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(FEIS) FOR THE BOARD OF WATER SUPPLY'S (BWS) MAKAHA 242’
RESERVOIR NO. 2, MAKAHA, OAHU, TMK: 8-4-02: 11, PORTION 14

We transmit the FEIS for the Makaha 242’ Reservoir No. 2 project and request your acceptance.

BWS has completed the FEIS in accordance with the requirements of Chapter 343, HRS, and
finds that the document fulfills the definition of an Environmental Impact Statement and
adequately discloses and describes all identifiable environmental impacts. In addition, all
comments submitted during the public review period have received satisfactory responses and
have been appended to the FEIS. The acceptance of the statement is an affirmation of the
adequacy of the statement under applicable laws and does not constitute an endorsement of the

proposed action.

Therefore, as the accepting authority specified in Chapter 343-5, (b), (2), HRS, and in
compliance with City and County Directive No. 89-2, dated May 25, 1989, we respectfully
request your acceptance of the FEIS for the Makaha 242’ Reservoir No. 2.

If you have any questions, please contact me at 527-6180.
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ENVlRONNIENTAL IMPACT STATEMENT
FOR THE
MAKAHA 242 RESERVOIR NO. 2
MAKAHA, OAHU, HAWAII

1. JNTRODUCTION AND SUMMARY

14

1.2

1.3

APPLICANT

The applicant for the proposed reservoir project is the City and County of
Honolulu Board of Water Supply. ts place of business and mailing address are:

Board of Water supply

City and County of Honolulu
630 South Beretania Street
Honoluly, HI 96843

BRIEF PROJECT SUMMARY

It is proposed to construct a 2.0-miition gallon (MG) storage reservoir on the
slopes of the Waianae mountain range at Makaha as shown on Figures 1 and 2
(TMK 8-4-02:11 & Portion 14). In addition tO the reservoir, @ 16-inch
influent/effluent line, a telemetry system, asphaltic concrete pavement around the
reservoir and {andscaping will be installed to facilitate the operation of the
proposed reservoir. Approximately 30,000 cubic yards of rock will be excavated
to allow construction of a level reservoir foundation area. Reservoir construction
will consist of the erection of a concrete tank which would have an outside
diameter of approximately 140 feet and have 8 height of approximately 20 feet.
The spillway of the new 2.0-MG reservoir would match the spillway of the
existing 0.5-MG reservoir which is 242’ + (MSL}.

SIGNIFICANT BENEFICIAL AND ADVERSE IMPACTS

1.3.1 Beneficial impacts

Construction of the proposed reservoir will significantly increase the |

storage capacity in the Makaha area to comply with BWS standards,

' provide uninterrupted service to BWS customers, stabilize pressure and

provide water during peak demand periods for potable and fire fighting
purposes.

1.3.2 Adverse Impacts and Proposed Mitigative Measures

a. Rock excavation and grading activities will result in permanent change
to the existing topography within the project site. This change in the
topography will be mitigated by implementing an approved

1andscaping plan t0 reduce the visual scar created by the excavation.

e et g T S [P
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Also, a visual analysis (see Appendix A} has been performed to show
the visual site conditions before and after the instaliation of the BWS
reservoir.

Due to steep slopes exposed to rain and runoff, soil erosion may be
a concern during grading activities. Soil erosion will be minimized by
interceptor swales which will divert runoff around the edges of the cut
slopes. In addition, site grading will be designed to divert surface
water away from the reservoir foundation. '

There will be short-term impacts in the form of fugitive dust from
activities such as grading and emission from construction vehicles.
The majority of the fugitive dust will be controlled by spraying water
on soils during excavation activities. All construction vehicles will
comply with the applicable State and Federal emission standards to
minimize air quality deterioration.

There will be short-term impacts on the existing noise levels
particularly during rock excavation. Also, there will be an increase in
noise level as a result of movement of construction vehicles. In order
to minimize the impact of noise, the majority of the earthwork
activities will be performed during the hours as permitted by the City
and County of Honolulu grading ordinance. There will be no rock
excavation during weekends or holidays. All construction vehicles will
be equipped with suitable mufflers meeting or exceeding applicable
State and Federal regulations.

During the construction period, there will be additional vehicles on Kili
Drive, as well as the existing BWS driveway. Traffic to the project
site will be controlled in accordance with applicable City and County
regulations including preparation of a traffic control plan. Most of the
construction vehicular traffic is anticipated during non-peak hours
such as after 9 a.m. and before 4 p.m. Increased traffic will primarily

~consist of the construction crew and material supplies. The

construction crew will be 20 or less people.

1.3.3 Alternatives Considered

1.3.4

‘

Four alternatives are being considered for the proposed project and these
include "no action”, an alternative location, replacement of the existing
reservoir, and installation of a smaller size reservoir. All of the above
alternatives are unacceptable since they do not provide the benefits
realized as a result of installation of a 2.0-MG reservoir at the proposed
location. '

Summary of Unresolved Issues

There are no known unresolved issues.
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1.3.5

1.3.6

Compatibility with Land Use Plans and Policies

It is proposed to install a storage reservoir on the hillside on a vacant lot.
Installation of a storage reservoir is compatible with the existing land use
policies. From both State and County perspectives, there is an objective
to improve the reliability of public utility "systems. Also, the Board of
Water Supply's objective is to provide uninterrupted water service to its
customers. Adequate storage capacity and sufficient pressure are
required to achieve the above objective. Therefore, the proposed project
is consistent with these objectives.

Necessary Approvals and Permits Requirements

{1) Temporary Variance State of Hawaii
(exploratory borings to Dept. of Land & Natural Resources
examine geography)

(2) Conservation District
Use Permit - State of Hawaii »
Dept. of Land & Natural Resources

(3) Construction Plan .
Approval - City & County of Honolulu

Board of Water Supply

- City & County of Honolulu
Department of Public Works

- City & County of Honolulu
Department of Land Utilization

- State of Hawaii*
Department of Health

- Hawaiian Telephone Company

- Hawaiian Electric Company

{4) Grading Permit - City & County of Honolulu
Department of Public Works
{5) Noise Permit - State of Hawaii
Department of Health
(6) NPDES Permit - State of Hawaii
for Hydrotesting Department of Health
(7} Building Permit - City & County of Honolulu

Building Department

{8) Waianae Neighborhood {(Informational presentation
Board made on March 5, 1996)




2. STATEMENT OF PURPOSE AND NEED FOR ACTION

2.1 STATEMENT OF PURPOSE

The purpose of the pfoposed action is to construct a 2.0-million gallon (MG)
capacity storage reservoir. In addition to the storage reservoir, the following
supporting facilities will be provided:

® A 16-inch transmission line connecting the existing reservoir to the new
reservoir

= [nstallation of a telemetry system between the existing 0.5-MG reservoir and
the proposed reservoir

" Installation of asphaltic concrete pavement around the proposed reservoir
® Landscaping and a landscape irrigation system

2.2 NEED FOR THE PROJECT
2.2.1 Background

The Honolulu Board of Water Supply (BWS) presently owns and operates
a 0.5-million gallon (MG) water storage reservoir at the subject project
site. The reservoir is part of the Makaha 242 System which provides
water to BWS customers. Based on existing system calculations and
metered consumption as shown on Table 1, there is a storage deficit in
the Makaha area of approximately 1.7 MG. Therefore, storage capacity
for the Makaha area is deficient and the Board is currently planning to
provide additional storage capacity adjacent to the existing 0.5-MG
storage tank.

I MAKAHA 242 DISTRIBUTION AREA l

| Water Zone Consumption Time Period
51821 1.148 MGD July 1984 - June 1995
51822 0.322 MGD July 1994 - June 1995

Total 242" Consumption: 1.470 MGD |

Required storage for max. day = 1.470 MGD x 1.5 = 2.205 MGD

Existing storage 242' capacity = 0.500 MGD

Required storage to meet BWS standards = 1,705 MGD

Excess storage available for Waianae
w/addition of 2.0-MG reservoir 0.295 MGD

TABLE 1. CURRENT MAKAHA 242 SYSTEM REQUIREMENTS
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2.2.3

In addition to meeting the Board of Water Supply standards for domestic
water needs, the proposed project will provide storage to meet fire
protection requirements. With the provision of adequate storage, fire
fighting needs can be met without relying solely on source pumpage. This
adds reliability to the area water system, minimizes potential disruption of
service in the event of a power outage and provides stabilized main
pressures.

Need for Additional Reservoir Capacity

The Makaha 242 Reservoir No. 2 project will enable the Board of Water
Supply to achieve its objective of operating and maintaining its systems
in a manner which is economically sound and to public benefit. The
following are the objectives of the proposed project:

m to significantly increase storage capacity in the Makaha area to
comply with BWS standards

m to provide uninterrupted service to BWS customers

® to stabilize pressure and supply water during peak demand periods
and for fire fighting purposes.

The existing Board of Water Supply standards call for reservoir capacity
equal to 1.5 times the average daily demand. Because of limited reservoir
capacity in the Makaha area, the BWS is heavily dependent on supply
wells rather than reservoir storage to meet daily demand. This is not
consistent with the BWS standards for reservoir capacity. Therefore, the
proposed project is needed to stabilize pressure, supply water during peak
demand periods, and to meet fire fighting requirements.

Excess Additional Reservoir Capacity

Based on the data provided in Table 1, the addition of the new 2.00 MG
storage facility will meet BWS requirements for the Makaha 242 system.
An excess of 0.3 MG of storage will be available for future Makaha Valley
growth and immediately available for storage deficiencies on the Waianae
Coast.

The current Waianae Coast 242 System storage requirement is 1 1.5 MG.
The total existing Waianae Coast volume is 4.00 MG. Upon completion
of the new 2.00 MG reservoir, a storage deficit of 5.5 MG will still exist
for the Waianae Coast 242 system, The deficit will be met by the
addition of future storage facilities elsewhere.
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3. PROJECT DESCRIPTION

3.1

3.2

LOCATION

The proposed 1.5 acre reservoir site is located adjacent to an existing 0.5-million
gallon storage reservoir {spillway elevation = 242 ft.) located approximately 1
mile from Farrington Highway as shown on Figure 1 (TMK 8-4-02:11 & Portion
14). A preliminary layout of the proposed 2.0-MG reservoir is shown on Figure
2. There is an existing A.C. driveway which provides access to the existing
storage reservoir via Kili Drive. Access to the proposed reservoir will be provided
using the existing driveway. A chain link fence has been used to provide security
to the existing storage reservoir. The proposed storage reservoir will have a
security fence similar to the existing fence.

STATEMENT OF OBJECTIVES

The objective of the City and County of Honolulu Board of Water Supply is to
provide a suitable quantity of potable water to the residents of the Island of Oahu.
Also, the existing water distribution system provides water for fire fighting
purposes. In order to provide the required quantity of water, the Board of Water
Supply needs to develop water sources which can supply potable water. In
addition, the Board needs to provide adequate storage and a distribution system
to supply water to the residents.

Since all of Oahu's potable water demand is met using underground water
sources, there is greater demand for storage capacity. This is essential during
peak demand periods. Therefore, construction of a storage reservoir allows the
Board of Water Supply to meet its objective of supplying an adequate quantity of
water for potable and fire fighting needs of the residents.

The following are the specific objectives of the proposed project:

= To significantly increase storage capacity in the Makaha area to meet BWS
standards

m To provide uninterrupted water service to BWS customers
® To stabilize pressure

m To supply water for potable and fire protection needs during peak demand
periods and power outages




3.3 GENERAL DESCRIPTION OF THE ACTION'S TECHNICAL, ECONOMIC,
SOCIAL AND ENVIRONMENTAL CHARACTERISTICS

3.3.1 Technical Characteristics

The proposed project consists of the following elements:

One 2.0-million gallon (MG) capacity concrete storage reservoir

A 16-inch transmission line connecting the existing reservoir to the
proposed reservoir

Installation of a telemetry system between the existing 0.5-MG
reservoir and the proposed reservoir

Installation of an asphaltic concrete pavement around the proposed
reservoir to minimize erosion

Landscaping and a landscape irrigation system

3.3.1.1 Storage Reservoir

Reservoir construction consisting of a concrete tank which
would have an outside diameter of approximately 140 feet and
a height of approximately 20 feet. The spillway of the new
2.0-MG reservoir would match the spillway of the existing
0.5-MG reservoir which is 242' & (MSL). Because the reservoir
will be constructed on a steep slope, rock excavation and
grading work have been proposed. The reservoir excavation will
create a cut slope in the existing rock hillside. A section has
been created showing the existing reservoir and the proposed
reservoir as shown on Figure 3, The proposed reservoir will be
painted similar to the existing reservoir such that it will blend in
with the surroundings.

Several alternate locations were considered for the proposed
reservoir as shown on Figure 4. These locations were originally
considered based on evaluation of aerial topography. However,
visual observation immediately eliminated consideration of any
reservoir east of the existing 242 Reservoir, due to evidence
of boulder fill and actively moving slopes. All subsequent
evaluation had to be limited to sites immediately adjacent to the
existing reservoir where sound basaltic foundations would be
encountered. The original scope of work indicated that a
3.0-MG reservoir would be considered to meet existing and
future Waianae Coast storage deficiencies. However, the only
way to fit a larger reservoir in the stable foundation zone would

10
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3.3.1.2

3.3.1.3

3.3.1.4

3.3.1.6

3.3.1.6

be to demolish the existing 0.5-MG reservoir and replace it with
a 3.0-MG reservoir (see Figure 5). The loss of the existing
0.5-MG reservoir during the construction period is unacceptable
from an operation's perspective.

Transmission Line

It is proposed to instail a 16-inch transmission line to connect the
existing reservoir to the proposed reservoir. Based on velocity
considerations, a 16-inch diameter water line was selected.
Approximately 160 linear feet of 16-inch ductile iron pipe will be
installed as shown on Figure 2.

Telemetry System

A telemetry system will be installed between the existing
0.5-MG reservoir and the new 2.0-MG reservoir. Various signals
will be transmitted from the proposed reservoir to a contro! panel
which will be located in the existing booster pump station
building. This is required to increase the reliability of the system
and to collect information on operating conditions of the system.

