED PROBLEMS

In addition to the flood problems, two other related water resources problems
are water quality and the presence of a substantial sand berm at the river
mouth. Tne sampling program conducted by the State Department of Health from
January 1974 to December 1978 indicated that the mean total coliform value and
maximum values for total nitrogen and total phosphorus at the river mouth
exceeded that State water quality standards. Samples taken near the
confluence of Waimea and Makaweli Rivers showed that the maximum pH values,
mean coliform and fecal coliform bacterial concentrations also exceeded the
State water quality standards. Stock grazing upstream probably contributed to
the high concentrations. There are no known local programs specifically
designed to improve water quality in the Waimea basin.

The second related concern is the sand berm at the river mouth. The sand berm
has resulted in a high water table within the developed area. This in turn
contributes to the poor interior drainage and the improper functioning of
cesspools. Althougn the County Department of Public Works maintains an
opening to minimize the backwater effects, the natural rebuilding process
makes the sand berm a recurring problem. The cesspool problem can pe
eliminated when sewer facilities are installed in Waimea; however, these
improvements are not anticipated to be completed in the near future.

PLANNING CONSTRAINTS

Various planning constraints were considered througnout the planning effort.
Planning constraints generally specify limitations that are used to guide plan
formulation and restrict impacts. As limitations, they affect a broad range
of concerns, including legal, social, economic, and environmental factors, and
are discussed below.

2. The Corps may participate in the construction of flood control
measures, when in the opinion of the Chief of Engineers such work is
advisable. Any project recommended must be justified under established
federal planning criteria, must be complete in itself, and must not obligate
the federal government to future work. Local interests must agree to assume
responsibility for designated items of local cooperation and for all project
costs in excess of the specified Corps cost limitation. In the case of Waimea
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River, the Corps will participate up to a limit of $2.0 million, subject to
project authorization by the Chief of Engineers.

b. Consistent with the Kauai County floodplain and tsunami ordinance,
?ne }Oo-year level of protection was considered the minimum design protection
evel.

Cc. The Waimea River and existing flood control improvements are within
public rights-of-way. Possible improvements within the Lucy Wright County
Park, located on the west bank of Waimea River and downstream of the Belt
Highway, would require a request for conversion and approval from the
Secretary of Interior. The Park was developed with matching State and Federal
Land and Water Conservation Fund Act monies.

d. Federal statutory and regulatory requirements guided the analysis of
environmental resources and impacts. The required coordination was primarily
related to evaluation and assessment of potential project implementation
effects.

PLANNING OBJECTIVES

Based on the analysis of social, economic and environmental aspects of the
study area, and the identification of problems and needs, the following
planning objectives have been developed to guide the formulation and
evaluation of alternative plans for improvement:

1. Contribute to the reduction of floodwater danger in the lower Waimea
River drainage basin during the 1985-2085 period of analysis.

2.  When possible, preserve or enhance the existing environmental
resources within the lower Waimea River drainage basin.

FORIMULATION NF PRELTMINARY PLANS

MANAGEMENT MEASURES

Possible management measures for flood mitigation in the Waimea area can be
separated into two broad categories, nonstructural measures and structural
measures. The effectiveness of these measures in alleviating the flood
problem and their economic feasibility and compatibility with existing and
desired socioeconomic and environmental conditions in Waimea are discussed in
the following paragraphs. The alternative of "No Development" would result in
continued damages from flooding and restriction of land use in the flood
plain. This action would not be responsive to the study area's needs and was
therefore eliminated as an alternative.

NONSTRUCTURAL MEASURES

Nonstructural measures would not reduce or eliminate the occurrence of
floods. They are intended to minimize loss of life and damages when floods
occur through implementation of various programs. These include flood warning

11



and evacuation, floodproofing, relocation, and regulation of future
de;e]opment in flood plain areas through zoning ordinances and building
codes.

Flood Warning and Temporary Evacuation. Flood forecasting can be considered
useful in two ways: the preparation of temporary protection to minimize
damage from an impending flood and the evacuation of flood plains anticipated
to be inundated. Reliable and timely forecasts of potential flooding and
flood stages are necessary to provide adequate warning for effective
implementation of this measure.

Flood Proofing. This measure consists of adjustments to structures and
building contents which are designed or adapted primarily to reduce flood
damages. Flood proofing includes, but is not limited to: (a) raising
existing buildings, (b) providing flood walls to protect structures and
content, {c) providing flood shields for all openings, and (d) providing
waterproof coatings to reduce seepage.

Permanent Evacuation and Relocation. This measure for reducing potential
damages in flood-prone areas is the physical removal of all damageable
structures located in the floodplain and converting the land to a use that is
compatible with the degree of flood risk.

Flood Plain Regulation. Flood plain regulation and management programs are
designed to control development of flood-prone areas to lessen the damaging
effects of floods. Flood plain regulation relies on local government's
adoption and use of legal tools to control the extent and type of development
which would be permitted in these areas. The Federal Flood Insurance Program
gives residents the opportunity to purchase flood insurance to cover losses
from flooding.

STRUCTURAL MEASURES

A variety of structural measures exists for managing resources, reducing flood
damages, and minimizing or preventing the occurrence of floods. These
measures which confine and channel harmful floodwaters include reservoirs,
levees, channel improvements, and combinations of these measures. The various
structural measures were examined with respect to the Waimea area.

Reservoirs. The function of a reservoir is to store a portion of the
floodflow in such a way as to reduce the flood peak in the areas to be
protected. Reservoirs offer the possibility of serving several purposes
including water supply, irrigation, recreation, fish and wildlife
conservation, as well as flood mitigation.

Levees. Levees are the oldest structural form of flood control. Levees
confine floodwaters to a designated floodway, or divert waters away from
developed areas and into a designated channel or floodway.

Channel Improvements. The occurrences of floods and their damaging effects
can be controlled by the construction of channel improvements which are
designed to contain normal streamflows as well as floodflows. Channel
improvements include realigning the channel to eliminate restrictive bends,

12
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enlarging the channel capacity, lining tne channel to prevent bank erosion,
and constructing structures to control the velocity of water flowing through
the channel.

PRELIMINARY SCREENING

APPLICABLE NONSTRUCTURAL MEASURES

Because the existing use and recommended zoning {Figure 2) of the Waimea
floodplain are primarily residential and general commercial, preliminary
analysis indicated that an essentially nonstructural plan is possible and
would partially meet the planning objectives. A nonstructural plan consisting
of flood proofing all existing and future structures together with a program
for comprehensive floodplain management has been carried out in the analysis.
This plan is discussed further in subsequent sections. Analyses of other

-nonstructural measures showed that application of these measures on a

basin-wide basis would not provide a practical or economical solution to the
Waimea problems and needs (Table 2}.

Flood prediction, warnings, preparation of temporary flood protection measures
and temporary evacuation would help to decrease both the loss of human lives
and flood damages. Because of the uncertainty of predicting hydrologic
varianbles over a relatively small drainage area and the flashy nature of
stream flows typical of most island streams, these methods of damage reduction
for Waimea are generally not considered reliable, accurate nor timely.
However, the Waimea River drainage basin (85 sg mi) is approximately one-sixth
the island of Kauai. Considering the size and length of Waimea River and
Makaweli River, a system of rain and stream gaging stations could be developed
to provide timely forecasts of flooding and flood stages. The concept of
permanent evacuation and relocation has been assessed on the basis of moving
practically the entire town of Waimea to another site on Kauai. On the basis
of total investment committed in the basin and its rich historical and
cultural values, complete evacuation would have a tremendous adverse effect
from both the economic and social viewpoints. Mass relocation would mean
development of alternative sites on Kauai for residential and commercial
facilities. Although floodplain regulation would control future development
and thereby eliminate or reduce damages, this approach will not alleviate the
existing flood problems in the developed areas.

APPLICABLE STRUCTURAL MEASURES

Varijous structural methods for alleviating the flood threat and preventing
flood damages in Waimea were considered. These included detention of
floodwater in reservoirs; increasing channel capacities by channel deepening,
levee height increase or floodwalls; and various combinations of the above.
Preliminary assessments indicated tnat reservoirs on Waimea and Makaweli River
or Waimea River only could not provide protection as economically as could be
provided by channel or levee improvements. The main reason for the low
feasibility of plans which include reservoirs is that such facilities would
cost substantially more than other structural measures available for the
protection of Waimea. Consequently, alternative flood protection plans for

13



Waimea consisting of increasing channel capacities by channel deepening and
levee modifications and extension were developed for further consideration.

APPLICABLE NONSTRUCTURAL AND STRUCTURAL COMBINATIONS

Various combinations of channel and levee improvements with nonstructural
measures such as flood warning, flood proofing and/or relocation were also
evaluated. Since a substantial portion of the existing flood damages are
located upstream of the Belt Highway, the basic combination plan considered
was flood proofing or permant relocation of structures seaward of the highway,
and structural measures to protect the upstream remaining areas. An early
flood warning system was also included in the combination plan evaluation.
However, since structural improvements could be extended to the river mouth at
a more cost-effective basis without community disruption, the combination
measure was eliminated from further consideration. From the community
well-being and cohesion standpoint, the combination of structural and flood
proofing/relocation measures was viewed as less favorable than either
structural or nonstructural possibilities. An early flood warning system is
however, considered important to any basin protection planning in view of the
relatively large drainage basin of Waimea River,

TABLE 2 - SCREENING OF POSSIBLE MEASURES

Measures Preliminary Findings

Flood Warning/Temporary Evacuation Predictions untimely and unreliable for
small,flashy drainage areas. For
larger basins 1ike Waimea River
however, warning system should be
considered as a component of the
overall plan.

Flood Proofing Has merit, should consider
further.

Permanent Evacuation and Relocation High cost and tremendous adverse
social impact.

Floodplain Regulation Does not alleviate the existing
flood problems in developed areas.

Reservoirs Less favorable economically and
-envirgnmentally than other
structural measures.

Channei-Levee Improvements Has merit, should consider further.
Combination Nonstructural and Except for a flood warning system,
Structural : other nonstructural measures combined

with structural improvements are less
desirable than either all nonstructural
or all structural measures.
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PLAN FORMULATION RATIONALE

As defined earlier, flood mitigation is the primary objective of this study
and the principal benefit values are considered generally basin-wide.
Possible measures evaluated include nonstructural, structural and likely
combinations of the two. Certain measures were subjected to preliminary
investigations only because they were obviously less favorable than other
measures in solving the flood problems. Some measures which have implemen-
tation possibilities were subjected to more studies to define their technical
and economical feasibility, environmental impacts, and social acceptability.
These factors are discussed in the following paragraphs.

TECHNICAL CRITERIA

Technical criteria established for plan formulation include consideration of
alternative plans that can effectively reduce the flood problem or flood
damage potential in the Waimea floodplain. The alternative plans should have
dimensions adequate to provide a level of protection consistent with design
and safety requirements.

ECONOMIC FEASIBILITY

The alternative plans must be examined for economic feasibility. First, the
quantifiable benefits should exceed project economic costs. Second, the
project scope and scaile should be formulated so that each alternative would
maximize its net benefit effects. The economic analysis should be based on
current prices, the adopted 100-year period of analysis, and at an interest
rate of 7-1/8 percent.

ENVIRONMENTAL AND SOCIAL ACCEPTABILITY

Environmental and social acceptability involved the identification,
assessment, and evaluation of environmental resources and social effects which
might be affected by a plan's implementation. Emphasis should be placed on
avoidance of plans with severe natural resources, social, and health impacts.
The views of the general public, particularly those of the Waimea residents,
should be given careful consideration. Support from both the public and the
sponsoring local agency is a necessary item for plan implementation.

PRELIMINARY PLANS

In view of the type and extent of existing flood control improvements, and as
a result of the preliminary screening of applicable measures, three
preliminary alterpative plans that could fulfill the planning objectives were
developed. One is a nonstructural plan consisting of flood proofing by
raising structures or provisions for floodwalls. The other two are
levee-channel alternatives. One structural plan considered primarily dredging
the riverbed as the major improvement component, while the other considered
increasing the conveyance capacity by providing additional wall height.
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LEVEL OF PROTECTION

In considering the desired level of protection for both structural and non-
structural alternative plans, the following procedure was used in the
determination of various appropriate levels of protection:

a. Formulate plans and determine the level of protection afforded by
maximizing net economic benefits.

b. Formulate plans for the standard project flood (SPF).

c. Formulate other plans for higher or lower degrees of protection based
on the planning objectives established for the study and other factors, such
as desires of local interests, environmental or social considerations, or
design considerations.

d. Consider the chance and risk of exceeding various floods and the
consequences of exceeding those floods.

The concept of risk is useful in advising the community of the potential
hazards remaining following completion of the project. Risk is defined as the
probability that one or more events will exceed a given magnitude within a
specified period of years. Flood frequency curves are used to estimate the
probability of an event being exceeded in any single year. In contrast, risk
defines the probability of an event being exceeded during the lifetime of the
structure. For example, although a project designed for a 100-year flood may
provide protection for a flood up to a flood which has a one percent chance in
any year, during a 100 year period there is a risk of 63 percent that the
flood will be exceeded one or more times. Similarly, during a 30 year period,
a 100 year level of protection may have a risk of 26 percent. This indicates
that although a 100-year flood design is significant, there exists a fair risk
of the design being exceeded. The relationship at the period of time and
design frequency on the determination of risk is shown in the following
tabulation:

Risk of One or More Overtopping

Period of Time Events (in %) for selected
{In Years) Exceedance Frequencies 1/
2% 1% 0.5% 0.2% 0.1%
30 45 26 14 3 3
50 64 39 22 10 5
70 76 51 30 13 7
100 87 63 - 39 18 10

1/ U.S. Water Resources Council, Guidelines for Determining Fiood Flow
Frequency, Bulletin 17A, June 1977.

Based on preliminary benefit maximization studies, net benefits are maximized
approximately at the 50-year 1level of protection. The 2 percent or 50-year
flood corresponds to a 87 percent risk that will be exceeded one or more times
in a 100-year period. Because of the nature of the flood hazard that exists
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in the Waimea basin and the high risk of exceeding the 50-year flood, the
100-year protection level was adopted as an appropriate level of protection for
all three alternative plans. It was recognized that alternative structural and
nonstructural plans need not afford the same level of protection; however, in
view of the benefit maximization studies and with the consideration given to
Kauai County ordinances, the 100-year level is considered the minimum accept-

ance level.

ANALYSIS OF PRELIMINARY PLANS

DESCRIPTION OF PLANS

Flood Proofing {Plan 1). Flood proofing was found to be the only practical
nons tructura) fiood control measure. Within the Waimea River flood plain,
there are approximately 48 commercial-type buildings and 351 residential homes.
The homes are mostly single wall, wood siding structures posted on footings.
Large lateral forces produced by flooding would structurally damage these frame
homes by rupturing walls and floors. On this basis, the most practical flood
proofing measure for residential homes would be raising the floors to flood-
free levels. For commercial buildings flood walls could be provided since most
are masonry structures and are subjected to relatively shallow depths of
flooding (Figures 7 and 8).

Levee and Channel Improvements {Plan 2 and 3). Two levee and channel plans
which would provide structural protection for Waimea were jnvestigated. Under
these plans, channel and levee modifications and improvements would be provided
from the mouth of Waimea River to the vicinity of Waimea and Makaweli river
confluence area, a distance of approximately 7,200 feet. Plan 2 is a levee
extension and channel deepening alternative (Figure 9). Plan 3 is a levee
extension and floodwall plan (Figure 10). Major improvements common to both
plans are a gravity floodgate for interior drainage, and 4,650 feet of toe
protection along a major portion of the existing levee. The main components

of Plans 2 and 3 are sumarized as follows. .

Feature Plan 2 Plan 3
Dredging 278,000 C.Y. 9,100 C.Y.
Levee extension 1,050 ft. 1,575 ft.
Floodwall construction 165 ft. 3,175 ft.
Toe protection 4,650 ft. 4,650 ft.
Interior drainage Floodgate Floodgate
Road raise None 500 ft.

IMPACT ASSESSMENT OF PREL IMINARY PLANS

'Flood Proofing (Plan 1). Flood proofing would have the least impact on

existing stream habitat. The large number of home owners, along with temporary
evacuation during construction and reoccupation would present social as well
as economic problems. This would have an adverse visual impact on the

17 Rev. 30 Jun 81
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aesthetic-architectural characteristics of affected homes and historic
buildings, both registered and unregistered. Consistent with the requirements
of the Principles and Standards, explicit formulation and consideration of a
primarily nonstructural plan as one alternative must be carried through all
stages of the planning process. Accordingly, the floodproofing plan was
carried into the detailed analysis stage.

Levee and Channel Improvements (Plans 2 and 3). The plans differ with respect
to the method of improvement and their impact on factors such as construction
costs and area of construction. Plan 2 provides for a lower and shorter tevee

ASSESSMENT AND EVALUATION
OF DETAILED PLANS

ALTERNATIVES CONSIDERED FURTHER

As a result of tHe impact assessment and analysis of the preliminary plans, the

three plans that could fulfill the need of flood reduction were developed

. further and analyzed in detail. When compared to the "without project

condition," each plan offers an improvement with respect to flood damage
mitigation. To provide a basis for choosing the most desirable alternative,
studies were conducted to identify, measure, and compare the likely economic,
social, and environmental effects of the alternatives. These effects were
analyzed and formed the basis for evaluating the beneficial and adverse

contributions of each alternative plan.
PLAN 1 - FLOOD PROOFING

The beneficial effects that will result from this plan are reduction of
existing flood damages and area redevelopment benefits. Flood proofing of
structures would produce flood damage reduction benefits for approximately 250
acres of existing and open lands downstream of the Waimea River confluence.
The primary adverse effect associated with various flood proofing measures is
the "“added on" visual impact on existing structures. Required functional
measures and additions could detract from the existing stuctural and architec-
tural appearance. Another beneficial effect would be the preservation of the
stream environment since flood control structures or modifications of the
existing facilities would not be needed.

Field inspection during the study indicated that a number of the older
residential homes are structurally inadeguate for flood proofing. Of the

homes located within the Waimea floodplain, 51 structures or 22 percent are
considered unsound for elevating purposes unless substantial improvements are
made prior to or during the flood proofing process. Investigative results for
the commercial buildings indicated 26 of the 48 structures are substandard for
flood proofing and a more reasonable approach would be to rebuild with flood or
waterproofing measures incorporated into the rebuiiding process. Increased
structure height and related flood proofing measures would create a change from
the Tow profile and quiet atmosphere of Waimea. A summary of the cost-sharing
and economics of this alternative is as follows:
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Federal First Cost $1,853,0001/

Non-Federal First Cost $5,147,000
Total Project First Cost $7,000,000
Average Annual Charges $ 500,0002/
Average Annual Benefits 274,000
Benefit to Cost Ratio 0.6

1/ $2 million federal limitation, less $147,000 preauthorization costs.
2/ Includes $1,000 0%M charges for flood warning system.

PLAN 2 - CHANNEL DEEPENING, FLOODWALL AND LEVEE EXTENSION

Nearly all of the 250 acres of floodplain land in Waimea would be flood free
due to this plan of improvement. Although the seven acres of ponding area are
part of this acreage, the depth of ponding would be less than without the
project in that area. Under this plan, only about an acre of river bank Tand
would be required for levee construction. River deepening would destroy or
displace some aguatic and estuarine biota. Some riparian vegetation would be
destroyed or damaged. However, it is expected that aquatic and estuarine biota
will gradually repopulate after the deepening work is completed. Dredging work
would also generate water turbidity temporarily during construction, although
suitable turbidity control measures would minimize the adverse impacts. The
cost-sharing and economic data for Plan 2 are:

Federal First Cost $1,853,000
Non-Federal First Cost $3,377,000
Total Project First Cost $5,230,000

Average Annual Charges

Interest & Amortization $ 373,000
Operation, Maintenance &

Replacement - 28,000
Total Annual Charges $ 401,000
Average Annual Benefits $ 278,000
Benefit to Cost Ratio 0.7

PLAN 3 - FLOODWALL AND LEVEE EXTENSION

Except for the dredging work and the floodwall construction, Plans 2 and 3 are
very similar., Compared with Plan 2, this plan is environmentally more
desirable because, other than excavation or dredging work for the toe
protection, dredging of the river would not be required. Because of the lower
riverbed created by dredging, the estimated water surface and therefore levee
height requirements for Plan 2 would be slightly lower than for Plan 3.
However, since wall height increase is accomplished much more economically
than dredging, Plan 3 could be implemented at a lower cost. The potential
implementation of the CRM floodwall is compatible and would blend in favorably
with the existing, grouted riprap levee. The estimated costs, benefits, and
penefit to cost ratio are shown as follows:
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Federal First Cost $1,853,000

Non-Federal First Cost 750,000
Total Project First Cost $2,603,000

Average Annual Charges

Interest and Amortization 186,000
Operation, Maintenance &

Replacement 16,000
Total Annual Charges $ 202,000
Average Annual Benefits ¥ 254,000
Benefit to Cost Ratio 1.3

TRADEQOFF ANALYSIS

The economic factors of the three alternative plans were presented in the
previous paragraph. Major environmental, social, and economic effects of
each alternative plan are summarized in Table 3. The table displays

significant contributions, beneficial and adverse, of each plan to aid the
tradeoff analysis, which was used to provide a basis for selecting a plan.

As summarized in Table 3, the major monetary beneficial effect that will
result from the alternative plans is the reduction of flood damages in the
Waimea River drainage basin. With respect to the adverse economic effects,
the greatest difference between the plans is the higher project cost for the
floodproofing alternative. While the flood proofing alternative reguires no
land for plan implementation or changes to the existing and future 1and use,
belongings outside of the homes would still be subject to flood damages.

The levee and channel alternatives would resuit in a loss of about one acre
of riverbank land along the Tower Waimea River. However, the commitment of
land for levee construction is viewed as a direct economic enhancement to
local interests because it would protect and enhance existing and future
facilities.

COMPARISON OF DETAILED PLANS

PLAN COMPARISON

-Alternative Plan 1 (Flood proofing) does not alter the existing ecology of

Waimea River and correspondingly is least damaging to the environment. The
existing natural condition will be retained except homes in the floodplain
will be raised above the 100-year flood level. The structural plans (levee
and channel) involve temporary degradation of the existing riverine resources
and would have adverse visual impacts along the lower west riverbank with

the imposition of the new levee. As shown in the referenced table, the plan
which contributes most to the objectives of Natioral Economic Development
(NED) is Plan 3. Because of their high costs, Plans 1 and 2 do not have net
benefits and are economically infeasible.
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HATIONAL ACCOUNTS

PROPERTY VALUES

PUBLIC FPACILITIES AND SERVICES
DESIRED REGICHAL GROWTH

PUSINESS/INDUSTRIAL ACTIVITIES

YARY ACTIVITY

QUARTTTATIVE ARALYSIS

(1) BENEFICIAL THPACTS ($000)

(a) REDUCTION IN FLOOD DAMAGES

(b) XDA BENEFITS
Cc) TOTAL NED BENEFITS

(1) ADVERSE IMPACTS ($000)

() TOCAL - YIRST COST

¢b) REST OF THE RATION - FIRST COST

(e) ANNUAL OSM (LOCAL)

TABLE 3,

SUMMARY COMPARISON AND SYSTEM OF ACCOUNRTS

c oy D T T L

WITHOUT CONDITION

HO PROJECT.

