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February 2, 1983

Mr. Roy R. Takemoto, Chairman
Environmental Quality Commission
550 Halekavwila Street, Room 30}
Honolulu, Hawall 94813

Dear Mr, Takemoto:

Subject:  Environmental fmpact Statement for the Kehang Valley Water
Development Project

Based upon the recommendation of the Office of Environmental Guality
Control, | am pleased to accept the environmental impact staterment for the
Kohana Valley Water Development Project os g satisfactory fulfillment of the
requirements of Chapter 343, Hawail Revised Statutes,

This environmental impact statement will be o useful tool in deciding whether
this project should be allowed to proceed, My acceptance of the statement is an
affirmation of its adequacy undsr applicable laws and does not constitute an
endorsement of the proposal,

When the decision is made regarding this dction, | expect the proposing
agency fo carefully weigh the societal henefits against the environmental impact
which will likely ccour, This impact is adequately described in the stotement, and,
together with the comments mode by reviewers, provide a useful analvsis of
alternatives fo the proposed oction.

With warm personal regards, | remaoin,

Yours very truly,
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SECTION I
SUMMARY

PROJECT DESCRIPTION

The Board of Water Supply (BWS) proposes to develop four well fields
within Kahana Valley. Kahana Wells IIL, IV and ¥ will produce an
estimated total of 6 million gallons per day (mgd) of potable water.
These are located on the western slope of Kahana Valley. Kahana

Wells II, located on the eastern slope, will produce an estimated

1.0 mgd of potable water. Each well field will have an associated
control building and access road. The wells will be connected to

either the proposed Kahana Reservoir or the existing transmission

main along Kamehameha Highway. The BWS hopes to develop the water
resources in Kahana valley to help meet the increasing water needs
of Oahu. pevelopment of the facilities is estimated to cost

$9 million.

The domestic water needs of Oahu are met mainly by groundwater

sources. The demands of an increasing population require the development
of the available groundwater resources of the island. Kahana vyaliey

is the site of a developing State park. The BWS is working closely with
the State Department of Land and Natural Resources SO that development
of the water Sources within the park area will be designed for
minimum adverse impacts upon the park setting.

g§§CRIPTION QF THE ENVIRONMENTAL SETTING

Kahana Valley is a large, deep valiey located at the southern end of
the Koolauloa District in windward Oahu. It spreads over 5,260 acres
and ranges in elevation from sea 1evel at Kahana Bay to over 2,700 feet
along the crest of the Koolau Range. The ridges on either side of the
valley are from 1,000 to 2,000 feet high.

The dominant soil types are clays, silty clays and silty clay loams.
Thick vegetation cover most of the valley. Studies have identified

13 major plant communities in the yalley ranging from native kukui
forests in the gulches to ohia forests in the back portions and cultiva-
ted fields and pastures at the mouth of the valley.

1-1
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Kahana Valley and Kahana Stream are natural resources of great

value. To preserve the scenic beauty of the valley, the Department
of Land and Natural Resources plans to develop the valiey into a State
park. The Kahana marsh and stream are classified as areas of secon-
dary importance to endangered water bird species and have been pro-
posed as a wildlife refuge. Kahana Stream has also been identified

as one of two streams on Oahu stili of high natural quality and

has been included in the Department of the Interior, National Park
Services Nationwide Rivers Inventory.

Native and introduced waterbirds have been observed in the lower valiey
areas. Two endangered species, the Hawaiian coot and the Hawaiian
Galiinule have been found in Huilua Pond adjacent to Kahana Bay. Kahana
marsh lands, stream and pasture lands have been identified as areas

of secondary importance to endangered species in the "Hawaii Waterbirds
Recovery Plan."

Introduced species of birds are common in the mid-elevation areas.

Native songbirds exist in the upper valley areas. The Qahu honeycreeper,

" a rare and endangered specie may be found in the ohia forests.

With the exception of the feral pig, relatively few animals are found
in Kahana Valley. Kahana Stream supports three species of worms, four
insects, one snail, three prawns and nine fishes. Of these, the
mountain shrimp, o'opu nakea, o'opu okuhe, mullet, Hawaiian prawn,
Tahitian prawn and aholehole are of economic importance.

The State-owned valley supports a small, rural, agrarian community.
Most of the residents reside in the lower makai portion of the valley.
Some of the tenants are engaged in commercial agricultural activi-
ties. Most of them raise fowl and grow vegetables in their back-
yards.

The Department of Land and Natural Resources has developed plans to
create a low-density use, multi-purpose park for the entire valley

with particular emphasis on preserving an environment where Hawaiian
values and culture will be embodied in a "1iving park" concept wherein
individuals 1iving there shall participate in the activities of the park.

I-2
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No archaeological or historic sites of significance will be affected by
the proposed project. This has been verified by archaeological surveys.

RELATIONSHIP OF THE PROPOSED ACTION TO LAND USE PLANS, POLICES AND

CONTROLS FOR THE AFFECTED AREA

The project site is within the State-owned Kahana Valley which is
designated as conservation on the State Land Use District Boundary Map.
It is designated as Parks and Recreation on the County'’s General

Plan and is zoned P-1.

The proposed action does not conflict with the general objectives and
specific terms of the land use plans, policies and controls of the

State Land Use Commission.

PROBABLE IMPACTS OF THE PROPOSED ACTION AND MITIGATIVE MEASURES PROPOSED

The principal beneficial impact will be the planned increase of 7 mgd of
domestic water to meet the near-future requirements of Windward Oahu by
the BHS.

The adverse physical impacts expected from the project are those short-
term impacts normal to any construction activity of a similar nature.
Temporary increases in noise jevels, air pollution from dust and vehicular
emissions, disruption of traffic and inconvenience to tenants of the

valley and other users of valley roads are to be expected. Dust

control measures, such as sprinkling, will be implemented along with
careful supervision to reduce dust Tevels. Noise control devices

to lessen vehicular noise will be required for all construction equipment.
Compliance with the conditions of a noise permit required by the Department
of Health will be required to control noise levels.

A long term adverse impact will be the visual effect of the four

control buildings, 8 to 16 wells, and access roads. The dense vegetation
and steep terrain of the valley will shield the well sites from open
view from all areas except along the access roads. The access roads
to the well sites will require some improvements. However, the

well sites will not be visible except from the adjacent access road.
Landscaping and architectural measures with the control structures and

~.
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wells will soften the yisual impact. The natural and densely vegetated
relief of the Koolau Range rising to over 2,700 feet in the background
will further minimize the visual impact. Construction activities

could cause excessive turbidity in Kahana Stream which could adversely
affect certain species. careful construction techniques and super-
vision should minimize the turbidity to an acceptable level. The
withdrawal of groundwater from the high Tevel dike system will reduce
the dry weather flows of Kahana Stream although the extent will not

. be known until the well fields are put into service. The BWS, therefore,
:_$\\ plans to incrementally develop the well fields. As the well fields are
) each put into service, the stream and groundwater heads in the vicinity
of the wells will be closely monitored to ensure that there is no |

L significant adverse effect upon the stream.

E. EBQ@ABLE ADVERSE IMPACTS WHICH CANNOT BE AVOIDED
The unavoidable adverse environmental impacts are those short tevm,
construction related, physical effects of air poliution from dust |
and vehicular emissions, noise from construction equipment and <:} L

1 inconveniences to resident and park traffic.

1
' ' The long term adverse impact, unavoidable because of the nature of " \
. l the project, is the visual impact from the presence of the three | \
S \ well fields and the associated control buildings and access roads.
E The groundwater withdrawal will reduce the dry weather flow in Kahana
? Stream'although the effect 1s not expected to adversely affect the
% stream. Should groundwater withdrawal show signs of affecting the
_ \ stream, well pumping will be curtailed in accordance with State guide1{nés.

F. ALTERNATIVES :
Eiection of the o project” alternative would deny the development
of one of the largest water sogurce development projects in the BWS
1ist of required projects.

I-4
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Alternate well locations within Kahana Valley have been considered. They
- y would require more construction effort, increasing the environmental
' impacts of the project as well as its cost. Additional sites for water
are also being developed in other valleys on the windward side of Qahu.

. ? Future alternate sources include reuse of wastewater and demineraliza-

f tion and are under continuing study by the BWS. They all involve much
higher capital and operating costs, making groundwater much more
favorable for development at the present time. The alternative of water.
conservation is being gradually implemented by the BWS but will not be
sufficient to make water development unnecessary at this time.
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SECTION 11
PROJECT DESCRIPTION

INTRODUCTION

The proposed project will consist of the incremental development of

four well fields (Kahana Wells II, III, IV and V}, each with a control
building, connected by an access road and a transmission main to tie

into the proposed Kahana Reservoir or into the water main carrying water
to Kaneohe along Kamehameha Highway. The project js part of the Oahu
Water Plan, City and County of Honolulu, 1975. The new wells will assist
in meeting the future needs of the water system that serves the Windward,
Honolulu, and Pearl Harbor Water Use Districts, shown on Figure 1.

PROJECT OBJECTIVES

The objectives of the proposed project are to deve]ob the water
resources within Kahana Valley to assist in meeting the increasing
domestic water demand on Qahu and to minimize any adverse impact of
the development upon Kahana Valley. |

BACKGROUND

Nearly all fresh water on Oahu is presently obtained From groundﬁater
sources. Oahu has a geological structure which results in locally

complex hydrologic conditions. Impervious dikes, caprock and basaltic
aquifers allow a large quantity of fresh groundwater to be stored. \
1t has been computed by the BWS that an average of about 650 mgd of

rain water infiltrates into the ground to recharge the high level

dike impoundments and basal aquifers.

0f the 700 mgd (including return irrigation) that does infiltrate into
the ground, hydrologists estimate the dependable yield of our ground-
water resources is between 480 and 630 mgd, assuming a greater recovery
factor than 75 percent for the latter quantity. This is the amount of
groundwater that can be withdrawn daily without dep]eting or harming

the system.

During the 1979 calendar year, the total pumped from groundwater resources
of Oahu was approximately 408 mgd of which 134 mgd was drafted by the BWS,
222 mgd was used for sugar jrrigation, and 52 mgd was consumed by pre-

dominantly military and private industrial users. The groundwater drafted
I1-1
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by the BUS is expected to increase from 134.0 mgd in 1979 to about 205 mgd
in 2000. Assuming that the quantity consumed by other users (sugar,
military, industry) does not exceed 280 mgd, the "limit" (480 - 280 =

200 mgd} on the amount of groundwater that can be safely extracted

by the BWS will be reached around the turn of the century.

Due to the island's geological structure, terrain, and population
distribution, there are water use districts with more developable
groundwater sources than the demand within the area and vice versa.

With the projected growth of the population, the total island-wide

water demand will approach the total amount of groundwater that can

be safely extracted. Thus, the full development of groundwater within
each district is necessary to meet the island's needs. Although the
island is divided according to water use districts, it is the water
system that determines what area a given source will serve. A water
system can join two or more Water Use Districts and the water extracted
from each district goes into its associated water system to provide for
the needs of that system. Presently, the Windward District is connected
to the same system that services Honolulu and the Pearl Harbor Districts.
Future BWS plans call for the joining of all the water systems into a
single, integrated and island-wide system which will effectively inter-
connect each water use district.

In order to meet the projected wateyr demands within the Island of
Oahu, the BWS has proposed the installation (Figure 2) of a variety
of water development facilities (generally wells) in the Windward
District as summarized in the Oahu Water Plan, July 1975. Although
recent developments have made revisions to the Plan necessary, the
basic priorities will be retained.

In the State Water Commission's report entitled, "Hawaii's Water
Resources: Directions for the Future," January 1978, priority recom-

" mendations were outlined (Appendix B) for State administrative and

legislative implementation. The report emphasizes the importance of
the development of new and alternate water sources on QOahu. Kahana
Valley, among other areas, has been cited in the report as an area

with available water supplies: "Large groundwater supplies are available

II-2
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in the Windward Oahu areas of Kahuku, Kahana, and Koolaupoko. Streams in
Windward Oahu, especially Kahana and Punaluu, appear most promising
for development of large supplies.”

Recent court decisions on water rights in Waihee Valley, Windward
District, have caused the BWS to reevaluate its proposed schedule for
source development. Realizing that it would not be able to develop

as much groundwater in Waihee Valley, the BWS has made a reevaluation

of their source development plans for the Honolulu and Windward Districts.
Recommendations on Source Development, published by the BWS, are given
in a report entitled "Honolulu and Windward Water District's Water
Supply Status, December 1977." In this report, the BWS 1ists a number
of potential sources that could be developed to meet the Honolulu demand.
These potential sources include groundwater development of Hawaiian
Electric Company's Waiau tunnel water (about 5.0 mgd), windward surplus,
sugaréane irrigation water exchange, and other more complex brackish
water conversion schemes. The report recommends the development of
groundwater sources in the Windward District as the most viable plan. It
cites that if the State approves the development of water in Kahana

- Valley and if Punaluu groundwater is also developed, add1t1ona1 water

may be available for transport to the Honolulu District. New BWS water
requirement projections have necessitated revisions to the 1977 report.

The water to be developed in Kahana will now be used by the Windward Water
District which has a shortage of developed sources. Any excess water

will be exported to the Honolulu and Pearl Harbor District.

Planning for the development of the Kahana source has been accelerated
to meet projected water demands in the Windward District. Development
of other sources, as outlined in the Oahu Water Plan and the capital
improvements program, will also be undertaken to meet the projected
demand in the future. The proposed Kahana Valley water development

is a significant portion of the overall facilities required to meet
the projected demand on the Windward side.

The Oahu Water Plan, published in 1975, was based upon the State Depart-
ment of Planning and Economic Development's population proaect1on

E-2 which results in higher future population figures than their new
population projection II-F. A11 BWS water demand projections, which

IT-3
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are essentially based upon per capita demand with commercial and
agricultural requirements included, have been revised to conform LG
to the new II-F population projection.

At present the new Kahana Wells I field is in service. These wells
tap the basal groundwater. The proposed fields of Kahana Wells
I1I, IV, and V will withdraw high level dike water. Kahana Wells
I is in the eastern part of the valley and will draw water from
basal groundwater. A 6.0 mg reservoir near well site IV is also
proposed in Kahana valley to improve the water transmission from
the Punaluu Wells to Kaneohe.

The State Department of Land and Natural Resources (DLNR) has developed
plans to create a “1iving park" out of the State-owned Kahana Valley.
Items planned for the park development include a visitor's center in

the lower valley near Kamehameha Highway, new houses for the valley
residents, and hiking trails. The concept requires that everyone 1iving
in the valley take part in maintaining and operating the park as a re-
quirement for residency there. The BWS is coordinating the proposed <:;
water development of Kahana Valley with the Division of State Parks,
Outdoor Recreation and Historic Sites, of the DLNR. The water require-
ments for domestic and agricultural activities in the proposed park

will be preserved and assured. Final pians for water development must
be approved by DLNR in terms of Tand management, compatibility with the
planned State Park and construction in Conservation District lands.