Asphaltic Concrete Pavement

It is proposed to install a 2%-inch thick asphaltic concrete
pavement around the proposed storage reservoir to divert storm
water away from the reservoir; to prevent soil erosion and to
provide access to maintenance vehicles. An asphaltic concrete
pavement has been selected due to its reliability to provide long-
term benefits without additional maintenance requirements.

Landscaping

Landscaping will be planted around the reservoir and on the cut
slopes, and an irrigation system will be installed. Due to the
Board of Water Supply's policy of promoting water conservation,
it is anticipated that landscaping will feature drought tolerant
plant species.

Grading

Extensive grading will be required to prepare the site for the
proposed storage reservoir. Prior to earthmoving activities, the
area within the grading limits (approximately 0.9-acre) will be
cleared and grubbed of all vegetation, organic material, and
debris. All grading activities will comply with applicable City,
State and Federal requirements.

15
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Based on the recommendations of the soils engineer, site
grading work for the storage reservoir will require cuts of
approximately 120 feet in height. The slopes will be cut at
0.5:1 (horizontal:vertical), with an 8-foot wide bench every 25
feet in vertical direction as shown on Figure 3. There will be a
10-foot setback between the bottom of the cut portion and the
reservoir. Approximately 30,000 cubic yards of material will be
removed to create a level area for the reservoir foundation. All
excavated material will be transported to an approved off-site
tocation for disposal. The contractor will inform the City about
the disposal site location prior to obtaining the grading permit
from the City.

Between the distribution of the Draft EIS and Fina! EIS the final
soils report was completed. The conclusions of this report
offered another grading solution utilizing a boulder basin and cut
slope of 0.125:1 (H:V) with no benches. The Final EIS contains
Figures 2A and 3A representing the modified site plan and
section, respectively. The boulder basin option with a 0.125:1
cut slope reduces the height of cut by 15 feet.

Storm water runoff from areas above the cut slope will be
collected by an interceptor swale and diverted away from the cut
slope. Site grading and concrete pavement will be designed to
divert surface runoff away from the storage reservoir. No fill
placement is anticipated for this project. All excavated material
will be hauled off-site and disposed of in accordance with the
County approved grading plan. Rock excavation can be
accomplished using blasting and non-blasting techniques. Any
blasting operation will resuit in vibrations and possible damage
to the adjacent Makaha shaft water source. Therefore, it is
proposed that no blasting be allowed on the project to ensure the
integrity of the Makaha Shaft and the existing reservoir. Itis
proposed to use non-blasting techniques such as a hoe-ram to
accomplish excavation work. Although excavation using a hoe-
ram will require additional time to complete the grading work
(compared to the blasting option), it is anticipated that the
benefits derived will offset the delay.

3.3.2 Economic Characteristics

The estimated construction cost of the proposed reservoir project is $4.9
million. Implementation of the proposed project will provide improved
water storage capacity in the Makaha area.

16




3.3.3 Social Characteristics

3.3.3.1

3.3.3.2

3.3.3.3

3.3.34

Land Ownership

All of the land to be occupied by the proposed storage reservoir
is owned by the City and County of Honolulu Board of Water

Supply.
Land Use Designations

The proposed project site is located within the State
Conservation land use district (see Figure 1), and the City's
Development Plan Land Use Map identifies the project site as
preservation district (see Figure 6). The State Conservation
District land use controls supersede County land use controls.
However, upon obtaining a CDUP, the reservoir will be added to
the City and County Development Plan Public Facilities Map (see
Figure 7). All activities within the State Conservation District are
administered by the Department of Land and Natural Resources.
A separate application will be processed through the State
Department of Land and Natural Resources to obtain a
Conservation District Use Permit (CDUP).

The proposed reservoir site is located in an area zoned P-1
(Preservation) by the City and County of Honolulu as shown on
Figure 7. Public uses such as storage reservoirs are "Permitted
Uses" within the preservation district.

Existing Use

Currently, the proposed project site is vacant. There are no
existing structures or facilities. The proposed project site is
located adjacent to the existing 0.5-MG storage reservoir. After
completion of this project, the site will be changed from a vacant
lot to a storage reservoir area similar to the existing storage
reservoir site.

Surface Water Patterns

There will not be any major changes in the existing surface water
patterns since the project site is not located within any
drainageway. After development, the surface water runoff will
continue in the existing pattern except at the top of the cut
slope. A drainage swale will be installed at the top of the cut
slope to divert any surface water flowing towards the cut slope.
Storm water collected in the drainage swale will be diverted
towards the existing access road. During construction plan

17
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3.3.3.5

3.3.3.6

3.3.3.7

3.3.3.8

preparation, a drainage and erosion control plan will be prepared
meeting the requirements of the City and County's Drainage
Standards and the State of Hawaii's NPDES requirements. There
are no City and County drain lines in the area and Makaha
Stream is slightly less than %z-mile away from the reservoir site.

Groundwater Usage

There will not be any change in the existing groundwater usage
as a result of this project. The proposed project invoives
construction of a storage reservoir to improve the water storage
capacity of potable water. Therefore, it is concluded that there
is no effect on existing groundwater resources.

Wastewater Treatment and Disposal

It is anticipated that the support facilities for the new reservoir
will be provided using the existing pump station facility located
adjacent to the proposed reservoir site. There is no need to
provide additional restrooms or buildings. Therefore, it is
concluded that there is no effect on existing wastewater
treatment and disposal facilities.

Solid Waste

it is anticipated that the support facilities for the new reservoir
will be provided using the existing pump station facility located
adjacent to the proposed reservoir site. There is no need to
provide additional facilities. Therefore, it is concluded that there
is no effect on the existing solid waste collection and disposal
facilities.

Noise

There will not be any change in the existing noise level at the
project site except during construction. During construction,
various mitigative measures including prohibition of blasting are
proposed to minimize the impact on the existing environment.
After completion of the project, there will be no change in the
existing noise level since no pump station is proposed.
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3.3.3.9 Air Quality

The project will only have an effect on air quality during
construction. Fugitive dust from earth-moving activities wiil
occur. The use of water trucks and/or construction hoses to
keep the work area damp will be the primary mitigation method.
After construction, the completed project will have no impact on
air quality.

3.4 DISCLOSURE OF PUBLIC FUNDS OR LANDS FOR THE ACTION

Installation of the proposed reservoir will be on a lot owned by the City and
County of Honolulu Board of Water Supply. The total estimated construction cost
is $4.9 million. Planning and engineering work are anticipated to be completed
in 1996-1997. Construction of the proposed Makaha 242 Reservoir No. 2 project
has been included in the Board of Water Supply's Six-Year Capital Improvement

Program (CIP) for 1998.
3.5 PHASING AND TIMING OF ACTION

It is anticipated that the reservoir construction will begin in 1999 and be
completed in 18 months after the start of construction. However, this schedule
is tentative and subject to change.

3.6 HISTORICAL PERSPECTIVE

From a historical perspective, there is no significance to the proposed project site
since it is a vacant lot. Also, archaeological investigations concluded that the
project site does not contain any archaeological resources.

DESCRIPTION OF ANY KNOWN ALTERNATIVES TO THE PROJECT
4.1 "NO ACTION" ALTERNATIVE

The "no action" alternative was considered but deemed unacceptable since the
Board of Water Supply system remains inadequate with respect to design
standards to meet necessary storage requirements,

4.2 ALTERNATIVE LOCATION

The original scope of work indicated that a 3.0-MG reservoir was desired to meet
the deficiencies of the Makaha 242 System requirements. A 3.0-MG reservoir
would also provide additional storage for the Waianae Coast. Due to the fact that
the proposed reservoir needed to be located in close proximity to the existing
infrastructure, the number of alternative locations were limited. Figure 4 shows
potential locations originally considered based on evaluation of aerial topography.
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However, visual observation immediately eliminated consideration of any reservoir
east of the existing 242 Reservoir, due to evidence of boulder fill and actively
moving slopes. All subsequent evaluation had to be limited to sites immediately
adjacent to the existing reservoir where sound basaltic foundations would be
encountered. This limitation ultimately will lead to the selected project calling for
a 2.0-MG reservoir. This reservoir site has met the current system deficiencies
but does not provide for "future” requirements.

REPLACE EXISTING RESERVOIR

A single 3.0-MG reservoir was considered. However, the only way to fit a larger

. reservoir in the stable foundation zone is to demolish the existing 0.5-MG reservoir

and replace it with a 3.0-MG reservoir {see Figure 5). This would leave the
Makaha 242 System with no storage during the construction period. A 3.0-MG
reservoir construction period could take 18 months, and lack of storage for any
period of time is unacceptable.

SMALLER SIZE RESERVOIR

A reservoir smaller than 2.0-MG was considered, but deemed unacceptable since
construction of a reservoir that would provide storage requirements that would
not meet the system standards would only be considered a partial solution and
would still leave the system inadequate.

DESCRIPTION OF THE ENVIRONMENTAL SETTINGS, IMPACTS
AND MITIGATION MEASURES

5.1

5.2

PROJECT SITE

" The proposed project site is located approximately 1 mile from Farrington Highway

and 1/4-mile from Kili Drive as shown on Figure 7. The nearest residence is
approximately 1000 feet from the project area. There are no commercial or
industrial activities in the vicinity of the project site.

PHYSICAL ENVIRONMENT
5.2.1 Geology and Soils

Makaha Valley was developed as a result of heavy erosion of the Waianae
Mountain Range, which was formed by a basaltic volcano. The erosion
has created a valley with varying soil characteristics. Generally speaking,
the steep walls of the valley are characterized as rock lands and stony
lands, and have exposed rock over nearly 90 percent of the surface, while
the valley floor contains heavy soil deposits. These deposits are described
as "Ewa" or "Waianae" silty clays.
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5.2.2

5.2.3

Three test pits were excavated in the vicinity of the proposed reservoir
site to determine the subsurface conditions. The test pits indicate that the
lower, southern perimeter of the reservoir site is overlain by between 1 to
4 feet of surface colluvium {gravity deposited soil) over intact basalt. The
surface material consisted of moderately to highly plastic clayey silts
which contained numerous cobble and boulders. Except for thin seams of
highly weathered basalt which were encountered at the rock surface in
two of the test pits, the basalt was generally hard and appeared fresh to
slightly weathered. The trackhoe used for the test pits had considerable
difficulty in removing the fresh to slightly weathered basalt and the test
pits were terminated after the hard basalt was encountered. Refer to
Appendix B for a detailed discussion on subsurface investigation.

Impacts: The proposed project will not create any impact on geology
and soils.

Mitigation: No mitigation measures are proposed.
Climate

Average annual rainfall at the proposed reservoir site is 25 inches.
Temperature ranges from mid-60s to mid-80s. Weather in the Makaha
area is generally constant and relatively dry. The prevailing northeasterly
tradewinds blow at an average of approximately 14 knots and are
generally constant throughout the year.

Impacts: The proposed project will not create any impact on climate.

Mitigation: No mitigation measures are proposed.
Topography

The proposed reservoir site is located on the slopes of the Waianae
mountain range and the elevation varies between 242 and 340 feet MSL.
The existing slope varies from 25 to 45 percent at the project site.

Impacts: Grading activities will result in permanent change to the
existing topography within the project site. A cut slope of
approximately 105 feet in height will be formed on the
northern side of the reservoir.

Mitigation: A cut slope of 0.125:1 (horizontal:vertical} will be created
by excavating the existing basalt rock. Any increase in
the cut slope would reduce the limits of excavation.
The soils engineer recommended a cut slope of 0.125:1
(horizontal:vertical) based on stability considerations. It is
proposed to retain the natural look of the basalt rock such
that it will blend in with the existing surroundings. Also,
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a visual impacts analysis {see the following section and
Appendix A) has been performed to show the conditions
before and after installation of the BWS reservoir. An
approved landscaping plan will be implemented to reduce the
visual scar created by the excavation. In addition, it is
recommended that a soils engineer be retained to review
construction plans and to provide observations during the
excavation and foundation activities. The purpose of this
construction monitoring is to assure compliance with design
concepts, the soils engineer's recommendations and to allow
design changes in the event that subsurface conditions differ
from those found during the soils investigation.

5.2.4 Visual Impacts

The proposed project site is located on the slopes of the Waianae
mountain range and is located adjacent to the existing 0.5-MG storage
reservoir. Both existing and proposed reservoirs are visible from a number
of locations along Farrington Highway. There are a number of rock ledges
and outcrops in the vicinity of the project site. Vegetation is limited to
brush and small kiawe trees. The basaltic rock of the Waianae range will
be graded to form a shelf on which the proposed 2.0-MG reservoir will sit.
A section has been created showing the existing reservoir and the
proposed reservoir. {See Figure 3.)

Impacts:

Mitigation:

The major impact to the project site will be rock excavation
and grading to create the reservoir site. The reservoir
excavation will create a cut slope in the existing rock hillside
and visual impacts will be of primary concern. This
excavation will produce a visual scar on the side of the
valley.

A visual impact analysis has been prepared to analyze the
site. Views of the proposed reservoir from various angles
are presented in Appendix A (Visual Impact Analysis)., The
views are presented under existing and proposed conditions,
Appendix A shows in detail the proposed site section of the
before-and-after conditions for the cut slope. The visual
appearance of the cut slope will be minimized by blending
the colors in with the surrounding mountainside. It is
proposed to paint the reservoir to match the existing hillside.
Visual impacts will be minimized by the use of landscaping
around the tank to soften the effect of the structure. The
landscaping material will attempt to match that of the
natural conditions so as to not create a landscape scene out
of character, It is proposed to landscape the horizontal
benches using plants adapted to arid conditions. All
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proposed alternatives for visual aesthetics will be
coordinated with the Outdoor Circle and the Waianae
Neighborhood Board.

5.2.6 Drainage and Erosion

According to the National Flood Insurance Rate Map (see Figure 8), the
proposed reservoir site is located in Zone X which is the area outside the
500:year flood plain. The existing drainage area contributing storm water
flow is shown on Figure 9. Storm water runoff will be diverted at the top
of the cut slope using an interceptor swale meeting the City and County
of Honolulu drainage standards.