INCREASING AT PREVAILING REAL ESTATE
MARKET RATE,

DAMAGES TO PACILITIES AND INTERRUPTION

OF SERVICES DURING FLOODING.
ADVERSE EFFECT IN PLOODPLAIN,

DISRUPTION DURING PLOODING.

DISRUPTION DURING FLOODING.

(d) TOTAL ANNUAL COSTS (7-1/8%, 100-YEAR LIFE)

(3) WET NED BEWEFITS ($000)
(a) LOCAL (ASSUME ALL BENEFITS ACCRUE TO LOCAL)

{b) MWATION
(c)} WIT WED BENETITS

(4} BfE RATIO

b,

ENVIRONMENTAL (EQ)
TERRESTRIAL ENVIRONMERT

AQUATIC

MARINE INVIRONMENT

ENDARGERED SPECIES
ATR AND WATER QUALITY

HISTORIC

RECREATION

TRSICHIFICANT CHANGE,

IRSICNIFICANT CHANGE,

IRSICNIFICANT CHANGE,

INSIGNIFICANT CHANCE,
INSIGNIFICANT CBANGE,

RO THPACT,

INSIGNIYICANT CHANCE,

Foetigth d (o e i

_ w1 TH PIAN 3
PFLAN 1 (LED PLAN) PIAR I - CAANNEL DEEPENING, FLOOIMALL, "o
FLOODPROOFING TOE PROTECTION, NEW LEVEE et
L
RAISING STRUCTURZS ABOVE THE DREDGING 7.200' OF RIVERBED TO A ;a;’:smc
100-YEAR FLOOD 1ZVZL, FLOGD DESTH OF -§¢ MSL (278,000 C¥). 165 ¢
WARNTHC. OF FLOODWALL; 4,650' OF TOE FRO- “mm"nm
TECTION, LEVEE EXTENSION, 100-
YEAR PROTECTION, FLOOD WARNING.
SAME AS WITHOUT CONDITION, SAME AS PLAN 1, SAME A
(2, 6, 8, 9)
[
INTERRUPTION OF SERVICES SAME AS PLAN 1. SAME A
DURING FLOODTNG. (2, 5, 8, 9) .
BENEFICIAL IMPACT IN PLOOD- GREATER IMPACT THAN PLAN 1. SAME A
TIAIN. (2, 6, 8, 9} (2, 6, 8, 9)
DISRUPTION DURING FLOODING MINIMAL DISRUPTION DURING FLOODING. SAME A
DUE TO FLOODED ROAD ACCESS, 2, 6,7, 9
(2, 6,7, 9)
DISRUPTION DURING FLOODING, SAME AS WITHOUT. SAME A
(2, 6, 7, 9)
221 261
53 17
274 278
5,147 3,377
1,853 1,853 1
1 28 .
499 401
-54 9
-132 -132
-226 -123
0,6 0.7
SOME DAMAGE TO SOME SAME AS PLAN 1, SAME J
COMMON FLORA. (1, 6, 9)
NO SIGNIFICANT IMPACT, DRSTRUCTION OF ANY BENTHIC BIOTA DESTRI
WITHIN THE 6-ACRE PROJECT AREA FROM BABTT/
DREDGING, DESTRUCTION OF 1.3 ACRES PROTE(
OF BENTHIC HABITAT BY EXCAVATION BIOTA
FOR TOE PROTECTION; PROVISION OF SION
1,3 ACRES OF NEH ROCKEYRABITAT HABIT:
FROM CONSTRUCTION OF TOE PROTE!
PROTECTION. (1, 6, 9)
RO SIGNIFICANT IMPACT. DEGRADATION DUE 10 TURBID WATER SAME |
DISCEARGE. (1, 6, 9}
HO SIGNIPICANT IMPACT. SAME AS PLAN 1, SAME |
MO SIGHIFICANT IMPACT, TEMPORARY TURBIDITY AND SUSPENDED SAME |
SEDIMENTS DURING CONSTRUCTION. (1, 6, 9)
¥ DHPATT. WO ADVERSE KFFECT OM CAMT COOK MONUMENT  SAME .
(2, 6, 9) BOULDER MONUMENT TEMPORARILY
MOVED DURING CONSTROCTION (1, 6, 9).
NO EXFECT ON PEEKAUAI (MENEHUNE) DITCH,
FO SICHIVICANT IMPACT, SOME INTERRUFTION TN RECREATIONAL SAME
FISHING DURING CONSTRUCTION. DECREASE ADVER

e T s

OF PARK IAND & FACILITIES, (1, 6, 9)
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W I TH

TOE PROTECTION, NEW LPVEE

C OHNDITTI ON

{"FLAN 2 - CHANNEL DEEPENING, FLOODWALL, PLAN 3 - (NED) FLOODWALL, TOE

PROTZCTINN, NEW LEVEE

B00-YR PLAN - FLO0DWALL, TOX
PROTECTION, NEW LEVEE

SPF PLAN - FLOODWALL, TOE PROTECTION
NEW LEVEE

DREDGING 7,200" OF RIVERBED TO A
DEPTH OF -5' MSL (278,000 CY), 165'
CF FLOODMALL; 4,650' OF TOE FRO-
TECTION, LEVEE EXTENSION. 100-
YEAR PROTECTION, FLOOD WARNING,

BAME AS PLAN 1,

SAME AS PIAN 1,

SAEATER IMPACT THAN PLAY 1,
(2, 6, 8, 9)

MIFIMAZ, DISRUPTION DURING FLOODING,
2,6, 7, 9

sm;.swn'm.

261
17
278

3,377
1,853
28
401

- =132
=123
0.7

SAME AS PLAN 1.

DESTRUCTION OF ANY BENTHIC BIOTA
VITEIN THE 6-ACRE PROJECT AREA FROM
DRXEDGING, DESTRUCTION OF 1,3 ACRES
OF BDITRIC HABITAT BY EXCAVATION

H TOR TOX PROTECTION; FROVISION OF

| 1.3 ACRES OP NEW HOCKYTHABITAT

K YROM CONSTRUCTION OF TOX

j FROTICTION, (1, 6, 9)

§ DIGRADATION DUE TO TURBID WATER
% DISCHARGE, (1, 6, 9)

§ SAE AS PLAN 1,

j§ TEMPORARY TURBIDITY AND SUSPERDED
)| SIDIMENTS DURING CONSTRUCTION, (1, 6, 9)

{ O ADVERSE EYFECT ON CAPT COOK MOKUMENT
i (2, 6, 9) BOULDER MONUMENT TEMPORARILY
3 MOVED DURIHG COMSTRUCTION (1, 6, 9).

o 50 KITECY ON PEERAUAT (MENEHUNE) DITCH.

i SOME INTERRUPTION IN RECREATIONAL
% YISRINC DURINC CONSTRUCTION, DECREASE
by OF PARK YAND & FACILITIES. (1, 6, 9)

3,175' OF PLOOIMALL; 4,650' OF
TOE PROTECTION, RAISING ROAD,
LEVEE EXTENSION, 100-YEAR
PROTECTION, PLOOD WARNING,

SAME AS PLAN 1,

SAME AS PLAN 1,

SAME AS PLAN 2,

SAME AS PLAN 2.

SAME AS WITHOUT,

239
15

750
1,853
16
202

184
=132
52
1.3

SAME AS PLAN 1,

DESTRUCTION OF 1.3 ACRES OF BENTHIC
HABITAT BY EXCAVATION FOR TOB

5,679" NEW PLOODMALL; &,650° OF
TOE PROTECTION, RAISING ROAD,
LEVEE EXTENSION, X00-YRAR
PROTECTION, FLOOD WANNTNg,

SAME AS PLAN 1,
SAME AS PLAN 1.
SAME AS PLAN 2,

SAME AS PLAN 2,

SAME AS WITHOUT.

14
26
Mo

2,247
1,853
22
ns

[158
Lise

2
1.08

SAME A PLAN 1,

SAME AS PLAN 3,

PROTECTION; DESTRUCTION OF ANY BENTHIC

BIOTA WITHIN THE ABOVE ARFA; PROVI-
SION OF 1.3 ACRES OF NEW ROCKY
HABITAT FROM CONSTRUCTION OF TOE
PROTECTION. (1, &, 9)

SAME AS PLAN 2.

SAME AS PLAN 1,
SAME AS PLAN 2.

SAME AS PLAN 2,

SAME AS PLAN 2, GREATER
ADVERSE EFFECT O PARK.

SAME AS PLAN 2.

SAME AS FLAN 1,
SAME AS FLAN 2.

SAME AS PLAN 2,

SAME AS PLAN 3,

5,675' NEW FLOODWALL; &,650' OF TOE
PROTECTION, RATSTNG ROAD, LEVEE EX-
TENSION, SPF PROTECTION, FLOOD
WARNING,

SAME AS PLAN 1.
SAME AS PLAN 1.,
SAHE AS PLAN 2,

SAME AS PLAN 2,

SAME AS WITHOUT,

zs

3s8

2,747
1,853

as:

139
-132

1,02

SAME A5 PLAN 1,

SAME AS PLAN 3,

SAME AS PLAN 2,

SAME AS PLAN 1,
SAME AS PLAM 2,

SAME AS PLAN 2,

TABIX §

SUSURY CONPARISON
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SAME AS PLAN 1,
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TABLE 3, SUMMARY COMPARISON AND SYSTEM OF ACCOUNTS (CONT'D)

WITHOUT CONDITION

¥ ITH C 0 N DI TTI O |

SOCIAL (5w

HEALTH, SAFETY, & COMMUNITY WELL-BEING DEGRADED DURING AND AFTER FLOCDING,

AESTHETIC VALUES DEGRADATION OF LAND AND WATER QUALITY

DURING AND AFTER FPLOODING.

AIR AND NOISE POLLUTIOM. INSIGNIFICANT CHANGE,

DISPLACEMENT DISPLACEMENT OF FAMILYIES IN FLOODPLAIN

DURING FLOOD,

COMMUNITY COHRSION DEGRADED DUE TO FLOODING,

REGIONAL DEVELOPMENT (COMMUNITY GROWTE) ADVERSE EFFECT ON DEVELOPMENT WITKIN

TLOODPLAIN,

C. PLAN EVALUATION

1.

.
£,
t
h.
3
a8
b,
c.

D. IMPLEMENTATION RESPONSIBILITY )

CORTRYIBUTION TO PLANNING ORIZCTIVES

CORTRIBUTE TO THE LOWER WAIMEA RIVER CONTINUED FLOODING AND FLOOD DAMAGES
DRATNAGE BASIN FOR FLOOD HITIGATION :

DURING TEE 1985-2085 PERIOD OF ANALYSIS,

WHEN POSSIBLE, PRESERVE OR ENHANCE NO CONTRIBUTION

THE EXISTING ENVIRONMENTAL RESOURCES
WITHIN TRE LOWER WAIMEA BRATHAGE BASIN

RESPONSE TO ASSOCTATED
T 1 ITER

ACCEPTABILITY H/A
COMPLETENESS n/A
EYFECTIVENRSS B/A
LITICIERCY NIA
— WA
NED B/C RATIO */A
REVIRSIBILITY /A
STABILITY H/A
RANKING oF PN commTBUTIONS
1)
n
-t ]
RD

¥/A

INDEX OF FOOTHOTES:

1. IHPACT IS EXPECTED TO OCCUR FRIOR TO OR DURING IMPLEMENTATION OF THE PLAN,
2, TIMPACT 15 EXPECTED WITHIN 15 YEARS FOLLOWING PLAN THPLEMENTATION,

FIAN 3 = (NED)
PROTECTION, W

PLAN 1 (LED) PLAN
FPLOODPROOFING

PLAR 2 - CHANNEL DEEPENING, FLOOIWALL,
TOF pROTECTION, NEW LEVEE

FLOOD-RELATED HEALTH AND SAFETY  HEALTH, SAFETY, AND COMMUNITY WELL- SAME AS PL
PROBLEMS WOULD CONTINUE, BEINC ENHANCED, (2, 6, 9)
(2, 6, 8, 9)
NEW VISUAL ELEMENTS ADDED CHANG. INPOSITION OF NEW LEVEE ON EXISTING OF GREATER
ING AESTHETIC CHARACTER OF AREA. VISTAS. (2, 6, 9) PLAN 2,
(2, 6, 9)
TEMPORARY DURING CONSTHUCTION, SAME AS PLIAN 1. SAME AS PL
(1, 6, 9)
TEMPORARY DISPLACEMENT OF ONE HOUSE DISFIACED, (1, &, 9) SAME AS PL
RESIDENTS. (1, 5, 10)
NO SIGNIFICANT EFPECT. (2, 6, 9) SAME AS PLAN 1. SAME AS PL
TN CONFORMANCE WITH REGIONAL SAME AS PLAN 1. SANE AS PL
nsv!mE’“: !w- (20 5, 8' 9)
REDUCTION TN FLOOD DAMAGES TC SAME AS PLAN 1, EXCEPT DAMAGES TO SAME AS PL
RESIDENTIAL, COMMERCIAL UTILITIES AND LOW LYING PROPERTY
STRUCTURES, REDUCED,
MOST ENVIRONMENTAL RESOURCES  LESS ENVIROWMENTAL RESOUCES WOULD BE 1LESS ERVIRON
WOULD BE PRESERVED, PRESERVED TEAN PLAN 3, CAPT COOK MONU- BE PRESERVED
MENT WOULD BE PROTECTED BUT WOULb RECARDTNG CA
REQUIRE MOVING DURING CONSTRUC-
TION,
UNACCEPTABLE, ACCEPTADLE, ACCEPTABLE,
COMPLETE COMPLETE CCOMPLETE
MODERATELY HIGH HIGH HIGH
MODERATE HIGH HIGH
MODERATE HIGH HICH
0.6 0,7 1.3
MODERATE Low oW
oW MODERATE MODEMATE
5 4 1
1 3 ‘ 2
5 3 &

ALL FIVE AILTEERATIVES ARE IN CONPORMANCE WITH LOCAL REGIONAL DEVELOPMENT PLAN,
SAME AS PLAN

CORPS OF ENGINEERS/COUNTY SAME AS PLAN 1,
OF KAUAI

3, TIMPACT IS EXPECTED IN A LONGER TIME FRAME (15 OR MORE YEARS FOLLOWING IMPLEMENTATION)

UNCERTAINTY

%, THE UNCERTAINTY ASSOCIATED WITH IMPACT IS 50% OR MORE,
5. THE UNCERTAINTY IS BETWEEN 10% AND 507,

6, THE URCERTAINTY IS LESS THAN 10%,

EXCLUSIVITY

7. OVERLAPPING ENTRY:
8, OVERLAFPPING ENIRY:
ACUTALITY

9. INPACT WILL OCCUR WITH IMPLEMENTATION.
10,
11.

FULLY MONETIZED IN NED ACCOUNT.
NOT FULLY HONETIZED IN NED ACCOUNT.

IMPACT WILL NOT OCCUR BECAUSE NECESSARY ADDITIONAL ACTIONS ARE LACKING,
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TMPACT WILL OCCUR ONLY WHEN SPECIFIC ADDITIONAL ACTIONS ARE CARRIED OUT DURING IMPLEMENTATION.
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4 W ITH

C O KDTITTTION

i1 « CHANNEL DEEPENING, FLOODWALL,
ECTION, NEW LEVEE

FLAR 3 - (NED) FLOODWALL, TOE —%50-T% FLAN - FLOODWALL, TOE

FROTECTION, NEW LEVEE

FROTECTION, WEW LEVEE

NEW LEVEE

SPF PLAN - FLOOIMALL,70E PROTECTION,

o e e

LTH, SAFETY, AND COMMUNITY WELL-
RLING ENHANCED, (2, 6, 9)

$ MOUSE DISPLACED. (1, 6, 9)

§ ITVIRONMENTAL RESOUCES WOULD BE
RVED THAN PLAN 3, CAPT COOK MONU-

fsm 1.

T TNY

SAME AS PLAN 2,

OF GREATER ADVERSE DEGREE THAN
PLAN 2,

SAME AS PLAN 1,
SAME AS PLAN 1,

SAME AS PLAN 1.

SAME AS PLAN 1.

SAME AS PLAK 2.

LESS ENVIRONMENTAL RESGURCES WOULD
BE PRESERVED THAN PLAN 1, SAME
REGARDING CAPT COOX MONUMENT.

CCOMPLETE
HIGH
HIGH
HIGH

1.3

HODERATE

MICE WITH LOCAL REGIONAL DEVELOPHENT PLAN.

SAME AS PLAN 1,

ENHANCED SAFETY UP TO 500-YEAR
LEVEL OF PROTECTION,

SIMILAR TO PLAN 2 EXCEPT ADDITIONAL

ADVERSE VISUAL IMPACT OF CONCRETR "I

WALL,

SAME AS PLAN 1.
SAME AS PLAY 1.

SAME AS PLAN 1.
SAME AS PLAN 1,

SAME AS PLAN 2,

SAME AS FLAW 3,

URACCEPTABLE,
COMPLETE
HGH

BIGH

HKIGR

1.08

SAME AS PLAN 1.

ENHANCED SAPETY UP TO SPP LEVEL
OF PROTECTION,

SIMLLAR TO PLAN 2 EXCEFT ADDITIONAL ADVERSE
VISUAL IMPACT QF CONCRETE:"IM WALL,

SAME AS PLAN 1,
SAME AS PLAN 1,

SAME AS PLAN 1,
SAME AS PLAN 1.

SAME AS PLAN 2,

SAHE AS FPLAN 2.

UNACCEPTABLE,

HIGH
HICH
HIGH
1.02

MDDERATE

SAME AS PLAN 1,

TABLX 3 {CONT'D)

SUMMARY COMPARISON
AND

SYSTEM OF ACCOUNTS
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The contribution to the Social Well-Being (SWB) account would be highest for
Plan 2. Plan 2 would eliminate much of the flood-related health and safety
problems of Plan 1, while maintaining a lower levee and floodwall profile
than Plan 3. From the Regional Development (RD) point of view, all three
plans are in conformance with local plans.

DESIGNATION OF NED PLAN

A National Economic Development (NED) plan addresses the planning objectives
in the way which maximizes net economic benefits. Plan 3 has the Towest
construction cost along with net benefits of $52,000. Based on this, alter-
native Plan 3 is designated the NED plan.

DESIGNATION OF EQ PLAN

None of the plans resulted in a net positive environmental contribution.
Consequently, it is not possible to designate an £Q plan. However, Plan 1
is considered to best meet the environmental quality aspects by preserving
open space and causing least damages to the natural environment. Therefore,
Plan 1 is designated the Least Environmentally Damaging (LED) Plan.

THE SELECTED PLAN

The selection of the most desirable plan of improvement involved comparison
and tradeoffs among the alternative plans. Ranking of the alternative plans
was performed on the basis of (1) beneficial and adverse effects of each
alternative; (2) relative contribution to the planning objectives; and

(3) response to associated evaluation criteria as listed in Table 3. A key
criterion pertinent to the analysis was that Plan 3 is the only economically
justified plan among the three alternatives analyzed, in that total
beneficial contributions exceeded total adverse contributions. There are no
overriding environmental contributions to make up or overcome the deficiency
of NED benefits for Plans 1 and 2. Based on the comments received during
coordination of the alternative plans with federal, State, and county
agencies, and during: the public meeting on 8 November 1979, Plan 3 appeared
to be the plan which was most desirable and responsive to the planning
objectives. Plan 3 was also discussed as the tentatively selected plan
during the late stage public meeting which was held in Waimea on 28 February
1980. In view of its cost-effectiveness, comments received during
coordination, and opinions expressed during the 28 February 1980 public
meeting, Plan 3 was selected for implementation.

FUNCTIONAL ELEMENTS

The recommended plan consists of levee and channel improvements as shown on
Plates 1 and 2. The proposed Jevee would extend downstream from the
existing levee to the coastline area, a distance of about 1,600 feet.
Channel improvements would consist of about 3,200 feet of CRM floodwall on
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the existing levee in two segments, and toe protection of 4,650 feet for the
existing levee. For interior drainage improvements, two new flood gates and
a 7-acre drainage easement would be provided. At the upstream limit, a 500-
foot roadway reach would be modified to be compatible with the CRM floodwall
construction and meet hydraulic requirements. The design discharge is 64,000
cubic feet per second, which is the estimated peak discharge under the
100-year flood flow conditions.

In addition to the structural improvements shown on the General Plan,

Plate 1, an early flood warning system would be provided as part of the over-
all plan. The warning system will basically consist of three stream gaging
and three rain gaging stations, and a receiving and monitoring station to be
located in Honolulu. The gaging stations are shown on Plate C-20. To
provide advance warning of high rainfall, the rain gages will be located in
the upper drainage tributaries to triangulate the Waimea and Makaweli water-
sheds, with the lower rain gage to be placed near the divide between the
Waimea and Makaweli basins.

The stream gages are considered the primary flood warning stations; however,
correlation between the river stages and rainfall intensities during opera-
tion could provide-the basis for river flow projections with rainfall data.
It is estimated that for a 100-year runoff, the flood travel time to cover
the 2.6 miles from the stream gages to the confluence would take approxi-
mately 20 minutes. Actual warning time would increase by setting the system
to warn at a lower river stage such as the 50-year flow elevation. The
rainfall and streamflow gages, accompanying data collection platforms (0CP)
and Kauai island systems will be operated and maintained by local interests.
The telecommunications system would include the satellite, transmission
stations, receiving station, and data storage which will be operated by the
U.S. Geological Survey and the National Oceanic and Atmospheric
Administration.

Finally, the selected plan requires a regulated floodplain areas by Tocal
interests. The two areas are the internal drainage ponding area and the
riverine floodway opposite Waimea town. The ponding area, totaling
approximately 11 acres, will include lands upstream of the gate structure up
to elevation +5 (ms1). In addition, the use of lands on the opposite side
of the levee improvements will remain consistent with the flood hazards.
These agricultural lands, consist of approximately 52 acres and lie between
"the existing river banks and elevation +20 (ms1).

PLAN ACCOMPLISHMENTS

The recommended plan would provide protection from floods up to the one
percent flood (100-year). As an added protective measure, the warning
system would further minimize the threat to life associated with floods.

The Waimea floodplain without flood control improvemants is shown on

Figure 8. Based on current development trends, future development of vacant
flood-prone lands is 1ikely to take place with or without flood protection.