The Board of Water Supply is expediting the development of potential

water sources along the Windward coast. EIS Preparation Notices

have already been filed for the proposed Kahaluu, Kaluanui, and

Luluku Wells. Table 1 indicates the existing water development

facilities in the Windward District. Table 2 lists 21 additional

proposed sources. These are mainly small sources ranging from 0.5 to

2.0 mgd per well. The Board of Water Supply is also interested in

developing some larger alternate sources of supply, which are aiso

listed, to sustain growing demand while exploration and development

of the smaller sources continues. Kahana Valley is the first of two )
areas to be considered, Punaluu being the second. i;-’
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TABLE 1 \
. EXISTING WATER DEVELOPMENT FACILITIES i
WITHIN THE WINDWARD DISTRICT
EXISTING SOURCES MGD
; Waihee Tunnel* 4.0
, i Kahaluu Tunnel* 2.1
. oo Haiku Tunnel* 1.6
O i Luluku Tunnel* 0.3
N waimanalo Tunnels* 0.6
SN Kuou Well 2.0
I Waimanalo Well c.]
- Waihee Wells T & Incline Wells *
o : Hauula Wells 0.2
ST Punaluu Well T 1.0
* Punaluu Wells 1L, Punaluu
Wells III 5.0
Kahana Wells I 0.5
_ Kaawa Shaft ek
(:) 17.40

* Yield for tunnel is base flow. Flow manipulated by bulkhead pressure
and system demand. S o

** Quantity varies to meet court order to allow 2.7 mgd flow at stream
gage station Jocated below Waihee Wells I. -

***Inactive
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TABLE 2
o . PROPOSED WINDWARD SOURCES

The Board of Water Supply is studying the possible development of the
following sources:

N SOQURCE ESTIMATED CAPACITY (MGD}
[ ' Haiku Wells 1.0
NG Iolekaa Well 0.3
N : Kahaluu Well 1.0
R E Luluku Well - 1.0
. Kaaawa Well 1 0.5
N . Kaaawa Well II 0.5
S Kamooalii Well I 0.5

‘ E Kaluanui Wells 2.0
Punaluu Wells V 4.0
‘ punaluu Wells IV 0.5

- Kamooalii Well II 0.5

S Hakipuu Well 0.5

S Kaipapau Wells 1.0

S " Kuou Well II 0.5 <:}
Laie Hells 1.0 -

: Wailele Well 1.0
P Maakua Wells 0.5
P Kahana Wells IIL, IV, V 6.0
: Kahana South Well (Kahana 11} 0.5
; Waimanalo Well II 1.0

. Kamooalii Well II 1.0
| 24,8 MGD

Te[e




To meet the projected demand beyond the year 2000, alternate fresh
e water sources must be developed. The BWS is evaluating the following
sources for future development in that time frame:

e pmte el T N R I AR T

1. Exchange of potable water used for irrigation with water of lower
non-potable quality but still suitable for irrigation.

2. Collection and treatment of surface runoff.

3. Demineralization of brackish sources.

4. Wastewater reclamation for irrigation.

5. Desalination of seawater.

Due to the higher capital and operational costs involved in developing
these sources, the complete utilization of the available groundwater

will be accomplished before any large scale development of these alternate

sources. Appendix A provides additional information on the status of
‘these long-range development alternatives.

s For o prl el P e gl L

D. DESCRIPTION _
The Board of Water Supply is presently proposing the development
of water resources within Kahana Valley. This is expected to
require the following development actions which will be coordinated
and compatible with the State Park Plan. To insure compatibility,
the BWS is working closely with the various divisions of the DLNR.

The development of the groundwater sources in Kahana Valley will be
done in four increments. Kahana Wells III, IV and V will each
consist of a 2.0 mgd well field of two or more wells. Kahana Wells
I1 will have a 0.5 to 1.0 mgd well field of one or two wells. All
sites will include the necessary access roads, control buildings, and
transmission lines for connection to the existing facilities. The -
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4 approximate locations of the proposed and existing wells are

% shown in Figure 3. If the desired flows per well field cannot be
% Qﬂ} achieved, an additional well field site may be required to develop
g the desired capacity.

&

wo it ingaielad, el st i

LTI

11-7

PP ELEL =TT SS S Fui ke

Sl

4 R D el et o T e



e
®°
Pt _..‘t'
g e 7:"?: 8 =208 - 'e:f" .
EE FIGU == ;

: ENE%RGEMENT RNCS LT
RN v&&%ﬂ NG anana 821
E;gkain; a -
ACCESS ROAD AND D) Efu‘ " S
tﬁ@i WATER MAIN ALIGNMENT ;2555/’/ 7

! T s SSEA T
eSS fé’gﬁ%{ﬁ}f’/

N KAHANA WELLS I & X /
. T ey r'.'fg,)\ — - 0. H o) /o
IFE;QE .\\ “\{%';‘%“’)W [;%3 . -{. .\‘\; 2 '."'\-I

] % "7 T :.' wed

/ > = : .1;

4
Ve
%
H
) (

A

’

Stream

1 -, i i T, i
e b e = "\a .

__Ath'. o Laladeies ‘

\ 3 /! \$’ ﬁ' . I - -': 2 .\,.-403!5-! o Dt A
Lo MJ\.( 0 f Ay NN e
S éﬂ;ﬁéﬁé;w / é=ﬁﬁ§i$§f; N3 = 3iv$é§§ﬁ§§§§§aﬁﬁﬁf§ﬁﬁﬂﬁ":ﬁk
At e o ¢ . o
(e %"N*F DI ==/ o' i/ GROUND WATER DEVELOPMENT
GROUND WATER DEVELOPMENT 177 S 7 f Ao Proposed M T

Kahana Wells 11
Proposed Well rields ?/, na we
kahana Wells 111, IV,V

i
lf

=)

Z
H

Jh.

J_.s =
e

AN
o
IS

KA ﬁNA STREAM
= I P T

KAWA STREAM

e i B :
" % r7 _/A_'}){,BE 5;}{;‘;%2‘

A < .
»-éﬁi-mfﬁ? @L!'
E:"L:'&-?_“%” i

REF: USES QUAD. @ e VALLEY WATER DEVELOPMENT PROJECT
o IRONHENTAL INPACT STATEMENT
FIGURE 3 a
] ¢ ' ]
2000 % 2000 SITE PLAN -

Graphic Scale CITY AND COUNTY OF HONOLULU

BOARD OF WATER SUPPLY




e

O NI TR TR T T I LT TN e

EMaM

Lt

Minimal access roads will be developed to allow passage of the drilling
equipment, The road to the western sites for Wells III, IV and V will

follow the old military road. Access to Well II will be effected along
Trout Farm Road. Both routes will require improvements of the existing
roads to sustain the weight of the drilling and construction equipment.

The construction of the four proposed well £ields will require
two major steps. The first phase involves the Jocation and drill-
ing of the well fields. The development of improvements will

then follow as the second phase, to make the wells operational.

1. Location of Wells
The drilling of 2 to & exploratory wells within a well field will
be done at sites expected to be favorable for groundwater development.
Minimal access roads will be developed along the existing access
road alignments to permit passage of the drilling equipment. Each
exploratory well will be tested to determine its sustainable
capacity. 1In addition, Kahana Stream will be monitored by the
USES during the well tests. If the wells are found to have 2 suit-
able capacity, they will be formed into a well field. If the
wells do not have a suitablie capacity, ejther additional wells
may be drilled in the area to supply the required capacity, or
a new nearby well field area may be selected and the procedure
repeated. Since it costs approximately $250,000 to drill and test
each well, a great deal of research and investigation will first
be performed to determine the optimum Jocation of the test wells.
This process will be repeated until four well fields (Figures 4
and 5) are selected. A minimum separation distance of 1,000 feet
is planned between the well fields. Individual wells within a
specific well field will be a minimum of 150 feet apart. The wells
will be 12 inches in diameter and, generally drilled to a
depth of at least 100 feet below sea level.

2. Development of Improvements
Following the location and proving of the four well fields, the
following series of improvements will be developed to make the

fields fully operational:
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Development of improved access roads to the four well

fields, as an integral part of the State Park road

network. The existing roadways in the valley will be used,
with restoration to meet minimum design requirements. Within
each well field, minimal access roads will be constructed as
required. The BWS design requirements 1imit the maximum grade
to 20 percent and a minimum road width of 12 feet. Compacted
crushed coral surface roads will be used to comply with
recommendations as presented in the State Park EIS.

Construction of a control building at each well field. This

{s typically a small but attractive single-story concrete block
building (Figure 6 and Figure 10) constructed to house the
control equipment, chlorination system, flow meters, etc.
Installation of power and telephone cables to each of the
control buildings and wells. These are normally instalied

on overhead poles since it is the least expensive system.
However, since the State Park EIS recommends that utilities

be underground, the project power and communication

cables in Kahana Valley will be installed underground.

Installation of an underground transmission main from Kahana
Wwells I1I, IV and V to the 20-inch transmission main on the
access road and then along the access road to either the
proposed Kahana Reservoir or to the existing BWS line on
Kamehameha Highway. An underground transmission main will
also be installed from the Kahana Wells II site to the
existing BWS 1ine on Kamehameha Highway.

Development of the test wells into service wells. This
generally includes lining the upper portion of the wells

and instaliation of permanent BWS pumps. To restrict

access to the wells, a chain link fence will be installed
around each individual well. The control building for each
well field will be sited within the fence of one of the wells.

II1-9
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When all of the well fields have been tested and proven for
adequate production, each field will be put into service

in increments. The possible effects of well water withdrawal
on the water in Kahana Stream will be monitored per each
increment. This will be accomplished using the existing USGS
gaging station and measuring groundwater heads at the well
fields. If at any time the withdrawal appears to affect

the stream flow, pumping will be curtailed to maintain

the minimum desired stream fiow.

The BWS estimates a cost of 9 million dollars to construct
the well fields, access roads, control buildings and trans-
mission main. '
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SECTION III
DESCRIPTION OF THE ENVIRONMENTAL SETTING

A.  PHYSICAL CHARACTERISTICS

1. Climate

a.

General

Hawaii's mild seasons are a direct consequence of its latitude
and its location in the middle of the Pacific Ocean. Because
of its location there is a small variation in the amount of
energy received from the sun and the ocean acts to decrease
large temperature swings. The range of temperature between

day and night averages about 7 degrees. During the summer, the
day time temperature averages in the mid 80’s while the night
time temperature is in the low 70°s. In the winter, the average
day time temperature is in the high 70's and the night time
temperature is in the mid 60's.

Oahu is the third largest island in the Hawaiian Island chain.
On the windward side of Oahu, the Koolau Mountain range has
elevations. generally in the range of 2,000 to 2,500 feet. The
highest peak is Puu Konahuanui at 3,150 feet. On the

leeward side, the higher Waianae Mountain range has eleva-
tions generally in the range of 2,000 to 3,000 feet and
includes Mount Kaala with an elevation of 4,020 feet, the
highest on Oahu. These mountains determine the rainfall
distribution of Oahu and therefore the distribution of water
resources.

On Oahu, the northeasterly trade wind prevails 90 percent of
the time from May to October but drops in frequency to 50
percent from November to April.

There are parts of the Koolau Range that average over 300
inches of rain a year. This rainfall recharges the water
supply for Honolulu. East of the Koolau Mountains the
coastal rainfall averages between 30 and 50 inches of rain
a year. Central Oahu receives about 35 to 40 jnches. The
Honolulu area receives about 24 inches a year but this

I11-1
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amount increases to about 60 or 70 inches by moving inland

2 miles, The driest area is the coast west of the Wajanae
Mountains where rainfall averages about 20 inches a year.
However, these are only long-term averages and the rainfall
variations from year to year are considerable. This is

also true for month to month values but the trend is more

rain over the entire island during the winter months from
large scale cyclonic disturbances that move in when the trades
are absent or weakened.

Severe weather is uncommon in Hawaii. The "winter" season
from October to April brings intense rain that can cause
localized flash flooding. Thunderstorms are infrequent and
usually mild. A few tropical cyclones have struck the island
since 1950,

Kahana Valley

The climate of Kahana Valley is the two-season year that
typifies the climate of the State. Mild temperatures and
humid conditions exist all year round. There are extreme
variations in rainfall between Kahana Bay and the upper
reaches of the Valley. The trade winds are the predominant
wind of the va]]ey. The minimum and maximum daily tempera-
tures have the same seasonal variation that the island does.

Over the year the average humidity for the late morning is
70 percent, although the winter season has days with humi-
dities much higher and lower than the average.

The trade winds move through the valley from the north-
northeast over 90 percent of the time during the summer. The
wind velocity in the Valley averages about 11.7 knots with
small deviations from the average velocity. ODuring the winter
the trade winds are present less than 50 percent of the time
and are usually weaker than in the summer. Storms coming

I11-2
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~ mainly from the southwest are present more often than the

~— trade winds and have gust velocities frequently over 30 knots.
The topographic relief and vegetation play as important a
role as the wind in determining the microclimatic conditions
of specific sites.

The rainfall of Kahana Valley averages 60 inches per year at

the coast and rises to over 300 inches per year at the crest of
the Koolau Range. The recording station at the mauka end of the
valley measures a monthly rainfall average of 20 inches that

is relatively constant. On the makai end, the average rainfall
is about 6 inches a month and varies from 3 inches in the summer
to over 8 inches in the winter. Measurable rainfall occurs

55 to 60 percent of the time at the makai end of the valley

and 65 to 70 percent of the time near the Koolau Range.

2.  Topography
~ The project site for Kahana Wells III, IV and V is located on the
{:D - - ... .-~ west slope of Kahana Valley at an elevation of about 300 feet.

Kahana Wells II is located on the eastern slope of Kahana Valley
at an approximate elevation of 100 feet. Much of the land has slopes
of well over 30 percent. The wells and control buildings will be
sited where the slopes are much gentler although slopes of over

10 percent will be tolerated if the need arises. The wells for
III, IV and V will be situated along an abandoned military road and
an existing hunting road. Kahana II is approximately 500 feet
east of the existing Trout Farm Road and will require the improve-
ment of about 500 feet of an existing access road. The roads are
completely surrounded by vegetation and trees. Most of the trees
are over 20 feet tall and many of them exceed 30 feet in height.

3. Geology
Kahana is a large, deep, amphitheater-headed valley located at the

sauthern end of the Koolauloa district on Windward Qahu. It
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encompasses over 5,260 acres, with elevations ranging from sea
Tevel at Kahana Bay to over 2,700 feet along the crest of the

Koolau Range. The ridges on either side of the valley are from
1,000 to 2,000 feet high.

The valley has been eroded into the relatively thin bedded
basaltic lava flows and the nearly vertical basaltic dikes of
the Koolau Volcanic Series. overall, 71 percent of the total

‘area has a slope in excess of 30 percent. By excluding the

floor of the lower valley that lies within the flood plain,
the usable area reduces to under 10 percent of the total.

A11 of Kahana Valley falls within one of the dike regions of
the major rift zone of the Koolau Volcano. The dike zone is
the dominant geologic feature of the valley and may be divided
jnto two components called the dike compliex and the marginal
dike zone. .The essential difference between the dike complex
and the marginal dike zone is the greater number of dikes across
the trend of the rift in the dike compiex as compared to the
margina] dike zone. In Kahana the dike complex extends from an
elevation of 270 feet to the range crest while the marginal
dike zone begins below this elevation including the Tower
valley and extends offshore. |

Hydrology

Kahana Stream is the largest stream on the windward side of
pahu. It originates up jn the Koolaus, dissecting the dike
complex and marginal .dike zone of Kahana Valley. By dissecting
the dike complex and marginal dike zone normal to its trend,
dike-impounded water drains preferentially into Kahana Stream.
For this reason, Kahana Stream continually gains flow from
headwaters to mouth.
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Kahana Stream along with Kawa Stream (principal tributary),
are the main water courses in Kahana Valley. The Department
of the Interior, National Park Service's Nationwide Rivers
Inventory, has included Kahana Stream for its important scenic
and historic values. The characteristics of the reaches vary
from steep, narrow and rocky gorges in the upper valley to a
wide, level, and heavily vegetated flood plain in the lower
area.

A U. S. Geological Survey (USGS) stream gaging station on the
valley floor registers an average flow of 23.1 mgd. During an
18-year period, the Towest and highest discharges were 6.3 and
3512.3 mgd, respectively. The entire watershed discharges an
average flow of over 30 mgd. As a result of the withdrawal of
water through the Waiahole Ditch/Kahana Tunnel system, streams
above elevation 800 feet display intermittency except during
periods of moderate to heavy rains. Flooding of the valley floor
to depths of about 12 inches occurs at least once every 2 years,
and to depths of about 3.5 feet every 7 to 10 years. Due to the
Tow velocities, damage from flood waters has been minimal.

Groundwater in Kahana Valley is stored underground in two ways.

The first is a basal freshwater lens truncated by dikes that
floats on top of denser salt water. The second is high level

watér stored in porous and permeable rock between volcanic
structures of low porosity and permeability, called dikes. Dikes
are Jeaky but yet prevent the water in the porous rock compartments
from effectively flowing down and out to sea. In Kahana the basal
fresh water forms a wedge under the valley floor while the high
lavel dike water is found several miles inland from the coast.