Impacts: Due to steep slope exposed to rain and runoff, seil erosion
may be a concern during grading activities. There will be an
increase of 0.6 cfs in storm water runoff as a result of
installation of asphaltic pavement around the proposed
reservoir. The small amount of water that is diverted will
continue to sheet flow down the hillside over natural terrain.
There are no man-made drainage systems in the area and
Makaha Stream is slightly less than %-mile away.

Mitigation: The following mitigation measures are proposed:
5.2.5.1 Drainage Improvements

= Site grading will be designed to divert surface water away
from the reservoir foundation.

w Drainage swales will be provided around reservoir site
perimeter to divert runoff around the edges of the cut slopes
as shown on Figure 9.

A minor increase of 0.6 cfs is not anticipated to have any
negative impact. All drainage sheet flows over natural ground
and/or seeps into the porous rock.

5.2.5.2 Grading Work

All grading work will be performed in accordance with the
County approved grading and erosion control plans. A soils
engineer will monitor all grading activities. The total project site
is 1.5+ acres. The area of grading is less than 5 acres and no
NPDES permit is required. However, an Erosion Control Plan and
Procedures is required and must be approved by the City and
County Department of Public Works.
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5.2.5.3 Erosion Control Measures

5.2.6.4

The following erosion control measures will be implemented.

Installation of silt screen, temporary swale, temporary berm
and a sedimentation basin prior to grubbing and grading.

During excavation, erosion will be minimized by diverting
surface water away from the areas above the cut slope and
preventing water from flowing across the slope face.

If seepage is encountered in cut faces, horizontal drains or
toe drains will be installed to stabilize the slopes.

The contractor will be required to follow Best Management
Practices as described in the following section.

Best Management Practices Plan

The contractor will be required to comply with the following Best
Management Practices plan:

a.

c.

Whenever feasible, natural vegetation should be retained. [f
it is necessary to be removed, such vegetation shall be
disposed of at a County approved landfill.

On-site burning of grub material is prohibited.

The graded or project site that is cleared of vegetation shall
be kept damp for seven days a week. At the end of each
day, the site shall be sufficiently dampened so that the site
will remain moistened during the night.

All loose rocks and boutders on the slopes shall be carefully
removed and disposed of.

Falling rocks, soils or debris are not allowed to fall, slide or
flow onto the adjoining properties.

Do not disturb an area until it is necessary for construction
to proceed.

Cover, revegetate or stabilize disturbed areas as soon as
possible.

28




(W I

L.

All workers on the construction site shall be made aware of
the erosion controls so that they do not inadvertently disturb
or remove them.

Ali erosion control measures shall be inspected at least once
each week and following any storm event of 0.5 inches or
greater.

The contractor shall not permit any silt and/or debris from
his work to be deposited in drainage facilities, roadways or
other areas.

The contractor shall keep the project area and surrounding
area free from dust nuisance.

The Soils Engineer shall conduct inspections during
construction to verify subsurface conditions and adequacy
of slopes.

. Pre-construction vegetative ground cover shall not be

destroyed, removed or disturbed more than 20 calendar days
prior to site disturbance.

The silt fence shall be inspected for depth of sediment,
tears, to see if the fabric is securely attached to the fence
posts, and to see that the fence posts are firmly in the
ground.

Built-up sediment shall be removed from silt fence when it
has reached one-third the height of the fence.

Temporary and permanent seeding and planting shall be
inspected for bare spots, washouts, and healthy growth.

All erosion control measures shall be maintained in good
working order; if a repair is necessary, it shall be initiated
within 24 hours of inspection by the contractor.

5.2.6 Flora and Fauna

A botanical survey was conducted in November 1993 to document the
existing flora and fauna. The project area has been described as Lowland
Dry Mixed Community Zone by Gagne and Cuddihy (1990). Before the
introduction of grazing animals, this area was probably covered with
wiliwili trees,
There are frequent rock outcrops, scant soil and the area is often
subjected to wild fires in the dry season.

drought tolerant shrubs and other summer deciduous plants.
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5.2.7

A single vegetation type, Scant Kiawe with an Understory of Mixed
Grasses, is found in the vicinity of the proposed reservoir site. Kiawe
trees (Prosopis pallida), 5 to 7 meters in height, cover less than thirty-five
percent of the area. In November 1993, these trees appeared to have
recently been burned due to wild fire and half of the tree skeleton showed
regrowth. The understory is principally buffel grass (Cenchrus ciliaris L.)
and green panic grass (Panicum maxinum), both of which have fully
recovered from an earlier fire. Because of the many rock outcrops found
on the site, vegetation is limited to small pockets of soil distributed among
the rock outcrops. These small pockets support significant communities
of weedy, introduced, wayside plants. Refer to Appendix C for a detailed
discussion of botanical survey and the list of all taxa found on the project
site.

Because of the fact that the proposed project site is subjected to frequent
wild fires during the dry season, it is unlikely that the site provides habitat
for any significant bird or other wildlife species.

Impacts: Based on the botanical survey, it is evident that the project
site does not contain any of the listed threatened or
endangered plant species as set forth by the U.S.
Department of Fish and Wildlife Service {Endangered Species
Act of 1973, [16 U.S.C. 1531-1543]). Therefore, it is
anticipated that there will be no negative impact on the
existing flora. Also, it is expected that there will be no
impact on existing fauna since the project site does not
contain any endangered or significant wildlife species.

Mitigation: No mitigation measures are proposed.
Historic and Archaeological Resources

An archaeological investigation was conducted on November 24, 1993 by
Archaeological Consultants of Hawaii, Inc. to document any existing
archaeological resources. A 100 percent surface survey of the parcel was
undertaken. No sites of historic or archaeological significance were
identified on the property. Based on the findings of the above
investigation, Archaeological Consuitants of Hawaii concluded that future
construction activities will have "no effect" on the existing archaeological
or historic resources. Refer to Appendix D for a detailed discussion on the
archaeological investigation.

Impacts: Since the archaeological investigation concluded that there
will be no impact on the existing conditions, it was
determined that no further archaeological work of any kind

is required.
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5.2.8

5.2.9

Mitigation: No mitigation measures are proposed. However, during the
excavation activities, if unknown or unexpected subsurface
cultural features or deposits are encountered, the work will
be halted and the State Historic Preservation Office will be
notified.

Groundwater

Most of the groundwater resources are located in the basaltic Waianae
volcanic series. These aquifers are fed by rainfall oceurring in the
Waianae mountain range, which infiltrates into surface soils to supply the
basal groundwater. The coraline caprock acts as a barrier between the
ground surface and the basaltic aquifer.

Impacts: The proposed project will not create any impact on existing
groundwater sources. Construction of the reservoir will
benefit the existing groundwater sources since the available
water can be pumped and distributed in an efficient manner.

Mitigation: No mitigation measures are proposed.
Agricultural Resources

There are no agricultural resources at the project site since the site is
vacant, contains rock outcrops and is subjected to frequent wild fires.
Also, water resources are not available in the vicinity of the project site to
make it feasible for any agricultural activities.

Impacts: The proposed project will not create any impact on present
or future agricultural resources.

Mitigation: No mitigation measures are proposed.

5.2.10 Air Quality

At present, the air quality in the vicinity of the project site is generally
good since there are no commercial or industrial activities.

Impacts: The proposed project will not create any long-term impact on
existing air quality. However, there will be short-term
impacts in the form of fugitive dust from activities such as
grading and emissions from construction vehicles.
Installation of this reservoir will not create any additional
demand for power. Therefore, there will be no additional
emissions from power generation facilities as a result of this
project.
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5.2.8

5.2.9

Mitigation: No mitigation measures are proposed. However, during the
excavation activities, if unknown or unexpected subsurface
cultural features or deposits are encountered, the work will
be halted and the State Historic Preservation Office will be
notified.

Groundwater

Most of the groundwater resources are located in the basaltic Walanae
voleanic series. These aquifers are fed by rainfall occurring in the
Waianae mountain range, which infiltrates into surface soils to supply the
basal groundwater. The coraline caprock acts as a barrier between the
ground surface and the basaltic aquifer.

Impacts: The proposed project will not create any impact on existing
groundwater sources. Construction of the reservoir will
benefit the existing groundwater sources since the available
water can be pumped and distributed in an efficient manner.

Mitigation: No mitigation measures are proposed.
Agricultural Resources

There are no agricultural resources at the project site since the site is
vacant, contains rock outcrops and is subjected to frequent wild fires.
Also, water resources are not available in the vicinity of the project site to
make it feasible for any agricultural activities.

Impacts: The proposed project will not create any impact on present
or future agricultural resources.

Mitigation: No mitigation measures are proposed.

5.2.10 Air Quality

At present, the air quality in the vicinity of the project site is generally
good since there are no commercial or industrial activities.

Impacts: The proposed project will not create any long-term impact on
existing air quality. However, there will be short-term
impacts in the form of fugitive dust from activities such as
grading and emissions from construction vehicles.
Installation of this reservoir will not create any additional
demand for power. Therefore, there will be no additional
emissions from power generation facilities as a result of this
project.
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Mitigation: The majority of fugitive dust will be controlled by spraying
water on soils during excavation activities. Temporary
erosion control measures as identified in the "Drainage and
Erosion" section will be implemented. Temporary and/or
permanent landscaping will be implemented as soon as
practicable. All construction vehicles will comply with the
applicable State and Federal emission standards to minimize
air quality deterioration. Also, the project site is 1000 feet
away from the nearest residence and this separation
minimizes any short-term impacts.

5.2.11 Noise

At present, the noise level in the vicinity of the project site is similar to the
noise level in the residential area since there are no commercial or
industrial activities. In order to protect the integrity of the Makaha Tunnel
and the existing reservoir, no blasting will be allowed. Therefore, rock
excavation must be performed using non-blasting methods such as a
hoe-ram or ripper.

Impacts: The proposed project will not create any long-term impact on
existing noise levels. However, there will be short-term
impacts on the existing noise levels particularly during rock
excavation. Also, there will be an increase in noise levels as
a result of movement of construction vehicles.

Mitigation: The majority of the earthwork activities will be performed
during the hours as permitted by the City and County of
Honolulu grading ordinance. There will be no rock
excavation during weekends or holidays. All construction
vehicles will be equipped with suitable mufflers meeting or
exceeding applicable State and Federal regulations, Also,
the project site is 1000 feet away from the nearest
residence and this separation minimizes any short-term
impacts.

5.2.12 Cultural Resources

Based on archaeological investigations, the project site does not contain
any artifacts and does not have any significance from a historical
perspective. At present, the project site is vacant, contains rock outcrops
and is not suitable for agricultural activities. Also, the site was subjected
to frequent wild fires. Therefore, it is concluded that the site does not
have any significance from both a historical perspective, as well as a
socioeconomic perspective.
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Impacts: No impacts on cultural resources are anticipated.

Mitigation: No mitigation measures are proposed.

5.2.13 Population

The population of the Waianae Coast was approximately 37,500 in 1990.
This population will gradually increase to an estimated 46,000 in 2010.
However, the population of Makaha itself will increase from approximately
8,200 in 1990 to only approximately 8,400 in 2010,

Impacts: There will be no direct impact on population as a result of
this project. However, any improvements to the existing
utilities will partially support future development.

Mitigation: No mitigation measures are proposed.

5.3 MAN-MADE ENVIRONMENT

5.3.1

5.3.2

r——— e - e e T T

Housing

Housing in the Makaha region consists primarily of single-family housing,
housing related to small and larger scale agricultural operations and
vacation rental properties near the shoreline and at the Makaha Resort.

Impacts: The proposed project will not have any direct impact on
existing housing. However, any improvements to the
existing utilities will partially support future development. A
benefit to existing housing will be increased fire protection
capabilities.

Mitigation: No mitigation measures are proposed.
Commercial and Industrial Areas

The Makaha area has commercial activity (variety and grocery stores)
adjacent to Farrington Highway. The Makaha Resort can also be
considered a commercial activity. This represents a majority of the
commercial/industrial activity in the Makaha region.

Impacts: There will be no impact on existing commercial and industrial
facilities. It is not possible to predict the extent of any future
development at this point in time. There will be benefits to
the existing commercial facilities as a result of this project
and increased fire protection capabilities. These benefits
include, better water distribution system and storage
capacity for fire fighting needs.
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Mitigation: No mitigation measures areé proposed.

5.4 Public Facilities and Services

5.4.1

5.4.2

5.4.3

Roadway System

After construction of the storage reservoir, access to the reservoir will be
provided using an existing driveway from Kili Drive. At present, the BWS
uses the existing driveway to provide supporting services to the existing
0.5-MG reservoir.

Impacts: It is anticipated that there wiil no impact on the existing
roadway system since the number of service vehicles using
the driveway will be essentially the same. During the
construction period, there will be additional vehicles on Kili
Drive. Increased traffic will primarily consist of the
construction crew and material supplies. The construction
crew will be 20 or less people.

Mitigation:  Traffic to the project site will be controlled in accordance
with the applicable City and County regulations including
preparation of a traffic control plan. Most of the delivery
vehicles are anticipated during non-peak hours such as after
9 am and before 4 pm.

Water Systems

After completion of this project, the proposed reservoir will become part
of the Makaha 242 System 1o provide potable water to the residents of
the Makaha area.

impacts: There will be positive impacts on the existing water
distribution system since the proposed system:

m significantly increases storage capacity in the Makaha
area to comply with BWS standards

m provides uninterrupted service to EWS customers

m stabilizes pressures and supplies water during peak
demand periods and for fire fighting purposes.

Mitigation: No mitigation measures are proposed.
Wastewater and Solid Waste Management

It is anticipated that the proposed reservoir will use the existing pump
station building to provide support services such as the telemetry system
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5.4.4

5.4.5

and other maintenance facilities. Therefore, there will be no additional
wastewater or solid waste generation as a result of this project.