- The realization of inundation reduction benefits from implementation of the
recommended plan, estimated at $239,000 annually, is broad in terms of
interests and beneficiaries. There are no large individual beneficiaries.
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POLICY ON STANDARD PROJECT FLOOD PROTECTION (SPF) AND 500-YEAR PROTECTION

With the early flood warning system and on the assumption that exceedance of
the design flow would not endanger human lives, no consideration was given to
the standard project flood protection level. However, in compliance with
engineering regulations, a detailed plan with protection against the SPF is
presented in Figure 11. The dominating features of the SPF plan would be the
8 to 11-foot concrete "I" wall to be constructed on top of the existing
levee. This plan costs an estimated $4.6 million. The average annual
benefits and costs are $358,000 and $351,000, respectively. The benefit to
cost ratio is 1.02.

Similarly, in accordance to the U.S. Water Resources Council's rules and
regulation regarding urban flood damage reduction measures, the 500-year
plan was evaluated. The features would be similar to the SPF Plan except
the concrete "I" wall would vary in height from 4 to 7 feet. The project
first cost is an estimated $4.1 million. The average annual benefits and
costs are $340,000 and $314,000, respectively. The benefit-to-cost ratio is
1.08.

Potential Damage Resulting from 500-Year Flood and SPF Events. In

accordance with WRC and Corps guidelines, analyses of 500-year flood and SPF
events under "with project” conditions are required. The detailed technical
analyses are contained in Appendices A (Hydrology), B (Geology and Seils), C
(Engineering Investigations and Design), and D (Economics). In both extreme
flood events, the levee would be overtopped and waters would inundate Waimea
town as well as flood the unprotected left bank agricultural area. The
floodwaters originating from the river are expected to gradually pond in the
lowest lying areas and flow with the natural ground gradient. The expected
duration of overtopping would be approximately 2.5 hours and the actual
flooding condition is expected to last approximately 8 hours, The drawdown
and depletion of flooding will depend on the natural infiltration/evaporation
processes and the capacity of internal drainageways.

On the unprotected left bank area, the depths would vary between 11 to

13 feet. for both major floods depending on location. The existing sugar
crops would not suffer any flood damages except following harvest when the
bare ground would be subject to erosion.

The inundation in upper Waimea town would vary between 10 to 13 feet under
the 500-Year and SPF events. Depending upon the actual location and height
of the structure, the damaging depths would generally vary between 8 to 11
feet. Due to the flat gradient of the land, the average velocities would be
low, on the order of 1 to 2-1/2 feet per second. The average annual
residual damages would total $21,200 and $9,900, respectively, for the
500-Year and SPF events.

The physical effect of the extreme 500-Year and SPF events on the levee
would be progressive erosion on the town side of the levee and floodwall.
The most susceptible location would be the 2- to 3-foot high CRM floodwall
between Stations 61+00 to 72+00. The cascading floodwaters would tend to
gradually undermine the floodwall base. Similar, although less severe
erosion would occur at other levee locations. Embankment repairs would be
necessary following major floods.
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EFFECTS OF THE PLAN ON THE ENVIRONMENT

Historic Resources. The Captain Cook Landing Site marker will require
temporary relocation; however, in coordination with the State Historic
Preservation Officer, this action has been determined not to have an adverse
effect on this National Landmark. The recommended plan will require the
raising of a local road in the vicinity of peekauai (Menehune) Ditch. The
raising of the road will not have any effect on known or possible original
portions of the ditch. Documentation of Effect and documentation relating
to a request for a determination of National Register eligibility for the
linear prehistoric and historic ditch are being coordinated with the
appropriate state and Federal agencies.

Wildiife Resources. The benthic biota within the area dredged for the toe
protection Toundation will be destroyed. The rock toe will provide habitat
suitable for colonization by some demersal species, Some common riparian
plants will be destroyed during construction and will probably recover
rapidly after completion of the project. Between the Kaumualii (Belt)
Highway Bridge and tucy Wright Park, eight common ornamental trees will be
removed in the area of the new levee and transplanted in the same general
area., None of the project alternatives would affect any Federal or state
designated wildlife refuge, marine sanctuary, wetland or natural area
reserve, nor would it affect any Federal or state designated, threatened or
endangered species or their habitats.

Visual Concerns. During construction some turbidity would be generated
during dredging activities and may temporarily degrade the appearance of
river waters. The floodwall would impose a new visual element atop the
existing levee; however, views from nearby residences are already obstructed
by the existing levee. The new levee would superimpose a larger element
atop the existing revetment and would partially obstruct views of the

landscape, and Russian Fort across the river,

Recreational Resources. During construction of the project certain areas
normally used by vecreational fishermen may be temporarily preciuded from
use. Fishermen may be forced to temporarily seek other publicly accessible
fishing areas during construction. The completed new levee will provide a
permanent platform for use by recreational and subsistence fishermen.
Portions of Lucy Wright park will be displaced by the new Tevee.

Water Quality. Dredging for the toe wall foundation would generate localized
water turbidity temporarily exceeding state water quality standards.
Construction-generated turbidity will probably be significantly less than
natural turbidity caused by large storm runoff in the Waimea River.

Socio-Economic and Land-Use Effects. The plan would protect 1ife and
property and enhance the well-being of residents living within the river
floodplain. One residence, one~-half of a duplex, located just upstream of
the bridge, would be demolished and the residents would have to be
permanently relocated. Property values, especially those near the river,
could increase. Greater community/regional growth within the floodplain
could occur due to the added level of protection. As a result of a decrease
in frequency and depth of ponding, there should be significantly less
structural damage, a decrease in safety hazards and in nuisance levels. The
flowage easement may have a restrictive effect on future development within
the ponding area since no £i11 would be allowed in this area.
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PLAN IMPLEMENTATION AND PUBLIC VIEWS

IMPLEMENTATION RESPONSIBILITIES

The responsibilities of Federal and non-Federal interests for the
recommended plan include the design, construction, financing, and operation
and maintenance.

FEDERAL

The Federal government would design, prepare detaijled plans for and construct
the levee, channel improvements, and the flood warning system. Construction
of the project would be contingent on approval by the Chief of Engineers,
appropriation of funds, and on the receipt of a formal agreement on local
cooperation and non-Federal cost-sharing. The presently estimated Federal
share of the total project first cost is $1,853,000, excluding
pre-authorization study costs. '

NON-FEDERAL

Federal participation in the construction of the proposed project will be
subject to conditions that local interests would:

a. Provide without cost to the United States all lands, easements,
rights-of-way necessary for the construction and subsequent maintenance of
the project;

b, Hold and save the United States'free from damages due to the
construction and maintenance of the project, excluding damages due to the
fault or negligence of the United States or its contractors;

¢. Maintain and operate all the work including flood warning systems on
Kauai after completion in accordance with regulations prescribed by the
Secretary of the Army; - '

d. Provide without cost to the United States all relocations or
alterations of buildings, utilities, highway bridges, sewers, and other
structures and improvements; _

e. Prescribe and enforce regulations to prevent obstruction on the
channels, the interior ponding area up to elevation 5 feet MSL, and the
lands opposite the levee on the eastern overbank between the river and
elevation 20 feet MSL, which would reduce their filood carrying capacity or
hinder maintenance and operations.

£. At least annually inform affected interests regarding the
limitations of the protection afforded by the project.

g. Provide contributions for the flood warning system equal to 20
percent of the first cost allocated to these measures; and

h. Assume all costs in excess of the $2 million Federal limitation for
the channel improvements and related work.
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i. Fulfill such requirements of non-Federal cooperation as may be
required by the Uniform Relocation Assistance and Real Property Acquisition
Policies Act of 1970 {PL 91-646).

The County of Kauai has assured that they will comply with the local
cooperation requirements for the project, and pertinent correspondence is
included in Appendix F. Formal assurances required by Section 221 of the
1970 Flood Control Act will be obtained prior to advertising for
construction.

PUBLIC VIEWS

PubTic meetings, informal discussions with government agencies, and a
workshop were conducted during the study to maintain coordination and obtain
views and input from Federal and non-Federal interests. Prior to the
8 November 1979 public meeting on plan formulation, the draft report document
was circulated to the following Federal, State and County agencies for formal

review and comments:

a. U.S. Government Agencies

“Members of Congress, Hawaii
Advisory Council on Historic Preservation

- Department of Agriculture

. Department of Comnerce
Department of Defense
Environmental Protection Agency
Department of Health, Education and Welfare
Department of Housing and Urban Development
Department of Transportation :
Department of the Interior

b. State of Hawaii
Governor of Hawaii
Department of Social Services & Housing
Department of Education
Department of Accounting and General Services
Department of Defense
Department of Transportation
Department of Health
Department of Land and Natural Resources -
Department of Planning and Economic Development
Department of Agriculture

. Environmental Center, University of Hawaii

Water Resources Research Center, University of Hawaii .
State Historic Preservation Officer
Office of Environmental Quality Control

c. County of Kauai
- Mayor of Kauai
Kauai County Council
Department of Water Supply
Department of Public Works
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Department of Parks and Recreation
Department of Planning

Office of Economic Development
Public Information Officer

Kauai Community College

Public views expressed at the workshop and public meetings, correspondence
received during report coordination, and pertinent Corps of Engineers
responses are presented in Appendix F - Public Involvement.

The draft report coordination with government agencies surfaced information,
concerns and desires related to the respective agencies' jurisdiction and
expertise. The comments received included a statement from the Advisory
Council on Historic Preservation that determinations of effect on historic
and cultural properties are to be done in consultation with the State
Historic Preservation Officer (SHPO). The Environmental Protection Agency
recommended implementation of the flood-proofing alternative since it is the
least environmentally damaging plan; however, they further noted that if a
structural alternative is necessary due to other considerations, Plan 3 would
be more desirable than Plan 2. Support for Plan 3 was also received from the
National Marine Fisheries Service, Department of Commerce. The Department of
the Interior noted that the study should address the potential impact of
dredged, spoil disposal, and that considerations be given to the sandbar
removal to reduce flooding hazards and to minimization of damages to aguatic
habitat from sedimentation. The Department of the Interior further commented
that levee construction in the Lucy Wright Park will necessitate a request
for possible Tand use conversion, which requires approval from the Director,
Heritage Conservation and Recreation Service.

The SHPO agreed that none of the Advisory Council's "Criteria of Adverse
Effect" apply to the project necessity of relocating the Cook Landing Site
Memorial. On the Peekauai “Menehune" Ditch, the SHPO feels that the ditch
may be eligible for the National Register and appropriate Federal regulations
should be followed. The Division of Fish and Game, Department of Land and
Natural Resources, expressed preference for Plan 3. Similar comments and
support for Plan 3 were also received from the State Division of Forestry and
the Department of Planning and Economic Development. Another comment Dy the
Department of Planning and Economic Development was related to the presently
diverted streamfiows of Waimea River. They suggested that if a portion of
the diverted flow is restored, it may aid in keeping the channel open and
reduce buildup of the sandbar. Comments by the Environmental Center,
University of Hawaii, related primarily to further clarification or
discussion on combinations of nonstructural and structural measures, versus
pure nonstructural or pure structural alternatives; relationship of the
National Flood Insurance Pragram to the proposed plans; more detailed
information on the Menghune Ditch which may be affected by project
implementation; and a relevant summary of agency reports on the probable
social/historical impacts of the alternative plans.

The County Department of Public Works recommended that the study be based on
a level of protection of 100-year recurrence interval, since existing County
ordinances and the Federal Insurance Administration call for this level of
analysis. They also requested additional interior drainage information which
the study may have inciuded but did not present in detail in the draft
document.
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CONCLUJSION
STATEMENT OF FINDING

In 1ight of the overall public interest, the District Engineer has evaluated
the pertinent information and the stated views of other government agencies and
the concerned public on the various practical alternatives for alleviating the
flood problems on the Waimea River, Island of Kauai, Hawaii. The alternatives
considered and consequences of each were examined for economic, environmental,
and social effects and for engineering feasiblility. Other factors considered
were the specifically stated desires of local government officials and
citizens.

During the course of study, on-site investigations were made independently and
in cooperation with cthers, and discussions were held with County of Kauai
officials and interested citizens. The possible consegquences of alternative
plans, which included both nonstructural and structural measures, were studied
and analyzed in the decision-making process. Initial consideration was given
to the possibility of using nonstructural measures to solve the flood and
related water resources problems. These measures included flood warning and
temporary evacuation, flood-proofing, relocation, and floodplain regulation.
Based on the initial evaluation, flood-proofing, flood warning and evacuation
were found to be applicable nonstructural measures. Floodplain regulation
would help to minimize damages to future developments but would not reduce
damages to existing developments. Relocation would have tremendous adverse

social impact.

Structural measures which were also considered included reservoirs, channel
improvements, and levees. Because of the existing flood control levee and
related improvements, which were constructed by local interests in the Waimea
floodplain, structural measures were considered to be important elements of a
flood control plan for the basin. Accordingly, alternative plans incorporat-
ing various combinations of applicable nonstructural and structural measures
were developed and evaluated. The flood warning system was considered only
partially effective in that timely warning would minimize damage from an
impending flood due to advance preparation of temporary protection and
evacuation. However, in combination with other protective measures, an early
flood warning system would be an effective componeni of an overall plan in
view of the large size of the Waimea drainage basin, approximately 85 sguare

miles.

The detailed plans examined consisted of a plan for flood-proofing, existing
structures, and four plans consisting of levee and channel improvements. Each
of the plans would include a flood warning system. In the course of the study,
the alternatives and their physical, socio-economic, and environmental impacts
were coordinated with other Federal, State, and County agencies, and the
concerned public. The development and analyses of plans were discussed at
several informal meetings with County of Kauai agencies and at two formal
public meetings (8 November 1979 and 8 February 1980).

Based on evaluation of feasibility and acceptability, and comments received

during coordination of the alternative plans, the levee extension and floodwall
plan ?P]an 3) was selected to be the recommended plan for implementation.
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Plan 3 includes 3,175 feet of floodwall, 4,650 feet of toe protection, 500 feet
of roadway raising, 1,575 feet of levee extension, new floodgates, a flood
warning system, and floodplain management of 11 acres in the internal ponding
area and 52 acres in agricultural lands opposite the levee improvements. This
plan is also the NED plan, while Plans 1 and 2 were determined to be econom-
jcally infeasible. The 500-year and SPF plans were similar to Plan 3 and
although economically feasible, were not consistent with local flood control
ordinance and local acceptability. In addition to being economically infeasi-
ble, Plan 2 would have the most adverse impact on the environment, particularly
with respect to river dredging. None of the plans would result in a net
positive contribution environmentally. However, the flood-proofin (Plan 1)
alternative was designated the Least Environmentally Damaging (LED? plan
because it emphasizes preservation of open space and minimized adverse impacts
to the natural environment. The adverse impacts associated with the recom-
mended plan are primarily related to the floodwall and levee extension which
would add a new visual element, the loss of river bank land due to the levee
extension, and its temporary construction impact on water quality and the
aquatic biota. The impacts are not considered to be sufficiently detrimental
to preclude proceeding with the recommended plan at this time.

The District Engineer believes that all necessary investigations commensurate
with the scope of the detailed project study of flood and related water
resources problems in the Waimea River have been made, and sufficient informa-
tion on engineering, economic, and environmental aspects of the alteratives
cons idered have been reviewed to facilitate making a sound decision. Based on
his evaluation, the District Engineer finds that no alternative plan considered
would fulfill the study objctives and the needs of the Waimea residents as
effectively as the recommended plan. He concludes that the public interest
would be served best by construction of the proposed flood control

improvements.

COMPLIANCE WITH FEDERAL ENVIRONMENTAL REQUIREMENTS

GENERAL

The relationship of the recommended plan to applicable environmental require-
ments is summarized in Table 4 of the environmental statement. With the
exception of continuing coordination on the matter of historic preservation and
impacts upon National Register Sites, the recommended plan is in full
compliance with all applicable Federal policies. The report of the U.S. Fish
and Wildlife Service and the water quality certifications, pursuant to

Sections 401 and 404 of the Clean Water Act of 1977, are reproduced in
Appendix G, Natural Resources.

SECTION 404, P.L. 92-500

In accordance with Section 404 of the Federal Clean Water Act of 1977, the
discharge or disposal of fill material into the nation's waters is administered
by the Corps of Engineers in compliance with guidelines of the Environmental
Protection Agency. The placement of materials for the toe protection and back-
fi11 is included within the definition of “discharge of fill material” within
the navigable waters of the United States.
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Consequently, the ef fects of rock and backfill placement have been considered
within the context of Secion 404 considerations. Based on the detailed
evaluation which js contained in Appendix G, it is concluded that feasible
alternatives to the proposed revetment have been considered, and none that are
practicable will have less adverse jmpact on the aquatic and semi-aquatic
ecosystem. In addition, unacceptable enyironmental impacts as a result of the
discharge are not expected. Finally, the discharge of fill material will be
accomplished under conditions which will minimize, to the extent practicable,
adverse environmental effects.

The public was provided an opportunity to comment on Section 404 evaluation
matters at two public meetings. AS discussed earlier, no testimony opposing
the recommended plan was offered, and no serious concerns relating to

Section 404 matters were expressed.

E.0. 11988, FLOOD PLAIN MANAGEMENT

This Executive Order, signed on 24 May 1977, required federal agencies to avoid
adverse impacts associated with the use of floodplains and avoid inducing
development in the one percent change or 100-year floodplain as a result of
their proposed actions. The recommended action s located within the base
floodplain described by the executive order, and a detailed evaluation report
is contained in Appendix G, Natural Resources. The evaluation concludes that
the recommended plan must be constructed with the base f1oodplain and js the
only practicable alternative. The plan satisfies the goals of the executive
order and may g1ightly improve the existing beneficial floodplain values.

RECOMMENDATIONS .

The District Engineer recommends that the selected plan for flood control
jmprovements at Waimea be approved and constructed, provided that the County of
Kauai furnishes the assurances satisfactory to the Secretary of the Army that
they will comply with the Jocal cooperation requirements outlined previously.
The estimated first cost of the recommended plan is $2,603,000, of which
$1,853,000 would be Federal cost and $750,000 would be non-Federal.

ALFRED J. THIEDE
Colonel, Corps of Engineers
Commander and District Engineer
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ENVIRONMENTAL IMPACT STATEMERT
WAIMEA RIVER FLOOD CONTROL STUDY
" WAIMEA, ISLAND OF KAUAI, HAWALI

Responsible 1ead'agency: U.S. Army Engineer District, Honolulu

Responsible cooperating agencies: U.S. Fish and Wildlife Service,
- Hawaii Region

Deparfment of Public Works,
County of Kauai

Abstract: In March 1978, the Mayor of Kauai County requested the U.S. Army
Corps of Engineers to study the feasibility of protecting the town of Waimea, .
Kauai from flooding as a result of overbank flow from the Waimea River.

Detailed alternative plans considered weres:
" Plan 1. Floodproofing (nonstructural)

. Plan 2. River channel deepening, raising of the existing levee with a
flood wall, toe protection, and construction of a new levee,
designation of a ponding area, and elevation of a portion of the

existing road (structural).

"Plan 3. Raising of the existing levee with a flood wall 2 to 4 feet high,
' toe protection, and construction of a new levee, designation of
floodplain areas, elevation of a portion of the existing road and
£100d warning system (predominantly structural).. .

600-Yr Plan. Similar to Plan 3 except 4 to 7-foot high concrete flood

wall. ' ‘
. SPF Plan. SiT{Iar to Plan 3 except 8 to 11-foot high concrete flood
L wall. : :

Fufther.information may be obtained from:
pr. James E. Maragos '
U.S. Army Engineer District, Honolulu
Building 230
Fort Shafter, HI 96858

Telephone: (808) 438-2263/2264
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SUMMAR Y

MAJOR CONCLUSIONS AND FINDINGS

1.01 Non-Structural. Although the floodproofing alternative, Plan 1, would
protect 1ife and property and enhance the well-being of residents of the flood-
plain, it would not prevent flooding. Some temporary dislocation and inter-
ruption of lifestyle of residents within the floodplain would occur during the
f1oodproofing construction period and during flooding. Raised buildings and
floodwalls would add new visual elements within the floodplain. The alterna-
tive could adversely affect federal and state registered historic buildings and
some unregistered historic buildings, unless exemptions were sought to reduce
protection for these buildings.

1.02 Structural. Effects of structural alternatives on the general physical
setting of the Waimea River would consist of new visual elements created by the
floodwall and the new levee and by partial obstruction of the park vista by the
new levee. None of the structural alternatives would affect any federal or
state designated wildlife refuge, marine sanctuary, wetland, or natural area
reserve, nor would any federal or state designated threatened or endangered
species or their nhabitats be affected. Some common aquatic and terrestrial
species of animals and plants would be destroyed, damaged, or displaced;
however, these same species would probably recolonize the project area after
completion of construction. The degree of perturbation to the biota of the
project area would depend upon the alternative finally selected as the Plan of
Improvement. Because there is little dredging work, Plan 3 would have
considerably less impact upon the river biota than Plan 2. The 500-Year Plan
and the Standard Project Flood (SPF) plan are, essentially, the same design as
Plan 3, except the floodwalls are 4 to 7 feet high for the 500-year plan and 8
to 11 feet high for the Standard Project Floodplain. The environmental impact
for the 500-year and the SPF plans would be the same as for Plan 3 except, the
higher floodwalls would be somewhat less aesthetically pleasing. Both the 500-
year and the SPF plans would provide enhanced flood protection over Plan 3
flood protection. Use of some recreational facilities at Lucy Wright Park and
some informal recreational fishing along the western bank of the river would be
temporarily disrupted during construction but use would resume after completion
of the project. The park’s restroom and shower and five trees would require
removal. Both structural plans would not adversely affect the Captain Cook
Landing Monument, which is a National Historic Landmark Tisted in the National
Register of Historic Places. The small boulder monument would only have to be
temporarily moved from its present location during construction. Consultation
with the Advisory Council on Historic Preservation is underway. A determina-
tion of National Register eligibility for Peekau'ai Ditch is being sought.
Coordination with the appropriate agencies will be conducted under the presump-
tion that the recommended plan can be constructed without affect this historic
site. Both structural alternatives would entail the demolition of one
residence and permanent relocation of one family. Either of the structural
alternatives would benefit those utilizing the existing ponding area within the
town of Waimea by enhancing health, safety, and property values.

1.03 The least environmentally damaging plan (LED) is the floodproofing alter-
native (Plan 1) since it does not alter the existing ecology of the Waimea
River. Plan 3 is designated the National Economic Development (NED) alterna-
tive since it has the Towest construction cost and potentially the greatest
flood damage prevention for Waimea. The recommended alternative is Plan 3.
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AREAS OF CONTROVERSY AND ISSUES TO BE RESOLVED

1.04 The State Histaric Preservation Officer has concurred with the Corps'
finding that implementation of a structural alternative would not adversely
affect the Captain Cook Site. The finding has been forwarded to the Advisory
Council on Historic Preservation for their review. A determination of eligi-
bility for Peekau'ai (Menehune Ditch) has been sought and coordination with
the above agencies is underway.