Well No. 405 taps the artesian basal water of Kahana Valley. This
free flowing well provides the water used by most of the families
in Kahana Valley. The confining sedimentary deposits that underlie
the valley floor give the well an artesian head that averages about
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15 feet above mean sea level. According to the Kahana Valley State
Park Revised EIS, Well No. 405 only provides for the water needs

of about 90 residents at Kahana Valley. Present withdrawal does
not exceed 3,000 gallons per day (gpd).

.Lava flows of the Koolau Volcanic Series comprise the aquifer in
which groundwater is stored. Over half of the rainfall in

the valley percolates through the lava to replenish the aquifer.
It is estimated that if no water were withdrawn from this

system the backed up water in the Koolau dike system might
exceed 1,000 feet in elevation. This dike water is tapped by
the Kahana Development Tunnel of the Waiahole Ditch System.

The water flows essentially parallel to the dikes and therefore
enters the tunnel, which is driven perpendicular to the trend
of the dikes. The taking of about 4.0 mgd water by the Waiahole
Ditch system from the Kahana Development Tunnel has lowered the
water in the dike system to an elevation of 800 feet, the -elevation
of the tunnel.

The hydrologic system can be described by a "water budget" for
the area. This budget takes into account all the water "deposited”
into the system by rainfall and all the water "withdrawn" by
evapotranspiration, runoff, wells, diversions and underfiow. The
water budget for Kahana Valley was initially made by the USGS in
Water Resources of Windward Qahu. The budget was revised by the
Water Resources Research Center. Figure 7 presents this water
budget in diagramatic form. More detailed hydrologic data is
provided by an excerpt (Appendix C) from the University of Hawaii
Water Resources Research Center's Technical Report No. 77,

The Quality of Coastal Waters; Second Annual Progress Report.

The major withdrawal of water from the Kahana Valley watershed
is being made by the Waiahole Ditch/Kahana Tunnel Complex.

The Waiahole Ditch system takes water from both the dike
complex and Kahana Stream. Since 1931 an average of 3.2
million gallons per day (mgd) is withdrawn from Kahana Stream

III-6
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and another 4.0 mgd is withdrawn from the high level groundwater {:\
system by the Waiahole Ditch system. The Waiahole Water Company
uses the water for irrigation use on the leeward side of Oahu.
Kahana Bay is a seaward extension of Kahana Valley. Its width
varies from 2,400 to 4,000 feet and is nearly 3/4 mile Tong.

The waters in it and in the estuary of Kahana Bay are designated
Class AA under the State's water quality regulations. The AA
classification is the most restrictive for marine waters in

the regulations. Kahana Stream and its tributaries are Class

1.a. inland waters. Class l.a. is the highest and most restrictive
classification for inland waters in the State regulations.

The demarkation between fresh and estuarine portions has not

been determined exactly but it has been estimated to be about

3/4 mile from the stream mouth. |

The average gradient for the estuarine section of the stream

is 10 feet per mile. The channel width varies from 35 to

about 245 feet and depth varies from 4 to 16 feet. Peak flows <::
during the winter storms flush debris and sediment from the

estuary, minimizing its potential as an incubator of adverse

water quality. '

Kahana Stream, as most Hawaiian‘streams, is'subjeCt to flash
' floods because of the steep slopes and high'rainfalifof the
va]]ey.' During a large rainstorm the peak flows may be 1,000
times greater than the lowest recorded flow. The main source
of Biochemical Oxygen Demand (BOD) is the organic matter
washed into the stream by surface runoff.

Soils

The Soil Conservation Service has classified the soils present

in Kahana Valley into 15 different soil series and 17 soil

types. Each is defined by a unique range of values for a large

number of different parameters. Texture, color, structure, con-

sistence, presence or absence of hardpan, and type of parent "
material, are measures of the physical characteristics inherent (-J
in the soil material. Other measurements, such as depth to
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seasonal high water table, slope, and depth to bedrock, are

more a function of the soil's location rather than the material of
which it is made. The dominant soil types are clays, silty clays
and silty clay loams. The specific soils at the project sites
belong to the Waikane series. This series is characterized by
well-drained soils on alluvial fans and terraces. They developed
in alluvium and colluvium derived from basaltic igneous rock.

They are nearly level to very steep, ranging in elevation from
200 to 1,000 feet. |

The specific soil type for the Kahana Wells II project site is
comprised of Waikane silty clay, 25 to 40 percent slopes (WpE).
This soil is found on steep terraces and alluvial fans. In a
reprasentative profiie the surface layer is dark brown silty clay
about 8 inches thick. The subsoil, about 52 inches thick, is

dark reddish-brown silty clay that has subangular blocky structure.
The substratum is soft, weathered, gravelly alluvium and colluvium.

The project site for Kahana Wells III, IV and V is characterized
by Waikane silty clay, 40 to 70 percent slopes (NpF). This soil

type has rapid to very rapid runoff and the erosion hazard-is severe.

BIOLOGICAL CHARACTERISTICS -~ FLORA AND FAUNA

Studfes have identified 13 major plant communities in Kahana Valley.
They range from native kukui forests in the gulches, ohia forests

in the back portions, and cultivated fields to pasturés at the valley's
mouth. Table 3 1ists common native and naturalized species of
vascular plants of the valley. A listing of interesting, rare, or
unusual plants is given in Table 4.

Native and introduced waterbirds such as the Black-Crowned Night

Heron and the Cattle Egret can occasionally be found in the lower
areas of the valley. The Hawaiian Coot (Fulica americana alai) and
the Hawafian Gallinule (Gallinula chloropus sandvicensis),,

recorded annually in Huilua Pond, in the lower valley, are two
endangered bird species. For this reason, Kahana marsh lands, streams,

ITI-8




TABLE 3

COMMON NATIVE AND NATURALIZED SPECIES
OF VASCULAR PLANTS OF THE KAHANA VALLEY

Acacia koa - Koa
Aleurites moluccana - kukui
Bidens pilosa - ko'oko'olau
Brassaia actinophylla - Octopus tree
Cibotium spiendens - hapu'u pulu
Clidemia hirta - Koster's curse
Cordyline terminalis - ti
Dicranopteris linearis - uluhe
Fugenia cuminii - palama
Eupatorium riparium - pa-makani
Freycinetia arborea - 'ie'ie
. Hedychium coronarium - *awapuhi- ke'oke'o
- Hibiscus tiliaceus - hau

Metrosideros collina - 'ohi'a-lehua

Microsorium scolopendria - laua'e

© Pandanus odoratissiumus - hala

~ Psidium cattleianum - waiwal 'ula‘ula
Psidium guajava - kuawa (guava)
Rubus rosaefolius - 'ola'a
Scaevola gaudichaudiéna~- naupaka - kuahiwi
Sphenomeris chusana - pala'a

© Wikstroemia oahuense - 'akia
Zingiber zerumbet - ‘awapuhi kuahiwi

Source: Kahana Valley Botanical Survey, William L. Theobald and
Nengah Wirawan, March 1973.
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INTERESTING, RARE, OR UNUSUAL PLANTS

i

a

\ —_ TABLE 4 |
OF THE KAHANA VALLEY

Acacia koa - koa - many uses
Aleurites moluccana - kukui - many uses

Artocarpus altilis - 'ulu - many uses
Bixa oreilana - 'alaea - several uses
Canavalia cathartica - mauna-loa - medicinal

Charpentiera obovata - papala - botanical interest

Cibotium chamissoi - hapu'u ‘'1'1 - several uses
Cibotium splendens - hapu'u pulu - several uses

\\\ Co | Clidemia hirta - Koster's Curse - introduced noxious weed
Colocasia esculenta - taro - several uses

1 Cordyline terminalis - ki, ti - many uses

T " Cuscuta sandwichiana - kauna'oa - leis

Cyrtandra spp. - largest genus in Hawaii
Diospyros fgrrea - lama - Tumber

Elaeocarpus bifidus - kalia - several uses

Eucalyptus sp. - pale-piwa - timber, medicinal
" Korthalsella latissima - kaumahana

Morinda citrifolia - noni - several uses

Osmanthus sandwichensis - olopua = timber

Peperomia spp. - large genus in Hawaii

Pisonia umbellifera - papala-kepau - Tumber

O

Pityrogramma Spp. <
Pritchardia sp. - loulu paim

Psilotum spp. - moa _

Scaevola spp. - naupaka : 2R
Sida fallax - 'ilima - leis, medicinal

Stypelia tameiameiae - pukiawe - several uses
Touchardia latifolia - olona - rope, fish netting

o ek m i

Source: Kahana Valley Botanical Survey, William L. Theobald and
Nengah Wirawan, March 1973.
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and pasture lands have been indentified as areas of secondary impor-

tance to endangered species in the "Hawaii Waterbirds Recovery Plan." (:5
Introduced species of birds such as the Kentucky Cardinal, California

Linnet, Mynah, White-Eye, House Sparrow and Rice Birds are common

throughout mid-elevation areas. It is Tikely that native birds

such as the apapane (Himatione sanguinea sanguinea), amakihi (Loxops

virens chioris) and iiwi (Vestiaria coccinea) exist in the upper

valley, particularly along the crests of ridges. It is also possible

that a few Oahu honeycreepers {Loxops maculata maculata) a species

on the rare and endangered list, may be found in the ohia forest.

With the exception of feral pigs, mongoose, rats and mice, there

are relatively few land animals in Kahana. At prasent, the pig population
is controlled by public hunting. The Limnological Survey of Kahana
Stream, Oahu, by Amadeo S. Timbol for the U. S. Army Corps of Engineers
identified 20 species of macrofauna in the streams of Kahana Valley.

Of the 20 species, 10 are native to Hawaii and 5 of the 10 are

endemic. The mountain shrimp, o'opu nakea, o'opu okuhe, aholehole,
mullet, Hawaiian prawn and Tahitian prawn are of economic value. The (:)
Tist compiled by Timbol is presented in Table 5. The o'opu nakea,
mountain shrimp and Tahitian prawn are sensitive to excessive silta-

tion and reduced flows. The o'opu napili, an endemic goby fish, has
disappeared from Kawa Stream due to the natural or man-made stream

flow reduction in areas such as those that exist in the critica1

habitat area of Kahana Stream. ' '

SOCIO-ECONOMIC CHARACTERISTICS

1. Population s
The population of Oahu was 701,298 in 1980 according to the

Preliminary Census Results for the Population of Hawaii, 1980.
The Board of Water Supply is using the Department of General
Planning Distribution No. 4, (Table 6} to determine the popula-
tion growth and future water demand. The Kahana Wells will
provide water to the water system that services the Windward,
Honolulu and Pearl Harbor Water Use Districts. The planning

-~
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Table 5.

List of Macrofauna in Kahana Str
Hanalele and Kawa (August 1979).

?iﬂ and its Tributaries,

Scientific Names Common, Local Names Origin(a) ListindP)
Annelids (worms)
Hirudinea Leech Unknown None
N¥emalycastis abiuma Polychaete worm Endemic None
0ligochaeta Earthworm Unknown None
Insects
Diptera: Chironomidae Midge larva Endemic None
Odonata: Zygoptera Damselfly naiad Unknown
Trichoptera:
Cheumatopsyche analis Caddisfly larva Exotic None
Ozyethira maya Microcaddisfly larva | Exotic None
Mollusks {Snails)
Melania SP. Pond snail Indigenous
Crustaceans (Prawns and
Shrimp)
Atya bisulcata Mountain shrimp
Opae kala'ole Endemic None
Macrobrachium Hawaiian prawn
grandimarnus Opae oeha'a Indigenous None
Maerobrachium lar Tahitian prawn Exotic None
Fishes :
Awaous gentvittatus Goby, o'opu naniha Indigenous None
Awaous stamineus Goby, 0'Opu nakea Indigenous Depleted(c)
Claria fuscus Chinese catfish Exotic None
Eleotris sandwicensis 0'opu okuhe Endemic None
Kuhlia sandvicfnfis Aholehole Endemic None
Mugil cephalus\d Mullet, ama'ama Indigenous | None
Poecilia reticulata Wild guppy Exotic None
Xiphophorus helleri Swordtail Exotic None
Xiphophorus maculatus Moonfish Exotic None

(a)Terms used in this column:
Endemic-occurring naturally in Hawaii only.

Indigenous-occurring naturally in Hawaii and also elsewhere.

xotic-brought to
(bJConsidered as endang

pubiications.
(threatened)-facing

(c)pepleted on Oahu {Mi

(d)Two other mullet species ma

Hawaii either intentionaily or accidentially by man.

ered or threatened in official register or scientific

1ler, 1972).

and Chelon engeli (mullet, exotic).

The following definitions are from Miller (1972).

extinction, needs special protective measures.
sti1l occurs in numbers adequate for survival but heavily depleted and con-
tinues to decline at a rate substantially grea

tar than can be sustained.

y be present; Neomxyus chaptali (uoa'uoa, indigenous)}

U)S_OURCE: U. S. Army Corps of Engineers, Limnological Survey of Kahana Stream

by Amadeo S. Timbol, 1979.
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{fi\ distribution shows an increase of 26 percent for Honolulu, 19
percent for windward Ozhu, and 47 percent for Pearl Harbor by
the year 2000. To meet this growth, new water sources such as
Kahana are necessary. At the present time, there are approximately
90 residents within Kahana Valley. '

2. Land Use
The land uses of the area of the water system to be served
covers the entire list from Forest Reserve to sugar. Figure 8
is a Generalized Land Use map of the area developed for the
Hawaii Water Resources Regional Study in 1970. Within Kahana
Valley, Tand use ranges from forest reserve to grazing, miscel-
laneous public use (park), and rice, taro and vegetable utiliza-
‘ tion.
3. Economic Aspects
The economy of Hawaii, its growth and development, is directly
N related to its location and climate. About 80 percent of the
economic activity of Hawaii takes place on Qahu. The economy is
basically service oriented with some ﬁénufacturing and agriculture.
Part of this is due to the decline of agriculture.

Tourism, defense, sugar and pineapple are the four major export
_industrfes, Tourism {s now the major industry, but at one time
it was sugar and pineapple. Other industries exist because of
.the revenues earned by the people who work for the major export

industries.

The valley is owned in its entirety by the State of Hawaii and
supports a small rural community. Most of the residents Tive in

the Tower makai portion of the valley. Their homes are generally
old, most of which are in poor condition. A majority of the families
raise chickens, ducks and geese and grow fruits and vegetables in
their backyards. Some are engaged in commercial agricultural
activities such as grazing of cattle and horses and growing of
papayas, bananas and ti leaves.
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The Tifestyle within Kahana Valley can best be described as being

a rural/agrarian community. Many individuals possess skills in
quilt making, lauhala weaving, net making, taro raising, and canoe
building. Most of the men in the area are knowledgeable in fishing
methods. Hui O Kanani O Kahana is the association that speaks

for most of the valley's long term residents.

The existing Kahana Valley Road leading into the western portion

of the valley is the only access for the village and upper valley
residents to and from Kamehameha Highway. The roadway is paved for
about 3/4 of a mile into the valley with the mauka (landward) portion
being restricted to four-wheel drive vehicles or foot traffic.
Generally, the internal road system is substandard.

Kahana Valley State Park

Much of Phase I of the park's development plan has been started.
The main access road, parking and comfort station, orientation
building and the Hawaiiana Demonstration Area are all under con- -

 struction. The implementation of Phase II (the remainder) awaits
the allocation of the necessary funds.

D.  INFRASTRUCTURE

1.

Roads and Traffic ‘ .

The project site for Kahana Welis 1II, IV and V is located along
the western slope of Kahana Valley. The well fields will be
adjacent to a hiking trail that was once a military road. This
abandoned road will be improved to provide the access to the wells
by BWS. The trail begins at the end of an unimproved road that
is now used primarily by hunters and hikers. This road is a branch
of Kahana Valley Road which leads into the valley from Kamehameha
Highway. Only fifty percent of the valley road is improved.
Kamehameha Highway transits the Kahana Valley coastline.
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'High level water is hrésént]y wifhdrawn from the Kahana Tunnel

:-e-u-a

The Kahana Wells II project site is located on the eastern slope
of Kahana Valley approximately 500 feet east of Trout Farm Road.
The access road will follow an existing access road that branches

-~ from the road to the site.