Impacts:

Mitigation:

There will be no increase in wastewater or solid waste
generation or impact on existing solid waste handling and
disposal facilities. However, during the construction period,
there will be solid waste generation as a result of grubbing
and other construction activities. Also, there will be on-site
generation of wastewater during construction activities.

All solid waste generated during the construction period will
be disposed of in a County approved landfill in accordance
with the applicable City and State regulations. The
contractor will be required to provide portable toilets during
construction in accordance- with the applicable City and
State regulations. All septage will be transported to a
County approved wastewater treatment facility for septage
treatment and disposal. No additional mitigation measures
are proposed. '

Fire Protection

After installation, the proposed reservoir will provide the required storage
capacity for the Makaha 242 system particularly during peak demand

periods.

Impacts:

Mitigation:

Installation of the proposed storage reservoir will have a
positive impact on the existing water distribution system
which supports the City's fire protection services. There
may be periods when access to the existing distribution
system is limited particularly during connection of the new
line to the existing water line.

To avoid any inconvenience to the existing system, all
connection work will be done during non-peak pericds such
as night time when water demand is very low. In addition,
advance notification will be provided by the Board of Water

Supply to the general public and the Fire Department before

water service is temporarily disrupted to connect the new
line to the existing line.

Drainage System

The proposed project site is located on the slopes of the Waianae
mountain range. Storm water runoff will be collected at the top of the cut
slope and diverted using County approved drainage plans.
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5.4.6

Impacts:

Mitigation:

There will be a minor increase of storm water runoff as a
result of the installation of the reservoir. In addition, it is
anticipated that there will be no impact on existing drainage
flow patterns since the excavation site is located at the peak
of a hill where drainage is limited to rainfall that directly falls
on the property.

A minor increase of 0.6 cfs is anticipated to have negligible
impact on the existing drainage swale adjacent to the
existing driveway since it has sufficient capacity to transmit
additional flow.

Electric and Telephone Service

The proposed project does not involve installation of any pumps or other
equipment which require additional power. Lights will be installed around
the storage reservoir for ease of maintenance at night. The existing
telephone system will be used to provide telemetry services for the
proposed reservoir,

Impacts:

Mitigation:

There is no impact on existing electric and telephone
services. However, during construction activities,
coordination is required to ensure that the proposed reservoir
project does not conflict with existing and planned utility
lines and facilities.

The Board of Water Supply will coordinate with utility
companies during the construction plan preparation phase to
ensure that the proposed reservoir project does not conflict

- with existing and planned utility lines and facilities.
— 6. RELATIONSHIP OF THE PROPOSED ACTION TO LAND USE PLANS,
; POLICIES AND CONTROLS OF THE AFFECTED AREA
6.1 FEDERAL
There are no known federal controls affecting the construction of the proposed

. reservoir.
_ 6.2 STATE LAND USE PLAN
- The proposed project site is located within the State Conservation District as

shown on Figure 1. The subzone for the conservation area at the project site is

resource.

It is the objective of resource subzone to develop, with proper

= management, areas to ensure sustained use of the natural resources of
conservation areas (HAR 13-5-13.a). The State of Hawaii Department of Land

and Natural Resources administers land uses in all conservation areas. Therefore,
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6.3

reservoir construction requires Land Board approval in the form of a Conservation
District Use Permit (CDUP). installation of the proposed reservoir is consistent
with the |dentified land uses in the resource subzone since HAR 13-5-22 (page 5-
14) speciﬁcally allows the installation of water systems. During the construction
plan preparation phase, @ CDhUP application form will be submitted 1o the State
Department of Land and Natural Resources for approval.

HAWAII STATE PLAN

The Hawail State Plan's long-range goals, objectives and policies aré set forth in
the Hawai State Planning Act, Hawai Revised Statutes (H.R.S.) Chapter 226.
The goal of this plan is to achieve a strong, viable economy and viable physical
environment that will promote the physical, social and economic well-being of the
State's individuals, families and social communities (H.R.S. Section 226-1). In
general, the proposed Makaha 242 Reservoir project is consistent with the overall
intent of the Hawaii State Plan. Applicable sections of the Hawaii State Plan are
as follows:

6.3.1 State Goals, H.R.S. Section 226-4

The proposed Makaha 242 Reservoir project is consistent with the overall
intent of the Hawaii State Plan since the reservoir will be located in the
Makaha area to enhance the mental and physical well-being of the people
by providing adequate water for potable and fire fighting needs.

6.3.2 Physical Environment - Lend-based, shoreline, and
Marine Resources. H.R.S. Section 226-11

The construction of the proposed Makaha 242 Reservoir is compatible
with the existing activities since another 0.5-MG reservoir is presently
located adjacent to the project site. After completion of the reservoir,
there will be no noise, air quality or traffic impacts. There will not be any
jimpact on archaeological, cultural or historic resources. The physical
characteristics of the project site make it a good location for the proposed
reservoir since it is vacant and located at @ suitable glevation.
Construction of this reservoir will not prohibit any other development in
the vicinity. There are no shoreline or marine-based resources applicable
to this project. Therefore, it is concluded that the proposed project is
consistent with the objectives of effectively managing jand-based
resources.

6.3.3 Physical Environment - Scenic, Natural Beauty, and
Historic Resources. H.R.S. Section 226-12

1t is proposed to minimize any visual impact on the existing physical

environment using view analysis, landscaping and blending in with the
existing surrounding. geveral mitigation measures have been proposed as
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6.4

6.5

explained in the section "Visual Impacts" to preserve and enhance the
views after completion of the project. There are no historic resources
applicable to this project.

6.3.4 Physical Environment - Land, Air, and Water Quality,
H.R.S. Section 226-13

The proposed reservoir will be located on City owned property and the site
is an unused hillside. Construction of the reservoir is consistent with the
State’s policy of proper management of Hawaii's land and water
resources. Installation of the storage reservoir is a benefit to the Island of
Oahu in general and the Makaha community in particular, since the Board
of Water Supply will be able to distribute existing water sources in an
effective and efficient manner. Various measures as identified in
Section 5 will be implemented to protect and preserve the existing air and
water quality.

6.3.5 Facility Systems - Water, H.R.S. Section 226-16

One of the objectives of H.R.S. Section 226-16 is to assist in improving
the quality, efficiency, service, and storage capabilities of water systems
for domestic use. Construction of the Makaha 242 Reservoir No. 2
project will add 2.0 MG of storage capacity to the existing water
distribution system which is deficient in its storage capacity. This added
capacity will reduce the possibility of interrupted service during periods of
peak demand or power outage, increases the overall reliability of the
system, and provides adequate water for fire protection needs.

STATE FUNCTIONAL PLANS

The State of Hawail functional plans are intended to provide more detail to the
Hawaii State Plan in 12 specific areas of concern. Of the 12 specific plans
prepared by various state agencies, only the State Water Resources Development
Functional Plan was found to be relevant to this project. The above functional
plan’s objective is to "assure adequate municipal water supplies for planned urban
growth™. The proposed project is consistent with the above objective since
construction of the Makaha storage reservoir will assure sufficient water for both
potable and fire protection needs of the community.

HAWAIl COASTAL ZONE MANAGEMENT (CZM) PROGRAM

The Hawaii Coastal Zone Management Act (Act 188, SLH 1 977), which became
Chapter 205A, Hawalii Revised Statutes, established State policies for any actions
affecting the coastal zone. Objectives and policies in seven broad categories are
specified, and the relationship of the proposed project to two of these categories
is presented below:

38

T




..

(1

[.]

L.

1}

6.5.1

6.5.2

6.5.3

6.5.4

6.5.5

Recreational Resources

The CZM program seeks to "protect coastal resources uniquely suited for
recreational activities that cannot be provided in other areas”. The
proposed project site is located approximately one mile from the nearest
shoreline. There are no recreational activities or resources at the project
site since the project site is vacant and located on the slopes of the
Waianae mountain range. Therefore, it is concluded that there is no
impact on recreational resources. '

Historic Resources

One of the objectives of the CZM program is to "identify and analyze
archaeologica!l resources and to support State goals for protection,
restoration and display of historic resources." From a historical
perspective, there is no significance to the proposed project site since it
is a vacant lot. Also, archaeological investigations concluded that the
project site does not contain any archaeological resources.

Scenic and Open Space Resources

The CZM program seeks to "protect, preserve, and where desirable,
restore or improve the quality of coastal scenic and open space
resources." The proposed project site is located on a hillside which is
visible from various points along Farrington Highway. A detailed visual
impact analysis has been conducted (see Section 5.2.4}. Also, various
mitigation measures such as landscaping and blending in with the
surrounding environment have been proposed.

Coastal Ecosystems )
Another CZM objective is to "protect valuable coastal ecosystems from
disruption and minimize adverse impacts on all coastal ecosystems."”
There is a potential concern regarding sediment runoff into streams and
offshore waters due to erosion from the project site during excavation.
Various mitigation measures have been proposed {see Section 5) anditis
anticipated that the above measures will minimize any impact on the
existing coastal ecosystem.

Economic Uses

This CZM objective is to "concentrate coastal dependent development
in appropriate areas and to ensure that coastal dependent development
such as harbors and ports are located and constructed to minimize adverse
social, visual and environmental impacts in the coastal zone management
areas"”. The proposed project site is a non-coastal dependent development
and there are no adverse social or environmental impacts on the existing
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6.6

6.5.6

6.5.7

6.5.8

6.5.9

coastal developments. There will be beneficial impacts on economic uses,
since the proposed project will provide job opportunities during
construction.

Coastal Hazards

Another CZM objective is to "develop and communicate adequate
information about storm wave, tsunami, flood, erosion, subsidence, and
point and non-point source pollution hazards". Since the proposed project
site is located at an elevation of 220 ft. MSL, it is concluded that there is
no impact from coastal hazards.

Managing Development

One of the CZM objectives is to "use, implement, and enforce existing law
effectively to the maximum extent possible in managing present and
future coastal zone development”. This objective supports timely
processing of applications for development permits and resolves
overlapping or conflicting permit requirements. There are no known
overlapping or conflicting permit requirements for the proposed project.
Therefore, it is concluded that the subject project is consistent with the
above CZM objective. '

Public Participation

Another CZM objective is to "disseminate information on coastal
management issues by means of educational materials, published reports
and public workshops for persons or organizations concerned with coastal-
related issues, developments and government activities.” It is concluded
that the proposed project meets the above requirements since an
environmental impact statement has been prepared with extensive input
from various government and private organizations.

Beach Protection

This CZM objective is not applicable to the proposed project since the
subject project is located approximately one mile from the nearest beach.

OAHU GENERAL PLAN

The General Plan of the City and County of Honolulu is a statement of long-range
social, economic, environmental, and design objectives and broad policies to
facilitate the attainment of the stated objectives. The General Plan provisions
which are relevant to the proposed action include the following:
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6.7

6.6.1

6.6.2

6.6.3

6.6.4

Natural Environment

This section of the General Plan endeavors to preserve and enhance the
natural environment of Oahu. In order to meet the objectives of the
natural environment, due consideration will be given to surface runoff and
impacts from noise, air quality and erosion. All drainage facilities will be
designed to minimize the impact of runoff. Review of the botanical survey
indicates the project site does not contain any endemic species. Various
mitigation measures (see Section 5) have been proposed to minimize the
impact of air, water, and noise problems. Based on the above, it is
concluded that the proposed project will protect the natural environment
from damaging levels of air, water and noise pollution.

Transportation and Utilities

This section of the General Plan emphasizes cost-effective transportation,
as well as adequate utilities for the service area. High levels of service for
water supply and distribution are emphasized. In the Makaha area, the
BWS is dependent on supply wells rather than storage capacity to meet
daily peak demand. According to BWS standards, reservoir capacity
should be 1.5 times the average daily use and the above storage capacity
is not available in the Makaha area. Implementation of this project will
add reservoir storage capacity to help stabilize pressures and supply water
during peak demand periods and for fire fighting purposes.

Physical Development and Urban Design

The proposed reservoir will be located adjacent to the existing 0.5-MG
storage reservoir. Therefore, installation of the new reservoir is
appropriate for the proposed site and is consistent with the surrounding
physical environment. The proposed facilities will be designed to meet
high aesthetic and functional standards. Landscaping and other mitigation
measures will be implemented to ensure that the reservoir and the cut
slope are compatible with the existing environment,

Government Operations and Fiscal Management

It is the overall objective of the Board of Water Supply to operate and
maintain the water supply systems in a manner which is economically
sound and to public advantage. This project is intended to assure reliable
service to present and future BWS customers.

LAND USE ORDINANCE

The Zoning Map of the City and County of Honolulu specifically identifies detailed
land uses allowed on various properties. These uses are further identified within
the County's Land Use Ordinance. The current County zoning for the proposed
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project site is shown on Figure 7. Current zoning is P-1 Preservation and reservoir
is a "Principal Use" in accordance with the tand Use Ordinance. Therefore, it is
concluded the installation of the proposed reservoir is consistent with the
County’s Zoning and Land Use policies.

6.8 LIST OF NECESSARY APPROVALS

Table 2 contains a listing of necessary approvals and approving agencies.

STATUS OF
APPROVAL REQUIRED APPROVING AGENCY APPROVAL

Temporary Variance State of Hawaii Application was
(exploratory borings to Board of Land and Natural submitted in
1 examine geography) Resources February 1995
i
Conservation District Use State of Hawaii
Permit Board of Land and Natural Not obtained
Resources
- Construction Plan Approval | City & County of Honolulu - Not obtained

Board of Water Supply

P City & County of Honolulu
Department of Public Works

: City & County of Honolulu
- Department of Land Utilization

‘ State of Hawaii

Department of Health
Hawaiian Telephone Company

Hawaiian Electric Company

- Grading Permit with City & County of Honolulu Not obtained
o Erosion Control Plan Department of Public Works
Noise Permit State of Hawaii Not obtained

Department of Health

NPDES Permit for State of Hawaii Not obtained
Hydrotesting _ Department of Health

- Building Permit City & County of Honolulu Not obtained
= Building Department
- TABLE 2. LIST OF NECESSARY APPROVALS
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RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF HUMANITIES
ENVIRONMENT AND THE MAINTENANCE AND ENHANCEMENT OF
LONG-TERM PRODUCTIVITY '

The proposed action consists of constructing a water storage reservoir on a vacant lot.
Short-term impacts include degradation of the environment (air and noise pollution)
during construction activities only. However, the long-term benefits clearly outweigh
the short-term impacts. Specifically, long-term benefits improve the storage and
distribution of water for potable and fire fighting needs in the Makaha area.
A discussion of short-term and long-term considerations is as follows:

7.1 SHORT-TERM

Construction-related activities will create dust, noise, air pollution, traffic
circulation disruption and increased erosion. Although specific mitigation
measures are proposed for each concern, these physical actions will result in
short-term impacts with respect to the environment.