RELATIONSHIP TO ENVIRONMENTAL REQUIREMENTS

1.05 A prief outline of the relationship of the five alternative plans to
environmental laws and requlations affecting this study is presented in

Table 4. Detailed descriptions of the environmental setting, detailed
discussions of problems and needs, development of planning objectives,
engineering solutions, and economic COStS and benefits are provided in the main
report and appendices. The environmental statement focuses principally on
those elements most significant in evaluating the benefits and costs to the

af fected environment.

PROBLEMS AND OBJECTIVES

2.01 The authority for this study and report is Section 205 of the 1948 Flood
Control Act, as amended. A public workshop was held in Waimea on 25 January
1974. Concerns expressed at the meeting included the possibility of wide-
spread damage because of decreasing river flow capacity due to sediment
deposits, the restriction of outlet flows caused by the sandbar, and the
problem of interior drainage.

2.02 The planning objectives were developed to guide the formulation and
evaluation of alternative plans; contribute to the reduction of flood water
danger in the lower Waimea River drainage basin during the 1985-2035 period of
analysis; when possible, preserve or enhance the existing environmental
resources within the lower Waimea River drainage basin.

2.03 Additional information on the study authority, public concerns, and plan-
ning objectives may be found in the main report and the Public Involvement

Appendix.

ALTERNATIVES

3.01 Measures which were eliminated from further study include permanent
evacuation and relocation, floodplain regulation and management, and
reservoirs. Plans considered in detail include floodproofing, levees, channel
improvements, floodwalls, excavation, f1lood warning, and temporary excavation.
Plans 1 and 2 were not economically feasible and were eliminated as alterna-
tives. The 5U0-Year and Standard Project Flood plans were not institutionally
acceptable ana were eliminated as alternatives.

3.02 Detailed information on these measures and plans may be found in the
main report and the Engineering Design Appendix C.
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AFFECTED ENVIRONMENT
TERRESTRIAL ENVIRONMENT

4.01 The US Fish and Wildlife Service (FWS) performed a terrestrial and
aquatic biological survey of the project area in 1979 (Ref 1) and provided a
2(b) report. Data from the 2(b) report are summarized in the following
sections.

4.02 Vegetation in the project area is characteristic of highly altered shore-
line areas in Hawaii. Paragrass and guinea grass extend from the levee bank
out about 30 meters in the shallow upper portion of the river below the
confluence. Various grasses, ferns and shrubs are found on the top and land-
ward embankment of the levee. The levee and its upstream bank are used for
grazing. Ornamental trees such as monkeypod, coconut, ironwood, banyan, and
royal palm are found in the proposed new levee area within Lucy Wright Park.

4.03 The Waimea mouth and estuary provide feeding habitat for a variety of
migratory shorebirds, including the American golden plover {Pluvialis dominica
fulva), sanderling (Calidris aiba}, wandering tattler (Heteroscelus incanus),
and ruddy turnstone (Arenaria interpres).

Resident avian species reported or observed by the Fish and Wildlife Service
survey were the white-tailed tropic bird (Phaethon lepturus dorotheae). pueo
(Asio flammeus sandwichensis), and black-crowned night heron iNzcticorax
nycticorax hoactli). Due to the extent of human development and activity, the
stream, taro patches and abandoned rice fields near and above the confluence
provide only marginal habitat for the endangered Hawaiian duck (koloa) (Anas
wyvilliana), Hawaiian stilt (a'eo) (Himantopus mexicanus knudseni}, Hawatiian
gaii1nuie (alae 'ula) (Gallinula chloroptus sandvicensis), and the Hawaiian
coot (‘alae ke'oke'o) (Fulica americana alai). One Hawaiian coot was observed
during the FWS survey period along the eastern bank of the Waimea River
estuary. None of these species have been sighted recently within this area by
either the State Division of Fish and Game or by the Audubon Society. The
overhanging hau, koa haole, and various grasses and shrubs provide substan-
tially more cover on the east side of the estuary opposite the project area.
A variety of urban birds were also observed in the project area.

4.04 Other common terrestrial fauna that are found in the project area include
the Norway rat, Polynesian rats, house mouse, marine toad, feral/domestic cat
and dog and some domestic livestock.

AQUATIC ENVIRONMENT

4,05 The lower 1.6 km of the Waimea River estuary is heavily silted with
alluvial deposits and in mid-river below the bridge is less than four feet deep
at several points. The river bed changes to boulder and gravel interspersed
with silt about 300 meters below the Waimea-Makaweli River confluence. The
main stem, however, continues to show evidence of siltation below the USGS
gaging station No. 310. During the FWS field investigation, small schools of
juvenile mullet (Mugil cephalus L.) and in-migrating hinana or juvenile gobies
(Sicidium stimpsoni), as well as two -species of adult gobies (Awaous
enivitatus and Eleotris sandwicensis), papio (Caranyx sp.) and tilapia
i§arotheradon sp.) were observed along the estuary’s shoreline. For two hours
during Tow tide, variable mesh 60-foot gill net was set perpendicular to shore
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next to Lucy Wright Park. Although only four Samoan mullet {Chelon engli)
(Bleecker) and aholehole (Kuhlia sandvicensis) were caught, yields are expected
to be greater and more diverse during strong flood and ebb tides and at night.

4.06 Intertidal species observed at the project site include Littorina
pintado, mytilids, and an occasional small opihi or limpet on the riprap groin
at the mouth. Inside the river mouth along the riprap bank, grapsid crabs
(about one crab per linear meter of shoreline) were observed for about 200
meters upstream. The neritid snail (Theodoxus vespertinus) was abundant (about
30 individuals/m2) throughout the estuary as was the prawn, Macrobrachium

randimanus. Barnacles were observed in clumped distribution§ on loose stones
in a riffle area about 300 meters below the Waimea-Makaweli River confluence.

4,07 Above the estuary, four goby species, neritid, thiarid, and ancillid
molluscs (only the egg cases of Neritina granosa were observed), palaemonid and
atyid shrimp and a variety of benthic insect nymphs and larvae (e. g., diptera,
trichoptera and odonata) were observed. Macrofaunal populations were particu-
larly abundant in the Makaweli River. The ubiquitous tilapia, swordtail and
guppy were relatively common to abundant in all areas examined above the
estuary. On December 15, 1979, a team of whale experts, approved by the NOAA
CZM Office, recommended that all Hawaijan coastal waters within the 100-fathom
depth contour be designated as a marine sanctuary for the Humpback whale.

WATER QUALITY

4.08 The waters of the Waimea and Makaweli Rivers are designated Class 2 by
the State of Hawaii Water Quality Standards (Ref 2). The uses to be protected
are bathing, swimming, the support and propagation of aquatic 1ife, compatible
recreation, and agricultural and industrial water supply. The receiving marine
waters off the mouth of the Waimea River are Class "A" designated by the State
Water Quality Standards. The uses to be protected are recreational, aesthetic
enjoyment, and the support and propagation of aguatic 1ife. The receiving
waters off the Waimea River have also been designated as Effluent Limitation
Segment 1 (EL 1) (Ref 3). EL 1 segments are those coastal water areas where
water guality standards are not being met, but are expected to be met after
application of the required effluent limitations.

4.09 . Some physiochemical measurements were taken along the Waimea and Makaweli
Rivers by the U.S. Fish and Wildlife Service between 24 and 26 January 1979.
These measurements indicate that temperature, salinity, and conductivity in the
project area vary considerably, as is usually the case in an estuary, with
regard to time of day, tidal phase and range, stream discharge, and depth.

4.10 From January 1974 to December 1978, water quality sampling was performed
by the State Department of Health in the upper Waimea River and at the landing
at Waimea Bay Beach {see Natural Resources Appendix G). The samples taken at
the landing showed that mean total coliform value and maximum values for total
nitrogen and total phosphorus exceeded the State water quality standards for
Class "A" waters. Samples taken at the swinging bridge, immediately above the
estuary, showed that maximum pH values exceed the State water quality standards

‘for Class 2 waters. Mean coliform and fecal coliform bacterial concentrations

also exceeded the water quality standards for Class 2 waters. Stock grazing
upstream is probably the source of coliform contributions to the stream.
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RECREATION AND AESTHETIC RESOURCES

4,11 The Lucy Wright County Park, located at the mouth of the Waimea River, is
within the study area. Lucy Wright Park is a 2.25-acre beach park with about
650 feet of beach-frontage, parking, picnicking, and restroom facilities within
a pleasant tree-covered setting. Within the park is a three-foot diameter
boulder upon which is affixed a plague commemorating the landing of Captain
Cook in 1778. The park is also a favorite place from which tourists view the
Russian Fort Elizabeth across the river. Both these sites are listed on the
National Register of Historic Places. The FWS survey report (Ref 1) states
that surf casters commonly fish near the river mouth and that crabbing is
conducted from the highway bridge. The catch reported from the estuary include
Samoan crab, prawn, goby, grey mullet, Samoan muliet, moi, aholehole, papio,
and tilapia. Occasionally large ulua and yellow perch (ta'ape) are caught
within the estuary, particularly during the o'opu (goby) spawning runs around
September and October. O0'opu nakea, the main goby species taken in this
popular part-time fishery, may reach up to 14 inches in length. Some commer-
cial fishing activity occurs off the mouth of the Waimea River. A commercial
seiner using three outboard motor boats to deploy a net was observed in January
1979 catching akule/halalu {Trachurops crumenophthalmus). These fish are soid
throughout the island.

4.12 The National Register of Historic Places lists two sites in the study
area: Russian Fort Elizabeth and Cook Landing Site (Ref 4), both National
Historic Landmarks. The Russian Fort Elizabeth is on a bluff directly above
and southeast of the mouth of Waimea River and Cook Landing Site is along the
northwest bank of the Waimea River about 400 feet from the mouth. These two
sites are of national-level significance and are designated National Historic
Landmarks. There is an additional historic site, Peekau'ai (or Menehune)
Irrigation Ditch, which runs close to the west bank of the Waimea River about
1,000 feet above its confluence with the Makaweli River. This site is the
highest "High Value" category on the Hawaii State Register of Historic Places
(Ref 5). A determination of eligibility for inclusion on the National Register
is currently being sought for this linear feature. A cultural resources recon-
naissance survey indicates that no additional significant archaeological sites
appear to be located in the study area (Ref 6). There are however, remnant
taro terraces of possible prehistoric origin located within the 100-year flood-
plain both within the area of proposed flood protection and outside of it.

4.13 The Cook Landing Site as marked by the boulder-plaque monument is not-
believed to be an accurate location of the actual landing site of Captain James
Cook, who in 1778 made an Hawaiian village near Waimea River, the first known
point of Western (European-American) contact in the Hawaiian Islands. Russian
Fort Elizabeth was constructed of earth and stone in 1816 and 1817 by an agent
of the Russian-American Company based at Sitka, Alaska (Ref 7). The Fort was
erected to protect Kauai's independent King Kaumualii against Kamehameha I as
well as Russian and Aleut settlers who cultivated the banks of the Waimea
River. The Hawaiian islands were eventually united under Kamehameha I. The
origin of the "Menehune" Ditch is lost in antiquity, but the existence of early
18th-century documents suggests strongly that it was originally constructed
prior to Western contact. Since then, however, nearly every reach of the ditch
has undergone considerable modification and its prehistoric segments are not
clearly delineated, particularly within the study area (Ref 12).
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4.14 There are scattered other historic buildings in Waimea village, two of
which are listed on the National Register: Gulick-Rowell House and Bishop
National Bank of Hawaii (Fig 12). The latter is in part of the area which the
proposed project is desigred to provide supplementary protection. There is
also a second small monument commemorating the landing of Captain Cook located
adjacent to the Bishop Natjonal Bank of Hawaii (Fig 12). Many residents of
Waimea believe that the actual landing of Cook may have occurred nearer this
spot than the National Register site and circumstantial historic evidence
supports this hypothesis ?Ref 6). Up until the late Nineteenth Century, the
coast of Waimea was considerably inland of its present alignment.

SOCIOECONOMIC AND LAND-USE CHARACTERISTICS

! 4.15 The proposed project is located within the area of the Waimea-Kekaha
Regional Development Plan (Ref 8). This plan was formulated on the basis of
planning research and public input reflecting the needs and desires of the
district. The plan provides for growth at a moderate level including land-use
measures and public improvement recommendations that would improve and enhance
the quality of life in the region rather than stimulate rapid community
development.

4.16 The "Community Profile" (Ref 9) indicates that more than one-third of the
population in the Waimea-Kekaha district is of Japanese ancestry, almost one-
third is Filipino, and about one-fifth Caucasian. There is great stability in
: the population of this region, more so than any other part of the island. The -
: majn influx of newcomers is from Filipino immigrants.

4.17 In other areas of Kauai, agriculture has declined in recent years, and
tourism has replaced it as a major employment generator. Waimea-Kekaha,
however, differs from the rest of the isiand in that respect, since major
employers in the area are the defense/scientific complex at Barking Sands to
the northwest, and Kokee and the sugar industry. Although Waimea js the second
largest town in the district, it is the center of the area's social, economic,
and institutional activities. Sugar employment has declined somewhat over the
past decade but is now relatively stable and should remain stable in the
future. Moreover, Waimea-Kekaha differs from other areas in Kauai in that
there are no hotels in the region. The economic benefits from tourism are
indirectly felt from the passage of tourists to the historic Russian Fort,
Cook Landing Monument, and Menehune Ditch in Waimea town, and Polihale Park,
Kokee and Waimea Canyon.

4.18 The town of Waimea is an urban area. The area east of the Waimea River
is in agricultural use as well as those areas north and west of town. An area
northwest of the town is utilized as open space and pasture. A large portion
of the floodplain in the valley and behind the "old town" is in diversified
agriculture. Rice, once grown as a staple, has given way to newer crops. The
most popular are seed corn, taro, alfaifa, and other truck crops, which are
marketed islandwide (Fig 13).

4.19 Immediately behind the old town within the ficodplain is a new
residential development called Waimea Valley Estates comprising about 10.4
acres. To date, 23 houses have been built or are in construction out of a
total of 43 available lots.
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4.20 A primary ponding area of approximately 7 acres is located on 9 1and
parcels within Waimea town. Approximately two percent of this area is owned by
Kauai County, 36 percent by Kikjaola Land Company, Ltd., and 62 percent by
private owners. This area periodically ponds with water during large storm
runoff. Only 14 structures have been constructed in this area and most of the
area is heavily wooded. The ponding area lies within two groups of parcels
which were zoned in 1977 from R-2 to R-6 {6 units per a;reg. This area has not
been formally designated as a ponding area by any government agency. Water
from the pond exits through Kealii Drain and a floodgate into the Waimea River.
Adverse effects generally associated with the use of ponding areas (Ref 10)
consist of inundation damages, land-use constraints, business and transporta-
tion losses, health hazards and sanitary problems and decreased property
values. These effects may now exist to varying degrees during flooding within
the ponding area in Waimea town.

ENVIRONMENTAL EFFECTS

PHYSICAL IMPACTS

5.01 Plan 1 - Floodproofing. The floodproofing alternative would not change
the genera] physical character of Waimea town. Raised homes, walls around
structures, and waterproof panels and sealing around structure openings would
add new visual elements within the floodplain of the town.

5.02 Plan 2 - Channel Deepening, Floodwall, Toe Protection, and New Levee.

The topographic relief in the project area would be changed by deepening of the
riverbed and by the placement of toe protection and the new levee atop the
existing revetment. There would be no change in substrate material in the
riverbed area; however, the completed toe protection structure area would be

changed from soft riverbed sediment to hard rock.

5.03 -Plan 3 - Floodwall, Toe Protection, and New Levee. Topographic relief in

the project area would be changed by excavation for and placement of the toe

protection structure and by the placement of the new levee atop the existing

revetment. The substrate in the toe protection structure area would be changed

from soft riverbed sediment to hard rock. The floodwall would be 2 to 4 feet

high.

5.03.1 500-Year Plan - Floodwall, Toe Protection, and New Levee. This plan is
the same as Plan 3 except the floodwall would be 4 to 7' high and thus would

be visually more adverse than Plan 3.

5.03.2 Standard Project Flood Plan - Floodwall, Toe Protection, and New Levee.
to 11

This plan is also the same as PTan 3 except the floodwall would be a'

high and would be visually more adverse than Plans 3 and 4.

BIOLOGICAL

5.04 None of the protection alternatives would affect any federal or state
designated wildlife refuge, marine sanctuary, wetland or natural area reserve,
nor would any federal or state designated threatened or endangered species or
their habitats be affected. Since the project area is located in a shallow
estuary, none of the project alternative pians would affect the recommended
Humpback whale sanctuary.
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5,05 Plan 1 - Floodproofing. The floodproofing alternative would be performed
on structures within the town of Waimea, with minor destruction or damage to
some common ornamental plants in the vicinity of the construction. This vege-
tation would recover or be replaced after floodproofing is completed. This
alternative would not affect any biota within the Waimea River waters.

5.06 Plan 2 - Channel Deepening, Floodwall, Toe Protection, and New Levee.
Deepening of the river channel by excavation would destroy or displace some
aguatic and estuarine biota. Some riparian vegetation would be destroyed or
damaged. It is expected that aquatic and estuarine biota would gradually
repopulate the channel after completion of the deepening. The dredging should
be accomplished during the dry season. Construction of a raised floodwall
along the existing levee would have minimal effects upon any terrestriail or
aquatic biota within the river channel. Some common grasses covering the outer
banks of the levee would be destroyed or damaged by construction activities;
however, it is expected to recover rapidly after completion of construction.
Rock and toe protection along the existing levee would provide a new environ-
ment consisting of shelter and hard surfaces for the possibie colonization of
aquatic biota. The aquatic biota utilizing the existing revetment for habitat
would be destroyed or displaced by the construction of the new levee. The
completed new levee and rock toe protection would provide a new habitat for
possible colonization by the same species that were destroyed or displaced.
The streambank area between the two floodgates is now covered by a common
variety of grass. This grassy area would be covered and permanently destroyed
by the new levee. Between the Kaumualii (Belt) Highway Bridge and Lucy Wright
Park, eight common ornamental trees would be removed in the area of the new
Tevee and transplanted in the general area.

5.07 Plan 3 - Floodwall, Toe Protection, and New Levee. This plan is
essentially the same as Plan 2, except that there is no river channel deepen-
ing, and the Tength of the floodwall and toe protection is greater. Construc-
tion of a raised floodwal) along the existing levee would have minimal effects
upon any terrestrial or aguatic biota. Some common grasses covering the outer
bank of the levee would be destroyed or damaged by construction activities;
however, it is anticipated that it would recover rapidly after completion of
construction. The benthic biota within the area dredged for the toe protection
foundation would be destroyed and the placement of the rock toe would
permanently preclude recolonization by benthic biota. The new levee would be
constructed between the river mouth and the upper floodgate. The aquatic biota
utilizing the existing revetment for habitat would be destroyed or displaced by
the construction of the new levee. The completed new levee and rock toe
protection would provide a habitat for possible colonization by the same
species that were destroyed or displaced. The streambank area between the two
floodgates is covered by a common variety of grass. This grassy area would be

‘Covered and permanently destroyed by the new levee. Between the Kaumualii

(Be1t) Highway Bridge and Lucy Wright Park, eight common ornamental trees would

" be removed in the area of the new levee and transplanted in the general area.

5.07.1 The 500-Year Plan and the Standard Project Flood Plan impacts on

_biological resources would be the same as Plan 3.

5.08 The degree of disturbance to the biota in the project area would depend
on the ailternative selected for the Plan of Improvement. The existing condi-
tions and aquatic resources within the Waimea River probably would change
little over the project life, provided water demands, as well as floodplain and
upland development {residential and agriculture) do not increase significantly.
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WATER QUALITY

5.09_.The recommended Plan of Improvement has been evaluated by application of
the U.S. Environmental Protection Agency guidelines under the authority of
Section 404(b) of the Clean Water Act of 1977 (40 CFR, Part 230).

5.10 Plan 1 - Floodproofing. Some debris and particulates from floodproofing
construction may enter the river and nearshore waters during storm runoff;
however, the effects are expected to be minimal.

5.11 Plan 2 - Channel Deepening, Floodwall, Toe Protection, and New Levee.
Excavation for deepening og the river channel and for the toe wall foundation
would generate water turbidity temporarily exceeding State water quality stand-
ards. Additional turbidity could also be generated by construction materials
falling into or deliberately piaced (riprap and backfill) into river waters.
Temporarily adverse impacts of turbidity during construction may be mitigated
through employment of suitable turbidity control techniques and proper schedul-
jng of work to avoid periods of excessive rainfall runoff. Any unmitigated
turbidity plumes exiting the mouth of the Waimea River into the ocean would be
carried along the shore in the direction of the prevailing nearshore current.
The length of the turbidity plume would vary in relation to the period of gen-
eration and the quantity of suspended sediments introduced into the waters.
Construction-generated turbidity would probably be significantly less than
natural turbidity caused by large storm runoff in the Waimea River. Excess
suspended solids levels in the river could cause adverse impacts to the
survival of aguatic life as a result of their effect on growth rates, egg and
Jarvae development, availability of food, and other factors. The project would
have no effect upon the quality of waters entering the project area from
upstream.

5.12 Plan 3 - Floodwall, Toe Protection, and New Levee. Dredging for toe wall
foundations would generate water turbidity temporarily exceeding State water
quality standards. Additional turbidity could also be generated by construc-
tion materials falling or deliberately placed (riprap and backfill) into river
waters. Temporarily adverse impacts of turbidity during construction may be
mitigated through employment of suitable turbidity control technigues and
proper scheduling .of work to avoid periods of excessive rainfall runoff. Any
unmitigated turbidity plumes exiting the mouth of the Waimea River into the
ocean would be carried alongshore in the direction of the prevailing nearshore
current. The length of the turbidity plume would vary in relation to the
period of generation and the quantity of suspended sediments introduced into
the waters. . Construction-generated turbidity would probably be significantly
less than natural turbidity caused by large storm runoff in the Waimea River.
Excess suspended solids levels in the river could cause adverse impacts to the
survival of aquatic Tife as a result of their effect on growth rates, egg and
larvae development, availability of food, and other factors. The project would
have no effect upon the quality of waters entering the project area from

ups tream.

5.12.1 The 500-Year Plan and the Standard Project Flood Plain impacts on water
quality would be the same as Plan 3.
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RECREATIONAL AND AESTHETIC RESOURCES

5.13 Plan 1 Floodproofing. Floodproofing should not have a significant
effect on either recreational or aesthetic resources, except possibly for some
of the aesthetic-architectural characteristics of the older homes and buildings
in Waimea village, including those on the National Register of Historic Places,
if these were floodproofed. However, aesthetic views from raised floodproofe
houses should be maintained or improved. .