Water

The Board of Water Supply has recently installed two new wells (Kahana
Wells I} in Tower Kahana Valley. A 12-inch transmission line 1links the
wells to the 30-inch transmission main along Kamehameha Highway.

The desired sustained capacity of 1.0 mgd from the two wells, however,
could not be achieved due to the geologic structure of the sites.
Average pumpage from the well is about 0.5 mgd, although the

installed pump capacities are 1.0 mgd. The wells presently feed

into the 30-inch main on Kamehameha Highway. The State Department

of Health has given its approval to use the new well in accordance
with. the State's Safe Drinking Water Regulations.

system located in the upper valley region. Approximately 5 mgd
of water presently enters the Waiahole Ditch system which conveys
water to the leeward side of Qahu for the irrigation of sugarcane.
Water rights of this system are currently leased by Oahu Sugar
Company from the State.

The Board of Water Supply is proposing to build a 6.0 million gallon
reservoir along the same hunting road that will serve as the align-
ment for the access road to the proposed well fields. The reservoir’s
main function will be to remove the surges in the transmission main
along Kamehameha Highway due to the intermittent operation of the
Punaluu Wells. This will improve the water service to Kaneohe

and Kailua.
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ARCHAEQOLOGICAL/HISTORICAL CHARACTERISTICS

Numerous archaeological sites can be found in Kahana Valley. These
sites are discussed in greater detail in the Revised Environmental
Impact Statement for the Kahana Valley State Park dated October 1978
(Reference 2). These archaeological sites include auwais, cleanups,
dry terraces, enclosures, graves, Kuleanas, midden deposits, mounds,
platforms, walls, wells, wet terraces, habitation structures and the
Huilua Fishpond. These sites are concentrated in the lower valley
areas in the proximity of Kahana Bay and along the upper reaches of
Kahana Stream.

With the exception of an auwai which crosses Kahana Valley Road, ailong
which the 20-inch transmission main will be laid, no archaeological
sites are known to exist within the project limits of Kahana Wells III,
IV and V. The auwai is relatively shallow and is not in operation or
use at the present time. The 20-inch main will be laid below the
auwai grade and the auwai will be restored to its present condition
after trenching and pipe laying operations,

Bishop Museum was engaged to conduct an archaeological survey of the
.proposed sites for Kahana Well Fields III, IV and V. The results of

this survey, conducted in May 1980, are herein included:

"The archaeologists encountered no significant archaeclogical
remains. Since the area was once used as an Army road, it has
aTready been greatly modified and disturbed.

"Based on this surface reconnaissance, there are no archaeologi-
cal objections to the proposed project. Although unlikely,

it is possible that subsurface archaeological features such

as stone alignments or artifacts could be encountered once

the project has begun. If this occurs, archaeologists at
Bishop Museum should be contacted immediately."
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An archaeological reconnaissance of the Kahana Wells II site was

accomplished on May 20, 1981 by archaeologists from the Division of
State Parks of the State Department of Land and Natural Resources.
The archaeoiogist's recommendation for the site is as follows:

wBetween the enclosure and agricultural complex (#1556) is a
gently sloping area devoid of any archaeological features.
This as the well site would be clear but the enclosure and
terraces must be addressed in any proposed plans because
they would be impacted during construction. The access road
to the site is an existing dirt road and there are no archaeo-
logical sites that would be impacted. However, a fairly Targe
impact area in the proposed well site must be considered.

"Archaeological recommendations for this proposed site include
mapping and testing. Further testing of site #1555 will depend
on the impact and definitive plans for the well site. If this
site cannot be protected, salvage would be recommended. However,
the site value does not warrant preservation. The agricultural
complex should be mapped to define the limits of the site and
configuration of the individual terraces. Again, a determination
of any further archaeological work will require definitive plans
for the well site.”
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SECTION IV

RELATIONSHIP OF THE PROPOSED ACTIOM TO LAND USE PLANS,

POLICIES AND CONTROLS FOR THE AREA

A.  GENERAL
The land use controls for the project site are as follows:

1.

State of Hawaii
Kahana Valiey is within a State Conservation District boundary.

City and County of Honolulu

The land is zoned P-1 and designated Parks and Recreation by
the City and County's General Plan. The entire valley falls
within the City and County's Special Management Area.

Kahana Valley State Park

The Department of Land and Matural Resources (DLNR) has developed
plans to create a "1iying park" out of the State-owned Kahana
Valley. The Environmental Impact Statement (EIS) that was prepared
to assess the consequences of this proposal describes the proposed
park plan. The first phase includes the development of a visitor's

- center in the lower valley near the highway. New houses for the

valley residents and the development of hiking trails are also part
of the overall plan., The concept requires that everyone 1iving in
the valley take part in operating and maintaining the park as a
requirement of residency there, Any use of the valley by govern-
ment agencies must be in consonance with the "1iving park" concept.

Although much of the knowledge and skills from the old Hawaiian
culture are not practiced today, DLNR's park plan has been instigated
to foster these diminishing Hawaiian ways. An important goal of the
"1iving park" is to nurture the old 1ifestyle and to promote the
teachings of its culture and values.

B. CITY AND COUNTY OF HONOLULU

The statement of Objectives and Policies of the City and County of
Honolulu's General Plan designates the land in and around Kahana valley
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as rural. The project is one of many that will supply additional water
to be used in other areas. The areas and their designations are as follows: (:)

1
Kaneohe-Ahuimanu Urban Fringe L
Kailua Urban Fringe |

1. Population i
a. Objective B ]
To plan for future population growth. ;

Policy 1 |
S : Allocate efficiently the money and resources of the City :
: \\\_ : and County in order to meet the needs of Qahu's anticipated }
o | future population. !
?%vh;whq i The proposed project will provide water to meet the anticipated

future needs.

b. Objective C (:)
To establish a pattern of population distribution that will -
_ allow the people of Oahu to live and work in harmony. SR S s

- Policy 1
Facilitate the full development of the primary urban center.

The proposed project will facilitate the development of the Primary
Urban Center.

2. Economic Activity
a. Objective G-
. To bring about orderly economic growth on Ozhu.

Policy 1
Direct economic activity primarily to Honolulu, Aiea, and

Pearl City; and, secondarily, to Ewa.
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. *  Policy 2
P Permit the moderate growth of business centers in the urban-
fringe areas.

e ——————————

The proposed project will help the City and County to implement
these policies by providing the water necessary for the increased
economic activity.

. 3. Transportation and Utilities

& a. Objective B

To meet the needs of the people of Oahu for an adequate supply
of water and for environmentally sound systems of waste disposal.

\ ; Policy 1

E % Maintain an adequate supply of water for both future residents
[ | and future visitors.
Policy 2
Maintain an adequate supply of water for future agricultural
and industrial needs. - A S '

O

The proposed project will help meet this objective.

4. Physical Development and Urban Design
~a. Objective B ' -
To develop Honolulu (Waialae-Kahala to Halawa), Aiea, and
Pearl City as the island's primary urban center.

- Policy 1
T o = Stimulate development in the primary urban center by means of
the City and County's capital-improvement program.

The proposed project will help facilitate the attainment of this
objective.
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L - C. STATE OF HAWAII A~
' 1. Hawaii State Plan -
Several objectives stated in the Hawaii State Plan relate in some
way to the proposed project. One which relates to population
is as follows:

"Section 5 (b) (3): Insure that adequate support services and
Facilities are provided to accommodate the desired distribution of
future growth throughout the State."

Objectives regarding facility systems include the following:

v : 5 | nsection 16 {b) (1):  Relate growth activities to existing and
' potential water supply.

e Section 16 (b) (2): Support research and development of alternate
. -~ ‘ water sources.

Sectjon 16 {b) (4): Assist in improving the quality, efficiency,
service and storage capabilities of water systems for domestic
and agricultural use.

0

Section 16 (b) (5): Support water .supply services to areas
experiencing critical water problems.”

The proposed project is consistent with these objectives.

2. State Water Commission Report
The State Water Commission was appointed by'the Governor in 1977
to review the availability of water supplies. The Commission first
reviewed available reports and received testimony from major water
purveyors, then the Commission concentrated on major problems and
jssues. After they were through, the Commission recommended
appropriate administrative and legislative action. The findings and
recommendations are in a report titled "Hawaii's Water Resources,
Directions for the Future." The priority recommendations from
the report are in Appendix B.

3. Coastal Zone Management
Kahana Valley is contained entirely within the City and County
of Honolulu's Special Management Area (SMA). The SMA describes

Iv-4
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an area the City and County of Honolulu has chosen to protect
under the State's Coastal Zone Management Program:

"The objectives of the special management area shall be the
maintenance, restoration and enhancement of the overall

quality of the coastal zone environment, including but not
1imited to its amenities and aesthetic values."

The proposed action of the BWS will comply with the requirements
of the City and County of Honolulu SMA Program and the State of
Hawaii's CIM Program.

208 Water Quality Management Plan for the City and County of
Honoiulu By the State Department of Health and the City and
County of Honolulu

This Environmental Ethic that forms the basis of the Hawaii 208
Plan is stated in the Preface as follows:

"Following an initial reaction of dismay, in view of the
awesome requirements, limited budget, and the time allowed,
the Department of Health saw the 208 planning process as
a way to improve the management of the State's environmental
programs, provide better coordination between the State and
the Counties, and between the Department of Health and other
state and federal agencies. The Department could also
use the planning process to open up the lines of communica-
tion to citizens and industry, to get them involved in the
decision making. In particular, the Department could really
Took at ways to prevent pollution instead of just chasing
after the problems, cleaning up the messes. It was an oppor-
tunity to turn the environmental policy goals of the State
into reality, and, incidentally, meet the federal requirements.

“This has become the theme of the 208 planning program, to
make the concept of an environmental ethic a working policy
guideline,"

The proposed project will comply with the intent, standards
and criteria of the Hawaii 208 Plan.

State Environmental Policies
The State Environmental Policy Act, Chapter 344, H.R.S. The
first section of the Act states that:

Iv-5
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"The purpose of this chapter is to establish a state
policy which will encourage productive and enjoyable
harmony between man and his environment, promote
efforts which will prevent or eliminate damage to the
environment and biosphere and stimulate the health
and welfare of man, and enrich the understanding of
the ecological systems and natural resources important
to the people of Hawaidi.

"The environmental policy of the State is set forth as
follows:

"It shall be the policy of the State, through its
programs, authorities, and resources to:

"(1) Conserve the natural resources, so that Jand
water, mineral, visual, air and other natural
resources are protected by controling poilution,
by preserving or augmenting natural resources,
and by safeguarding the State's unique natural
environmental characteristics in a manner which
will foster and promote the general welfare,
create and maintain conditions under which man
and nature can exist in productive harmony, and
fulfill the social, economic, and other require-
ments of the people of Hawaii.

"The second portion of the policy reads in part:
W(2) Enhance the quality of life by:

"(D) Establishing a commitment on the part of
each person to protect and enhance Hawaii's
environment and reduce the drain on non-
renewable resources.

"The recommendéd policies in this plan are designed to implement
the overall Environmental Policy of the State. The key ele-
ments are conservation, prevention management, and cooperation.

The major policies are designed to support the ahupua'a concept

of managing the land on a watershed basis, from the mountains
to the sea, for long-range sustained use of resources in harmony
with the environment. This translates to:

" *Keep the soil and water on the land. Keep natural
drainage channels.

" *Recycie, reuse. A polilutant is only a resource in the
wrong place.

" *Manage first. Regulate only as necessary. Keep regula-
tions simple.

IV-6
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" *Take responsibility. Everyone--government agencies,
_ industry, individuals. When everyone is willing to
™ care for the environment, it will be protected.

" *Open up the system. Open decisions, public partici-
pation.

" *Develop a pfocess. A plan is a beginning, not an end."

The proposed project will comply with the intent, standardé and
criteria of the State Environmental Policy.

) 6. State Environmental Impact Statement Regulations

: - The State EIS Regulation, Chapter 343, HRS, are applicable to
the proposed project. Their requirements make this EIS document
necessary as described in Section 343-5, Applicability and
Requirements:

-

"(a) Except as otherwise provided, an environmenta] assess-
ment shall be required for actions which:

"(1) Propose the use of state or county lands or the
use of state or county funds, other than funds
to be used for feasibility or planning studies
for possible future programs (or) projects which
the agency has not approved, adopted, or funded,
or funds to be used for the acquisition of unimproved
real property; provided that the agency shall consider
environmental factors and available alternatives in
its feasibility or planning studies.

o

"(2} Propose any use within any land classified as conser-
vation district by the state land use commission
under chapter 205.

"{3) Propose any use within the shoreline area as defined
in section 205-31.

"(4) Propose any use within any historic site as designated
in the National Register or Hawaii Register as pro-

; vided for in the Historic Preservation Act of 1966,

; Public Law 89-665, or chapter 6E.

"(5) Propose any use within the Waikiki-Diamond Head area
of Oahu, the boundaries of which are delineated on
the development plan for the Kalia, Waikiki, and
Diamond Head areas (map designated as portion of
1967 City and County of Honolulu General Plan Develop-
ment Plan Waikiki-Diamond Head Section A.

1v-7
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"(6) Propose any amendments to existing county general plans
where such amendment would result in designations
other than agriculture, conservation, or preservation

except actions proposing any new county general plan -

or amendments to any existing county general plan
initiated by a county.

"(b) Whenever an agency proposes an action which falls within

the categories in subsection (a), other than feasibility
or planning studies for possible future programs or pro-
Jects which the agency has not approved, adopted, or
funded, or other than the use of state or county funds

for the acquisition of unimproved real property, which

is not included in any of the specific types of actions
referred to in section 343-6, that agency shall prepare

an environmental assessment for such action at the earlijest
practicable time to determine whether an environmenta)
impact statement shall be required. A statement shall

be required if the agency finds that the proposed action
may have a significant effect on the environment. The
agency shall file notice of such determination with the
commission which shall, in turn, publish the agency deter-
mination for the public’s information pursuant to section
343-3. The statement, if required, shall be made available
for public review and comment through the commission. The
commission shall inform the public of the availability of
the statement for public review and comments pursuant to
section 343-3. The agency shall respond in writing to

- comments received during the review. Following this review

by the public and any subsequent revision by the agency,

the commission, when requested by the agency, may make a

recommendation as to the acceptability of the statement.

The final authority to accept such a statement shall rest
with:

“(1). The governor, or his authorized representative, when-
ever an action proposes the use of state lands or the .
use of state funds or, whenever a state agency pro-
%oies an action within the categories in subsection

a); or

“(2) The mayor, or his authorized representative, of the
respective county whenever an action proposes only the
use of county lands or county funds.

"Acceptance of a required statement shall be a condition
precedent to implementation of the proposed action. Upon
acceptance or nonacceptance of the statement, the governor
or mayor, or his authorized representative, shall file
notice of such determination with the commission. The
commission shall, in turn, publish the determination of
acceptance or nonacceptance of the statement pursuant to
section 343-3."
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This EIS is in compliance with Chapter 343 of the Hawaii Revised
Statutes.

Hawaii Water Resources Regional Study

The Hawaii Water Resources Regional Study conducted by the Department
of Land and Natural Resources and published in 1977, "summarizes the
results of a statewide study aimed at balancing conservation, deve-
lopment and use of Hawaii's water and related land resources

through the next 15 to 25 years to the year 2000. Emphasis of the
study has been on an appropriate balance of economic and environ-
mental considerations in water and related land resources planning.”
The priority recommendations from the study are included in Appendix
D.

The priority recommendations include the development of water
resources islandwide on Oahu and the protection of unique ecosystems.
The BWS will develop water in Kahana Valley only to the extent that
it can comply with these and other priority recommendations.