Short-term impacts will also be positive to the human environment by creating
construction-related employment opportunities.

7.2 LONG-TERM

Long-term impacts with respect to the environment will include a permanent
change in the existing topography due to the creation of a deep cut. Long-term
productivity, however, will be enhanced through meeting BWS standards for
water supply, increased reliability and meeting potable and fire fighting needs
particularly during peak demand periods.

IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES THAT
WOULD BE INVOLVED IN THE PROJECT SHOULD IT BE IMPLEMENTED

Unavoidable impacts of the proposed project include the following:

n The visual impact of the project, based on a larger reservoir and cut slopes, will
be irreversible and irretrievable. Landscaped property and color selections are
proposed as mitigation.

The proposed action of constructing a storage reservoir to improve water distribution
reliability is not anticipated to have any major adverse impact on the existing
environment since several mitigation measures have been proposed. Itis perceived that
the overall benefits derived from this project offsets any minor impacts.
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9. PROBABLE ADVERSE ENVIRONMENTAL EFFECTS THAT CANNOT BE AVOIDED

9.1

9.2

9.3

UNAVOIDABLE EFFECTS

Disruption caused by physical transformation of the topography within the project
site will affect air quality, ambient noise levels and surface water quality. In
addition, construction-related activities will also generate corresponding traffic
congestion,

The existing view of the mountain slope will be slightly altered due to the
presence of a deep cut which is required to provide a level foundation site.

RATIONALE FOR PROCEEDING WITH THE ACTION

In light of the identified unavoidable adverse environmental effects, it is still
proposed to proceed with the project. Although, all adverse effects have been
identified, the magnitude of each adverse effect is minor. Also, the cumulative
effects will not create an unacceptable environmental situation. Specifically, all
short-term adverse effects can be controlled and impacts can be minimized by
following various mitigative measures identified earlier. Long-term environmental
effects such as the minor change in the topography and the existing view of the
mountain slope are within acceptable limits considering the fact that the proposed
project will improve the overall quality of life in the Makaha area.

In summary, it is evident that the benefits derived, both short-term and long-term,
are in the best interest of the public since the proposed project will provide
adequate water service to Makaha area residents.

ACHIEVEMENT OF COUNTERVAILING BENEFITS THROUGH
ALTERNATIVES WHICH AVOID ADVERSE EFFECTS

The countervailing benefits to the proposed action are primarily providing reliability
to the existing water system. The alternatives presented in this documnent include
"no action", an alternative location, replacement of the existing storage reservoir,
and installation of a smaller size reservoir. "No action" would not provide any
countervailing benefits, but all of the adverse environmental effects will be
eliminated. An alternative location on the eastern side of the existing reservoir is
unsuitable due to evidence of boulder fill and actively moving slopes.
Replacement of the existing reservoir will provide a reduced level of impact on the
existing environment, particularly the mountain slope. However, this alternative
is unacceptable since the existing water distribution system will be without
storage capacity during the construction period. A smaller reservoir will not
achieve the overall objectives of providing stable water pressure, improving the
system's reliability and providing adequate water storage for potable and fire
fighting needs.
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10. SUMMARY OF UNRESOLVED ISSUES

There are no known unresolved issues.

11. LIST OF PARTIES CONSULTED IN PREPARATION OF THE STATEMENT
Table 3 identifies all consulted parties in preparing this Draft Environmental Impact

Statement. Eight parties out of thirty-six (36) consulted provided substantive
comments. :
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TABLE 3. LIST OF CONSULTED PARTIES DURING PREPARATION OF THE EIS

Entity Receiving Request for
Consultation Comments

Response
(Substantive
comments)

Response
(No
comment)

No
Response

City and County of Honolulu Agencies

Planning Department

Department of Housing and Community
Development

Department of Land Utilization

Department of Parks and Recreation

Department of Public Works

Department of Transportation Services

Building Dapartrﬁent

City Council - John DeSoto

Fire Department

Police Department

Department of Wastewater Management

State Agencies

District 21 Senator - Sen, James H., Aki

District 44 Representative - Rep. Peter K. Apo

Department of Accounting and General

Department of Agriculture

Department of Business, Economic
Development and Tourism

Department of Education

Department of Health, Environmental
Management Division

Department of Land and Natural Resources

Department of Land and Natural Resources,
State Historic Preservation Division

Department of Transportation

Office of Environmental Quality Control

Office of State Planntng_;

University of Hawaii Environmental Center
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TABLE 3. LIST OF CONSULTED PARTIES DURING PREPARATION OF THE EIS {cont'd.)

Entity Receiving Request for
Consultation Comments

Response Response
(Substantive (No No
comments) comment) | Response

Federal Agencies

Department of Agriculture, Soil and Conservation
Service

Department of the Army, U. S. Army Engineer

District, Honolulu
=

Department of the Interior, Fish and Wildlife
Service

Department of the Interior, Geological Survey

Private Agencies

Hawaiian Telephone Company

Hawaiian Electric Company

Waianae Coast Neighborhood Board No. 24

American Lung Association

Sierra Club

Qutdoor Circle

Makaha Valley, Inc.

Makaha Plantation/Towers

Sheraton Makaha

e ———————
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12. LIST OF PERSONS INVOLVED IN PREPARATION OF THE STATEMENT

Table 4 identifies those parties involved in

preparation of the EIS.

I——_—__‘_———__—_'_—— ——————— —
Name Position/Company Highest Education Expertise
David B. Vice President M.S., Civil Engineering Environmental
Biils Gray, Hong, Bills & Engineering
Associates, Inc.
Vijay C. Project Engineer M.S., Civil Engineering Environmental
Kumar Gray, Hong, Bills & Engineering
Associates, Inc.
Timothy Senior Engineer M.S., Civil Engineering | Soil
Cavanaugh | Fewell Geotechnical Mechanics
Engineering, Ltd.
Evangeline President Ph.D. Flora/Fauna
Funk Botanical
Consultants
Joseph President M.A., Anthropology Archaeology
Kennedy Archaeological l
Consultants of
Hawaii
James Partner Computer
HONCAD Graphics

TABLE 4. LIST OF PERSONS INVOLVED IN PREPARATION OF THE EIS

13. BIBLIOGRAPHY

1) Phase | Subsurface Investigati

No. 2, Makaha, Oahu, Hawvaii,

February 28, 1994,

2) Botanical Survey Report for the Propo
prepared by Evangeline Funk, Ph.D., Botanical Consuitants,

3) Archaeological Investigati
242 Reservoir Site, prepared by Archaeological Co

1994.
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14. COMMENTS AND RESPONSES DURING THE DRAFT
ENVIRONMENTAL IMPACT STATEMENT PREPARATION

The following pages show comment letters and responses received during the
Environmental Impact Statement Preparation Notice period. The Preparation Notice
Publication date in the OEQC Bulletin was November 23, 1994. The 30-day comment
period ended on December 23, 1994,
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15. COMMENTS AND RESPONSES TO THE DRAFT

ENVIRONMENTAL IMPACT STATEMENT

The following pages show comment letters and responses received during the Draft
Environmental impact Statement review period. The publication date in the OEQC
Bulletin was October 23, 1995. The 45-day comment period ended on December 7,
1995. Table 5 identifies all entities receiving the DEIS and the characteristics of their
responses.
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TABLE 5. LIST OF REVIEWERS TO THE DRAFT EIS

—e—ea

Entity Receiving Draft EIS

Response
(Substantive
comments)

Response
(No
comment)

No
Response

City and County of Honolulu Agencies

Board of Water Supply

Building Department

Department of Housing and Community
Development

Department of Land Utilization

’ Depariment of Parks and Recreation

x Department of Public Works

Depértment of Transportation Services

Fire Departrent

XKoIX = Ix ix

Municipal Reference and Records Center

Planning Department

Police Department

| State Agencies

Office of Environmental Quality Contro!

Depariment of Agriculture

l Department of Accounting and General Services

Department of Defense

Department of Education

Department of Hawailan Home Lands

Department of Health

LDepartment of Land and Natural Resources (DLNR)

l DLNR State Historic Preservation Division

Department of Business, Economic Development
and Tourism (DBEDT)

IQBEDT Library

I Housing Finance and Development Corporation

" Department of Transportation

" State Archives

DBEDT State Energy Office

Office of Hawaiian Affairs

Office of State Planning
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TABLE 5. LIST OF REVIEWERS TO THE DRAFT EIS (cont'd.)

Response Response
Entity Receiving Draft EIS (Substantive (No No
comments) comment) | Response
Federal Agencies
Regional Division U.S. Environmental Protection X
Agency
Army Directorate of Facilities Engineer X
Naval Base, Pearl Harbor X
Soil Conservation Service X
U.S. Army Corps of Engineers X
U.S. .Coast Guard X
U.S. Fish and Wildlife Service - X
U.S. Geological Survey X
University of Hawaii
' Environmental Center X
Water Resources Research Center X
News Media
I Honolulu Star Bulletin X
" Honolulu Advertiser X
“ Sun Press X
| Non-Governmental Agencies
American Lung Association X
. Hawaiian Electric Company, Inc. X
Libraries
University of Hawaii, Hamilton Library X
| Legislative Reference Bureau X
State Main Library X
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TABLE 5. LIST OF REVIEWERS TO THE DRAFT EIS (cont'd.)

Entity Receiving Draft EIS

Response
(Substantive
comments)

Response
(No

comment)

No
Response

Regional Libraries

Kaimuki Regicnal Library
Kaneohe Regional Library

Pearl City Regional Library

Hilo Regional Library

Kahului Regional Library

Kauai Regional Library

XX 3k | X X

Oahu Library

Waianae Public Library

Other Consulted Parties

District 21 Senator - Sen. James H. Aki

District 44 Representative - Rep. Merwyn S. Jones

Qutdoor Circle

Makaha Valley Plantation

Sierra Club

Waianae Coast Neighborhood Board No, 4

GTE Hawaiian Telephone

Sheraton Makaha

City Council Chairman John DeScoto
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APPENDIX A
VISUAL IMPACT ANALYSIS
FOR THE
MAKAHA 242 RESERVOIR NO. 2

INTRODUCTION

One of the primary potential impacts of the Makaha 242 Reservoir No. 2 project
is considered to be the visual impact for the long term after construction is
completed. The reasons for this consideration are based on the size of the structure
and the required excavation into the slopes of the ridge at the reservoir site.

DESCRIPTION OF EXHIBITS

In an attempt to provide a realistic visual presentation of the completed project,
computer graphics have been utilized to create a likeness of the reservoir site after
construction. The View Orientation Exhibit contained in this appendix identifies three
view planes oriented toward the reservoir site. For each view, a visual representation
of the site, before and after construction, is provided. In all three views, the "existing
conditions" is based on a three-dimensional presentation of existing contours
generated based on ground topographic survey combined with aerial topographic
survey. The wfuture” conditions have been generated based on an engineered grading

plan modifying the ground survey to accommodate the 2.0-MG reservoir. (It should -

be understood that the foreground of all views appears distorted since the contours
in non-critical view areas were not generated in three-dimension.)

Colorization of all views has been created based on photographs of the existing
hillside. A darker "hue" has been assigned to affected areas in the ridge, resulting
from excavations (in finished views) and the color of the existing tank has been
matted (for "future” views).

ALTERNATIVESIADD!TIONAL MITIGATION

The following alternatives will provide additional mitigation 1o visual impacts of
the finished Makaha 242 Reservoir No. 2. Each alternative has positive and negative
aspects. A discussion of each is as follows:

A. MATCH RESERVOIR PAINT TO RIDGE LINE -

Positive Aspects: The use of a darker {brown) cover can provide a better blend
to match the existing hillside.

Negative Aspects: Darker colors absorb heat and can generate higher
temperatures in the potable water supply-



1

B. LANDSCAPING

Positive Aspects: The use of high aspect vegetation (i.e., norfolk pine, pannox)
could provide screening.

Negative Aspects: The existing hillside is characterized by dark rock
outcropping and scrub vegetation. The use of high aspect
plantings may be visually out of character for the

environment.

C. BURYING THE RESERVOIR

This alternative was considered; however, a larger amount of excavation
{scarring the hillside) would be required and the reservoir would be subject to
sanitary contamination from infiltration which could not be readily controlled.

[V. CONCLUSIONS AND FINDINGS

The representations shown through the visual impact analysis is that the "future”
views will not create a significant and/or negative impact. However, it is also
recognized that this conclusion is subjective in nature and the public review process
will provide necessary confirmation or disagreement with the document's conclusion.
The recommendation resulting from this analysis is as follows:

1. Construct a 2.0-MG reservoir based on the excavation shown in the visual
analysis (the visual analysis conforms to Figures 2 and 3 at the beginning
of this report).

2. Use a tank color that matches the color of the rock resulting from
excavation. :
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File 1345.01
December 8, 1995

Gray, Hong, Bills & Associates, Inc.
119 Merchant Street, Suite 607
Honolulu, Hawaii 96813

Attention: Mr. David Bills

Subject: Subsurface Investigation Report
Proposed BWS Makaha "242" Reservoir No. 2
Makaha, Oahu, Hawaii

We have completed a subsurface investigation for the proposed BWS Makaha "242"
- Reservoir No. 2 Site in Makaha, Ozhu, Hawaii. This report summarizes our findings and

conclusions and presents geotechnical recommendations for the design and construction of
- the proposed reservoir. This work was completed in general accordance with our April 21,
1993 Proposal, as amended by our February 3, 1994 memorandum, and your February 4,
1994 verbal authorization to proceed.