5.14 Plan 2 - Channel Deepening, Floodwall, Toe Protection, and New Levee.
During the construction period, this alternative would temporarily generate
some turbidity in river waters which may be influential in decreasing the size
or species composition of the catches of recreational and commercial fishermen
within the river, the estuary, and outside the river mouth. In addition, con-
struction eguipment and activities would occupy areas in the river and on the
banks normally used by recreational fishermen and these areas would be
temporarily precluded from use. Construction activities relating to toe
protection may, in some cases, require removal of existing private floating
docks along the river bank. Recreational fishermen may be temporarily forced
to seek other publically accessible fishing areas during construction.

Informal access across the levee into the river may be inconvenienced by the
presence of the floodwall, which would vary in height up to three feet. New
levee construction would temporarily obstruct access to the river for fishing
and other activities, although the entire stretch from the floodgates to the
mouth of the river would probably be restricted at one time. During weekends,
access to the river through the construction site may be inevitable. The
completed new levee would provide a permanent platform for use by recreational
fishermen and crabbers. Consideration may be given to providing steps or
grouting at strategic points for fishing access. Upon completion of the
project, normal recreational fishing activities should resume. The deepened
channel and toe protection would be below water level; and, therefore, no
aesthetic changes or new visual elements will be visible in relation to these’
features. The floodwall would impose a new visual element atop the existing
levee; however, it would not obstruct any views from the residences nearby
since the vistas are already obstructed by the existing levee. The new levee
constructed between the river mouth and the upper floodgate would superimpose

a new and larger visual element atop the existing revetment. The new levee
would partially obstruct views of the landscape across the river (Russian Fort)
when viewed from the existing grade on the western bank of the river. The
vista from atop the new levee would be obstructed. Levee construction within
Lucy Wright County Park would require the transplanting of three monkeypod
trees, one ironwood tree, and one banyan tree. Consideration would be given to
transplanting these trees within the general area. Two additional monkeypod
trees may possibly be saved in place at the landward base of the new levee toe.
Another monkeypod tree on the edge of the County Maintenance Yard and a lychee
and coconut palm on private property would also require removal and possible
destruction. Within the park, the levee at the point of the Captain Cook Land-
jng Site boulder and plaque would be about 2.5 feet high and should not
obstruct anyone's view of the historic Russian Fort across the river. In any
case, the levee could serve as a readily accessible viewing platform; however,
the seaward end of the levee would remove about 1,500 square feet of paved
parking area and block access to a much larger area adjacent to the beach.
Construction of the levee would not require relocation of the park's restroom
and shower facility.
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5.15 Plan 3 - Floodwall, Toe Protection, and New Levee. During the construc-
tion period, this alternative would temporarily generate some turbidity in
river waters which may be influential in decreasing the size or species com-
position of the catches of recreational and commercial fishermen within the
river, the estuary, and outside of the rivermouth. Because this plan has less
dredged area than Plan 2, the effects of turbidity are anticipated to be less.
Construction equipment and activities would occupy areas on the river bank
normally used by recreational fishermen and these areas would be temporarily
precluded from use. Construction activities relating to toe protection may, in
some cases, require removal of existing private floating docks along the levee
bank. Recreational fishermen may be temporarily forced to seek other publicly
accessible fishing areas during construction. Informal access across the
existing levee into the river may be inconvenienced by the presence of the
floodwall which would vary in height up to three feet. New levee construction
would temporarily obstruct access to the river for fishing and other activi-
ties, although the entire stretch from the floodgates to the mouth of the
river would probably not be restricted at one time. ODuring weekends, access to
the river through the construction site may be inevitable. The completed new
levee would provide a permanent platform for use by recreational fishermen and
crabbers. Consideration may be given to providing steps or grouting at strate-
gic points for fishing access. The toe protection would be below water level
and, therefore, there would be no visible aesthetic changes. The floodwall
would impose a new visual element atop the existing levee; however, it would
not obstruct any views from the residences nearby since the vistas are already
obstructed by the existing levee. The new levee constructed between the river
mouth and the upper floodgate would superimpose a new and larger element atop
the existing revetment. The new levee would partially obstruct views of the
landscape across the river (Russian Fort) when viewed from the existing grade
on the western bank of the river including the site of the Captain Cook monu-
ment. The vista from atop the new Tevee would be unobstructed.

5.15.1 The 500-Year Plan and the Standard Project Flood Plan recreational
jmpacts would be the same as Plan 3. The aesthetic impacts of the 500-Year
Plan and the Standard Project Flood Plan would each be more negative than

Plan 3.

5.16 Levee construction within Lucy Wright County Park would require the
- removal of three monkeypod trees, one ironwood tree and one banyan tree.
Consideration will be given -to transplanting these trees within the general
area. Two additional monkeypod trees may possibly be saved in place at the
base of the new levee toe. Another monkeypod tree on the edge of the County
Maintenance Yard and a lychee and coconut tree on private property would also
require removal and possible destruction. The seaward end of the levee would
remove about 1,500 square feet of paved parking and block access to a much
Jarger area adjacent to the beach.. Construction of the levee would also
‘require relocation of the park's restroom and shower facility. Relocation and,
. if necessary, construction of a new facility within the park would be the
responsibility of the local sponsor.

CULTURAL RESOURCES

5.17 Plan 1 - Floodproofing. This alternative could require structural
modifications to one site 1isted on the National Register of Historic Places,
the Bishop National Bank of Hawaii. The work would consist of an outside
protective wall or waterproofing of the structure, windows, ceilings, blocking
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of doorways, etc. Four (formerly) State-registered historic buildings and
three unregistered historic buildings could also be affected. There would be
no effect on the National Register-listed Cook Landing Site. If this alterna-
tive had been selected, further studies would have been conducted to determine
how floodproofing could be best achieved with the least possible or no adverse
effect on the National Register sites.

5.18 Plan 2 - Channel Deepening, Floodwall, Toe Protection, and New Levee.

The Captain Cook Landing Site marker would require temporary relocation under
this alternative, but in coordination with the State Historic Preservation
Officer, this action has been determined to not have an adverse effect on the
National Landmark and National Register site. Since road raising was elimi-
nated from this alternative after further study, the Peekau'ai {Menehune) Ditch
would not be affected by this plan. In addition, further analysis has shown
that improving the level of protection by providing a floodwall will not change
the upstream characteristics of inundation, thus historic or prehistoric taro
fields and irrigation canals (auwai) outside the protected floodplain would not
be affected by the changes in the flood control system implemented under this
alternative. The level of protection for the same resources within the
protected floodplain would be increased. No known archaeological sites or
historic structures are known to exist on the downstream portion of the low
east bank river terrace of Waimea River where dredged material would have been
dumped as a result of channel deepening. Neither channel deepening nor any
other element of this alternative would have affected the Russian Fort
Elizabeth, an historic site also designated a National Landmark and listed on
the National Register of Historic Places.

5.19 Plan 3 - Floodwall, Toe Protection, New Levee and Road Raising. The
effects of the recommended plan on the Captain Cook Landing Site marker and on
historic or prehistoric taro terraces and irrigation canals will be the same as
under Plan 2. The Russian Fort Elizabeth will not be affected by this alterna-
tive, except as mentioned above in regards to the view of it from Lucy Wright
Park. This plan will, however, require the raising of a local road in.the
vicinity of Peekau'ai (Menehune) Ditch by about 1.5 feet above the road's
present grade. As noted in the Cultural Appendix, the prehistoric ditch's
original course and physical integrity were destroyed in the 1920's when the
road was constructed. The ditch water now passes through a modern concrete
culvert about three to four feet below road grade. About three to four feet of
road separates the road surface from the downstream outlet of the culvert and
about two feet further begins a dry-stacked basalt-stone retaining wall which
may or may not be of prehistoric origin. It is not similar to the upstream
dressed-stone facing outside the project area which is believed to be of pre-
historic origin. The raising of the road will not have any effect on known or
possible original portions of Peekau'ai (Menehune) Ditch, as defined by the
"Criteria of Effect" in 36 CFR Part 800.3(a). Documentation of this Determina-
tion of Effect and documentation relating to reguesting a determination of
National Register eligibility for the linear prehistoric and historic ditch are
being coordinated with the appropriate State and Federal agencies.

5.19.1 The 500-Year and the Standard Project Flood Plan impacts on cultural

resources would be the same as Plan 3.

SOC10-ECONOMIC AND LAND-USE EFFECTS

5.20 Plan 2 - Floodproofing. The floodproofing alternative would protect life
and property and enhance the well-being of those residents living within the
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river floodplain, but it would necessitate the temporary relocation of some
residents within the river floodplain during some phases of construction.
Flood-related health and safety problems related to stagnating water, possible
disruption of emergency services and utilities such as water, sewage, elec-
tricity, and telephone service would remain. If houses are raised, living and
storage areas may be increased and scenic views enhanced. The only resident to
comment on the floodproofing alternative at any of the public meetings on the
project was opposed to it. The flood-warning system now a part of this alter-
native should enable residents and businessmen to save some property not other-
wise protected and would enhance the emergency preparedness of the community
and perhaps enhance the community well-being, in an unobtrusive way.

5.21 Plan 2 - Channel Deepening, Floodwall, Toe Protection, and New Levee.
This alternative would protect 1ife and property and enhance the well-being of
residents living within the river floodplain. There would be no moving of
residents from their homes during construction nor any change of lifestyle
during or after construction of this project alernative. Property values,
especially those near the river, could increase. The beneficial effects of
flood-warning system would be similar to those for Plan 1, but the feeling of
well-being will probably be more pervasive. This plan would probably not alter
the existing socio-economic characteristics of residents and business within or
outside of the project area, except greater community/regional growth within
the floodplain could occur due to the added level of protection. Some land
owners could be encouraged to transform land from agriculture into residential
or apartment use, despite the constraints offered in local tand use plans and
zoning regulations. Except for the ponding easements property values of flood-
protected lands should increase in value. Within the ponding area, the new
frequency and depth of ponding should decrease and as a result of the new
floodgates, there should be significantly less structural damages, a decrease
-in safety and health hazards, and in nuisance levels. The flowage easement
would still have a restrictive effect on future development within the ponding
area since no fill would be allowed in the area. One residence, one-half of a
duplex, located just upstream of the bridge, would be demolished and the
residents would have to be permanently relocated. During construction, minor
traffic ‘congestion would .also occur along portions of the construction atign-
ment.

5:22 Plan 3 & Floodwa1l,.Toe Protection, New Levee, and Road Raising. The
"spcioeconomic_e acts of the recommended plan are simiiar to those of Plan 2.

5.22.1 The 500-Year Plan and the Standard Project Flood Plan impacts on socio-
" economic and land use resources would be the same as Plan 3 except additional
frf1dod prqtection would be provided.

PUBLIC INVOLVEMENT

PUBLIC INVOLVEMENT PROGRAM

6:01 A public workshop was held on 25 January 1979 at the Waimea Neighborhood
Center to obtain input on the problems and needs concerning flood damages with-
in the Waimea River area. Total attendance was approximately 45 persons.
Concerns expressed at this meeting are addressed in Section 6.04 and

Appendix F. A public meeting to present the alternative plans for flood
control at the Waimea River area was held on 24 October 1979. A late stage

. public meeting was held on 28 February 1980 to present the recommended pian.
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REQUIRED COORDINATION

6.02 A determination of eligibility is underway for Peekau'ai (Menehune)
Ditch. Formal coordination with the Historic preservation Officer for Hawaii
and with the Advisory Council on Historic Preservation for this site and for
the Captain Cook Monument will continue and appropriate mitigation actions will
be evaluated and recommended. The US Fish and Wildlife Service Division of
Ecological Services has provided the Corps with a 2(b) report in which project
impacts and measures for compensation and enhancement of fish and wildlife are
discussed. A Section 404(b) Water Quality Evaluation has been prepared for the
recommended plan. The public has had the opportunity to respond to the notice
jssued with this evaluation and there have been no responses.

STATEMENT RECIPIENTS

6.03 A 1list of agencies, groups and individuals that received a copy of the
draft EIS for review is contained in the Public Involvement Appendix.

PUBLIC VIEWS AND RESPONSES

6.04 < The overall reaction of the study and possible improvements was
favorable. Although the existing levee does provide some degree of

"protection, it was emphasized by a number of people that widespread inundation

damage could result because of decreasing flow capacity of the river due to
sediment deposition, coupled with continuous sandbar blockage at the mouth and
interior drainage problems. No new or controversial issues were raised by the
public during the 24 October 1979 or the 28 February 1980 public meetings.
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HYDROLOGY APPENDIX

DISCHARGE - FREQUENCY ANALYSIS

METHODOLOGY

1. Discharge-frequency curves were developed at the confluence of Waimea
River and Makaweli River, and at the mouth of Waimea River by routing and
combining the recorded flood hydrographs from two streamgages (Waimea River,
Sta 310 and Makaweli River, Sta 360). The contribution from the areas below
the streamgages were determined by applying the recorded rainfall, less
infiltration losses, to the unit hydrograph developed for the areas.

ANALYSIS

2. The sources for flood hydrographs and rainfall data, the development of
the unit hydrograph, and the flood routing procedures are described in the SPF

and PMF paragraphs.

3. A complete search was made to locate the maximum annual peak discharges.
The maximum annual stage recorded at Station 380, a crest-stage gage located
150 feet above the Highway Bridge at Waimea, did not represent the max imum
annual peak discharge for several water years (1944, 1948, 1951, 1952, 1954,
1961, 1962, 1965, 1967, 1972, 1973, 1974, and 1976).

4. Table A-1 shows the summary of the peak discharges. Flood hydrographs

were not available for several events. For these instances, an estimation of
the peak discharge at the confluence was made using published estimated peak

gischargggoat the streamgages (Sta 310 and Sta 360) and the recorded stages at
tation .

5. Runoff originating from the area between the streamgages (Sta 310 and Sta
360) and the confluence did not contribute significantly to the routed peak
discharges. In about half of the events analyzed, rainfall over the
contributory area was not severe enough to produce runoff at the time of peak
river discharges. When rainfall did cause runoff, the contributory peak
discharge would substantially precede the peak river discharges and would have
an insignificant effect on the peak discharges. This occurrence is typically
illustrated by the 13 Jan 70 event. On that day the contributory runoff
peaked at 260 cfs at 2100 hr, one hour and 45 minutes before the peak
discharges at the confluence (the recession 1imb ended 15 minutes before the
peak discharges). These conditions were made in the rainfall-runoff
investigation: (1) assuming an infiltration loss rate of 0.18 inch per hour,
and (2) restructuring the hourly precipitation data to 10 minute intervals to
match the unit hydrograph time interval. Table A-2 shows the recorded
rainfall data at Station 944, Kekaha (the nearest recording rainfall station
to the contributory areas) which were used in the rainfall-runoff
investigation.



TABLE A-1.
PEAK DISCHARGES (CFS) AND TIME (

SUMMARY OF PEAK DISCHARGE ANALYSIS

24-HR CLOCK)

1977

STA 310

WAIMEA RIVER

WATER YEAR DATE
1944 9 Mar 44
1945 6 Apr 45
1946 6 Dec 45
1947 22 Dec 46
1948 17 Dec 47
1949 7 Feb 49
1950 17 Aug 50
1951 4 Mar 51
1952 16 Dec¢ 51
1953 4 Mar 53
1954 28 Feb 54
1955 28 Nov 54
1956 11 Nov 55
1957 23 Qct 56
1958 1 Dec 57
- 1959 6 Aug 59
1960 2 Nov 59
. 1961 4 Dec 60
1962 28 Jan 62
1963 15 Apr 63
1964 30 Sep 64
1965 9-10 Jan 65
1966 20 Nov 65
1967 13 Jan 67
1968 26 Nov 67
- 1969 29 Nov 68
1970 13 Jan 70
1971 6-7 Apr 71
1972 2 Mar 72 -
1973 11 Mar 73
1974 19 Apr 74
1975 31 Jan 75
1976 6 Feb 76
12 May 77

10,800
10,300 ©2030
13,600 21530
14, 400 0430
8,850 @0600
37,100 €1430
No record
27,900 @0230
27,900 0800
6 960 @0330
10,700 @2200
12,100 81330
26,500 02330
16,200 ©2200
23,100 82300
24,300 82200
8,080 0700
8,110 81200
17,900 €0400
7,400 @1900
10,600 ©2130
13,300 0200
9,000 ©0700

12,800
11,100 @0600
No Record
18,900 @2230
11,700 0030
9,240 1700

2,780

No Record
No Record
6,850 €0230
4,740 0900

STA 360

MAKAWELI RIVER

No record
4,900 @1630
6,420
4,670 @0230

No record
11,900 @1300

9,200 Q0030
12,800

?,640
1,550 @0300
5,850 02200
4,720 @0900
11,500 ©2300
12,100
13,400 @2100
11,600 @2100
800 @0500
4,950 €0900
12, 200 @0530
15,900 @1830
5,620
12,700 ©2400
11,100 @0600
No Record
11,500 ©0730
5,600 @1900
3,910 @2330
13 300 @2330
5,210
No Record
17,900 ©0700
26,000 @1315
4,440
4,660

A-2
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TOTAL AT
CONFLUENCE

11,000 estimated

10,700 @ 2045

14,000 estimated

16, 7900 @0445

10,800 estimated

45,500 @1430

32, 000 estimated
32,000 estimated
30,000 estimated

7,900 @0345
15,800 82215
15,800 @1330
34, .800 @2345

18,000 estimated

33,500 €2300
32,100 @2145
8,200 @0715
10,000 1200
21,600 @0415
21,900 01845

12, 000 estimated

15, >000 ©0200
18,000 @0700

13,000 estimated

18,800 Q0745

21,000 estimated

20,900 ©2245
17,800 @0030

13,900 estimated

3,000 estimated
29,100 estimated
37,000 estimated

9,000 estimated
7, 000 estimated



TABLE A-2. RAINFALL DATA
STATION 944, KEKAHA

See Table A-1 for date of occurrence for each water year.

Peak Discharge For
Area Between

24~ Hour Streamgages and
Water Year Rainfall {ingh) Confluence (CFS)

1944 No Record

1945 No Record

1946 No Record

1947 No Record

1948 No Record

1949 No Record

1950 No Record

1951 1.07 60
1952 4.05 740
1953 0.21 0
1954 0.31 0
1955 1.75 280
1956 2.61 450
1957 0.96 50
1958 1.35 170
1959 0.48 0
1960 0.02 0
1961 1.63 260
1962 2.74 470
1963 1.77 280
1964 -0.02 0
1965 3.99 . 730
1966 0.35 ]
1967 0.07 0
1968 0.87 0
1969 0.10 0
1870 1.64 260
1971 0.19 0
1972 1.83 280
1973 0.11 0
1974 0.67 0
1975 . 4.32 © 1,145
1976 3.32 235
1977 0.87 ' 0

NOTE: Peak discharges from 1951 to 1965 were estimated from the
rainfall-discharge relationship for the years 1966 to 1977. Hourly
precipitation data for Station 944 were recorded and published since 1966.

A-3
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6. The maximum annual peak discharges at the confluence were analyzed by the
"Flood Flow Frequency Anatysis" computer program which incorporates the
recommendations of Bulletin No. 178 "Guidelines for Determining Flood Flow
Frequency®, Water Resources Council. The streamgage locations are shown on
Plate A-1 and the peak discharge-frequency curves at the confluence and mouth
are shown on Plates A-2 and A-3 respectively. Plate A-4 shows a typical flood
routing and combining analysis. -

FLOOD HYDROGRAPH DERIVATION, SPF AND PMF

GAGE STATIONS USED IN UNIT HYDROGRAPH DERIVATION

7. Unit hydrographs were developed at Waimea River (Gage Station 310) and at
Makaweli River (Gage Station 360) from the river stage data at the stations
and from data of rain gages within and adjacent to the watershed. Plate A-5
shows the gage locations.

UNIT HYDROGRAPH DERIVATION

8. Upon examination of the recorded discharge and rain gage data, a 30-minute
time interval for the unit hydrograph derivation was selected. The discharge
and rain gage data were analyzed by the HEC-1 computer program which yielded
the optimum unit hydrograph parameters. Synder's unit hydrograph was used to
model the hydrologic response of the watersheds.

STORMS INVESTIGATED

g. The Waimea River, Sta 310 unit hydrograph was derived from the 13 Jan 70
and 31 Jan 71 storms. The Makaweli River, Sta 360 unit hydrograph was derived
from the 6 Apr 71 and 19 Apr 74 storms. These storms were chosen due to the
availability of recorded data and the relatively hignh discharges produced.
Table A-3 shows the storm data and the optimized unit hydrograph parameters.
Plate A-6 shows the adopted peak versus width curve used to construct the unit
hydrographs.

SOURCE OF DATA

10. The recorded flood stage hydrographs at Stations 310 and 360 were
obtained from the US Geological Survey and were converted to flood discharge
hydrographs by applying a stage-discharge relationship developed by the US
Geological Survey. paily precipitation data were obtained from the National
Oceanic and Atmospheric Administration {NOAA) monthly publication
nC1limatological Data", for Hawaii and other Pacific Islands. Hourly
precipitation data were obtained from the NOAA monthly publication "Hourly
Precipitation Data - Hawaii.” Recording raingage charts of the tipping bucket

e o A————— . ——
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type for 2 stations (Waialeale Trail and Mt. Waialeale) were obtained from the N
US Geological Survey. The hourly precipitation rates were converted to

half-hour amounts by using rainfall proportions of the same hour period with

the recording raingage charts. Table A-4 shows the raingage descriptions and

rainfall data.

FLOOD RECONSTITUTION

11. To obtain the best reconstitution of the flood hydrographs several
methods were employed. One method is incorporated in the HEC-1 computer
program and provides the operator with the flexibility of increasing or
decreasing discharges at critical points on the flood hydrograph to produce a
better fit. Another approach employed in this investigation, used various
rainfall distribution weights (total rainfall and rainfall intensity) which
were initially selected using the Thiessen Polygon method. The 6 Apr 71
flood hydrograph was also shifted backward a half-hour time increment to
better fit the rainfall data and reconstituted flood. The best fit
reconstituted floods are shown on Plates A-7 to A- 10.

UNIT HYDROGRAPH TERMINOLOGY (PLATES A-11 and A-12)

12. The averaged unit hydrograph was determined from two storm events. Cg
and C, are Snyder's unit hydrograph parameters. Lag is the time from the
centeB of a one inch rainfall excess for a duration of 30 minutes to the peak
discharge of the unit hydrograph. In conformance with EM 1110- 2-1405, 31
August 1959, the peak discharge of the unit hydrograph was increased. Based
on the relative rainfall intensities of the analyzed storms and the expected
rainfalls of the Standard Project Storm (SPS) and the Probable Maximum
Precipitation (PMP), a 50 percent increase was employed.