D. UNITED STATES DEPARTMENT OF THE INTERIOR -

1.

o ten e i e PR At

Hawaiian Waterbirds Recovery Plan

Kahana marsh lands, stream, and pasture lands are areas of secondary
importance to endangered species. The project will comply

with the requirement to preserve these waterbird habitats.

V-9
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SECTION V

. ANTICIPATED ENVIRONMENTAL IMPACTS AND
- MITIGATIVE MEASURES TO MINIMIZE ADVERSE IMPACTS

D

A.  INTRODUCTION , 1
The proposed project will generate potential long-term and short-term
environmental impacts. Some will be beneficial and others adverse.

Most of the short-term impacts will be produced by the construction of
the facilities. The potential long-term impacts will arise from the use
of the facilities.

! B. DISCUSSION OF IMPACTS FROM THE PROPOSED PROJECT
i 1.  Short Term Impacts from Construction
Several short-term physical impacts will arise from construction of
the facilities. These adverse impacts are those normally associated
with construction activities and are unavoidable. Construction will
be confined to weekdays (Monday to Friday) and limited to daylight
hours (generally between 7:00 a.m. and 4:00 p.m.) and it is not
anticipated that these impacts will be significant although special
(:) : construction methods may be required. Since access to the
_ valley inland of the park and picnic areas near Kamehameha High-
3 ‘ L _way is permitted by Department of Land and Natural Resources permit
request only (generally by hunters and hikers), construction impacts
~ will primarily affect the small number of residents of the vailey.
These residences are widely scattered and only a few homes are
located within the immediate construction area in the Tower valley
' 7 floor,

——]

a. Dust and Emissions
Dust and vehicular emissions will be generated during excavation
for the pipeline and the hillside access road and the drilling
at the well sites. Dust control measures, such as sprinkling,
will be implemented to reduce dust levels when they are unaccept-
able, especially if fugitive dust threatens the stream.

b. Erosion
Excess turbidity may cause adverse effects on the fauna of
Kahana Stream. Care must be taken to insure that the con-
struction areas are protected and stabilized against erosion.
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c. loise
Construction equipment will raise noise levels. The project
operations must conform to the State Department of Health's C:>
public Health Regulations, Chapters 44A and 44B. A noise
permit will be required from the Noise and Radiation Branch
of the Department of Health and the Contractor must comply
with the conditions issued with the permit. Mufflers for
noise control will be required for all construction equipment.

d. Traffic
Construction of the proposed facilities will require use of

‘ the existing Kahana Valley Road and Trout Farm Road. The
‘\\ ‘ ‘ required transmission mains will be 1aid in trenchs excavated
along the roads. Construction equipment will use the road to
N _ haul away surplus excavation and bring construction material
T ‘needed to construct the facilities proposed. The increased
| traffic from construction vehicles will cause some inconvenience
to residents of the valley.

Residents of the valley will be apprised of pending construction. (:}
‘The Contractor will be required to keep Kahana Valley and Trout . .. .
Farm Roads open to traffic at all times and to use proper con-
struction signs, barricades, flagmen to control traffic and
‘any other devices necessary to insure minimum inconvenience and
maximum safety to valley users.

i e. Economic

The construction will have a beneficial impact by providing
jobs to local construction firms and residents. Local material
suppliers and retail businesses may also benefit from the
jncreased construction activities.

f. Archaeological
There is always the possibility of uncovering previous

unidentified archaeclogical sites during construction. The
Contractors will be required to exercise caution and to report

any such finds to the State Historic Preservation Office. C:}
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Special precautions will be taken with the archaeological
sites identified near the Kahana Wells II site. During the
design phase, both topographic and archaeological surveys
will be conducted to ensure minimal impact of the project
upon the sites. At this time it is believed that the project
can coexist with no disturbance of the sites required. The
archaeological work will be evaluated further during the
design process.

[

8iological
According to the Plant Communities Map of the Kahana Vailey

Area developed for the Division of State Parks by W. L. Theobald
and Nengah Wirawan in their report called the Kahana Valley
Botanical Survey, Kealauloa District, Island of Qahu, the

well fields and access road of Wells ITI, IV and V will intrude
into three different plant communities (see Figure 9 and Table
7). They are:

1. Kukui Forest
2. Koa-Pandanus Forest
3. Koa-Pandanus Woodlands

The well field of Kahana II will affect the Bfasééia Forest
plant community. These plant communities still contain many
_plants native to Hawaii. Native plants tend to be more special-
jzed than introduced plants so care will be taken not to foster
the growth of any plant that could possibly upset the existing
plant community during and after the construction of the wells
and access road.

Construction activities could cause increased turbidity

in Kahana Stream which will degrade the aquatic Tife in

the stream. The endemic hihiwai may have disappeared from
Kahana Stream due to excessive harvesting and increased
stream turbidity. Careful construction techniques must be
used along with careful supervision to prevent the degrada-
tion of Kahana Stream due to excessive turbidity. The stream
will not be crossed by the access road.

V-3
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FIGURE 9
PLANT COMMUNITIES MAP OF THE KAHANA VALLEY AREA

RAINFALL CONTOUR

LEGEND

et S —

KAHANA WELLS ¥\7;

KAHANA WELLS &L

®

KAHANA WELLS I

KAHANA WELLS O

KAHANA BAY

SEE TABLE 6 FOR IDENTIFICATION

OF PLANT COMMUNITIES

0

Sn
3
w
|
I
o
7]
=
oHX
o
- <
o
- 5
“of
(=18
o-
m



PRLIRN L = E g P UL L b Rt et it ra ey e e £ o b m R R ¢ it R T 18 FETY N N Fimnkiieam e e o e v eia e e b ams s

—~ - TABLE 7
o ; PLANT COMMUNITIES OF THE KAHANA VALLEY AREA*

The following communities have been recognized.

Kukui Forests

Koa-Pandanus Forests

Koa-Pandanus Woodlands
Metrosideros Woodlands

Albizia Forests

Hibiscus Forests

Brassaia Forests

Mixed Forest-Scrub

L i 9. Mixed Grass-Scrub

E;,,;3h -i 10. Pasture and Cultivated Ecosystems

00~ g P W N -
a L I .

ST 11. Strand :
12. Dry Cliffs o

- 13. Wet Cliffs

*The locations of the numbered communities are indicated on Figure 9.
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Long Term Impacts

Because of the nature of the proposed facilities, Jong term impacts
on the environment will be associated with the presence and use of (:>
the wells and control buildings and the hillside roadway from the
Kahana Valley Road and Trout Farm Road to the well fields. Also,
because the wells from Kahana III, IV and V tap the high level

dike water that also sustains the flow of Kahana Stream, reduction
of stream flow will, to some extent, occur. Because the proposed
well site for Kahana II is approximately 1,000 feet from Kahana
Stream and is located within thick alluvium, no adverse effects

are anticipated to stream flow during well testing and production
pumping. The thick alluvium acts as a barrier which effectively
separates surface stream water from basal water and is the reason
that no effect is expected from groundwater withdrawal below the
USGS gaging station.

a. \ell Fields
Each well field will consist of 2 to 5 wells (total flows
of 1 to 2 mgd), and a control building. This will require
the removal of all plants in the immediate vicinity of the (::
wells and the control building.

An individual well will require approximately a 20' x 20' piece
of land enclosed by a chain 1link fence. The well will stand
about 6 feet high because of the noise baffie placed around

the pump motor to reduce any audible impact from the well.
Careful planting outside of the fence will effectively hide most
of the well from view and reduce its visual impact.

The control building will be sited to reduce the amount

of necessary grading required. A typical control building has

the dimensions 30' x 30' x 14' high. There is usually one well
close by and this well and the control building are enclosed

by a chain 1ink fence. The topography, location of the

well, and the Tocation of the control building with respect

to the access road will determine the actual amount of land

to be affected. Once again careful grading and planting Q;J
will reduce the visual impact of the control building.

V-5
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| : The visual impact of the wells and the control building is
. , ‘l? limited. They can only be seen from the access road as the
entire well field will be hidden from the rest of the valley
by forest. Figures 10 and 11 are photographs of the existing
t : Kahana Well I control building and well.

b. Access Roads
Access to the well fields will be via the existing valley
roads and the old military road. Thus, the land has already
been impacted. The additional access roads to the individual
. wells will only impact the affected area to a Timited
\\ f extent. The old military road has become overgrown now so
- ‘ it could be considered as having almost returned to its
; natural state in several sectors. Figure 12 is a photograph
e of the vegetation as seen along the existing road bed leading
to Kahana Wells III, IV and V.

The access roads will have a physical impact on the area.
The road areas will be changed from an overgrown area to a
C:D | -  cleared road alignment with no plants and a crushed coral
surface. Sti11, the access road width will be limited to
only 12 feet so its effect on the environment will be minimized.
S Care will be taken where the road crosses small stream beds.
— o _ Culverts will be put in to allow the flood waters to follow
) in their natural course to the valley floor. At no time
will the access road cross Kahana Stream. The Contractor
will be required to develop the road improvements during the
dry summer season when stream turbidity by runoff will be
minimized. He will also be required to use special construction
techniques to carefully control his contruction activities in
{ order to minimize the downstream impacts of erosion and stream
; turbidity. The BWS will also monitor the stream to insure
the prevention of excessive turbidity due to runoff.

The access road will provide a benefit of improved access to
the upper valley for hikers and for emergency use. All
utilities to and from the wells and control buildings will be
buried in the access roads.

i H O e et S e n o L B o kg L o P

V-6

bt L
el Lo




gNROYSNOVE NI T3 HLIM ONIOTING JOYINGD 1 ST1IM VYNVRYA

e —————

0L 34n9Id

» A h
b e T Lo A

JUAN

P A =7 et Le AL BN Ty v A L T T T I T T R
. R RIS I TS S
h >’ L)

b )

=
-,
o
g’ 5
e ax
i

A ! .A.f Wkl & i 5 RS y Ak
- £l
Az 7 - % m#«* ... ; k]
T i et 4 » A ISR | B - 3 il
1 ?) > 1 Ay % & l‘I-aH..-rlnt
¥ & £ ..w..m.. 2l )
e s - 3 -flff-l-l--nnff’-llll’..
“ e
L o ‘ =i
= ? By et E ks
Al Bk 5L
TG A A e -
it
5 ! .l e = i Z
W
J




..

()

6 ) e RNy 4,

i : 3 ' £ :‘3 ’ ‘;l%?‘:’}{:ﬁ;%iﬂ}a& o

: l;ﬁ' -_‘m 3 e 1‘}’.-”_"‘ 4 &
»

" x A . p, | V',.‘ |",- : n
YEIER SR sges e

|. . "*"

e
X {;::' "‘tﬁ:a'!' =. e
kel bk e

,éﬁ o B

RIS P AT IR £y IR LT
; PP T e HhkE
S .aﬂdéfy T e
! ALttt e N

ooy ,?;gt - A
b AR

G
; 2
R LS
it
B )

i

T TFe,

R
d

ot

-,
f

3

[

D
[}
.
)
s
T,
5

o
o
s\;ﬁh,A :
1 4
i,

HA

A

0

oAl
sl
s )
ey
L

et e}
iR
%,.

]

s
Frbtrhe

4
i
i

» .F.{‘.-,
)

%
3

-
e
L

(15
.

FIGURE 11
KAHANA WELLS I STANDBY WELL
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Kahana Stream

The withdrawal of 6 million gallons a day by Kahana Wells III,
IV and V from the high level dike water will have an effect

on Kahana Stream because the dike system is the source of

most of the water that flows in Kahana Stream during the dry
season. Although some dikes are partially visible, the number,
size and shape of the dike compartments of the area are not
known, so it is not possible to develop a water budget for

the dike compartments to be tapped by the wells. The proposed
wells are located near the transition between the dike complex
and the marginal dike zone and will withdraw dike water moving
parallel to the predominant dike trend toward Kahana Stream.
Well Fields III, IV and V are in a position to tap dike compart-
ments that provide water to the reach where the greatest gain
in groundwater occurs. This is the reach between eleva- .
tions 115 and 300 feet where 52 percent of the ng (dry weather
base fiow) is gained. Thus, the well pumping will have an
effect upon Kahana Stream which will be measurabie during

the dry season if the ultimate development is obtained.

The overall geology and hydrology of Kahana Valley is well docu-
mented but there is 1ittle known about the individual well
field sites. While much can be inferred from the overall
knowledge of the area, more knowledge of the well field sites
will be obtained during well testing and later during well
development. This is the reason for the incremental development
of the well fields.

During well testing, the groundwater head drawdown will be

measured until a steady state is reached. This will probably
withdraw some of the water that fiows preferentially parallel
to the dike trend towards Kahana Stream, not only from the
dike compartment which the well taps but also from the com-
partments around it. Depending upon the weather prior to and
during the test, the USGS may detect an effect upon Kahana

V-7
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Stream due to the well testing. In any case, the USGS will (:TE
monitor the stream during well tests for the three well fields.

Well test monitoring may require the installation of temporary

gages at selected sites along the stream. Should a well

field provide an inadequate amount of water, a new well field

will be chosen. (The additional well field will require

a supplementary EIS). Oniy after all three well fields

have been completely tested and proven will the first well

field be developed and integrated into the water system.

After the first well field is put into service, there will be
time to study the effects of pumping upon Kahana Stream

before the next field is put into service. The USGS continually
monitors Kahana Stream and the BWS will monitor the groundwater
heads at the individual well sites so there will be a consider-
able volume of information available from which to draw con-
clusions about the effect of the wells upon the stream. As

the rest of the well fields are put into service, any effect (::
upon the stream will probably be more noticeable, requiring
quick response by the BWS. The BWS has all of its wells tied
into a central control station so curtailment of pumping can

be done immediately in response to any adverse findings of the
USGS stream monitoring or BWS groundwater head data.

The BWS controls all of its well pumping from its Beretania
Pump Station and will curtail pumping should the groundwater
head at the well begin to go down below the equilibrium level.
A drop below this level would mean that the pumping rate has
exceeded the recharge rate of the dike compartment and pumping
must be curtailed to prevent excessive drawdown of the head
of the compartment. Decreasing the pumping rate protects the
integrity of the water source during times of low recharge
and will also protect Kahana Stream.

V-8
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Groundwater stored in the dike compiex and marginal dike

zone moves toward the ocean or Kahana Stream because of the
difference in elevation of the water surface elevations or
head. Thus, the lowering of the groundwater head in the dike
‘compartments tapped reduces ‘the hydraulic gradient that drives
the stored groundwater through the permeable rock, cracks,
fissures, and dikes toward Kahana Stream from these and
surrounding compartments. A maintainable equilibrium of
groundwater head does not mean that the groundwater will not
be diverted from Kahana Stream. For this reason, the USGS
stream data is of great importance in the maintenance of

the integrity of Kahana Stream. Should a decrease in

stream flow occur that is deemed detrimental to Kahana Stream,
pumping will also be curtailed.

Close monitoring of the stream should prevent any adverse
effects upon the ngecondary habitat" for endangered species.
In a recent report by Amadeo 5. Timbol for the U. S. Army
Corps of Engineers, entitled Limnological Survey of

Kahana Stream, Oahu, the minimum stream flows are discussed
in the report summary:

"Minimum instream flow at 10, 30 and 60 percent, based on
methods developed by Tenant (1976}, of the average discharge
are discussed. It is suggested that 10 percent minimum flow
is not adequate for the maintenance of desirable macrobiota in
Kahana Stream. The stream will suffer serious degradation,
with the definite loss of the critical habitat in the main
stream.

"Thirty percent minimum stream flow could lead to the eventual
disappearance of the o'opu nakea, a threatened endemic goby
that is also a food fish. The most obvious detrimental effect
is on the critical habitat caused by the decrease in water
velocity and other changes that go with it.

ngixty percent minimum stream flow had no significant detri-
mental effect both the biota and physical features of Punaluu

V-9
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Stream (Timbol herein refers to a similar study recently com-
pleted on a stream diversion on Punaluu Stream in the adjacent
Punaluu Valley). Some form of degradation must have taken place
ypstream of the diversion, but not below.