. In February, 1994, a preliminary subsurface investigation was completed to assist in
~ determining the feasibility of constructing the new reservoir at the proposed site. The
scope of the preliminary investigation included excavating three test pits around the
downslope perimeter of the reservoir to determine whether rock would be encountered

- above or near the planned finish grade of the tank at the proposed tank site. The

preliminary study indicated that basalt was generally present within about 4 feet of the
- existing ground surface and should be encountered above the finish pad level throughout
% the tank pad.

- Once the final selection of the tank site was made, this final investigation was undertaken to
develop geotechnical recommendations for the design and construction of the tank and the

— related site grading. The recommendations of this report, which incorporates the findings
of the February 28, 1994 preliminary report, supersede the recommendations of the 1994
- report in their entirety. _
scription - The preliminary project information indicates that the proposed
- reservoir will be constructed immediately northeast of the existing 0.5 Million Gallon
O (M.G.) BWS reservoir. The general project area is shown on the attached Project Location
Map, Figure 1. '

. The overall site topography slopes down steeply toward the south at an average slope of
— about 2 Horizontal to 1 Vertical (2H:1V). A steep, 30-foot high cut slope, estimated
between 0.25H:1V and 0.5H:1V, drops down to the existing 0.5 M.G reservoir (a 75-foot
diameter concrete-walled tank), in the southwestern corner of the new reservoir site. In
addition to the existing tank, we understand that a tunnel, less than 8 feet in diameter, runs
beneath the site at around Elev. 140, or about 80 feet below the existing tank pad.
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We understand that the construction will include either a 2.0 M.G. or a 3.0 M.G. reservoir
along with the necessary piping. The 2.0 M.G. reservoir will be a 140-foot diameter by
20-foot high concrete tank with a bottom of tank elevation at Elev. 220. The 3.0 M.G.
reservoir will be a 165-foot diameter by 20-foot high concrete tank with the same bottom of
tank elevation. Although no tank loading information is currently available, we have
assumed maximum 100 kip column loads, maximum wall loads of 5 kips per foot and a
maximum floor load of about 1,500 pounds per square foot (p.s.f.).

Extensive site grading, with cuts of up to 90 feet in depth, will be required to attain the
currently planned finish pad level for either the 2.0 or 3.0 M.G. reservoir. Due to the site's
sloping topography, the proposed excavations will result in cut slopes of up to 120 feet in
height. One-Quarter Horizontal to One Vertical (0.25H:1V) cut slopes, with 8-foot wide
horizontal benches at 25-foot vertical intervals, are currently proposed to accommodate the
grade differences. '

s onditi - One test boring was drilled between October 23 and
November 1, 1995 at the approximate location shown on the attached Site, Boring, and
Test Pit Location Plan, Figure 2. The boring was drilled near the top of the planned cut
slope using a Simco SK2400 skid-mounted drilling rig which was transported to the boring
location by helicopter. The boring was extended to a depth of 94 feet below the existing
ground surface using HQ coring equipment. The materials encountered in the boring wre
shown in the Boring Log, Figure 3.

The approximate locations of the three test pits which were excavated on February 11,
1994 during the preliminary investigation, are also shown on Figure 2. The test pits were
excavated to depths of up to 6 feet below the existing ground surface using a Komatsu
EL200B tackhoe. The Test Pit Logs are included as Fi gures 4 through 6. A Boring and
Test Pit Log Legend is included as Figure 7.

The boring and test pits indicate that the proposed tank site is overlain by a relatively thin
mantle of surface colluvium (gravity deposited material) over intact basalt which should be
encountered above the finish pad grade throughout the tank site.

The test pits indicate that the lower, southern perimeter of the tank site is overlain by
between 1 to 4 feet of surface colluvium (gravity deposited soils) over intact basalt, The
surface colluvium consisted of moderately to highly plastic clayey silts which contained
numerous cobbles and boulders. Except for thin seams of highly weathered basalt which
were encountered at the rock surface in two of the test pits, the basalt encountered in the
test pits was generally hard and appeared fresh to slightly weathered. The trackhoe used
for the test pits excavations had considerable difficulty removing the fresh to slightly
weathered basalt and the test pits were terminated after the hard basalt was encountered,

The boring encountered 3.5 feet of surface colluvium over intact basalt which extended to
the bottom of the boring at a depth of 94 feet below the existing ground surface. The basalt
encountered in the boring was generally hard and slightly weathered, with occasional
seams exhibiting moderate weathering. The core runs, within the basalt encountered in the

Designations (RQDs) of between 50 and 90 percent, indicating that the rock is only
occasionally broken with few natural fractures.

Groundwater was not encountered in either the boring or the test pits during this
investigation.
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<sion - The subsurface investigation indicates that the proposed Reservoir No. 2
site is underlain by a thin mantle of surface colluvium over competent basalt which should
provide excellent support for the proposed reservoir. The test boring indicates that the
Dasalt extends to the bottom of the large cut planned at the rear of the tank site. The depth
to, and inclination of, the basalt encountered in the test pits indicates that the rock will be
encountered above the cumrently proposed bottom of tank level at Elev. 220.
Overexcavation, and subsequent replacement, of weak colluvial soil and boulder deposits
over the basalt is not anticipated.

Based on the invert level of the existing tunnel, we believe that it is at a sufficient depth
beneath the planned finish grade of the new reservoir that the tunnel should have no
adverse effects on the design of the new reservoir. However, the new reservoir
construction can affect the structural integrity of the tunnel depending on the type of rock
excavation methods used in the construction. Should the function of the tunnel be of a

critical nature, its condition should be reviewed by the’ Project Engineers prior to
construction so that any adverse effects of the new construction can be minimized.

The main concems associated with the proposed construction are the anticipated difficulties
in excavating the rock and the high, cut slope planned north of the new reservoir. The rock
encountered in both the boring and the test pits, and exposed within the cut slope for the
existing reservoir, is generally hard and slightly weathered. The use of heavy rock
excavating equipment, such as large ripper-equipped dozers or track-mounted hoerams,
will be necessary to facilitate the rock removal.

Although blasting would greatly facilitate the rock removal, the existing water tank could
potentially be damaged by the blasting operations unless the blasting is tightly controiled.
The vibrations induced by the blasting could also damage both the existing reservoir and
the tunnel beneath the site, and can result in 2 weakened and fractured finish slope face
which could be prone to raveling and sloughing.

To minimize potential damages to the existing structures and reduce the potential for future
raveling of the cut rock face, we believe that blasting should not be allowed unless the
contractor can demonstrate that his blasting program would not result in damage to the
existing structures and will result in a relatively clean slope face. If blasting is considered,
it should be controlled blasting, including either pre-splitting and line blasting techniques to
provide a neat, intact slope face, and would need an experienced blasting contractor to
minimize potential damages.

An alternative to the use of standard manual rock excavation or blasting would be to use
chemical expanders to break up the rock. Chemical expanders would minimize potential
vibration and flying rock damage as well as construction noise during the rock excavation.
Although we understand that the use of chemical expanders is considerably more expensive
than blasting, the costs associated with their use may be more economical than excavating
the rock using only manual excavation procedures.

Our analysis indicates that the proposed 0.25H:1V cut slope should possess adequate
overall stability against slope failure, however, recent rockfall hazard mitigation studies
performed by the Federal Highways Administration (FHWA) indicate that the currently
planned slope steepness would require a rockfall catchment ditch measuring at least 25 feet
wide by 6 feet deep to reduce the potential for loosened rock fragments from rolling down
the slope and possibly damaging the new reservoir. To reduce the size of the required
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rockfall catchment ditch, we recommend that the currently planned 0.25H:1V slope be
steepened to 0.125H:1V and that the horizontal benches originally planned within the slope
face be deleted. For the steeper 0.125H:1V cut slope without benches, the FHWA
Rockfall Hazard Mitigation Manual indicates that the rockfall catchment ditch need only
measure 20 feet wide by 4 feet deep. Considering the additional excavation required to
provide the rockfall catchment ditch at the toe of the cut, the steeper 0.125H:1V without
benches should result in a smaller amount of overall rock excavation than would be
required based under the currently proposed grading scheme.

The 0.125H:1V slope without benches should exhibit adequate overall slope stability while
reducing the amount of rock excavation as well as potential hazards due to falling rocks.
Localized weak zones or layers containing broken basalt which may be encountered should
be grouted or gunited to minimize raveling.

In addition to the rockfall catchment ditch at the toe of the cut slope, a retaining wall or a
permanent boulder barrier such as a heavy gauge chainlink fence reinforced with steel
cables should be provided at the top of the cut to contain any surface boulders which could
roll down the existing slopes above the cut. A temporary boulder barrier will also likely be
required during construction to provide adequate worker safeguards. The surface colluvial
soils at the top of the proposed slope will also need to be removed for a horizontal distance
of at least 5 feet from the top of the slope and sloped back to minimize any sloughing off of
the surface soils.

Although not encountered within the test boring of this investigation, voids or cavities often
exist in basalt formations similar to those encountered at the site. Foundation probes
should be drilled after the completion of the mass excavation, 1o investigate the presence of
voids beneath the new tank. Any voids detected should be filled with grout.

Recommendations

i ion - Prior to the start of actual grading operations, the site should be
cleared and grubbed in accordance with Section 10 of the Standard Specifications for
Public Works Construction of the City and County of Honolulu (Standard Specifications).
All organics, rubbish and other deleterious materials should be wasted off-site.

Grading - Once the site has been properly prepared, site grading may commence to
generate the finish design grades. The excavation for the tank pad should extend a
sufficient depth below the finish grades to allow placement of at least 6 inches of Select
Borrow beneath the tank slab and the perimeter road.

The borings and test pits indicate that basalt in various stages of weathering will be
encountered within depths of 1 to 5 feet below the original ground surface and will likely
extend to the bottom of the planned excavation. The extensive use of rock excavating
equipment, such as hoerams or large ripper-equipped dozers, should be anticipated to
facilitate the removal of the hard, slightly weathered basalt anticipated beneath the site.
Chemical expanders pumped into pre-drilled holes may also be used to facilitate the rock
excavation.

In general, blasting of the basalt is not recommended unless it is performed by a licensed,
qualified blasting contractor in accordance with the applicable government safety
regulations who can demonstrate that the blasting will not adversely affect the existing 0.5
M.G. reservoir and the tunnel crossing beneath the site.
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Prior to the start of the rock excavation, the loose surface material should be removed down
to intact rock within a horizontal distance of 10 feet from the top of slope. A boulder
barrier or similar rock protection system should be installed during construction to reduce
the potential for loosened boulders or rock fragments cascading down the existing slopes,
and harming workmen.

The excavated soil and rock are not suitable for use as fill beneath the tank or other
structural units. The near-surface soils are highly plastic and may be stockpiled for use in
landscaped areas where they would not affect any structural items. The excavations in the
moderately weathered basalt in the deeper cut areas will likely generate large cobble- and
boulder-sized rock fragments which are unsuitable for use in the shallow fills planned at the
site.

Imported fill should consist of non-expansive granular soil, free of organics, rocks and soil
clods greater than 3 inches in diameter with less than 15 percent passing the No. 200 sieve.
The plasticity index (PI) of the material passing the No. 200 sieve should be less than 20.
Imported fill used within 2 feet of pavement subgrades, i.e., within 2 feet of the bottom of
Base Course layer, should also exhibit a California Bearing Ratio (CBR) greater than 12.

Fill and backfill should be placed in relatively level lifts, no greater than 8 inches in loose
thickness, moisture-conditioned to within 3 percent of the soil's optimum moisture content
and uniformly compacted to at least 95 percent relative compaction as determined by
Laboratory Compaction Test ASTM D1557. Any soft spots, soil-filled voids, or small
cavities encountered should be removed and the resulting depression backfilled in
accordance with these recommendations.

The cut slopes within the intact basalt should be sloped as steep as 0.125H:1V to reduce
potential rockfall hazards. A rockfall catchment ditch should be provided at the bottom of
the slope, and a permanent boulder barrier constructed at the top of the slope, to reduce the
potential for surface boulders or rock fragments falling down the slope face. A typical cut
slope and catchment ditch is shown below.

Rockfall Catchment Ditch Detail

Boulder Barsier %‘A
Colluvium
5 min.
Finish Slope Face
PN
N s J v
New Constniction Area
< 0.125H
Intact Basalt

New Reservoir —,-

. 200min.
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The toe of the cut slope should be setback at least 25 feet from the perimeter of the new
construction to allow the construction of a rockfall catchment ditch and not affect the
foundations of the new reservoir. The rockfall catchment ditch should be at least 20 feet
wide and be excavated to a depth of at least 4 feet below the finish grade in the new

construction area.

ions - We believe that the proposed reservoir can be adequately supported on a
foundation system consisting of individual spread footings and a continuous ring
foundation integrated with the tank's concrete floor slab.

Footings should be founded in the basalt where they may be designed for an allowable
bearing capacity of 10,000 p.s.f. This value may be increased by one-third for short-term
wansient loads. All foundations should have a minimum base width of 2 feet and should be
embedded at least 6 inches below the lowest adjacent ground surface on level ground.

The bottom of all foundation excavations should be probed to a minimum depth of 10 feet
to evaluate the presence of voids beneath the foundation bearing level. Probes should be
drilled near the center of each spread footing and .at 10-foot linear intervals along the
perimeter ring foundation. Any voids detected during the probing operations should be

filled with grout.

Localized soft spots encountered during the foundation trenching should be overexcavated
and cleaned out to basalt and the resulting depression backfilled with concrete. Loose
material should be completely removed from the bottom of the footing excavations prior to
the placement of steel and concrete. Steel reinforcement of the foundations should be
provided in accordance with the recommendations of the Project Structural Engineer.

Total and differential setidements of less than 1/4 inch are anticipated for the tank loading
conditions indicated under the Project Considerations section of this report. The tank and
its foundations and slabs should be designed to accommodate the anticipated settlements.
Should the actual loads exceed those currently anticipated, FGE, Ltd. should be notified so
that these recommendations can be reviewed and additional recommendations can be
provided, if necessary.