STANDARD PROJECT STORM (SPS)

13. The SPS rainfall was obtained from the Memorandum for Record, “Standard
Project Storm Determinations Hawaiian Islands, OCE, US Army Corps of
Engineers, 19 September 1962. A 24-hour averageé index rainfall of 23 inches
was computed for the watershed. Adjusting for the size of the watershed area,
a 24-hour design rainfall of 18.4 inches was developed, of which the greatest
half-hour rainfall equalled 2.5 inches.

PROBABLE MAXIMUM PRECIPITATION (PMP)

14. The PMP was derived from hydrometeorological Report No. 39, “Probable
Maximum Precipitation in the Hawaiian Islands," US Weather Bureau, May 1963.
The computed 24-hour average point rainfall for the PMP equalled 46 inches.
An analysis made to account for the drainage area size yielded a 24-hour
design rainfall of 39.6 inches and the highest half-hour intensity of 4.9

inches.

——
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TABLE A-4. STATIONS USED IN UNiT HYDROGRAPH DERIVATiON

RECORDING RAIN GAGES:

. -

Station Elevation
No. Station Name Observer (Feet)

1037.1 Kitano Kekaha Sugar 2150

1045 Waialeale Trail USGS 4520

1047 Mr. Waialeale USGS 5075

1075 Kanalohuluhulu Bd of Agr & Ftry 3600

1083 Upper Mohihi USGS 3500

NON-RECORDING RAIN GAGES (24 HOURS):

Station Elevation Time
No. Station Name Observer (Feet) Read
945 Hukipo Kekaha Sugar 800 8 AM
1086 Intake Wainiha McBryde Sugar 700 Varies

O

RECORDING RIVERSTAGE GAGES:

near Waimea

A-7

Station Elevation Drainage Area
No. Station Name Observer (Feet) {Sq Miles).
310 Waimea River USGS 25 57.8

near Waimea
360 Makaweli River USGS 18.2 26.0
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TABLE A-4, STATIONS USED IN UNIT HYDROGRAPH DERIVATION

RECORDING RAIN GAGES:

Station Elevation
No. Station Name Observer (Feet)
1037.1 Kitano Kekaha Sugar 2150
1045 Waialeale Trail USGS 4520
1047 Mr. Waialeale USGS 5075
1075 Kanalohuluhulu Bd of Agr & Ftry 3600
1083 Upper Mohihi USGS 3500

NON-RECORDING RAIN GAGES (24 HOURS):

Station Elevation Time
No. Station Name Observer (Feet) Read
945 Hukipo Kekaha Sugar 800 8 AM

1086 Intake Wainiha McBryde Sugar 700 Varies

RECORDING RIVERSTAGE GAGES:

Station Elevation Drainage Area
No. Station Name Observer (Feet) (Sq Miles)
310 Waimea River USGS 25 57.8

near Waimea

360 Makaweli River USGS 18.2 26.0
near Waimea




gh°Ti 19 06 9|E9lBIEM "IW Lyo1
€6°¢ 0¢ 0l ouelly [°*/£01
08°0 6 0 od1yny 446
79°1 61 oy 1Yol daddn £801
LY AN €S 0S slealelep “IW Lw01
14°0 ot 0 od 13Ny SH6

08'¢ S 0 eyjuiep aeju| 9801
tL°e by oY 1yiyoy 4addp £g01
IL°€ 81 gL ninyninyogeuey 5L01
LTAS rA 0l a|eajeiep ‘ay lq01
4g*!L He 0z ouel iy 1°/E£0L
90° 1 L 0 od 1)ny ShH6

IL"s 91 0 eylulepq »jelu| 9801
26°9 e 0Z n|nyn|nyo|euey slol
82°6 ¥4 09 1lled] ajeajelep Shol1
01°'¢2 9z A3 ouelly |°Lt0}
Li*y 9 ] od3ny SH6

(sayout) Iybi1ap FOGTER sweN Jdaguny
l11ejuley uoi13ngia3Isig uolinqlaisig obebujey abebujey
w103 g L1ejuley bujplooay

NOILNGIYLSIQ TVINIWY

(3 ,u02)

“p-v 3148Vl

(wd €) ady 61 o3 (uoou g|} 4dy g
wio3s 4/ 4dy 61
09€ uoljels ‘JaAY ||omMexney

(we 4) 4dy £ 03 (wd g) ady g
wi03s {/ 4dy 9
09¢ u0llels “U4aAlY | |aMEreq

(ve %) ga4 | 03 (uoou zi) uep |¢
wio3lg 1/ uep |
0l€ uollels “UaAlY eswlep

(we g) uep #] 03 (uoou z|) uep g}
wiols oL uer ¢l
01§ uollels ‘J9A]Y Eesuwlem

wiolS 39 uoIled07

P
-

A-8



INFILTRATION LOSSES

15. Infiltration losses were assumed to be uniform and were determined by the
S0i1 Conservation Service method of relating soil types and land-use to curve
numbers from which rainfall Tlosses can be determined. An evaluation of the
characteristics produced a curve number of 55 for the watershed and an
infiltration loss rate of 0.4 inches per hour for the SPS and PMP.

BASE FLOW

16. At the river gages, the average discharges for Waimea River (Station 310)
and Makaweli River (Station 360} are 132 cfs and 89 cfs, respectively. To
allow for the contributory area below the gages, a base flow of 225 cfs was
used in the study. :

UNIT HYDROGRAPHS AND CONTRIBUTARY AREAS

17. 10-minute unit hydrographs for two contributory areas (above the
confluence up to the streamgages, DA = 0.9 square miles, and below the
confluence down to the mouth, DA = 0.75 square miles) were developed using
data from the Makaweli, Sta 360 unit hydrograph and from the "Drainage
Standards," City and County of Honolulu. The "Drainage Standards" was
primarily used in estimating the lag time of the unit hydrographs. The unit
hydr?grapxs1gre shown on Plates A-13, and A-14. The drainage areas are shown
on Plate A-15. :

STANDARD PROJECT FLOOD (SPF)

18. The SPF was developed in accordance with the criteria contained in EM
1110-2-1411. The incremental rain fall excess of the SPS was arranged in a
manner which produced the greatest peak discharges when applied to the unit
hydrographs at Waimea River (Sta 310) and Makaweli River (Sta 360). The

SPF hydrographs were routed and combined to produce the SPF hydrographs at

the confluence and at the movth (see Plates A-16 to A-18), The peak

discharges equalled 105,000 cfs and 100,000 cfs at the confluence and mouth,
respectively. These peak discharges were determined by routing under the
existing conditions, therefore, any levee improvement between the confluence and
the mouth will affect the peak discharge.

PROBABLE MAXIMUM FLOOD {PMF)

19. The PMF was derived in accordance with the directions and criteria of EM
1110-2-1411. The selected PMP hyetograph pattern will generate the highest peak
discharges when applied to the unit hydrographs at Waimea River (Sta 310) and Makaweli
River (Sta 360). The PMF hydrographs were routed and combined to produce the

* PMF hydrographs at the confluence and at the mouth. Plates A-19 to A-21 show the

routed and combined hydrographs. A peak discharge of 248,000 cfs was calculated at
the confluence and mouth. The attenuation of the routed hydrogra h from the
confluence to the mouth was very slight due to a short (10 minute) routing period.
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FLOOD ROUTING

20. Flood routing was accomplished using the modified Puls method. The
outflow discharge-storage relationships were developed from data obtained from
HEC-2 water surface profile computer runs. The routing time step was
determined using the criteria contained in EM 1110-2-1408, "Routing of Floods
Through River Channels". The flood wave celerity method was selected from the
EM. The ratio of the wave celerity to the mean velocity (Vw/V) of 1.44 (for

a wide parabolic channel) was selected for the routing analysis. The mean
velocity was computed from the HgC-2 water surface profile computer runs.

For the SPF, routing time steps of 15 minutes for Waimea River (streamgage Sta
310 to confluence and confluence to mouth) and 7.5 minutes for Makaweli River
(streamgage Sta 360 to confluence) were used. For the PMF, routing time steps
of 10 minutes for Waimea River {streamgage Sta 310 to confluence, and
confluence to mouth) and 5 minutes for Makaweli River (streamgage Sta 360 to
confluence) were used. The lesser time steps for the PMF were due to
increased mean velocities. The initial SPF and PMF hydrographs which were
described at 30 minute time intervals were redescribed at the appropriate time
interval (equaliing the routing time step) for the routing analysis. A
summary of the routed peak discharges are shown on Plate A-22.

WATER SURFACE ELEVATIONS

COMPARISON OF WATER SURFACE ELEVATIONS

21. A crest-stage gage (Sta 380) with 33 years of record is located 150 feet
above the highway bridge (see Plate A-1). A stage-frequency analysis was made
by the graphical method, piotting the data on probability paper using the
factors shown on Exhibit 37, Plotting Positions in Percent, published in
uStatistical Methods in Hydrology", Leo R. Beard, Jan 1962. The stage data is
shown on Table A-5 and the graphical analysis is shown on Plate A-23. A
graphical analysis was selected since the lower river stages are influenced by
tide levels, wave actions, and by the sandbar at the rivermouth.

22. Water surface elevations at the gage {(Sta 380) location were computed by
the HEC-2 computer program for the various peak discharges determined in the
discharge-frequency analysis. A comparison of the water surface elevations is
shown on Table A-6. There are many variables which could affect the
simplified water surface comparison made and these include riverbed scour
during a flood, changing stream cross-sections during the past years, levee
construction on the west bank, debris accumulation on the bridge piers,
sandbar elevations prior to the flood, rate of the sandbar removal, high tides
and wave action, the timing of the peak discharge with respect to the sandbar
removal, and the actual flood hydrograph at the gage location. An exhaustive
study would probably be impossible due to the nature of the subject matter and
available data.

A-10
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TABLE A-5.

CREST GAGE NO. 380, WAIMEA RIVER AT WAIMEA

Location: 150 feet above highway bridge at Waimea.

Gage: Crest-stage gage. Datum of gage is mean sea level.

P ———— - T ———— —

WATER
YEAR DATE
1944 g-17-44
1945 L4-6-45
1946 12-6-34
1947 12-22-46
1948 6-25-48
1949 2-7-49
. 1950 8-17-50
1951 1-14-51
1952 1-19-52
1953 3-4-53
1954 2-22-54
1955 1i~28~54
1956 11-11-55
1957 10-23-56
1958 12-1-57
1959 8-6-59
1960 11-2-59
1961 4-11-61
1962 4-25-62
1963 4-15-63
1964 9-30-64
1965 1-5-65
1966 11-20-65
1967 11-4-66
1968 11-26~67
1969 11-29-68
1970 1-13-70
1971 4-7-7
1972 4-14-72
1973 7-473
1974 12-1-73
1975 1-31-75
1976 10-21-75
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Flood
Frequency

2-YEAR
10-YEAR
50-YEAR
100-YEAR

TABLE A-6.
COMPARISON OF WATER SURFACE ELEVATION AT

STA. 380, 150 FEET ABOVE
H1GHWAY BRIDGE

WATER SURFACE ELEVATION (FEET)

HEC~-2 Computations
Using Discharges

Stage-Frequency From Discharge-
Curve Frequency Curve
5.7 3.7
70 7-
11.5 : 11.8
14,0 13.7

The difference (5.7 feet versus 3.7 feet) for the 2-year flood is believed
to be caused by the inability of the actual 2-year flood to remove the
sandbar at the river mouth, a condition which was assumed in the water
surface profile analyses using the HEC-2 computer program.
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WATER SURFACE DETERMINATION

23. Water surface elevations in Waimea River were determined by using the
HEC-2 computer program, "Water Surface Profiles." The inundation limits of the
various floods for the existing condition were determined (Plate A-24). It was
found that subcritical flow governed the flow regime of discharges flowing in
Waimea River past Waimea Town., The water surface profiles were started at the
mouth, A mean high tide elevation of 1.5 feet was inputted as a starting water
surface elevation. However, for the higher discharges, critical depth
governed. The sandbar was assumed to have been washed out prior to the occur-
rence of the peak discharges.

MANNING'S "n"

24, Manning's roughness coefficients, ranging from 0.025 to 0.03 for the river
channel and 0.04 to 0.08 for the overbank areas, weve used in the evaluation.
The roughness coefficients were determined by field inspection of the existing

river and overbank areas,

FLOODPLAIN

25. There are two notable floodplain features in the Waimea area which greatly
affect the flood inundation pattern, and these are the existing levee on the
west bank and the relatively high coastal area with a low swale leading away
from Waimea River. The 100-year flood will overtop the downstream section of
the west bank and will cause floodwaters to pond and inundate most of the
upstream lTow-lying areas of Waimea. The overtopping flows will then cross the
highway and will follow two paths to the ocean. One path will be towards the
Waimea River and the other path will be along the low swale leading away from

Waimea River.

DRAINAGE AREA

26. For the purposes of documentation, Table A-7 lists the appropriate
drainage areas related to the hydrologic analyses.

TABLE A-7. ORAINAGE AREAS

Drainage Area,

River Location Square Miles
Total area at confluence at confluence of Waimea and 84,7
Makaweli River
Waimea at confluence 58.4
Makawel i at confluence 26.3
Waimea at mouth 85.5
Waimea at recording streamgage 310 57.8
Makawel at recording streamgage 360 26.0
Waimea at crest gage 380 86.5*

*as determined by USGS.
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EXTREME FLOOD DATA

27. 1In accordance with the U.S. Water Resources Council and Corps of
Engineers directives, water surface computations were performed for the
500-Year and Standard Project Floods. Both these extreme events would exceed
the project design flood. Under existing cenditions the water surface would
extend across the entire cross section. As a result, uniform and undivided
flow conditions would prevail, The analysis was conducted as described in
paragraph 23 of this section. In contrast, under improved conditions, divided
flows would exist. The water surface elevations would be higher in the river
and left bank area as compared with the right bank or Waimea town area.
Specific analytical techniques used in determining the variable fiows as a
result of overtopping the project design levee are described in paragraphs
45-50 of Section C. Backwater analysis was performed with the HEC-2 computer
program utilizing the variable flow input. The completed evaluation of
discharges, water surface elevations, flood depths, and velocities for typical
locations in the floodplain are shown in tables A-9 and A-10. The specific
locations are shown in Plate A-24.

28. The water surface elevations was determined to be lower in Waimea 'town
under project conditions as compared to existing conditions. As shown in
tables A-8 and A-9, the water surface elevations are generally one to three
feet lower for the project condition as compared to the existing condition
.under the 500-Year flood event. Similarly for the SPF the relative
differences were determined to be one to four feet. The average velocity
differences were not significant. For both extreme events and under both
existing and project conditions, the velocities were computed to be on the -
order of one to three feet per second. :

A-14
Add. 16 Nov B1

P T




B e AL b P

I
Ty

Sl L

il i

: *yidap s|(nelpAy JE

>
‘MOLY POPIAIG /T 1
*umoys ebieyds|p je303 IMOLY paplalpun /L §
" 3
. i
3
i
9'¢ 87 g8t 0Z6°S51 £t £l LA £4 00068 w61y 0E+09
51 L8 6°Li 0L6°91L 672 st 002 00068 3y61y 05455
4 Lot 09l 015°€L 5T t'ot 2°6l 600'69 3397 i
L £ 9°L1 064°02 gl L0l 2°61 6|y 00421
rAd 9 g1l 0Ll olefzl 7t 8-l 9°8l . N n
671 6°6 Ll 069‘1T £z €11 9°gl 000°'68 by 0S+£€ ..m :
8-z 9 Z1 9-g| 086°69 81 Lo £°81 . 9 ;
L1 0l 891 gzo'Hne - 4 LA A £ gt 00069 461y _00+12 W
0z 56 59| opl*ye 0'2 Lol Lt 000°68 4By 05+21 k
i1
51 9y o'yl 008*nZ 8"t 9°s 2°51 00048 Y6y 00+, m
3°0 Al 6°6 00842 0t 8¢ 011 000°69 ELE L 04+t nw M
. o A
295733 jE 33 3990 ST 7 549 29%/13 73y ‘uledn JSH 33 J1 $39  AMRE 3J97734DIY UOLIRIS LAY - 3
Ayyoopan ' T peo|y DAy UoIRAR |3 5 Jeyas|g  A1130137° © peald day uojieaa|3y ‘ebaeyssig - uc)ieloq . - M
Sav IDe;IAG JITCNH Say @3814ng Jd3en < ;
SHOILTSROD 133Tqud NOTLIQNOD ONILSIX3 & M
3

SNOILIGNOD 423r0¥d GNY SMILSING HIQHN
Q0074 ¥YIA-00S ¥0d ¥AVA JITAVHOAH °g-V 318Vl

T AT PITr

VL iTRp

Y A aEEN RN e SR . e im0 .. s e S Mo




e Rt

T T T T T T T — T T T —— T —"—, = e g TR LT

+
————
s,

‘yidep o) |nwapAy /E
‘mol) POPIAIG /T
. S . ~umoys. 95JRYISIP |e30) MOLF PIPIALPUR /L

Lt 0'h 0°02 0zg'ze 5°7 0'g 9'€z 000*001 by 0E+09
'z 8’9 L*6t 060°n2 o€ '8 iz 000*001 by 05+£5 |
o't 611 2°61 09¢ ¢ m__ 9°2 6Ll 4§02 000°001L 1391 o
A 4 g0l 9'8l ong’ 6°1 g 1l %oz ‘ LT} 00+2ZY -
' <
A8 i 1A 0zL'nl 5° 62l 86l 39
1"t 1“1 58l ‘ogz'ot 52 y°2l 2'6l 600°001 by 05+££
g2 gzl g'st om..; 6"l 62t $°61 , EYL
'z 7zl 08t 0fy €€ 9z s $°61 000001 3B |y 00+12
52 g ol I 095'4€ 2z 81l g8l 000° 001 b1y 05421
61 1" 591 009*4€ 0'z 9°9 2ot 000*001 W1y 00+L
$°1 £ €1 009°hE hei 5'9 1"€1 000°001 i O+l =
538 1) 43990 ) 7§40 235733 /¢ 33 43990 EYTIEE) 71 532 ¥oed 3)91/34B14  ©o[3W3s J9Ald 2
Al u 13A ' %o_.._ Bay c%_muﬁ.aom_u mm._w:muumo >u_%o~mu>\m vouo_.... Gay co_umJSu%m ..um"n.m_um_a uojiedsnn 2
bay PIRFING JIIEM Bay IV0JING JIAIEN ’ b
j SHOTLIGNO3 133r0Yd HOILICHOD 9N14SIX3 >
k]
-4

SNOILIGHOD LD3ro¥d ONY INILSIX3 HIONN
Q0074 173M0Nd QYYGNVLS Y04 VAVO JITAVYOAH °6-¥ 378VL



t-v_31vd

NTINTONCH ‘LOIYLSIO YIINIONT AWYY 'S°N

SNOILYO0T 39v9 WV3IYLS
aNV Vv3dv 39VYNIVd

IVAVX ‘HIATH VINIVM
140d34d 193Mr0¥d Q37ivl3a

39v9 Nivy .
NOILVLS ONIDYD v
ASVONNGS 03HSHILVM -
JLLECERE
VNV
s ™ e o

PLATE A-1

()

e e e e e e — —— -

CRveTRpR e

TR



2-v 3lvd

AINTIONOH '1OIMLSIQ HIIANIONT ANNY 'S8

FON3INT4NOD 1V
AAUND AON3NO3YL-INUVHISIC

000'e

3 ooo'y
VYR ‘H3AN VIWIVA /
140434 103r0Nd 031IvL30 / 000's

000'9
000'L

I . \ 1

r 4 \ o008

v 000'6
. \\ \ . Sono_

SLIMIN BINICIINGD 17 \ .’ .
— ” 00002
v'o dNvY s R VAR

> \ 7 oco'oe
\\ \\
\.- ’

(]
1= 71 000'0p

i , O_Qo.on
. \ v
Vv . 000'09
— _.? 000'0L
— —~ 4 000'08
’ ooo'os
000'00I

20 €0 1 2 S ol oz o0 Op 05 09 OL OB 06 S6 86 66
SHY3A QIUANNH ¥3d AONINOIYA 3ONIQ3I0X3I

PLATE A-2

S49 NI 39HVHOSIO Mvid




g-Vv 3ivid

NINTONCH *LOIYLSIG YIINIONT AWHY ‘SN

HLNOW 1V 000's
IAHND ADNINOINA-IOHYHOISIA
000'9
IVAYS ‘NIAW VIRIVA 80“__.. .
18043 123r0Hd Q3ivl30 o008 Pid
000's
ooo'ol p 8
. Phe ’ \ <
r. rd
. b i \.\
”
\\\ \ P r'd
”» . \\
000'02 -
- \ ’ s

0 e 4 L
m AN 2pNIDIINOD - \ .
= . Sh'0 Ny |5'0 =" ¥

000'0¢8 —
m F \\ ”
w T /]
(9] -” ”
I ooc'or = v ;
w . L, -»~ r ’ \ o 4 T
H 000'0S _-T \\ , Py
Z 000'09 S o
o - \\ -, 4
m 000'0L 7 g
“  s00's - X

00006 il

000'001 \ K

000'002
100 S001020 SO | 2 ) ol 02 0 Ov OS5 09 0L 08

06

SUVIA QIUANNH ¥3d ADN3IND3Yd 3IONAQ330X3

G6 86 66 966 B'66 666

PLATE A-3

/"\I

)

T L LIRS

LA RECIRE PP



—

FLOOD HUYDROGRAPW

AT CONFLUENCE '—?