"Thus, this study suggestis that 60 percent is the base flow

needed to sustain good survival conditions for Kahana macro-
biota, and to maintain economic and intrinsic values, and
general recreational qualities.”

The value suggested is 60 percent of the average flow measured

by the USGS gage or 13.9 mgd. While this gage js not at the mouth

of Kahana Stream, no measureable effects below the gage are
anticipated because the sediments of the valley retards the
movement of groundwater into the stream.

Some precautionary statements on the minimum stream f1ow
recommendations are also provided by Timbol:

nSome precautionary statements are needed at this point. Hawaii

streams are minute when compared with continental rivers
(e.g., the discharge of the Sacramento-San Joaquin River is
80 times more than that of Wailuku River in Hilo, Hawaii's
largest). Climate also makes streams in Hawaii different
from U. S. mainland streams because the high mean annual
temperature and lack of greater seasonal changes here give
these streams a much milder external environment than
streams of temperature regions. The methods of Tenant (1976)
are based on continental stream ecosystems and have not been
tested in Hawaii. Thus, even the 10, 30, 60 percent values
may be not appropriate for Kahana Stream."

An approximate value of 13.9 mgd for a minimum stream flow has
been suggested by Timbol. The critical habitat he refers to
is shown in Figure 13. This is the basis upon which the BUS
will initiaily set its minimum stream flow reduction. This

 basis suggested by Timbol will be modified by the findings

it b T S S

of State, and Federal agencies on the effects of the wells
upon the flora and fauna of Kahana Valley and by the pro-
posed minimum stream flows yet to be determined by the DLNR.
The DLNR will use one of many ngtate of the art" techniques
to determine the minimum stream flow such as the Instream
Flow Group Method developed by the United States Department
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of the Interior. These methods use much more detailed analy-

sis and will be tailored for Hawaiian streams whereas the {:ﬁ
iTenant Method” proposed by Timbol is not. For this reason,

the BWS water "development project in Kahana will be flexible

and responsive to the on-going studies of water withdrawal

in Kahana Valley. ’ ' .

Water Mains

A 20-inch water main will carry the well water from Kahana

wells III, IV and V down the valley to the proposed Kahana
Reservoir or into the transmission main along Kamehameha Highway.
A smalier line will take water from the Kahana Wells II site to
the transmission main along xamehameha Highway. The trench
excavation will be along the road and no adverse long

term impacts are expected to be generated.

Kahana Bay
The withdrawal of 6 million galions a day from Kahana Valley is

not expected to affect the water quality of Kahana Bay. The C:)

Water Resources Research Center Technical Report No. 77, The .
Quality of Coastal Waters: Second Annual Progress Report,
September 1973, had these findings:

“The study produced'evidence that during times of heavyrrainfa11 .
the turbidity of the nearshore water of the bay increases and
a measurable 10sS of clarity occurs. A lowering of the salinity
of this water at such times also indicates that dilution with
fresh water is sometimes appreciable, perhaps syfficient to

make the nearshore waters marginal for some types of coral

found there.

ngrudies of biota in Kahana Bay--sea urchins, coral, and miscel-
laneous jnvertebrates as well as micromol1uscs—-show variations
within the bay enyironment which are more related evidently

to the oceanography and other characteristics of the bay than

to the quality of water and sediments d1charg§d from the stream.

biological data presented are therefore subject to little
interpretation in terms of response of 1iving organisms to dis-
charges from Kahana Stream. They do, however, give some



baseline data, as do the results of chemical analyses, against
which to compare the results of similar observations in other
land use situations--urban, industrial, and agricultural.”

J

f.  Other Areas
According to the Water Resources Research Report No. 77,
groundwater flows as underflow from the adjacent Punaluu
Valley eastward toward Kahana Valley and also flows down
the upper valley to the Teeward side of the Koolau Range
and possibly to Waikane Valley. The wells are located
in the mid valley and are most likely to affect the
groundwater flowing from Punaluu toward Kahana Valley. It
is not expected to affect Punaluu Valley in any way as this
Tlow exists at present and is not expected to be increased
due to the groundwater withdrawal.

Y me—,

| i | g. Long Term Benefits

' There are benefits to be gained by the well fields that are
believed to outweigh the adverse visual and physical impacts
on the land. The water gained is valuable and necessary

to meet the immediate projected water demands for Windward
Oahu. The Kahana Wells will feed into the water system
that supplies the Windward, Honolulu and Pearl Harbor
Water Use Districts. The BWS hopes to one day have its

six water use districts integrated into just one island-
wide water system. Kahana Wells II, III, IV and V will

then become part of a system that supplies water to the
entire island.

()

The access roads will also provide an easier access into the
deeper reaches of the valley, benefiting visitors, scientists,
hikers, emergency rescue groups and others,

h. Long Term Adverse Effects
The development of groundwater in Kahana Valley, will also
enable population growth in the Windward area as projected
(i) in the States II-F population. This growth will change the
lifestyle of the area to a faster pace and will increase the
stresses related to overcrowding. Growth will also increase the

V-12
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demands upon the other public services such as sewage treat-
ment, police protection, hospitals and schools. Only the
orderly planning of the City and County of Honolulu can
mitigate these adverse effects.

Cumulative Effects of the Water Development, Water Reservoir
and State Park Projects

The three projects now planned for Kahana Valley will

have a cumulative short term effect due to construction
activities unless these activities are coordinated so

that the effects can be mitigated. This is the reason

that the BWS is working closely with the DLNR's Division

of State Parks, Outdoor Recreation and Historic Sites, to
insure the orderly development of the resources of the Valley
and preserve its natural beauty. The sensitivity of some of
the Kahana Stream biota to excess turbidity is of continuing
concern and will require careful construction techniques

to mitigate this probiem.

The wells and control buildings will <impact visually upon the

visitors that hike the old jeep trail and will require careful
landscaping to decrease the adverse effect. This is a problem

. that cannot be mitigated completely. The proposed 6 million

galion water reservoir will also have a visual impact because

it may not be possible to completely shield it from views
from other parts of the valley.

The combined activities of water recreation, fishing, agricul-

ture and water development will be coordinated by the State
Department of Land and Natural Resources to assure that these
activities are compatible and do not affect the environment
adversely.

V-13
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SECTION VI

PROBABLE ADVERSE ENVIRONMENTAL IMPACTS WHICH
CANNOT BE AVOIDED

The unavoidable short term adverse impacts are those related to construc-
tion activities. Temporary air pollution from dust, vehicular emissions,
noise from construction equipment and inconvenience to resident and

visitor traffic will occur. Particular care will be taken to avoid any
damage to the archaeological sites near Kahana Wells II and excess trubidity
in Kahana Stream during construction to the extent practicable.

The long term adverse impacts, which are unavoidable because of the nature

of the project, will be the visual impact and physical land changes caused

by the well fields and the access road and the potential adverse effect on

the flow of Kahana Stream and the endangered species secondary habitat in

the lower valley. The stream flow will be reduced but to a signficant level
only during the dry season when water withdrawal may have to be curtailed.
Should the reduction in stream flow show signs of impacting adversely the
stream or the waterbird habitat, water withdrawal will be curtailed until the
Federal and State agencies find increased withdrawal acceptable. Due to the
dependence of the stream and the marsh lands upon both rainfall and groundwater,
the adverse impacts from groundwater withdrawal will have a seasonal dependence.
For this reason, the BWS will be flexible in its pumping operations in Kahana
Valiey.

Improvements'to the access road will again signal man's intrusion into

the valley as will the wells and their associated control buildings.

It should be noted that the well field areas and the valley at higher
elevations were used extensively for jungle warfare training by Army

troops during World War IT. Still, the affected area is relatively small

and only those traveling along the access roads will be able to see the effects
of construction. The access road on the opposite side of the valley from
Kahana Wells III, IV and V is available as an aiternate route for visitors
on foot to avoid the visual intrusion of the well sites. The noise generated
at the individual well sites will be greatly reduced by sound attenuators.
Proper landscaping will blend the individual wells and control buildings
into their surroundings.

VI-1
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SECTION VII
ALTERNATIVES TO THE PROPOSED ACTION

NO PROJECT

The "no project" alternative would result in the continued deficit

of water capacity versus demand. The amount of water available to

meet present and future domestic demands on Oahu has been substantially
reduced due to court decisions on the Waihee Valley water rights

jssue. Also less than anticipated amounts of water will be available
from the Tower Punaluu wells due to water quality restrictions.

The Kahana Water Development project is intended to provide additional
capacity to meet this deficit so that the the BWS planning for future
water supplies can be realized. |

ALTERNATE WELL LOCATIONS AND ACCESS ROAD ALIGNMENTS FOR THE DEVELOPMENT
OF GROUNDWATER WITHIN KAHANA VALLEY

The exact location of the wells will be determined by field investigations
and actual test wells. At this time, there are two general alternatives
to the proposed location of the wells. The alternatives are as follows:
1) locate three well fields on the east side of the valley; or 2)

Jocate one to two well fields on each side of the valley. The following

is a brief description of what each of these alternatives involve.

1. Locate Three Well Fields on the East Side of the Valley
This alternative involves locating three well fields on the
east side of the Kahana Valley at ground elevations between
250 and 350 feet above MSL. The proposed well fields would be
approximately 1,500 feet apart and vary from 7,500 feet to
11,000 feet inland of the coastline. Access to the well sites can
be partially provided by using the existing access road either on
the aast or west side of the valley. In either case, at least
one stream must be crossed which will require the construction of
a bridge or a flood proof culvert. Other than the stream crossing,

provisions for access will be similar to the proposed action.

VII-1
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Approximately 7,000-8,000 feet (depending on which side of the
valley is used for access) of existing access road will be improved
as required. Approximately 3,000-4,000 feet of the east Army

Loop Road will be cleared of thick vegetation, graded as required,
and surfaced with a coral base. In addition, 1,500-2,500 feet

of new road will have to be constructed to complete access to the
upper most well field.

Three reasons why this alternative does not now appear attractive
are: (1) it is expected to have a more significant impact on

the physical environment of the valley than an access road on

the west side; (2} it would require at least one stream crossing;
and (3) from a géological and hydrological standpoint, it is not
as desirable as the west side for water development.

2. Locate One to Two Well Fields on Each Side of the Valley
This alternative could be used in an attempt to tap dike compariments
on each side of Kahana Stream. It is similar to the proposed action

in all respects except for the construction of the third and uppermost.

well field. This alternative considers turning the access road east
at a point beyond the second well field and down to Kahana Stream,

- construction of a stream crossing (i.e., bridge or flood proof culvert)
and the fmprovement of the east portion of the old Army Loop Road
until suitable sites for 1 or 2 well fields are located on the east -
site.

This alternative has the advantage of reaching dike compartments on
each side of the stream. However, it requires a stream crossing, and
the east side of the valley is not believed to be as geologically
favorable for the development of groundwater.

FUTURE ALTERNATIVE WATER SOURCES

This subject was discussed in great detail in the recent EIS Preparation
Notice for the Honouliuli Wells of the Board of Water Supply. It is
reproduced herein as Appendix A. The non-groundwater sources described
therein are much more expensive to develop and are therefore not under
active development by the BWS at this time.
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SECTION VIII

THE RELATIONSHIP BETWEEN LOCAL SHORT TERM USES OF MAN'S
ENVIRONMENT AND THE MAINTENANCE AND ENHANCEMENT OF LONG TERM PRODUCTIVITY

The proposed Kahana Valley Wells II, III, IV and .V wiil result in no permanent
loss of land area. The use of the land area is reversibie, i.e., the surface
facilities can be removed and the area returned to its natural state if so
desired at some future time. The project will not result in short term gains at
the expense of long term losses or vice versa due to the careful development
planned by the BWS. The proposed action will not prevent the implementation

t . of future options and will give the BWS time to test the feasibility of
proposed alternatives. It will provide a much needed source of domestic

i water for the near future requirement.

l By carefully monitoring the measured flow of Kahana Stream any significant
detrimental effect to the biota of the stream can be avoided, The project
will not limit the beneficial uses of the environment or pose any long
term risk to health and safety.
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B SECTION IX

IRREVERSIBLE AND IRRETRI

City and County funds, labor, an
committed to the project. More

maintenance. No other commitment
or irretrievable. The Tand can

do so and no significant irrever
or the groundwater system.

It is possible that construction
stream could irretrievably affec
activities could cause increased
affect the stream inhabitants.

for the disappearance of the 1im
flows could change the streambed
the o'opu nakea, mountain shrimp

caused the disappearance of the
flows, if excessive, could affec
causing a reduction in the o'opu
disappearance from the stream.

sCpitical Habitat" portion of Ka

EVABLE COMMITMENT OF RESOURCES

d materials, will be irreversibly

funds will be required for operation and
of resources is considered irreversible
be reclaimed if it becomes desirable to
sible effect is expected on Kahana Stream

activities and reduced flows to Kahana
t the fauna of the stream. Construction
turbidity in Kahana Stream which will
Excess turbidity is one of the causes
pet hihiwai. Turbidity and reduced
environment, affecting the migration of
and the Tahitian prawn. Reduced flows

and the subsequent diminution of the riffle areas from Kawa Stream

o'opu napili from the stream. Reduced
t the riffle areas of Kahana Stream
napili population and possibly their
The BWS priorities of preserving the
hana Stream, the waterfowl habitat and

of compliance with present and future DLNR requirements for protecting

Kahana Stream should prevent thi
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SECTION X

AN INDICATION OF WHAT OTHER INTERESTS AND CONSIDERATIONS OF GOVERNMENT
POLICIES ARE THOUGHT TO OFFSET THE ADVERSE ENVIRONMENTAL EFFECTS
OF THE PROPOSED ACTION

In Section V, Anticipated Environmental Impacts and Mitigative Measures to
Minimize Adverse Impacts, it was concluded that there are no significant

long term adverse impacts expected. The adverse impacts of construction are

all short term and can be mitigated. The Tong term impacts are basically

visual in nature and can easily be deemed necessary to accommodate the planned
growth of Oahu's population. The impact upon Kahana Stream cannot be determined
in advance but, with careful implementation of the production of the well fields,
no significant adverse impacts will be incurred. The development of the well
fields is in accordance with the 1977 City and County of Honolulu's General

Plan Policy Objectives because it promotes the projected growth of Honolulu

with minimal adverse environmental effects.
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- . the effect of stream flow reduction. This low flow was recorded for three

SECTION XI
SUMMARY OF UNRESOLVED ISSUES

D

The proposed project could affect the dry weather fiow of Kahana Stream to
some extent. The hydrogeologic complexity of the groundwater system in
Kahana Valley makes the estimation of the extent of flow reduction difficult.
, For this reason, stream monitoring must be done to insure no adverse impacts
upon Kahana Stream although the minimum stream flow reduction is unresolved.
While a minimum stream flow reduction has been recommended by Timbol using
the "Tenant Method," the method has certain deficiencies. This is because
the method was based upon continental United States rivers and streams
which are much different from Hawaiian streams and some of Timbol's recom-
mendations are inferred from Punaluu Stream which may not completely apply
to Kahana Stream. Timbol also did not take into account the fact that the
USGS has recorded a minimum stream flow of 6.5 mgd in his assessment of

days in 1961 so only short-term flow reduction conclusions can be inferred
from this piece of information. Still, the fact that the average flow of
Kahana Stream is equaled or exceeded about three to four months out of the
year, may be important in the determination of the minimum flow required.

The DLNR is conducting a study to determine minimum stream flows for Windward
streams using one of the "state of the art" methods (e.g., the Instream Flow
Group Method. The method chosen will be much more accurate and will be
tailored for Hawaiian streams. Until the results of this study are made
available to the BWS, the minimum stream flow will be 60 percent of the
average flow or 13.9 mgd. When the DLNR study of Kahana Stream is complete, _ B
the BWS will comply with their findings. o
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APPENDIX A
FUTURE ALTERNATIVE SOURCES OF WATER!