Iahs-on-G - A concrete slabs-on-grade floor may be used for the tank
provided the grading recommendations of this report are followed. This will assure that the
slabs are underlain by a subgrade consisting of hard, weathered basait.

The intact basalt anticipated at the slab subgrade level should be overexcavated below the
bottomn of the slab to allow placement of at least 6 inches of Select Borrow to eliminate
point loads on the slab and provide uniform slab support. The Select Borrow should
conform to Section 30 of the Standard Specifications and should be compacted to at least
95 percent relative compaction as determined by ASTM D1557.

The tank floor slab should be designed for a Modulus of Subgrade Reaction of 600 pounds
per square inch per inch, This value is estimated for the anticipated subgrade materials and

the current tank dimensions and loading and will need to be adjusted if the tank plans are
revised from those currently anticipated.

The steel reinforcement of the concrete slabs should be provided as recommended by the
Project Structural Engineer.

et n e o = Ba L AR
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I - The intact basajt anticipated at the tank subgrade level should be
sufficiently free-draining such that subdrains beneath the tank are not warranted,

shored in accordance with the applicable DOSH safety regulations. For preliminary
construction estimating purposes, the boring and test pits indicate that intact basalt, which
DOSH reguiations allow to be excavated vertically, is present immediately beneath the tank
subgrade level.

Utility trenches should be Overexcavated at least 6 inches below the pipe invert leve] 1o
allow placement of a pipe cushion to minimize point loads on the Pipes. Utility backfills
should be placed and compacted in accordance with the Standard Specifications, the
Standard Details for Public Works Construction of the City and County of Honolulu
(Standard Details), the applicable BWS requirements, and the grading recommendations of
this report, using the appropriate mechanical compactors above and around the pipes. If
Jetting and ponding of the backfill is allowed as a method of compaction, the trench baclij]
material should be a clean, granular material in accordance with BWS requirements,

Quality Contrgl - The site preparation and grading operations should be observed by
FGE, L. to determine whether the anticipated materials are éncountered. Intermittent

density tests should be taken to determine whether the specified levels of compaction are
consistently attained. Samples of the proposed fill materials should be submitted to FGE,
Ltd. no less than 7 working days prior to their intended jobsite delivery to allow adequate
time for testing, evaluation and approval,

The foundation excavations and foundation Probing operations should be monitored by
FGE, Ltd. prior to the Placement of concrete and reinforcing steel to verify that the
anticipated bearing materials have been encountered. The recommendations contained
herein are contingent on adequate construction monitoring by FGE, Ltd.

Limijtations - This report has been repared for the exclusive use of Gray, Hon ,
Bills & Associates, Ine. for the p?op%sed BWS Makaha "242" Reservoir N:)g.
2, in Makaha, Oahu, Hawaii, No wairanty, expressed or implied, is made.

conditions do not deviate from those observed, If any variations or undesirable conditions
are encountered during construction, or if the proposed construction wiil differ from that
Planned at the present time, FGE, Lid. should be notified so that supplemental
fecommendations can be given, The conclusions and Tecommendations contained in thjs
report shall not be considered valid unless the changes are reviewed ang the conclusions of
this report modified or verified in writing,

Unanticipated soil conditions are commonly encountered and cannot be fully determined by
soil samples, test borings, or test pits. Such unexpected conditions frequently require that
additional expenditures be made to attain a properly constructed project. Some contingency
funds are recommended to accommedate such potential extra costs,

The scope-of-work for this investigation was limited to conventiona] 8eotechnical services
and did not include any environmental evaluatjons Or assessments. Silence in the report
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regarding any environmental aspects of the site does not indicate the absence of potential
environmental problems.

The boring and test pit locations were determined by tape measurements from existing
physical features. Elevations were estimated from the available topographic plans. The
locations and elevations of the borings and test pits should be considered accurate only to
the degree implied by the methods used.

Groundwater was not encountered in the boring during this investigation, nor in any of the
test pits excavated during the 1994 Phase I investigation. It must be noted, however, that
fluctvations in the level of the groundwater may occur due to variations in rainfall, tides,
temperature and other factors not present at the time the measurements were made.

FGE, Ltd. should be provided the opportunity for general review of the final design
drawings and specifications in order to verify that the earthwork and foundation
recommendations have been properly interpreted and implemented in the design and
specifications. If FGE, Ltd. is not accorded the privilege of making this recommended
review, it can assume no responsibility for misinterpretations of the recommendations.

FGE, Ltd. should also be retained to provide periodic soil engineering services during
construction. This is to observe compliance of the design concepts, specifications and
recommendations and to allow design changes in the event the subsurface conditions differ
from that anticipated prior to construction. The recommendations given herein are

contingent upon adequate construction monitoring by FGE, Ltd.

Should you have any questions pertaining to any aspect of this report, or if we can be of
further assistance to you, please do not hesitate to contact us.

Respectfully submitted,
FEWELL GEOTECHNICAL ENGINEERING, LTD.

By Timothy J. Cavadaugh, P.E. /&/" icenseo
PROFESSIONAL

TIC/ajs:ami ENGINEER

Attachments
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Boring: 1 File:  1345.01
Praject: Makaha 242' Reservoir No. 2
Location: Makaha, Oahu, Hawaii Project Engingcer: TC
Surface Elevation: 310.0" #* Ficld Engincer: JA
F.G.E. Lid. Depth to Water; None Encountered Dralted by: LB
¥6-1416 Waihona 1 . .23, ; avinae
Pearl Cif;' ‘,’;‘;,ai‘i"“ Date Completed: 10-23-95 Date of Drawing:  December 1495
LAB MOIST| DRY | BLOWS E g
: . TEST CONT.| DEN. PER
s RESULTS % | pCF| FT. L S CLASSIFICATION
| L H
! E
- [ :
. - %ﬁ Brown Clayey SILT (MH) with cobbles and
f — 7 % boulders, loose, dry
~ % (COLLUVIUM)
100%REC| HQ
30%RQD [CORE
. Grayish Brown Slightly Weathered BASALT
S), hard, broken
- 75%REC| HQ (WS). hard, broke
37%RQD |CORE
= 100%REC] HQ
_ 70%RQD |CORE
— Gray Slightly Weathered Vesicular BASALT
o 100%REC| HQ (WS), hard, massive
90%RQD {CORE
B 100%REC| HQ
- 52%RQD [CORE grades 1o occasionally broken between 24'
. and 30°
8
= 100%REC| HQ
% 50%RQD |CORE
. 100%REC| HQ
T 65%RQD | CORE y
P
L Figure 3 a-
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r , Boring; 1 File:  1345.01

Project: Makaha 242' Reservoir No. 2
Location: Makaha, Oahu, Hawail Project Enginecer: TC
% Surface Elevation: 3100° * Ficld Engineer:  JA
FG.IE L. Depth to Water: None Encountered Drafted by: LB
96-1416 Waihona Place 1yt Completed: 10-23-85 Date of Drawing:  December 1995
Pearl City, Hawaii
LAB MOIST| DRY | BLOWS S D
TEST CONT.| DEN.| PER & 1 E
RESULTS % | PCF| FT. p | T CLASSIFICATION
E H

100%REC| HQ
80%AQD |CORE

Gray Slightly Weathered Vesicular BASALT
(WS), hard,, massive

100%REC| HQ I
80%RQD [CORE

100%REC| HQ

54%RQD |CORE grades to occasionally broken between 48

and 60'

95%REC| HQ
33%RQD {CORE

100%REC| HQ
81%RQD |{CORE

100%REC| HQ

75%RQD |CORE Gray Slightly Weathered BASALT (WS), hard,

massive

95%REC| HQ
N 63%RQD |[CORE

V,

Figure 3D
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Boring: 1 File:  1345.01
; Project: Makaha 242' Reservoir No. 2
Location: Makaha, Oahu, Hawail Project Engincert TC
@ Surface Elevation: 310.0" * Field Engineer: JA
FG.IE Lid. Depth to Water: None Encountered Drafted hy: LB
9“}!:;:" g‘:;h‘l‘;‘:“l;ii““ Dute Completed: 10-23-95 Date of Drawing:  December 1995
LAB MOIST| DRY | BLOWS S D
TEST CONT.| DEN.| PER Al E
RESULTS % | PCF| FT. P | T CLASSIFICATION
Iﬁ H

W

ray/Brown Stightly to Moderately
Weathered Vesicular BASALT (WS-WM),
medium hard 1o hard, occasionally broken

100%REC| HQ .
50%RQD |CORE

. Gray/Brown Moderately Weathered
. Vesicular BASALT (WM}, medium hard,
g7%reC| Ha ]} - broken
81%RQD |CORENH -
—80
eswRec| Ha ] -
83%RQD |CORE| || ™.
—85 Gray Slightly Weathered Vesicular BASALT

(W8), hard, massive

so0%ReEC! Ha || -
a5%RQD |CORE(Il—

—90
;g;/zggg CgQRE : grades to occasionally broken at 91’
:‘_95 " BOH@940'
~-100
\ 108 J
Figure 3¢




¥ AuNOI4

$661 HATNIADAC 10's¥(t 210

Liak-taeva MvAYH
L3 19V
2I1] YROHTA
ririve
YAV ‘NHYO ‘VIIVIVI
T "ON HIOAYASAY IFT VIIVNYI S M

1 “ON LlJd 1835
‘01T "ONIYAANIONA TYDINIIDHLOAD TIdAAd

0f 8T 9z tr Ut ] ) SR

(1304 u1)
VIS IVINOZINOH

{ NOLLDTS TTYNIANLIONOT)

| ] ] ] | [ [ i [ ] | ! I ! 1
: AT
“LIVSV YVINDISIA
. IONVEO/MOTIAR
(WAIANTTIOY) dWVAOL Add g
“TATLS XFaA ‘(TN LIS AFAVTOD -
NAOUH HSIaq3y (1N LTS AIAVTID M7
NMON/aa. o
. NOLLVARTA




]
§ JHNDI

S661 HAWIWNIIAA 10°8PET A1

that-repra pyarn
-
el ne
LYMVID NIYO 'YIVIVIN
Z "ON HIOAHASAH 3T VIVYVIY o0

T "ON LId 1841

"QL7T 'ONIYAINIONT “IVOINIIDALOAD 1THMAL

o [ U
(1mgup)

E ATIVIN IVINOZIMOH

‘S¥EATIN0Y ANV SATI90D HLIM

f Jpsany
dWVYJ Ol X3dq

(TR LTIS ATAVID NAOIL/aTY e
“IVSYA QTUIHLVIM ATHOIH
OL AT31LVISA0ON NV,
e NOLLVAALY
( NOLLDAS TVYNIAN.LIONOT)
R
Y I U R O P R e T SO R S B SO T S I ) 1.7




9 AUNOIL
S661 ¥AQWADAA

10°SPEL AT

VALY NIYO ‘YIIVNVIY
. T "ON YIOAYASAY IFT YHVIVIN

€ 'ON LId LS7L
QLT 'ONIYZANIONT TYIINIIALOAD TT1IMIA

71

01

G 4 0
(122 ug)

E ATIVIS IVINOZIHOH

Ea. 144

dAVYA 0L ¥4 FI1LS X43A

STTEI0D ANY SLOOY HLIM
(TN LTIS AFAVTO NMOYE/aTY

R XA
Ada FHIIS A 98A 'SLO0Y HLIM
(HW) L TIS AYJAVIO NMOYY Hiava
e NOLLVAANTL
(NOILLDAS TYNIANLIONOT)
i
T SR L T R 0 TN s T i Y it NN i N et WA s N 0 MR oy

P



-

o e e o8 e T S ST

st 2

S ot R i - L

T

S O

S

(

IR O

Y

S

MAJOR ROCK TYPES

BASALT

TUFF

CORAL

DECOMPOSED ROCK SILT
T
.':. '01. -

MAJOR SOIT, TYPES

GRAVEL

i " |“||“l

i

SAND

CLAY

%

1]
i
‘ll

SECONDARY CLASSIFICATION ;—:: PEAT/ORGANICS
-s—-:“ GRAVELLY
= SAMPLING SYMBOLS
" )
SANDY 3* O, DISTURBED. MR
SAMPLE
" D
BEI:I_ELBAI].ON_SAMBLE
SILTY
NG
RECOVERY. WATERLEVEL YW
'II;_:]] _—
CLAYEY BAG SAMPLE
File:
BORING AND TEST PIT LOG LEGEND 1345.01
Makaha 242 Reservoir No. 2 Date:
F.G.E. Ltd. Makaha, Oahu, Hawail December 1995
Figure 7



L2 33 20 70 50 7Y 0 0oy oL

i

APPENDIX C

BOTANICAL SURVEY

e —— — e et et e B

e




— Y
a -

[P
e

i

O

LRI

I

™0,

A T

T L.

o

T LT LD

[l il

Jr——
! [ s

£

i

BOTANICAL SURVEY REPORT FOR THE PROPOSED
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INTRODUCTION
- The proposed water reservoir and access roadway study site is located in
Makaha Valley, northwest of Kili Street between 200 and 300 feet elevation.
This part of the island was classified as Lowland Zone by Hillebrand (1888) an
the A or Xerophytic Zone by Ripperton and Hosaka (1942). In more recent years,
Gagne' and Cuddihy (1950) mcluded the area in their Lowland Dry Mixed
Community Zone where annual ramfa]l averages between 500 mm and 1,200 mm.
Before the-introduction of grazing animals, this area was probably covered with
wiliwili trees, drought tolerant shrubs and other summer deciduous plants.
Today, November 1993, the vegetation of this part of the lowlands is ‘mostly
introduced.  There are frequent rock outcrops, there .s scant soil, and the
area is often subjected to wild fires during the dry season. A botanical
survey of this approximately four acre site was completed in November 1993.
| METHODS
The walk through method was used to collect data on the existing vegetation

of the site, to ascertain if endangered  species were found in the area and to

describe the present vegetation. A two man team of mvestxgators covered the

entire study site.
' VEGETATION TYPES

A single vegetation type, Scant Klawe with an Understory of Mixed Grasses,
is found both along the proposed access road and on the proposed Teservoir !