_'P

PEAK DISCUARGE » 18,000 CF5
AT CONFLUENCE

PEAK DISCHARGE =171,200 CFS
AT MOUTH

18
s /
i PEAK DISCHARGE = i
11,100 CFS
= MAKAWEL! STA 36 -
4 L
w | | | 1 i
5 k PEAK DISCHARGE = N
o Q,000 CFS
g r WAUIMEA STA 310 -
< q
2
w
O .
y
E: 3
| 2 g
(]
3
0500 0600 0700 0800 0400 \000
20 NOV 65 TIME N WOURS
DETAILED PROJECT REPORT
WAIMEA RIVER, KAUA!
FLOOD ROUTING AND
I COMBINING  (TYPICAL)

IU.S. ARMY ENGINEER DISTRICT, HONOLULY

PLATE A-4



G-V 31vid

NTINTONOH ‘LOINLSIA ¥IINIONI AWHY SN
39v9 NIVY ONICHOD3H-NON

NOILVAIH3Ad HdVHOOHJAH 39V9 NIV 9NIQH0I3Y
LINM NI Q3SN S39v9 39v9 3OVLSHIAIY ONIGHODIY
 AYVONNOE Q3HSHILVM

IVAYY ‘HIAIN YINIVA
LH0434 1293r0dd a37ivi3d

S3ANE » €

137YNVH

Ne®
ue

v

aN2937

ivAvi

PLATE A-5

R SISV PRI TR PP

Sl DA e Il g s e Wit e A

EEALORER EHR XY

et

MRTEN PSS S N2 N0, T S S Dy O PP TS T8 A S G Ly

av'lj‘rjﬁl--u eatic
. bt



C

9-y 3ivd

()

(INTONOH ‘LOIH151Q YI3NIONI AWHY '§°N

SHLQIM SNS¥3A SHV3d
HAVHOOHAAH LINN

VNV ‘HIAIH VINIVA
1H0d3N 1D3roud Q3auvi3a

SHNOH NI HdVHOO0HOAH LINN 40 HLOIM

OMO6080L09 O OF OF 02 ol6g Lt 9 & ¥ € 2 el & ¥ € T
P, L
%

6

o

N
o2
<
t.* ot
! ,wq

\ﬂ,.v 7 ov

Ty s

(v

09

oL

o8

oo

)R
JAHND QHVONVLS— o HIAIN VINIVM
002
N
N

oot
\\ oov
B 2 1 00s
HIAIY IIMAYH 009
0oL
008
006

0ot

S1a »v3ad

3N DS ¥3d S40 Ni HJVSO0HQAH LiINN 40 39UVHD

PLATE A-6

e L et



2-v AW

PLATE A-7

w

o]
‘| NI 394VHOS10

Q

s400

o

[T-]

NTINTONOH ‘LOINLSIO ¥IINIONT AWHY 'S N (NYP € "NOON 21 = ¥(OH O) SHNOH NI 3AIL
aoo4d ON 24_, €l 92 ve é2 o2 91 9l 1 r4] 0 8 9
OIE V1S ‘HIAIN VINIVM - ——, ﬁ /
NOILNLILSNOD3N Q0014 i N
I¥NYN ‘'MIAIH VIWIVM o /. \
L4043y 103r08d 0371VL3C \ /
\‘*
\ []
W I
N

. !

\ /

\\ I

. ’ I

§49 002'41 = 39UVHISIA XV3d
HAVHOONQAH 00014 Q3LNLILSNOIY ——
§49 006'8l = J9YVHISIA AV3d ¥
HAVN90HGAH G004 G3AH3SB0-
$507 TIV4NIVY
$530x3 TWANIVE—

T @
S o

™
o

Q
S3IHONI NI TVENIVY

R T ey whmee e s me et T Co e




C

e e e R i £ e e g R

8-y 3Lvd
[} - 8
MINVIONOH "ADIM1SIO HIINIONT ANNHY SN nZd__.. Ie ._,502 2| = ¥NoH Ou SHNOH NI IWIL ._A
aoold 12 Nve IS 92 ¥z 22 o2 8l 9l #l 2l ol 8 9 v 2 L 0 w
e —— |
OIE VLS ‘¥3AI VINIVM -1 I 4 n
NOILNLILSNOD3IY Q0074 N\ 2
IVAYS ‘MIAIH VINIVA \# m
L¥O43Y 103r0¥d 4371VL30 . .
[ B
\ / R
/ / ! 93z
o
A\ 5
4 \ Q
/ bt |
w
3 ol
SHO 00§ DI=30HYHISIA “an_
1n_¢¢womn>_._ agop4d ON“:.-.—.—.MZ r}-]
_ 2l
S49 009°21 = IOUVHISIA Mvad
HJAVNOONUAH GOO0Td O3AMISE0—]
90
26
$501 ._.Ez_qxl/ vo mm
>
/ F
z
SS3ADXI TVANIVY —_
20 mm
oR
[/ ]
Hinm. |,




6-v 3lvid

NINTONOH ‘LIIYLSIC UIINIOND AWNY SN

(¥dv 9 'Wd 9 = ¥NOH 0) SHNOH NI 3WIL

ao0Td 12 Mdy 9 0z 8l 9l 4| 2l ol 8 9 b o
s P e ———— S S EE— —
0S¢ VIS "H3AIH IMIMYIVIN .//\, \
NOILNLILSNODO3Y QOO0T4d A 2
YOV 'HIAE VIWIVM \
1¥0d3y 123r0yd a37Ivi3ac v o
L , o
u
VL :
\ \ 9 m
z
8 -—
S40 008'6 = I9HVYHISIA Hv3d I 2
HJVHSONAAH Q0014 O3LNLILSNODIY °
: o o
24
/ a
2l
$49 00£'El = I9¥VHOSIA xqwmlu(
HJVHOOHOAH OO 03ANISED ol
—I_ ) B
9'0 W 3]
$$07 TIV4NIVY zZZ
| | A vo £ o
SS330X3 TIVANIVYH — r _.0:
) z
P>
z0 2 _.M
X
[ e
( O

PLATE A-9

ek L b

U PSP TP

el ek | AL L A a4 o = e o

i i

‘ﬁi:l" Fal e LT T2 ik S b o e m e a L 0 1 e Pt i e B



C

T T T g— - = =TT T —— — T — g e —— T "

Ol-v 31vd o
(ATONOH ‘LOIYL1SIA YIANIONS AWYY 'S'n (¥dV 8 ‘NOON 21 = NNOH O) SHNOH NI FWIL ¥
92 ¥ 22 o2 8l 8l 1 2 ol 2 9 0
09¢ V1S "HIAIM IMIMYIYA ™\ 4 <
o
NOILNLILSNOO3N @00 | ) \_‘V .
IVNYA “HIAIN VIWIVA \
LH0d3Y 193roud a3ivi3a F, Y
W\ /
\ /N .
f i s &
V1 e
/. / %
8B @
m
Zz
ol =
g
| o
] L
[ .
$39 000'Gl = IDUVHISIA Nv3d /\
HAYHOONAAH Q00T GILNLILSNOO3Y ]
9l
8!
§d49 008'Ll = IDUVHISIC HVY3Id
HAVHOONGAH Q0074 omEmmﬂo
0
§S01 TVANIVE{ ., mm
$S30X3 TTV4NIVY / Bc
! goF
e.omm
o (=T SN T N P N N Y-
mo
su._._.




T o —

————

DISCHARGE IN 1,000 CFS

15,300 CFS
N

i

\
\

-50%, PEAKED UNIT HYDROGRAPH

\‘/ 640 Cp = 477
LAG = 1.8 HR
W75: 1.0 HR
W50 = .8 HR
j QPR = 15,300 CFS
I 10,200 CF$

L ~AVERAGED UNIT HYDROGRAPH
¢y = 0.57

640 Cp = 477

LAG = 2.THR

QPR = 10,200 CFS

\ -
N
\\
NG \\
\\ \\ |
5 6 T 8 9 0 11

TIME IN HOURS

DETAILED PROJECT REPORT
WAIMEA RIVER, KAUAL

30 MINUTE UNIT HYDROGRAPH
WAIMEA RIVER, STA 310

U S. ARMY ENGINEER DISTRICT, HonoLuws |

Yatacsoda

PLATE A-11




DISCHARGE IN 1,000 CFS

14,850 CFS

i —

|~ 50% PEAKED UNIT HYDROGRAPH
/ 640 Cp = 448
LAG = Q.78 HR

W15= 0.55HR
W30= 0.85HR
QPR = 14,850 CFS

9,900 CFS

0.85H

L—~AVERAGED UNIT HYDROGRAPH
Ct = 0.27
640Cp =440

LAG 1.18 HR

QPR = 9,900 CFS

[
ot *=1
3
17}

™,

.3HR

"

\-___
—
/

e am—

\

l 2 3 4 5 6
TIME IN HOURS

DETAILED PROJECT REPORT
WAIMEA RIVER, KAUAI

30 MINUTE UNIT HYDROGRAPH
MAKAWELI RIVER, STA 360

U.S. ARMY ENGINEER DISTRICT, HONOLULU

PLATE A-12

ST B S,



e e e—— - — . —— "
-

———

@

16 ——
14
vz
0 -
O
o 10
r4
w8
%
€ 0O -
X .
5 .
o ol
o / - N
? ‘ i
/ ™~

O R .
o 1o 20 30 40 50 GO TO 8O 20
| | TIME IN MINUTES

UNIT HYODROGRAPH

Ct = 0.27

G40 Cp =445
LaG = {@ MIN
W75 = |0 MIN
W50 = | MIN
= 1490 CES DETAILED PROJECT REPORT

QPR
, WAIMEA RIVER, KAUAI

10 MINUTE UNIT HYDROGRAPH

GAGING STATIONS TO CON-

FLUENCE

U.S. ARMY ENGINEER DISTRICT, HONOLULY

PLATE A-13




DISCHARGE IN 10O CFS

\ZAm| S

240 CFS

/- ~

0 20 30 40 EO 6O 7O go 90 100.110
TIME IN MINUTES

UNIT HYDROGRAFPH

C'h = O- 35

G40 Cp= 445

LAG = 24 MIN

W75 = |4 MIN

W50 =23 MIN DETAILED PROJECT REPORT
G.PR = 840 CFS WAIMEA RIVER, KAUA!

'O MINUTE UNIT WYDRO-
GRAPHW, CONFLUENCE
YO MOUTH

U.S. ARMY ENGINEER DISTRICT, HONOLULY

PLATE A-14

i, . i a—

e



-———
Id K
v 1) -
i = Y W
A % ) ] (
'a s [0 |e
A % ™ ;b’
) ] a) o
I \} T (B ] g\‘\ O
A v \
M ) ‘:A".
:' 120 ‘.( < i
f Y
4 W, e
l 4 9
! % WA

o ——  — . _

= — = = = 1 — Y —1 __

1%

!
=
I e
nj ‘%
5! €
. 1
2| &
o
-
| =

D

Laauckala

CeagI P

= Statln
‘\ . 0
NG Statoe

Poo .
Pt

[ :';:" 'K.apalawal

DETAILED PROJECT REPORT
WAIMEA RIVER, KAUAI
DROINHGE ORES
BELOW GAGESDS
LLS. ARMY ENGINEER DISTRICT, HONOLULU

e \‘
¥ :

Spring

.
- i
' =
-
-
.j/'; -
-
e = )
= a“’
.
=

e

ey vagn

D A L R T Dl

A Ao et e e 3 i i3

RIS v

AP e L SEL UL R BRI S S

PLATE A-15



- —— TET T e m— am—" g mp— e p— - MR e s e g T

C

PLATE A-16

1334340V 8C2'21= J50NNH 3DVAHNS
SITN D5 0'92 = VIHY 3OVNIVHQ
09E VLS "¥IAIM ITIMYXYK

410N

9l-v 3ivid
NINTONOH *LOIMLSIO HIIANIONI ANYY ‘SN a9z $2Z 22 o2 &l gl i | ol ] 9 ¥
09¢€ V.S ‘HIAIM ITIMVIVAN B BN | | | \.I\
SYNOH NI 3IWIL Vs
Olg V1S ‘HIAIN VIWIVM / / ey 2l
HdVYH490HAAH d4dS . \
VYN 'MIAIY YIRIVM \
180434 193r0¥d G371VL3Q . , \\\
030NTINI 10N MOT4 3sva / N

549 000'IS = 39UYHISI] NV3d

—/

.54 000 NI 39MVHISIQ

1334-340V 09€'82: 140NN IDVAHNS \/ \

$37IN "0S 828 = YIYY JOVNIVHQ

CIE YiS ‘MIAMY VINIVM -]
S49 000'GL: IDUVHISIO v_qua\

SIHONI 26 = SSIOKI TIVANIVY

$S3IIXI TIVANIVY ] A I_ S3HONI $'81 = TIW3NIVY SdS

: Q3HSHI WM
i

$3SS07 TIVANIVY

S3HONI NI TIv4ANIvY




@

SPF HYDROGROFH 6T CONFLUENCE
PEAK DISCHARGE =105,000

NI
1001 .
|
20 -
ROUTED FROM| -

g0 |9 WAIMED, STB 310:

° LB
r—T0 8- . —_ - - S f \ \ >

Q \
- 50 'E 4 I \

m d / —-‘A— ROUTED" FROM
.50 | (g X \—MBKAWELT, ST8 360 |

¥ / PEBK. DISCHARGE |

< 1| N =47,000 CFS '
~40\5 \

0 i \ GOGING STOTIONS
201D TO CONFLUENCE—

PEAK DISCHARGE.
Jo. .. =2,400 CFS

— 20

| / \

2 4 & & 0 12 14 16 1& 20 22 24 b’
TIME IN HOURS

DETAILED PROJECT REPORT
 WAIMEA RIVER, KAUAI

SPF HYDROGRAPH
AT CONFLUENCE

WLS. ARMY ENGINEER DISTRICT, HONOLULY
’ PLATE A-17

P st 14



SPF HYDROGROPH AT MOUTH -
0ol _PEAK DISCHARGE = 100,000 CFs~
90
-80 |
q
700
8
-Go >
- 50 {lgj 1
| "
Y-
5 CONFLUENCE
I 70 MOUTH
| aoln PEAK DISCHORGE —
=1,800 CFS
|20} \

2 4 & 8 0 12 14 l&
TIME IN HOURS

NOTE

ROUTED SPF HYDROGRAPH FEOM
GCONFLUENCE 1S SLIGHTLY BELOW

& 20 2z 24

THE SPF HYDROGRAOPH AT
MOUTH OND 1S NOT SHOWN.
ROUTED PE&K DISCHARGE =
93,500 CES

LS. ARMY ENGINEER DISTRICT, HONOLULY

DETAILED PROJECT REPORT
WAIMEA RIVER, KAUAI

SPF HYDROGR&PH
AT MOUTH

PLATE A-18

@



6l-v 3lvd

NINTONOH 'LOIHASIO HIIANIONI ANEY BN 92 ¥ [ oc 8 9 ¥l ¢l ol 8 9 14

T T ! ="
09€ ViS ‘YIAIM ITIMVIVI ﬂlﬂlil SHNOH NI 3WIL s “r\

OIE VLS ‘43AIN VINIVM ™, — o 0z

HAVNOOUAAH 4Wd / / s
VAN HIAI VINIVA \ \\_ ob-

LHO0d3Y 193°0¥d 03 UVL3C / y \
1334-3HOV 009'1¥ = JJONNY IOV4UNST 09
S3TN '0S 0792 = VIUVY IOVNIVHA
09€ V1S ‘HIAIY NIMVIVA 7

08
/ / \ 001-
02t -

§42 000'€ll = \t
IDUYHISIO WVY3d -

: 0%l -
1334-340V 0B#'26 = 3JONNY IDV4HNS ;

S37N0S @46 = VAHY JOVNIVE
O1€ VIS "HIAIN VINIVM—]

091+
S0 00g'gl = \{ :

081
‘030M1ONI LON MO14 3sve JUVHISIO ¥v3id
3 - wl
‘310N

'I

SIHONI 0°0€ = §839X3 TIVANIVY

§S30X3 TIVANIVE SIHONI 9'6€ = dMd

| s .._ Q3HSHLYM i

$38s00 J.__d.._z_amd
| d

PLATE A-19

$40 000Y NI 394VHOSIQ

S3HONI NI TIV:NIVY




PMF HYDROGRAPH AT CONFLUENCE
PEAK DISCHARGE = 248,000 CFS—._
N
220 —-efoe e l
200 - - :
l — ROUTED FROM
—180 WHIMES, STA 310__|
S | PEOK DISCHORGE
5 /\| =173,000 cFs
0 [\
—‘1413 gé T )

w /,’—\l‘—vkourso'mcm
—120 —f \|— MOKOWELL, STA —
v / ,( \ 2c0 PEAR
_loo £ _\\ _DISCHARGE =

U GOGING STATIONS I\ {\ 110,000 CFs
9 TO CONFLUENCE i
—80| O—PEBK DISCHARGE -\
25,200 CF3 A—h— \
40 N I \ \
/ ] \ \
—20 -
7 N
E/ I ——
2 4 G 8 10 12 14 16 & 20 22 74
TIME IN HOURS
DETAILED PROJECT REPORT
WAIMEA RIVER, KAUAI
PMF HYDROGRARH
AT CONFLUENCE
U.S. ARMY ENGINEER DISTRIC'I;. HONOLULU

PLATE A-20




™, PME HYDROGR&PH 8T MOUTH
PEAK DISCHARGE = 248,000 CFS——

-240 . . \ -
‘_Zzo.... : .. _.4!. \
- 200" . ! L \
—180| - : '
b inpERNER
2 -2 I R N “\!I~CONFLUENCE
- YO MIOUTH
-120| ¥ —PEAR DISCHARGE]
Y / | 3200 CFe
| 1100 £
} U ,
| - 80| D —
1 |reor // T
{Fa4o v \ '
‘. ’ / | N
' 204+ // . . .. \
|~ N

: ] . \
2 4 7 a. 10 |2 14 16 18 20 22 24
TIME IN HOURS

NOTE
ROUTED PMFE HYDROGRAPH FROM

DETAILED PROJECT REPORT
CONFLUENCE 15 SLIGHTLY BELOW WAMMEA RIVER. KAUAL

THE PMF HYDROGRAPH AT MOUTH

AND 1S NOT SHOWN. . PMF HYDROGRAPH
| ROUTED PEOK DISCHARGE = &T MOUTH

246,000 CFS

WS. ARMY ENGINEER DISTRICT, HONOLULU
PLATE A-21

b’J"""'h‘-wi‘-‘f"“l"'“"' A L e ekt et i 12 £



C

22-v 31vd

MNTONOH *L0I¥1SIa HIINIONT AWHY ST

SRDAGHVSIA 0
JROUSTANT ™

VNV ‘M3AIH VIWIVM
14043y 103r0dd 4371iviaq

09¢ Y1S "MMIMYNYW

SA7 Q0Q'EYE = AWd
Sa7 000'SQ) = a4s

AINIAINANOD
AN S2A2UWYNIGIA ANV34

O\E VLS ‘"NAWWNM

SAD 000'Gve = AWA
S3a7 DOQ'O0\ = AAS

FINOW AN S2ADRNNIS\Q V34

KV a

NAWNVY™N

PLATE A-22

ety




¢2-v 31vd

08¢ ViS

IVAYY "HIAIH VINIVM

ATNTONOH ‘LOI¥1S1a ¥I3NIONI AWYY SN

VINIVM 1v H3AIY VINIVM
JANND AONINDIYI-3OVLS

180438 10300dd 0311Vi30

13A37 v3S NV3IN 3A08Y
1334 NI LHOI3H 39VLS

CSCaaor~ © w

o2

PLATE A-23

Vv\

SHYIA €€ = QYOOI 40 HLIONI]
3090188 AVAHOIH 3A0GY 1334 0%
VINIVA 1V H3AIY V3WIVM '08E VIS

_ L |

S

ol oz O0¢ Ov O 09 OL OB 06
Suv3IA QIHANNH ¥3d AON3IND3U4 3ON30330X3

6

ge €6

it bk 4 e A 2

ek B md Lo ot Fdd




C — T —— NG e—— " - -

" > p / 4,
s OI// ! ' .
b RIVER
. . / == y STATION
L™ = /i i pars
. ‘ ' a b .
4 . {s7a
EXISTING
) = —— & N conumon—/®
— oy T, *
o S {2} 0 sTa 1+40] o 1 @
(o1 pant = ¢ [ 500 28 | 1.0 i 4 | PROJECT 7
)\ SPF_| 6.5 | 1.4 | i i CONDITION /
\ §\ - = P _500 b7 0.8 N ; : STAMND
NG spF | 5.3 | 1.5 ]9y PROJE
« IEENE0Y,
”
R 0\)\§’é> 2 H N - '
WA STA
rigl - '
v a: '\\75 | STA 7+00] D v | < E
~=dc= L) o/, g
~ o oozl : e
2 SPF | 6.6 | 2.0 2 4 Z AT S
e p | 500 ] 4.6 S5 |7 A STA 33+50| D v
\ seE | 7.1 1.9 F 1800 [ 13l 2.3
X U SPF | 12.4| 2.5
e
AN 3 500 9.9 1.9
“ % ) B/ STA 21100] D Y P [ser f o |t
3, . ¢ | 800 [1257 2.5
2 : stal2+sol D v ‘ spF | 137 ] 26 NS
A\ " e 506 [ 10.7 | 2.0 p | 500 [ 1o f 7
. sPF | 1v8 [ 2.2 ] SPF 12.4) 2.1 \ .
\s . 500 | 9.5 ] 2.0 e Ly .
P : O - - -, "
SPF | 10.8] 2.5 = ; S .
— -
v ....' '?!tu \
5 y - O] 1
. A . A ‘,A" o A "
- ' . J R % \ -
L ]
. \ t g od .
- 0 * %
. e " s 'IID nh‘u ~
: t 3. aifiry AlS
[ | T \’ W r'T]
~ = ooy
. » 3 y 7‘.;: ¥ Tir 5 §G!U Pt O =sst
) Ty — £4
-, H e -
7 [ o
] N
i 1 \ s ” s
» N ] = |l
i [0 : L5 \
6 v .Ip -
[} -
X Warw ] + $ : " [] v ’/"n -
| i YA : - e
1 =] E [] sesawe®
i : '
! . ‘ - ’
’ g A 20, : .o = = —=
T .n® P11 e
H » = sTA 33+50f © v
- - o ! e L8500 el 234
L = spF | 12.9] 2.5 -
- ! p | 500 | 115 ] 3.2
ser | .7 ] 3.2
— _ STA 21+60| O v Y
L —— L -1 s e |-S00 f 1t.7 ) 18 \ NS -
SPF | 12.9 ) 1.9
\ / > | 500 | 126 2.8
: ; - - SPF | 12.8| 2.8 -
LT I / -
/ ) N/ \
/ -

7
J/ /
- ’/ 8/ -
AT AN\ K

REV. 16 NOV 8




i 4, %’END EXISTING CONDITION OQUTLINE
; RIVER DEPTH, FEET ensnenaase STANDARD PROJECT FLOOD
; :srnr:ou i‘ E_ VELOCITY, FT/SEC
i . esmmmee mmme 500-YEAR FLOOD
j IO
J A O == —=— 100~ YEAR FLOOD
(P — csesessessaens 50 -YEAR FLOOD
: :g%fﬂon e / N— 300 - YEAR
v STANDARD FLoop
| PROJECT FLOOD NOTE: FOR PROJECT CONDITION
: OUTLINES, SEE PLATE C-19
i
g STA 42+00] 0O v
¢ ¢ 550 1ic.7[ 2.0 /\ N
I SPF 1t,.8{ 1.9 I
v, : STA 53+50] D v \W
//M/{/// P ::g |3:: ;"; / e |.500 | 78 | 20 % z ~
iy [sTa 33+50] O v — SPF | 8.2 ) 3.9 TA 60+30| D v __/—“/
7 500 | 1.3 | 2.3 e = r,'% p | 500 | 5.7 T s |~ |2 5;° 512 ".,_/
‘ ' ETser 124 2.5 = e SPr | 68 ) 25 € I spr [ 8.0 2.5]%
! p |-500 9.9 1.9 -;‘? X 2 500 2.8 316 /"
i SPF | I1.1 N N P Meer | 4.0 2.7
! T = & _—
| -
; \ e*? . ‘.:-..". (
i ¢ ..' : 1 H -
l - : - -
. y . . " P
O\ 1 =3 -
/ ll » “'l'l:“.' - -
L l - .. ' - [ -
: = - O
; 0 -
i walue - A SN - ( Lo s} g -
{}’ \ L, I} - Oﬂ h <
J r' L ] G}d I " [} '
LY s %3 ‘; o . -
i?gﬂ e 0O s — “** O "'; oo ry . Py m ] n./ O
; = o ! — +L \T,__/
2 =, Y
o \ - \ —— -
o v S
- ot // »
- Y esss s 4 // N e \ \
satan s \\* ‘\\'m\'.‘
- = STA 42+00] © v . N =3
. ~ =% lg S0l 10.1] 25 |- <
SPF | 11.9| 2.6 -, .
T. 50 D [ \
wrte e {0 R >
SPF_| 12.9 | 2.5 - — N\ -
: gy M I R M\\}\ DETAILED PROJECT REKORT
4 ) . = 1
\ W : . 7\ WAIMEA RIVER, KAU
L . FLOOD LIMITS
' EXISTING CONDITION
i . U.S.ARMY ENGINEER DISTRICT,
__SCALE IN FEET HONOLULU