WATER EXCHANGE PROGRAM

This program would consist of an exchange of water between Qahu
Sugar Co. and the Board of Water Supply. Presently, Oahu Sugar is
using approximately 40 to 50 mgd of domestic quality water for
sugarcane irrigation. The BWS would trade water of lower quality
for this potable water on a one-to-one basis. The lower quality
water for exchange would come from any of the potential sources
listed below. In addition, another 20 mgd could be converted to
domestic use if this water were to be blended with water of lower
mineral content; thus, from 40 to 70 mgd would be available for
exchange.

1.  Sewage Effluent [6.1]

It is estimated that approximately 33 mgd of sewage effluent
would be available for use in the exchange program. About 25
mgd could be supplied by the Honouliuli WWTP, and about 8 mgd by
the Mililani STP. It would be mixed with higher quality water
on a ratio of one part effluent to three parts water and then
used for drip irrigation.

The existing Mililani Sewage Treatment Plant is Tocated on the
West Bank of Kipapa Gulch, 15,000 feet north of the Qahu Sugar
Co. mill in Waipahu, The effluent is presently discharged into
Kipapa Stream and flows down to Pearl Harbor. The most feasible
way to use this effluent for sugarcane irrigation is to pump it
from the plant to the Waiahole Ditch, about 8,000 feet mauka.

The Honouliuli WWTP is the other sewage treatment plant in this
cane growing area that can furnish cane irrigation water. It
will be Tocated outside the east boundary of Barbers Point Naval
Air Station, about 4,000 feet north of the Ewa Plantation mill.

To make this effluent available for cane irrigation, it is
necessary to pipe it about 20,000 feet toward the present location
of Ewa shaft, although it may be applied to the cane fields on

1SOURCE: City and County of Honolulu, 1979, Board of Water Supply, Honouliulj
Wells Environmental Impact Statement, Notice of Preparation. -
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the plain surrounding the WWTP. However, piping the effivent to
Ewa shaft will make its application more widespread, affording
opportunities for selective applications and dilution.

The cost of supplying the sewage effluent has been estimated at
$0.09 per thousand gallons for the Mililani STP and $0.13 per
thousand gallons for the Honouliuli WWTP [6.2].* studies by the
University of Hawaii Water Resources Research Center indicate
that the 1-3 mixture ratio is adequate to meet State Department
of Health standards and sugar needs as well [6.3].

Pear1 Harbor Springs [6.4]

The average discharge of water from the pear] Harbor Springs is
about 55 mgd. About 13 mgd of this is pumped to sugarcane fields,
and the remaining 42 mgd discharges into the sea after flowing
through water cress Or other wetland crops [6.5]. Thus, spring
water could be captured and used for additional cane irrigation,
or possibly mixed with effluent and then applied.

Three major springs are located at Kalauao, Waiau, and Waiawa.

_ They were used in the past for irrigation, and redevelopment of

the springs would be feasible., To regain the use of the springs
for sugarcane irrigation, these waters must be collected and pumped
westward to the cane growing areas overlying the caprock. A more
feasible scheme would also encompass an integrated pipeline pumping
system involving all three spring areas and two surface streams

—- Waikele and Waiawa. Assuming that the pumping installations

are sized to accommodate the lower flows expected during the

supmer months, up to 40 mgd of water suitable for cane irriga-

tion can be delivered to cane growing areas from the three

spring areas and the two surface streams. It is estimated that

the cost of supplying water from the springs will be approxi-
mately 12 cents per thousand gallons [6.6].*

West Loch Reservoir [6.7]
Another alternative which has been suggested is to dam West Loch
to create a reservoir to capture flood flows from Waikele Stream.

*Additional information provided by the BWS is shown in Figure A-1.
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Although the dry weather flow is presently being used for
jrrigation, flood flows rush into West Loch unused because
there is no large storage basin to capture them.

A large storage reservoir in West Loch would make it possible

to store the high flows during the rainy months for use during
the drier summer months. A dam extending 2,700 feet on a bearing
of north 75° east from Nichol's Point to Waipio Peninsula can
form a 2.3 billion gallon reservoir. Using existing hydrographic
data, the proposed reservoir would be able to sustain a flow of
about 10 mgd.

To deliver the stored flood water, an intake structure pumping
station and pipeline would have to be constructed. Delivery of
this source of water to the Waikele area would require a pipeline
of 16,500 feet long. Consequently, this would be a relatively
expensive source, at $0.68 per thousand gallons [6.8], and the
environmental impacts would need to be studied in some detail
pefore proceeding.* Trapping of sediments in the reservoir would
shorten the useful 1ife span of the reservoir unless periodic
dredgings were performed. -

Brackish Water*

Brackish water wells are another potential source of irrigation
water. These could be developed in the caprock of the Ewa plain
or Waianae coast. As long as the chloride content is below 1,000
ppm, the water would be suitable for this use. Some 20 mgd is
presently being drafted from this area for irrigation.

B. BRACKISH WATER DEMINERALIZATION

Brac

kish water in the caprock and transition zone comprises a large

potential water source presently unused due to excessive mineral content.
Caprock water occurs in the Ewa plain and Waianae coastal areas. In

the Ewa area, chioride content of the water ranges up to 2,000 ppm and
total dissolved solids (TDS) up to 4,000. Transition zone wells are
located along the shoreline of Pearl1 Harbor and in the Metropolitan area

*Additional information provided by the BWS is shown in Figure A-1.
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Figure A-1

30,700

SOURCE:

Exchange Concept

16 MGD Irrigation Water from
Kalauao § Waiawa to Ewa Shaft in
Exchange for Ewa Shaft

Ewa Shaft Waipio Heights
21,200'ft. of 30" To Homolulu
13,300 ft. of 24"
ft. of 30" .
. - "6 mgd ) 10 mgd
'5,000 ft. of 24"
Waiawa Spring ' Kalauao Spring

Capital Costs:
Irrigation System:

_Statloy. '$'1,800,000.
Pipeline: ' '

18,300 ft. of 24" 2,470,000

. 30,700 ft. of 30" 5,066,000

Total

Domestic System:
Stations: (Renovate Ewa Shaft or -
Pipeline: develop new source)

$ 9,536,000

$ 3,000,000

21,200 ft. of 30" 3,816,000
Total : $16,152,000
Grand Total - Irrigation + Domestic $16,152,000
Annugl Domestic Water Production @ 90% load factor: '
16 x 365 x 0.9 = 5,256 mil gal
Annual Costs:
Irrigation System:
Operating Cost:. - 5,256 x 410 x 0.21 .= $ 453,000
Amortization: - 9,336,000 x 0.07265 = 680,000
Domestic System:
Operating Cost: - 5,256 x 250 x 0.21" = 275,000
Amortization: - 6,816,000 x 0.07265 495,000
Total . $1,910,000

Cost Per Million Gallons:
1!910,000 * 5,256 = $364

BWS Planning Department
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of Honolulu. The two most advanced demineralization processes are

electrodialysis and reverse osmosis.

].

Electrodialysis

In electrodialysis, brackish water is pretreated and filtered,

and then forced through an electrically-charged stack of selectively
permeable membranes. The mineral salts in the water separate

into positively-charged and negatively-charged ions that pass
through the membranes, leaving fresh water behind [6.9]. After
chlorination, this product water is suitable for domestic use.

A single stack may contain as many as 600 membranes and pass up

to 250,000 gallons per day of product water. To obtain higher
feed-to-product concentration ratios, multiple stacks in stages
(series) are required. The number of stages selected is based on
feed water hardness (calcium and magnesium concentration), total
dissolved solids (TDS), temperature and the presence of any
particularly troublesome ions [6.10]. The conceptual design of the
process is shown in Figure 6-1.

Operational -problems include . corrosion, scale formation, and a
phenomenon known as "concentration polarization,” which limits
the portion of dissolved solids that can be removed in a single
stack to 50 percent of the dissolved solids in the feed water.
Pretreatment of the feed water and the addition of acid can aid
in control of these problems.

The salt composition of the waste brine is nearly the same as
that of the feed water, and the concentration can usually be
built up to Tevels acceptable for disposal into the sea or
coastal injection wells [6.11].

Two major operating and maintenance costs are membrane replacement
and electric power. The Tife expectancy of electrodialysis
membranes is about five years if they are properly cared for.
Electric power is required to pump the fluid streams through the
stacks and force the ions through the membranes. About eight kwhr

A-4




ks o im e

per 1,000 galions of product per 1,000 ppm salt reduction are
typical at aconomical current densities and without feed pre-
neating. Of this power demand, 3 kwhr aré for pumpind and 5
kwhr are the processed power requirements. The energy require-
ment 1S nearly in direct proportion to the salt removal rate
(6.12].

E1ectrodia1ysis has provided municipal water for about 10 years
in plant sizes up o about 2 mgd.

Reverse Osmosis [6.13]

Qsmosis occurs if two solutions of different concentration, but in
the same solvent, are separated from one apother by 2 semi-permeable
membrane that ajlows the passage of the solvent but not the solute.
The phenomenon of osmosis 1S that the solvent flows from the

diiute golution to the more concentrated solution until the pressure
on the more concentrated side of the membrane rises to a value known
as the ngsmotic pressure difference" between the two solutions.
Reverse osmosis occurs when a pressure greater than the osmotic
pressure difference is applied to the more concentrated solution

and the solvent is forced to flow jnto the dilute solution. The
principa1s of osmosis and reverse osmosis are illustrated in Figure
6-2

In practice, brackish water is pretreated-and Filtered and then
raised to operating pressures (usually 400 to 600 psi) and fed into
reverse osmosis~modu1es containing membranes. part of the feed
water passes through the membranes into the product water stream.
The more concentrated feed stream with reduced flow then flows into
other modules, where more water js added to the product water stream.
A conceptual design of the process is shown in Figure -3. 1t can
be seen from the design that the process is such a simple one that
only mechanical force js vequired for its operation.:

A1l currently available membranes aliow some of the salt to pass
through into the product water. The amount of calt passing through
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the membrane is proportional to the salt concentration.at the
membrane face; therefore, higher concentration feed waters produce
a lower quality product. In a multi-stage operation, the concen-
tration of feed water will at some stage become so great that

the product water produced in that stage will be unacceptable;
thus, with feed waters of higher concentration (between 2,500

and 10,000 ppm total dissolved solids), only one or two stages
may be the maximum that can be used.

Operational problems include the fact that with continuing opera-
tion, the water production rate tends to decline due to membrane
compaction and membrane fouling by scale and contaminants. This
production decline can be as high as 20 to 30 percent in a single
year for high pressure (up to 1,000 psi) plants, for low pressure,
less than 300 psi, plant compaction is generally insignificant.

" The salt composition of waste brine is nearly the same as the feed

water, as in the case for electrodialysis.

The major operating cost is electric power consumption for pumping.
The power demand is typically about 400 kw per million gallons
per day production capacity for'1ow concentration feed water. This

increase is about 600 kw per mgd for high concentration feed waters.

The higher the recovery ratio, the less the energy required at per
unit volume of production since less water is pressurized.

The major maintenance cost is the high pressure pump, which should
be provided as multiple parallel pumps with standby capacity to
improve plant availability. The high maintenance costs have been
attributed to the high pressured corrosive fluids and entrained
particulate matter.

Reverse osmosis plants have heen used for several years to produce

municipal water, many of them in Florida. Most of them are less
than 1 mgd; however, in the City of Cape Coral, Florida, a 4.7
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mgd plant went on line in March, 1977. It utilizes six reverse
osmosis moduies, each with 22 membranes and a 500,000 gallon

per day capacity. The feed water carries approximately 1,250 ppm
of total dissolved solids (TDS), while the product water contains
less than 65 ppm. With an operating cost of 59 cents per thousand
gallons and an allocation of 22 cents per thousand gallons to cover
amortized capital costs, a total production cost of 81 cents per
thousand gallons was obtained in late 1977 [6.14].

Four reverse osmosis pilot units have been tested on Ozhu at the
following locations: Mililani Sewage Treatment Plant, Wahiawa
Sewage Treatment Plant, Well 82-2A (located on the Diamond Head
side of the Neil Blaisdell Center Exhibition Hall), and Well 119
(located at Honolulu Gas Company in the Iwilei District near
Honolulu Harbor). Raw sewage, primary effluent and final effluent
from conventional sewage treatment plants, as well as brackish
groundwater from both basaltic and reef limestone aguifers were
then field tested at 600 psig operating pressure [6.15].

The operation on wastewaters suffered from the probiem of performance
decline. However, the operation with brackish water yielded pro-

 mising results. The solute rejection was high and maintained almost

unchanged throughout the test period.

Based on a cost model develaped for estimating desalting costs by
reverse osmosis p1ants with spiral-wound modules (one type of
module), product water costs in Hawaii were estimated at 83.7
cents, 63.4 cents, and 49.7 cents per 1,000 gallons for 1, 10

and 50 mgd plants, respectively [6.16].

A 10 mgd reverse-osmosis plant treating water of the quality
found in the Ewa plain can be built for about $8 million and
operate at about $0.40 to $0.50 per 1,000 gallons [6.17]. Capital
and operating costs of a Tike-sized electrodialysis plant are
comparable. If Waiau and Waiawa springs were used as sources
(with 1,000 TDS), a 10 mgd reverse osmosis plant could operate at
about $0.25 to $0.30 per 1,000 gallons [6.18].
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Table 6-1 gives a further comparison of these two demineralization
methods. Neither has any clear advantage over the other and the
final selection of one process may depend upon operational considera-
tions.

The BWS is presently proposing a 1 mgd reverse osmosis pilot
p1ant to be built in 1982. To be Jocated at Hawaiian Electric
Company property in Waiau, the plant would operate from two to
three years. The Board would learn the true costs of constructing
and operating a desalinization plant. The BWS has applied for
federal funding and was selected as fifth of 37 applicants by the
0ffice of Water Research and Technology.

If a large scale reverse osmosis plant or other costly alternative
js used in future years, then the water rates will have to be
restudied and may possibly increase.

SURFACE WATER [6.19]
In the past surface streams on Oahu have not been used for domestic
sources due to the ready availability of reliable, high quality, ground-

‘water sources. The diversion of the flow from Lulumahu Ditch in Nuuanu

valley into a modified slow sand filter is the single example of a
surface water source presently in use. Raw water quality is excellent
except during rainy periods.

The more typical surface stream will probably require more extensive
treatment, including the usual purification processes consisting of
coagulation, flocculation, sedimentation, filtration and chlorination.
The desirable points of diversion typically occur far from existing dis-
tribution-transmission works and would require relatively large initial
outlay of capital as well as continual treatment costs. Pumping costs
will vary from case to case.

Two large windward streams, Kahana and Punaluu, present the best

opportunities for surface water development. In both cases the streams
largely represent the outflow of groundwater and thus present the
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TABLE 6-1

COMPARISON OF DESALTING METHODSY

Consideration

State of Demonstration
Design and Construction
Period

Land Requirement

TDS Range

Removal Capability

Sensitivity to Operating

Conditions
Pretreatment
Production Rate
Waste Disposal
Mechanical Problems
Corrosion

Scaling

Field Cleaning

Water Temperature
System Complexity

System Pressure
(1eakage)

Energy Demand

0&M Cost

Capital Cost
Unit Water Cost

Electrodialysis (ED)

Up to 2 MGD, less than
10 years

1-2.5 years based on
size

.4-4 acres

Low TDS

Limited to 50% per pass
High (voltage, pH, flow,
concentration),

Med. requirement

Slight decrease with time
Lesser problem

Some .

Very little

May Timit recovery

Easy equipment disassembly

Ambient

Medium

Low

8,000 kwh/mgd, direct
proportion to TDS
Least up to 4 mgd

Least of all methods
Low for low TDS

T/Based on low TDS and plant size of 0.5 to 20 mgd.

SOURCE: [6.10]
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Reverse Osmosis (RD)

Up to 4 MGD, less
than 5 years

1-2.5 years based on
size

.7-6.8 acres
Greater than ED

Up to 99% per pass,
removes organics

Low

Modest to extensive
Decrease with time
Lesser problem

©
Some
Very little
May 1imit recovery |

In-site chemical
cleaning

Ambient

Low

High,‘leakage problem
400 kwh/mgd, increases
somewhat with TDS

1.2-1.6 times ED up
to 4 mad

1-1.5 time ED

In range of ED

LT MR T WP L L bl el




- .potential for surface water development. The combined mean flows during
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potential of groundwaterdeve10pment first. This potential in both
cases should be thoroughly examined before resorting to surface

water development because there are considerable economic and opera=
tional advantages to groundwater development. After all the ground-
water potentials have been developed, the remaining stream flow can be
developed via treatment plants.