site. Kiawe trees (Prosopis pallida (Humb. & Bonpl. ex Willd.) Kunth) 5 to

7 min heaght cover less that thirtyfive pcrcent of the area. These trees have

recenﬂy been bumed and about haif of the tree skeletons show signs of
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rejuvenation. The understory is principally buffel grass (Cenchrus
ciliaris L.) and green panic grass (Panicum maxinum  var. trichoglume
Eyles ex Robyns), both of which have fully recovered from the last fire.
Because of the many rock outcrops found on the site, vegetation is limited to
small pockets of soil distributed among the rock outcrops. ‘These small pockets
support insignificant communities of weedy, introduced, wayside plants. A list
of all taxa found on the site is provided.
ENDANGERED SPECIES
No .proposed or listed threatened or endangered plant. species as set forth

by the U. S. Department of the Interior Fish and Wildlife Service (Endangered

Species Act of 1973, [16 U.S.C. 1531 - 1543] as amended. USFWS 1992) were

encountered,
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SPECIES LIST
The plant families in the following species list have been alphabetically
arranged within two groups, Monocotyledons, and Dicotyledons. The genera and
species are arranged alphabetically within families. The taxonomy and
nomenclature follow that of St. John (1973) and Wagner, Herbst and Sohmer
(1990). For each taxon the following information is provided:
1. An asterisk before the plant name indicates a plant introduced
to The Hawaiian Islands since Cook or by the aborigines.
2. The scientific name. |
3. The Hawatian name and or the most widely used common name.
. 4. Abundance ratings are for this site o:nlx and they have the following
meanings: '
Uncommon = a plant that was found less than five times.
Occasional = a plént that was found between five to ten times.
Common = a plant considered an important part of the vegetation.
Locally abundant = plants found in large numbers over a limited
area. For'example the plants found in grassy patches.
This species list is- the result of an extensive survey .of this site at the

beginning of the rainy season (November 1993) and it reflects the vegetative

composition of the flora during “a’ single growing season: ~ Minor changes in the

!
. vegetation will occur due to introductions and losses and a slightly different

species list would result from a survey conducted during a different ‘growing

season.
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CHECKLIST OF ALL PLANTS FOUND ON THE PROPOSED WELL SITE, MAKAHA

Scientific Name Common Name Abundance

MONOCOTYLEDONES
COMMELINACEAE - Spiderwort Family

*Commelina benghalensis L. Hairy honohono Common
GRAMINEAE - Grass Family

*Cenchrus ciliaris L. Buffel grass Locally abundant
*Cenchrus echinatus L. Sandbur grass Locally abundant
*Chloris barbata Swartz  * Swollen fingergrass Locally abundant
*Chloris divaricata R. Br. Stargrass Common
*Cynodon dactylon (L.) Pers. Bermuda grass Common
*Digitaria adscendens (FBK) Henr. Henry's crabgrass ~ Occasional
*Panicumn maximum Jacq. Guinea grass Common
*Pgnicum maxinum var, trichoglume Eyles ex Robyns

' Green panicgrass Common
*Rhynchelytrum repens C.E.Hubb Natal redtop Common
*Tricachne insularis (L.) Ness Sourgrass - Occasional

DICOTYLEDONES

ACANTHACEAE - Acanthus Family

*Asystasia gangerica (L.) T. Anderson Chinese violet Occasional
AMARANTHACEAE - Amaranth Family

*Achyranthes aspera L. Occasional

*Alfernanthera pungens Kunth _ Kahki weed Occasional
ASTERACEAE - Sunflower Family

*Bidens pilosa L. . Spanish needle Common,_

*Tridax procumbens L. Coat buttons Locally abundant
BORAGINACEAE - Borage Family

*Hefz'orropz'wn procumbens Mill, . Occasional
CONVOLVULACEAE - Moringglory Family

*Ipomoea obscura (L.) Ker-Gawl - Occasional

*Ipomoea triloba L. Little Bell Occasional

*Ipomoea cairica (L.) Sweet Koali ‘ai . Common

*Merremia aegyptia (L.) Urb. Hairy merremia Common
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- _Scientific Name Common Name
CUCURBITACEAE - Cucumber Family
*Momordica charantia Crantz _ Balsam apple
EUPHORBIACEAE - Spurge Family
*Chamaesyce hirta L. ~ Hairy spurge
*Chamaesyce hypericifolia (L.) Millsp,

: Graceful spurge
*Euphorbia cyathophora J, A. Murray Mexican fire plant
*Ricinus communis 1.. Castor bean

LAMIACEAE - Mint Family
*Leonoris nepetifolia (L.) R. Br.
LEGUMINOSAE - Bean Family
*Acacia farnesiana 1. Klu .
*Alysicarpus vaginalis (L.) DC., One-leaved Clover
*Desmanthus virgatus Willd. Virgate mimosa
*Indigofera spicata Frosk., Creeping indigo
*Leucaena leucocephala deWit Koa-haole
*Macroprilium lathyroides (L.) Urb. Wild pea
*Medicago polymorpha L, Bur clover
*Prosopis pallida (Humb. & Bonpl. ex Willd.) Kunth
Kiawe
*Senna occidentalis (L.) Link Coffee senna
MALVACEAE - Hibiscus Family
*Malva parviflora L. Cheese weed
*Malvastrum coromandelianum Garcke False marrow
*Sida fallax Walp. "llima
*Sida rhombifolia 1., Cuba jute
*Sida spinosa L. Prickly sida
NYCTAGINACEAE - Four o'clock Family
*Boerhavia coccinea Mill,
Boerhavia repens L. Alena
PORTULACACEAE - Purslane Family
*Portulaca pilosa L. 'Akulikuli
SOLANACEAE - Tomato Family
*Nicandra physalodes (L.) Gaertn. Apple of Peru
*Solanum seaforthianum Andr,

Abundance

Occasional

Common

Occasional
Common
Occasional

Occasional

Occasional
Locally abundant
Occasional
Occasional
Common
Occasional
Locally abundant

Occasional
Occasional

.Occasional

Common

Occasional
Occasional
Occasional,

ibi:ally abundant
Occasional

Locally abt;ndant

Occasional
Occasional
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Scientific Name Common Name
STERCULIACEAE - Stink tree Family ‘
*Waltheria indica L. - Hi'aloa, vha-loa

VERBENACEAE - Verbena Family

*Lantana camara L. Lantana

*Stachytarpheta jomaicensis Vahl. Vervain
ZYGOPHYLLACEAE - Tribulus Family

*Tribulus terrestris L. : - Puncture vine

Abundance

Locally abundant

Occasional
Common

Occasional
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APPENDIX D

ARCHAEOLOGICAL INVESTIGATION
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Archaeological Investigations for the Board of Water
Supply’s Proposed Makaha 242 Reservoir Site Located
at THK: 8-4-02:11 (Lot 1236) in Makaha Ahupua‘a,
Waianae District, on the Island of Oahu

Abstract

Archaeological investigations were conducted.on the
subject property, the.location of the.Board of Water '
Supply’s Proposed Makaha 242 Reservoir Site. A 100% surface
survey of the. parcel was undertaken. This survey determined
that no historic . features are located on the subject-property

and that.future construction activities will have "no effect?®

upon significant historic sites.
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section 1: Introduction

At the reguest of Mr. pavid Bills of Gray, Hong, Bills
and Associates, Inc., Archaeological Ceonsultants of Hawail,
Inc. (ACH) conducted an archaeological inspection of a
property jocated at TMK: 8-4-02:11 (Lot 1236), in the
ahupua’a of Makaha, the district of. Walanae, on the island of
Oahu (see Map 1). The city and County of Honolulu is the
current-owner of the property. The purpose of this
investigation was to evaluate the significance of. historic

. resourceés located on a property and £o make recommendations

concerning. the mitigation of future construction activities

.upon possibly significant historic resources.

. gection 2: Physical Setting

. The subject property is .lodated at geographic grid
coordinates 158°12’/4%.5"W by 21°29/04.5"N and at UTM
coordinates 581750mE: by 2376000mN. (see Map©°2). The subject

. property .ranges. in elevation from approximately 150ft above

mean sea level (AMSL) on its southern side (where the access

- .corridor meets'the  road) to approximately 360ft AMSL along

its. northern-most boundary. The.property, excluding the

access-corridor, measures approximately 210m wide (east-west)
by 215n long (noxrth-south; see Map 3).

The subject property is located within Makaha Valley,

‘approximately.lkm from the coast along the base of. the

Makaha-Kea’au Ridge. The area of the parcel totals 10.921

_acres. -The property is adjacent to a currently utilized

water tank at the base of a talus slope.

Foote et al. show the soils-on the subject property to

be "stony land" (1972:Sheet 35). These lands are described
as having 15 to 90 percent of the surface covered in stones

or boulders with clays and silty clay loanms similar to the
Ewa and fualualel Series’ interspersed between the rocks,

(1972:120-121) .

The rainfall on the subject property averages between 20
and 30 inches a year (Armstrong 1973) .- Vegetation on the

. subject property, including the proposed access corridor, was

surveyed by Botanical Consultants and consists of a single
vegetation type described as "Scant Kiawe with an Understory
of Mixed Grasses", (Funk 1993). The dominant floral species
jdentified included kiawe (Prosopis pallida), buffel grass
(Cenchrus ciliaris), and green panic grass (Panicum maxinum}
although individuals of many other species were also

encountered.
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l . Map 2: Subject Property on a USGS Map
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Map 3: Topographic Map of Subject Property
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gection 3: Historic Background

The project area ijs located in the ahupua’a of Makaha,
in the district of Waianae, on Oahu’s western shore. Makaha
literally means nfjerce" and in traditional accounts the area
was home to the rplohe, wrestlers and bone-breakers, said to
have robbed passing travellers (Pukui, Elbert & Mookini

1974 .and Green 1980:5). The history of Makaha Valley has
been comprehensively documented for the Makaha Valley
Historical Project and has been thoroughly summarized in
Makaha Before 1880 A.D. (Green 1980) (see Map 4). That work

e ———

will not be repeated in this paper.

. .The most significantaarchaeological study within Makaha
Ahupua’a was conducted by Bishop Museum between July of 1968
and June of 1970 as an integral part of the Makaha Valley
Historical Project, mentioned above. This project included
an intensive archaeological- survey of a large portion of the

wvalley floor in which ghousands of ‘individual features were

identified. Again, thas work has been well documented, being
published in four volumes (Green 1969 & 1970, Ladd and Yen

- 3972, and Ladd 1973), and will hot be repeated in this work.

_Based upon the historic and archaeological studies
mentioned above, tentative settlement patterns for the

-ahupua’a of Makaha have been detailed. settlement of the

valiey began with a small.coastal population utilizing the
resources of the coastal zone. BY the 13th century, the
population had begun ultilizing the inland portions of the
ahupua‘’a as evidenced by fireplaces found within field
shelters (Green 19580:74) . A change in the distribution of
the pppulation of Makaha occurred in +he 15th and early 16th
centuries when inhabitants moved from the coast to a

population center in the interior of the valley.. Several

" factors are cited as influencing this shift in the center of
-" population the most compelling oXf which is its proximity to

agriculturally productive areas. The final stage of
development in prehistoric Makaha Valley, involving the
cocial stratification of the population_as well as its
integration into the complex rank social system typical of
the islands, occured petween 1650 A.D. and the time of
contact (Green 1980:76) -

From this information, the expected finds for the

. subject property can be surmised. The property is located in

a portion of the valley in which habitation, either permanent
or temporary, would not be expected. Agriculturally, the
area would have been extremely difficult to .irrigate and, due
to the low amount of annual rainfall expected, only minimal
dryland cxops could be expected to survive. Therefore,
minimal agriculturally related structures, such as mounds
used for gourds and/or sweet potatoes, could be found
although the abundance of fertile lands nearby make this
possibility unlikely as well.
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Section 4: Archaeoclogical Methods

Joseph Kennedy, M.A. was the Principal Investigator for
the project. Investigations were conducted on November 24,
1993 by Field Archaeologists Tim Lawrence, B.A. and Thomas

Kille.

: Investigations consisted of a surface survey in which
100% of the parcel was covered. The surface of the property
was systematically swept using north-south transects with the
two man field crew 'spaced in approximate 5m (meter)
intervals. At some points the distance between team members
varied slightly due to vegetation. . In all.instances the team

-members moved closer together to minimize the interval

distance.

Section 5: Results of Archaeological Investigations

"« The subject property is-located withirf the boundaries of

the archaeological area assigned State Site #50-80-07-776

during the Makaha Valley Historical Project conducted by
Bishop Museum in the late - 1960’s and early 1970’s (see Map

* '5). . This project, however, did not identify any features of

historic significance within the boundaries of the property
investigated- during the current study.

. Archaeological investigations conducted by ACH

- systematically surveyed the entire subject property. This

survey determined that no sites of historic significance are
located on the parcel. A currently utilized water tank sits
in the corner-of the main portion of the property and two
nodern buildings which provide functional support for the
current tank are located within the access corridor of ‘the

. property (see Map 3).

The subject property is located at the base of a talus

" slope where the grade of the land steepens. This area is
dlso considerably rocky, containing only enough soils for
-hardy plants to take root. As Green notes, ... there was an

abundance of land suitable for wet taro in the lower

valley" (1980:28). In addition, un-used areas in the upper
valley which would have provided a much greater capacity for
agricultural productivity were available. It is therefore
unlikely that environmental pressures would induce the
cultivation of this portion of the valley. Similarly,
habitation of this marginal fringe of the valley would not
likely occur. The results of the current study, therefore,

are not unexpected.
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conclusion

Archaeological consultants of Hawaii, Inc- has conducted
archaeological inyestigations consisting of a 100% surface’
survey on the subject property- These investigations were

. pecessary in order to assess the potential impact of future

construction activities on the parcel. No sites of historic
significance were jdentified on the property- Based upon the
findings of the current investigations, ACH concludes that
future construction activities will have ilmo effect" on the

subject property-
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