PLATE A-24




-_—_ WO T SR -—_—— —— -

T ——

WaIMEA RIVER FLooD CONTROL
WaiMEA, KAUAI

 GEOLOGY ‘AND SOILS

ApPENDIX B



el L

)

- ,__"—"w—" -"—""'-

----- e

B-1

@,

1

GEOLOGY

GEOLOGY AND SOILS APPENDIX

Regional Geology
Rock Weathering and Clay Minerals
Seismicity

SUBSURFACE EXPLORATIONS

LABORATORY TESTS

SUBSURFACE CONDITIONS

ADOPTED SOIL VALUES FOR DESIGN

DESCRIPTION AND CONDITION OF EXISTING IMPROVEMENTS

Exjsting Levee

Existing Reinforced Concrete Retaining Wall
Grouted Riprap Lining

CRM Walls

’ DESIGN CONSIDERATIONS AND ANALYSIS

Existing Levee

Levee Extension

Road Raise

Potential Effects of Overtopping Conditions
CONSTRUCTION CONSIDERATIONS

New Rock Toe Protection
New Floodwall

SQURCES OF CONSTRUCTION MATERIALS

LIST OF TABLES

Design Values for Foundation and Fill Materials

oW
1
o

i
w oo

o
[}

Rev. 30 Jun 81

B il i) A AR A il s



Do oOom@mooe o
[ I T Y | 1

]
S SN B W N —

—_ oW~ BEBWN—O

]
NN == ed omd ed

mmmmmwu':mmmmmw

LIST OF PLATES

Boring Location Plan

Boring Logs

Boring Logs

Gradation Curves

Gradation Curves

Gradation Curves

Unconfined Compression Test
Unconfined Compression Test
Unconfined Compression Test
Triaxial Compression Test
Test Data Summary

Test Data Summary

Existing Levee, Typical Section

Existing levee, Stability Analysis (Partial Pool)
Existing Levee, Stability Analysis (Sudden Drawdown)

Rock Toe Protection

Levee Extension, Stability Analysis (Partial Pool)
Levee Extension, Stability Analysis (Sudden Drawdown)
Levee Extension, Typical Riprap Section

Road Raise, Typical Riprap Section

Road Raise, Typical Pavement Section

Rev. 30 Jun 81 ii

Follows Page B-10

e e

=

i

e R e i e s



N dia el i s N e

GEOLOGY AND SOILS APPENDIX

1. The purpose of this appendix is to present and discuss the geology, s0i1s
and foundation data, design and construction considerations, and sources of
construction materials for the Waimea River Flood Control Study.

GEOLOGY

REGIONAL GEOLOGY

2. The island of Kauai is the summit of one of the principal volcanic
mountains of the partially submerged Hawaiian range. This range extends for a
distance of 1,500 miles across the Pacific Ocean floor.

3. Kauai consists of a single, large, shield volcano built from the sea floor
by many thousands of thin flows of basaltic lava.l/ Toward the end of the
growth of the shield about five million years ago,_f the volcano summit
collapsed to form a broad, well-defined central depression (caldera). The
town of Lihue is located on the southeast edge of this huge depression. The
high mountains Kawaikini and Waialeale on the west side are erosional remnants
of the crater rim of the original shield volcano. The huge depression was
bordered by less depressed fault blocks, some of which merged imperceptib1y
with the outer slopes of the volcano. Volcanic activity about one million
years ago gradually filled the depression, burying piles and ridges of talus
along the foot of the boundary cliffs.

ROCK WEATHERING AND CLAY MINERALS

4. Extrusive volcanic rocks range from highly permeable cinders, clinkers,
and ash to dikes and dense, thick lava-basalt flow with low permeability. The
large variation in permeability consequently results in variations in the rate
of weathering and the end products of weathering. The principal factors
controlling rock weathering besides water are the difference in ground slope
and exposure to leaching action of solutions, and the variation in physical
properties of parent extrusive volicanic rocks. In low, poorly drained areas,
the depth and intensity of weathering and concentration of clay minerals is
noticeably greater than on steep, well-drained areas where fresh, dark-

. colored basait is often found in outcrops.

1/ G.A. MacDonald, D.A. Davis & D.C. Cox, Geology and Groundwater Resources

of the Island of Kauai, Hawaii, Bulletin 13, Hawaii Division of Hydro-
graphy, 1960.

2/ Jdan McDougall, Potassium-Argon Ages from Lavas of the Hawaii, Minerail

Industries, Penn State University Journals, vyol. 29, No.8, May 1960.
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5. 1In areas where rainfall is moderate to high, where the slope is such that -
leaching is continuous and effective, and where time has been sufficient, the
end products of weathering are a mixture of oxides and hydroxides of aluminum,
jron, and titanium; the relative proportions of these elements depend on the
composition of the parent rock and the effectiveness and duration of the
leaching process. Kaolinite and gibbsite are the main clay minerals formed.
The distinctive brick red mineral hematite is the most abundant iron compound
present. Weathering of lava basalt and erosion and removal of the softer
sedimentary material has left a concentration of cobble to boulder-sized
pieces of harder rock as relics in the cane fields. The pieces of rock, known
as field stone, are real obstacles and make planting and harvesting costly.
The number, size, and distribution of stones per acre in the various fields
being worked are indicators of weathering intensity.

6. The soils in the Waimea basin are mainly residual. The soils in the lower
flood plains are alluvial and marine deposits of silts, sands and gravelly
sands, and plastic clay and silt. A thin layer of red-brown soil covers the
area along the confluence of the waimea and Makaweli Rivers and lower slopes
of the ridges.

SEISMICITY

7. The strongest earthquake in historic times in the islands occurred 2 April
1868 and was centered along the south coast of the island of Hawaii. This
earthquake had a Richter magnitude of about 7.5 and caused serious damage
across the entire island even stopping clocks as far away as Honolulu.
Practically all earthquakes on the island of Hawaii and Maui are associated
with intermittent volcanic activity. Potential earthquakes on Kauai can be
caused by deepseated tectonic forces and not from the indirect action of
volcanic activity. Recent explorations by geophysical methods show that
faults and rift zones cut through the major islands and that these faults are
branches of a gigantic fracture system known as the Molokai Fracture Zone.

8. The magnitude of Hawaiian Earthquakes was not routinely determined locally
until 1958. Prior to that, magnitudes of large earthquakes were measured by
seismograph stations on continental United States, usually by those at the
California Institute of Technology, University of California at Berkeley, and
Colombia University, from their own seismograms.z:

9. The Uniform Building Code and the Corps' Engineering Manual EM 1110-~2-1902
assigns a Zone Zero seismic risk rating for Kauai for design consideration.
Zone Zero is described as no damage resulting from an intensity earthquake on
the abridged Modified-Mercalli scale of three. The equivalent Richter scale
is a magnitude of 3.5 to 4.2.

3/ A Study of Past Earthquakes, Isoseismic Zones of Intensity and Reconmended
ones for Structural Design for Hawail, Hawall Institute of Geophysics ig’

—

73-4, A.S. Furumoto, et al, 1973.
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10. The seismic risk for Kauai should be detrmined from the major earthguakes
that have occurred close to the Molokai Fracture Zone and not from earthguakes
that have their epicenters close to the very seismically active areas close to
the island of Hawaii.3/ Kauai should be classified in seismic risk Zone One
for non-critical structures and Zone Two for structures where major damage can
result and lives are dependent on protection. A1l structures funded by the
Department of Accounting and General Services, State of Hawaii, are designed
according to Zone Three, intensity scale of seven, magnitude Richter scale of
six, acceleration of 100 cm/sec? and gravity of 0.1g.

11. No seismograph stations operate on Kauai, and no records are available on
which to base a seismic risk evaluation.

SUBSURFACE EXPLORATIONS

12. Prior to construction of the existing flood control improvements the
County of Kauai in 1950 made 20 wash boring s to an average depth of 50 feet
along the riverward toe of the then proposed (now existing) levee. Logs of
the wash borings (not jncluded in this report) show the subsurface materials
as consisting, in general, of alternating layers of boulders, alluvium, silt,
sand, and gravel.

13. In connection with an earlier detailed project study, seven borings (DB-1
to DB-7) ranging in depth from 16 feet to 30 feet were made by the Government
along the right bank of Waimea River. (Plates B-1, 8-2, B-3) Standard 2-inch
diameter split barrel samples and 2-3/8 inch diameter undisturbed Shelby tube
samples were obtained to determine the type, continuity, density, moisture
condition, and strength parameters of the subsurface materials.

LABORATORY TESTS

14. Samples of the subsurface material were tested for gradation, natural
moisture content, natural dry density, specific gravity Atterberg Limits, and
unconfined compression. A triaxial compression test was made on one remolded
sample. Individual test results were performed (Plates B-4 to B-10) and
summarized (Plates B-11 and B-12).

3/ A Study of Past Earthquakes, Isoseismic Zones of Intensity and
Recommended Zones for Tructural Design_for Hawaii, Hawail
Tnstitute of Geophysics 73-4, R.S. Furumoto, et al, 1973.
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SUBSURFACE CONDITICNS

15. The existing levee is composed of silty sand (SM), gravel (GP), poorly
graded sands (SP-SM) and boulders, underlain by silty sand (SM) stratified with
layers of silt (ML). Dry densities of the in-place materials vary from 59 to
127 pcf. In one boring, hard basalt was encountered at elevation -15 Mean Sea
Level, 27 feet below the top of the existing levee. The foundation material
for the proposed levee extension is composed predominantly of silty sand (SM)
and poorly graded sand (SP-SM) with a few basalt boulders near the surface.
Unconfined compression tests performed on the sandy silt (ML) materials with
an average dry weight of 91 pcf showed unconfined compressive strengths vary-
ing from 1,043 psf to 1,604 psf. A sample of sandy silt was remolded and an
unconsolidated undrained triaxial test performed on this sample indicated 375
psf cohesion and a friction angle of 8°21'.

ABOPTED SOIL VALUES FOR DESIGN

16. Adopted design values of the foundation and fill materials are summarized
below (Table B-2).

DESCRIPTION AND CONDITION OF EXISTING IMPROVEMENTS

EXISTING LEVEE

17. The existing levee, located on the right bank of Waimea River between
approximate stations 10+50 and 77+00 (Plate B-1), is approximately 10' high
measured from the landward toe and has a crest width ranging from 15' to 25'
and side slopes of 1V on 1.5H on the riverward face and 1V on 2H on the land-
ward face. The riverward slope of the levee is Tined with grouted riprap while
the crest and landward slope are grassed.

Rev. 30 Jun 81 B-4
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TABLE B-1. DESIGN VALUES FOR FOUNDATION AND FILL MATERIALS

ém 6.SUBM 6] c

Type of Material {KCF) (KCF)  (Degrees) (KSF)
Along Existing Levee
a. Brown Silty Sand (SP-5M)

w/gravel and boulders 0.125 0.062 301/ 0
b. Brown sandy silt (ML} 0.113 0.050 - 1.043
c. Brown silty sand (SP-SM) 0.128 0.065 301/ 0.147
d. Brown sandy silt (ML) 0.115 0.052 8.35 0.375
e. Brown silty sand (SM) 0.125  0.062 30}/ 0.428
Along Levee Extension
a. Brown silty sand (SM)  0.128 0.078 301/ 0
b. Brown silty sand (SM)  0.121 0.07 301/ 0

1/ Assumed values in accordance with standard practice on sandy soils.

18. Between approximate stations 10+50 and 72+00 a concrete bulkhead was
installed along the riverward toe of the levee to serve as a retaining
structure and buried cutoff for the levee. The concrete bulkhead consists of
three tiers of precast concrete panels retained at 10-foot intervals by 16"
square soldier piles driven 30 feet into the riverbed. The concrete panels
appear to be wedged between the soldier piles and the adjacent soil with no
visible evidence of attachment to the piles. Dimensions of the individual
precast concrete panels are 10' long x 3'6“ high x 8" thick in the upper two
tiers and 10' long x 4' hign x 10* thick in the lowest tier. With a top
elevation of (+) 0.5 MSL and a total height (depth) of 11 feet, the bottom of
the concrete bulkhead is at Elevation (=) 10.5' MSL (Plate B-13).

19. The levee embankment is generally in satisfactory condition except for
minor erosion along the top and downstream slope caused by pedestrians and
maintenance vehicles. Signs along the levee prohibit unauthorized vehicles
from operating on the levee. The GRP Jining along the riverward slope is in
good condition with no serious cracking, spalling, or other evidence of
distress. Grass cover along the crest and landward siope is good except along
pedestrian footpaths, vehicle wheel paths, and other random areas where hare
soil is exposed. Some irregularity exists in the downstream slope in the
vicinity of station 46+00. However, this irregularity is the result of
construction of a vehicular on-ramp and interior drainage outiet through the
levee at this location.

B-5



20.  The concrete bulkead appears to be in satisfactory condition with no
visible evidence of structural failure in either soldier piles or concrete
panels. In plan view the concrete bulkhead deviates from linear alignment by
as much as 0.5 foot in a few places. There is no indication of movement or
separation between the bulkhead and the abutting grouted riprap Tining. The
linear deviation appears to be the resuit of inaccuracy in positioning the
soldier piles and precast concrete panels during construction rather than post
construction movement. A few of the piles are rotated along their vertical
axis such that the concrete panels bear along a corner rather than along a
flat face of the pile as intended. Also, inaccuracy in spacing of piles
during construction has resulted in gaps up to 5 inches wide between abutting
panels. At one location, pile spacing was apparently too close since the ends
of adjacent panels are overlapped by a few inches in lieu of being butted.

21.  Although crude and primitive in construction based on present day
standards, the concrete bulkhead has served its purpose of providing erosion
protection and lateral support for the levee over the past 27 years.

22. The riverbed along the toe of the levee is subject to erosion and
deposition during periods of heavy river flows. The extent and location of
scouring and deposition changes from flood to flood and are not predictable.
River bottom profile surveys subsequent to construction of the concrete
bulkhead are Timited to two observations made in July 1959 and June 1961.
These limited observations indicate that scouring to a maximum depth of minus
9 feet Mean Sea level had occurred at random locations along the concrete
bulkhead. Lateral extent of scouring normal to the alignment of the concrete
bulkhead was not determined., Visual observations during February 1979
revealed 3 to 6 feet oferosion between approximate Stations 19+00 and 51+00
and 1ittle or no erosion elsewhere. On the basis of this observation,
stability analyses were conducted for a typical levee section with 6 feet of
erosion at the riverward toe. The existing levee was analyzed for "partial
pool" condition and for "sudden drawdown" condition assuming drawdown from
levee crest (E1.19.0). Results of the stability analyses are surmarized in
Plates B-14 and B-15. The "end of construction" condition was not considered
applicable for the existing levee in view of the long time lapse since its
construction. Minimum safety factors of 1.46 and 1.08 obtained for the
“partial pool" and "sudden drawdown® cases, respectively, indicate that the
existing levee is stable, with maximum scour depth to -6 MSL elevation in view
of the minimum safety factors recommended in EM-1110-2-1913, Design and
Construction of Levees.

EXISTING REINFORCED CONCRETE RETAINING WALL

23. A reinforced concrete retaining wall with a maximum height of 16 feet

was _constructed along the right bank between approximate stations 29+90 and
33+50. Purpose of the wall was to prevent the crest and landward slope of the
levee from encroaching over an existing road into adjacent private property.
Top width of the levee-wall section at this location is less than 3 feet. The
existing concrete retaining wall is in good condition with no evidence of
distress.
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GROUTED RIPRAP LINING

24. Portions of the grouted riprap slope 1ining on the right bank immediately
upstream of the highway bridge and around the gate structure in the vicinity of
station 8+50 have been undermined and lost.

CRM WALLS

25. Existing CRM walls along the right bank downstream of the highway bridge
were constructed with very 1ittle mortar {only surface grouted). The walls are
deteriorating at random locations and need to be repaired.

DESIGN CONSIDERATIONS AND ANALYSIS

EXISTING LEVEE

26. Two conditions could cause failure of the existing levee: overtopping and
uncontrolled erosion along the toe. Overtopping could cause erosion along the
top and downstream slope causing collapse of the upstream grouted riprap lining
due to loss of support and may eventually result in a breach. The in-situ
silty sand material is highly susceptible to erosion. Uncontrolled erosion
along the levee toe could cause structural failure of the concrete bulkhead by
overstressing due to loss of lateral passive resistance and loss of upstream
slope stability. Also undermining beneath the lowest tier of the bulkhead
would cause loss of levee fill and separation and loss of individual concrete

panels. ‘

27. The new cement rubble masonry (CRM) floodwall proposed along the crest of
the existing levee would increase the degree of protection. The impervious
nature of the existing grouted riprap 1ining and new CRM floodwall and the
short duration of high flows prevents seepage from being a problem. Protection
of the levee toe against further erosion and slope stability failure would be
accomplished by providing a dumped rock toe along the existing concrete bulk-
head between approximate stations 10+50 and 57+00 (Plate 16)}. The rock toe
protection was designed to withstand a flow velocity of 14 feet per second.

LEVEE EXTENSION

28. The levee is 1575 feet long and is to be constructed in the lower reach of
Waimea River. The levee has a top width of 10 feet, riverward side slopes of
V¥ on 3H, and landward side slopes of 1V on 2H. Stability analyses performed
in accordance with EM 1110--2-1913 for the levee extension confirms that a 1V
on 3H riverward side slope is stable for the levee sections proposed. Results
of the stability analyses are summarized on Plates B-17 and B-18. Seepage
through and under the new levee will not be a problem due to the short duration
of the high flows. Numerous site inspections over the past 20 years have
revealed no evidence of settlement in the existing levee. Likewise, settlement
of the new Tevee will be negligible. In view of the cohesionless nature of the
foundation materials, any settlement that might occur would take place during
construction. :



2Y9. Slope protection consisting of 27 inches of riprap over 6 inches of
bedding material will be provided along the riverside siope of the levee based
on 14 FPS velocity and 156 pcf unit weight for rock. Assuming that riprap and
bedding will be placed without dewatering, riprap and bedding thicknesses below
elevation plus one foot MSL have been increased by 50 percent (Plate B-19).

ROAD RAISE

30. The road raise section located between stations 72+00 and 77+00 is

situated within the freeboard zone. Slope protection consisting of 27 inches
of riprap over 6 inches of bedding will be provided on the riverward slope as
shown on Plate B-20. A typical pavement section for the road raise is shown

on Plate B-21.
POTENTIAL EFFECTS OF OVERTOPPING CONDITIONS

31. The proposed flood control improvements recommended for this project are
designed to provide protection up to and including the one percent flood.
Floods exceeding the one percent flood have a potential for overtopping the
proposed flood control improvements. Based on hydraulic computations (see
Section C} the Standard Project Flood (SPF) would overtop different sections of
the proposed levee and floodwall by 0.5' to 3.4' during the peak fiow. The
500-year flood would similarly, although to a lesser degree, overtop the
proposed improvements. Duration of overtopping would be approximately 2.5
hours with overtopping velocities ranging from 1.5 to 4.3 feet per second for
the Standard Project Flood. '

32. The primary concern imposed by overtopping flows is the potential for
erosion.. Stability of levee slopes is essentially unaffected by overtopping
except as a secondary result of erosion diminishing the levee cross section and
oversteepening the slope at landward side of the levee. Given the extended
duration of overtopping calculated for the Standard Project Flood, overtopping
flows may cause progressive erosion of the levee embankment and eventually
result in a breach. The mode of erosion would be a combined process of deep
gullying accompanied by collapse of the resulting oversteepened gully walls.
Gullying is expected to originate along the steep (1V on 2H) landward fill
slope and gradually extend across the levee crest toward the riverward siope.
Grass cover proposed for the levee crest and landward slope would provide
adequate protection against normal surface runoff but is not expected to
provide adequate protection against overtopping flows of the Standard Project

Flood.

CONSTRUCTION CONSIDERATIONS

NEW ROCK TOE PROTECTION

33. The new rock toe should be constructed as the work progresses to minimize
turbidity and reduce exposure of the open excavation to unexpected flood flows.
If environmentally acceptable, the contractor should be allowed to temporarily
stockpile excavated materials in the riverbed along the excavation until place-
ment of rock in any increment is complete.

Rev. 30 Jun 81 B-8
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NEW CRM FLOODWALL

34. The new CRM floodwall along the Tevee crest will be imbedded 18 inches
below existing ground and abut the top and rear surfaces of the existing
grouted riprap lining. The temporary overhang created by the existing lining
will impede excavation and CRM placement. Care should be exercised during
construction to prevent damage to the existing grouted riprap and to insure the
absence of voids in the overhang region.

SOURCES OF CONSTRUCTION MATERIALS

35. Embankment materials for levee construction will be obtained from offsite
sources to be designated by the County of Kauai. The possibility of removing
and using materials comprising the sand bar blocking the mouth of Waimea River
will be investigated during the Plans and Specifications stage prior to con-
struction. Since the shape and size of the sand bar is subject to seasonal
variation and its existence at the time of construction cannot be guaranteed,
this source can only be considered as a possibility at present. Removal of
material from the sand bar will also be subject to Government approval.

36. Based on materials investigation for armor stone conducted in 1977 for .
Kekaha Beach Erosion Project, the following sites are possible sources for
riprap stone: Hukipo Valley, Kapilimao Valley, Paua Valley, Waipao Valley,
Kahoana Valleys (east and west), and Niu Valley.

37. Crushed aggregate for concrete, asphaltic concrete, base course and bed-
ding material is available at the Hale Kauai Ltd. guarry located at Halfway
Bridge near Lihue. Ready mixed concrete with jobsite delivery is also avail-
able from Hale Kauai Ltd. which has four concrete plants including one located

_in nearby Kekaha. An asphaltic concrete batch plant operated by Hawaiian

Bitumuls and Paving Company is located at Halfway Bridge near the Hale Kauai
quarry.
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