A third possible surface source is the Kalauao Spring area in Aiea.

1t js the only one of the Pearl Harbor Springs that presently yields
water that meets mineral quality standards for potable water, but

needs purification to meet all other standards. The highly developed
nature of surrounding land as well as the close proximity of two major
highways are negative factors because of the potential for contamination
beyond the capability of treatment processes. Flow varies from 10 to

15 mgd.

In addition to the above three potential major surface sources, there
are a number of smaller streams in Central Oahu and Honolulu that have
some potential. In central Oahu, Waialua Sugar Company is presently
diverting Kaukonahua, Helemano, Poamoho and Opaeula Streams into its
jrrigation system. A1l of these streams have domestic water supply
potential if given adequate treatment.

Kalihi, Nuuanu and Waiakeakua (Manca) Streams in Honolulu have some

June, 1973, was about 5.5 mgd. The option of combining the flows for
centralized treatment must be weighed against high transmission costs
in an urbanized setting. The straight 1ine distance between Kalihi

and Waiakeakua is on the order of 20,000 feet; however, the alternative
of three separate treatment plants would cost more to operate.

Yield from surface sources can be substantially increased if large storage
reservoirs are available to capture flood flows. However, Tocal
experience with reservoirs has not been good. The only successful
reservoir is Lake Wilson in Wahiawa where local geology is favorable

for water storage.

The more typical situation in stream valleys shows narrow elongated
valiey floors covered with relatively jmpervious strata with valley
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sides exposing considerable bare bedrock. Large reservoirs in such &
valley would probably hold water at shallow depths but would prove C:}
to be leaky as more of the valley sides were submerged.

Diversion of stream flows with minimal storage appears to be more
economically feasible, but stream yields will not be large because
flood flows must necessarily be passed through due to lack of storage.
Also capture of flood flows will result in rapid silting of the
reservoir and loss of storage.

 DESALINIZATION OF SEA WATER

This alternative would use techniques similar to desalinization of

brackish water, but utilizing feed water of higher salinity (15,000

to 20,000 ppm). Numerous studies have shown the cost of desalting

sea water to be two to three times as much as desalting brackish

waters [6.20]. Technical development of desalinization methods

continues to improve and lower product water costs. However, rising

energy costs and inflation tend to negate these gains. This source

of domestic water will continue to be a viable choice, although an -.-<:>,
expensive one,

WASTEWATER RECLAMATION [6.21]

The direct reuse of reclaimed wastewater is at the far end of a scale
of uses that includes industrial, aesthetic and agricultural applica-
tions. There has been an understandable reluctance to accept direct
recycling of treated wastewater for human consumption in the past.

Historically, there are two emergency instances where virtually direct
reuse was practiced by the necessity for these two cases has long since
passed. Direct reuse is presently practiced only at Windhoek, South
Africa.

In all of the three above cited instances, dire necessity dictated

the direct use, albeit with some dilution. The only alternative was

to do without water. While wastewater would be used for irrigation, it
is unlikely that direct reuse will occur since so many other alterna-
tives are available.
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N F.  BLENDING
_ o Another technique which could be used here is that of blending water
R i of high quality with water of lower quality. Water from the more
‘ brackish Pearl Harbor Springs could be blended with high quality water
to meet domestic water quality standards.

G. INDIVIDUAL DEMINERALIZATION UNITS [6.22]
A final alternative is the use of compact desalting units for
_ residential use. There would be some opportunity to use these in
i areas having only saline water sources. Each dwelling unit would
\\\',- E purify only water needed for drinking and cooking. Sanitary uses
”i " would be met by the saline supply.

i Some home desalting units are already in use, and a similar situation
exists in Bermuda where many homes have catchment basins above their
homes for fresh water, with brackish water supplying their other needs.
Tt may be expected that such dual water supply systems will increase
in use over tfie next 10 to 30 years.

.
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APPENDIX B
- PRIORITY RECOMMENDATIONS OF THE STATE WATER COI'WIISSIOI"{.l

1. Continue and intensify conservation programs undertaken by the County water
departments and the military to stabilize or reduce per capita consumption
of municipal water.

2.  Control further development of ground water from the Pearl Harbor Basin
and tributary sources by application of the Ground Water Use Act (Chapter
177, HRS). As an immediate interim measure, impose a moratorium on increase
export of water from the Pearl Harbor Area.

3. To meet projected municipal water demands on Qahu, emphasize the development
of new surface and ground water sources and alternative sources, together
with research to improve development methods.

4. State and County Governments take into account the finite Timitations of
Qahu's water resources in establishing policies that influence the rate of
population increase and related urban development

5. The State Legislature adopt a permit system to control the development and
use of Hawaii's surface and ground water resources in order to prevent
depletion and quality deterioration, and provide for an independent "Water
Use Control Board" to administer the program.

6. The legisiature authorize the formulation of a comprehensive water code by
a designated agency to define explicitly water rights in Hawaii and to
delineate the role of government in water management.

7. Accelerate and improve programs for gathering and utilizing information on
water resources, including sustainable yields, water demands, water conserva-
tion opportunities, methods and costs of water development, and assessment
of environmental impacts of development.

8. Upgrade municipal water services in rural communities to minimum delivery,
quantity, and quality standards.

9. Provide irrigation water for diversified agriculture wherever practicable,
and assure the continuing availability of water for agriculture in general.

10. Establish a comprehensive statewide program for minimum streamflow control
to provide and protect water resources for ecological, aesthetic, and re-
creational uses.

11. Utilize the State functional plan on water resources (when formulated) to
guide State funding of water programs and projects, considering State cost-
sharing in and support of bond financing for County projects, coordination
of federal funding of State and County programs and projects, promotion of
conservation programs, and support of research programs by agencies bene-
fitting from the results.

O
]SOURCE: State Water Commission. 1979. Hawaii's Water Resources:.pirections
for the Future. State Water Commission, Honotuiu, Hawaii.
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L,_ i 12. Balance the rate of urban development with the rate of municipal water (:F !
' | development. . S
! !
_ ; 13. Optimize island-wide water development on Qahu, considering the island's :
R full range of hydrologic potentials and 1imitations and reasonable costs.
; - 14, Optimize island-wide water development on Maui, considering the island's i
S full range of hydrologic potentials and limitations and reasonable costs. l
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APPEIDIX C

Hydro]ogy1

As explained in the section on climate, rainfall in Kahana is bounti-
ful, ranging from an average of 60 in (152.4 cm) per year at the most sea-
ward headlands to 300 in (762 cm) per year at the crest of the range. The
average annual isochyets jncrease nonlinearly, msot probably exponentially,
with distance from the sea toward the crest. Trade wind orography produces
more of the total rain than does cyclonic circulation. The trade wind
rainfall is characterized by showers, which although not as intense as
cyclonic rain, occur more pergistently throughout the entire year.

It is not certain that all of the unevaporated oT untranspired rain
that falls within the topographic limits of the drainage basin eventually
finds a way to Kahana Bay; some infiltration may move &S groundwater to the
leeward of the crest, and another fraction may flow to Waikane Tunnel of the
Waiahole System lying to the southeast of Kahana. In either case the quan-
tity leaving the surface drainage limits of the basin would be small,
probably within error of hydrologic budgeting. On the other hand, it is
likely that groundwater drains to Kshana from Punaluu Valley in a signifi-
cant amount.

SURFACE WATER. Kahana Stream is the largest stream oOn the windward side of
Oahu. It originates in the dike complex and runs across the marginal dike
zone, normal to its trend, before emptying into Kahana Bay. In dissecting
the dike complex and marginal dike zone the stream acts as a drain for dike-
impounded groundwater. As a result, it is a continually gaining stream

from headwaters to mouth.

All of the stream and groundwater above the 800-foot elevation is
collected in the transmission tunnel of Ozhu Sugar Company's Waizhole Ditch
system and removed from the valley. The 800-foot (243.84 m) contour is the
approximate limit of the smoothly increasing gradient of the stream; above
800 ft (243.84 m), the headwaters consist of step-like cascades which flow
only during rainy periods.

The deep position of Kahana Stream relative to the valleys to the
north, in particular Punaluu Valley, enables it to capture a significant
amgunt of the dike water that passes below the Punaluu channel. Relative
to a base line along the coast, parallel to the dike trend, the comparable
elevations of Kahana and Punaluu Streams approximates the expression:

1SOURCE: University of Hawaii, Water Resources Research Center, Technical

)

R

Report No. 77, The Quality of Coastal Waters: Second Annual Progress
Report.
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where is the elevation of Kahana Stream and H the corresponding eleva-

_ tion of Punaluu Stream. For example, whereas the channel ,of Punaluu

Stream is at the 400-foot elevation, the Kahana Stream elevation is only
110 f£t. This relationship is most applicable in the mid-portion of each
valley.

The fact that Kahana is a much deeper stream than Punaluu well into the
dikes zones makes it a highly efficient drain of underflow from the Punaluu
region, In much of the windward area there are two chief zones of natural
dike water discharge. The higher occurs at elevations from about 600 to
800 ft (182.88 to 243.84 m), the upper limit of talus slopes, and repre-
sents overflow from dike compartments; the lower zone occurs at about 200
£t (60.96 m) and represents underflow from dike compartments where the rela-
tively impermeable plaster of weathered talus is breached. While a signi-
ficant portion of the groundwater component of Kahana Stream originates
from the lower zone of dike discharge, a very large fraction of the base
flow of Punmaluu Stream comes from the higher zone.

Continuous measurements of surface flow in Kahana have been made since
1958 at USGS gage 16296500 located at elevation 30 ft (9.14 m) about 6000
£t (1828.8 m) from Kahana Bay. The Honolulu Board of Water Supply has made
numercus measurements of stream flow at the 115- and 145-foot (35.052 and
44.196 m) elevations from 1958 through 1962 and at other elevations in
1927-28. In reporting on the suitability of Kahana for groundwater develop-
ment, Mink (1964) summarized all flow measurements calculated as the 90
percentile flow, the minimum flow expectable 90 percent of the time. The
90 percent flow (Qs0) was selected as the standard of comparison because it
jndicates the average base flow of the stream free of storm runoff. Table
2.1 is taken from Mink's 1964 report.

Table 2.1 clearly indicates the jncrease in base flow of Kahana Stream
as elevation decreases. Using the USGS gage as the standard, ratios and
sbsolute values of Qso for drainage areas above given elevations are listed

'as are the changes that take place between the given elevations. The great-

est gain in flow occurs between 300 and 115 ft (91.44 and 35.05 m), where,
over a drop in elevation of 185 ft (56.398 m), 52 percent of the Qa9 at
the gage is accumulated.

Kawa Stream adds a Qg0 of 1.6 mgd (6056 n®/day) to the mainstream below
the USGS gage, but between the confluence and the bay less than 1 mgd (3785
m®/day) is added to base flow because the deep sediments of the lower valle}
retard discharge of groundwater into the stream.

Figure 2.3 is a flow-duration curve for Kahana Stream at the USGS gage
station (Mink 1964). Although it is based on fewer measurements than now
available, its general form and statistical parameters are likely to closely
approximate a curve based on the longer period of record. The average flow
at the gage for the period of measurement through 1971 is 24.8 mgd (93,868

m3/day).

FLOODS. Earlier it was pointed out that the highest instantaneous flows
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' TABLE 2.1. SUMMARY OF THE 90 PERCENTILE (Qg92
{ STREAM FLOW OF KAHANA STREAM.
. AVERAGE RATIO FLOW NLMBER
ELEVA- RATIO OF  DIFFERENCE . BETWEEN oF
TION" FLOW AT BETWEEN Qs POINTS MEASURE-
{£r) GAGE POINTS (mpd) (mgd) MENTS REMARKS
o i
L :_ 30 1 9.50 DAILY USGS GAGE 2865.
' : : .15 1.42
Lo i 115 -85 8.08 43
' ; .10 .85
\ ; 145 .75 7.13 43
3 ; .15 1.42
o : 220 .50 . 4,75 . 2
. : .0 .7
SRR 270 42 4,00 10
: Co .09 .85
i 300 .33 3.15 6 SIX MEASUREMENTS EACH
g N 7 1.62 ON RIGHT AND LEFT
> BRANCHES .
420 .16 1.53 1 ONE MEASUREMENT EACH
.12 1.05 ON RIGHT AND LEFT
BRANCHES .«
570 .05 48 1 ONE MEASUREMENT EACH
.05 48 ON RIGHT AND LEFT
e BRANCHES .
800 (] 0 UPPER LIMIT OF WATER
SOURCE.
MISCELLANEOUS
15 1.2 ©11.40 KAWA STREAM CONTRIBUTES
1.6 mgd. LOWER KAHANA
0.3 mgd.
30 .17 1.60 15 KAWA (OR EAST KAHANA) S
(KRAWA) STREAM. : S
SOURCE: MINK 1964, L
; FROM USGS MAPS OR ALTIMETER READINGS, EXCEPT AT USGS GAGE STATION.
RATIOS WERE COMPUTED FOR EACH MEASUREMENT, THEN AVERAGED. EWS MEASUREMENTS AT THE GAGE i
o STATION WERE USED WHERE POSSIBLE. ‘
Qso AT EACH POINT OBTAINED BY TAKING Qe AT THE GAGE STATION (9.5 mgd) TIMES THE
: 4 AVERAGE RATIO AT THE POINT.
IO ALL MEASUREMENTS AT 115 AND 145 FEET HAVE BEEN TAKEN SINCE 9/1/60 BY THE BWS.
‘ MEASUREMENTS AT 570, 420, AND 300 FEET TAXEN BY THE BWS IN 1927-28. AT 270 FEET, FOR i
- MEASUREMENTS TAKEN BY THE USGS SINCE 1960, AND SIX OBTAINED BY &WS IN 1827-28.
o [MEASLREMENTS AT 220 AND 180 FEET TAKEN BY THE USGS SINCE 1960.
ALL WATER ABOVE 800 FEET IS DIVERTED TO THE WAIAHOLE WATER SYSTEM. AVERASE FLOW FOR
KAHANA PORTION 1S 6.9 mgd. 1
) ’ ;
j
O :
a
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FIGURE 2.3. FLOW DURATION CURVE OF KAHANA STREAM, 30-FOOT ELEVATION.
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(£loods) in Kahana most often occur in the months of April and May, the
eriod of transition as the anticylcone northeast of the archipelago moves
toward its stable summeT position. However, stoIms giving rise to floods

may Occur anytime throughout the year. Maximum instantaneous flows measured
at the USGS gage for the period 1960-19871 are given in Table 2.2 (Nakahara

and Ewart 1972).

TABLE 2.2. MAXIMUM FLOWS USGS GAGE 16296500, KAHANA
ELEVATION 30 FEET.

—

WATER FLOW .
YEAR DATE Cefs)(mgd)
1960 05/12 1580 (1021)
1961 10/17 1810 (1170D
1962 11/01 3510 (22692
1963 04/15 5430 (3510)
1964 07/25 3060 (1978)
1965 02/04 4120 (2663)
1966 11/14 3110 €2010)
1967 ~08/09 3780 (2443)
1968 12/08 4180 €2702)
1969 12/01 4620 (2986)
1970 01/27 2950 (1907)
1971 11/25 3780 (2443)

It is noteworthy that only the months of February, June, and September do
not Tecord the maximum for any year.

From the data in Table 2.2 the probable recurrence interval of floods
of given magnitudes may be computed by using the relationship

N+ 1
T=""y

where T equals recurrence interval in years; N equals number of years of
record; M equals relative flood magnitude, obtained by assigning the highest
annual flow a valve of 1 and numbering serially the others in order of mag-
nitude. By plotting the log of each flood magnitude against the log of its
computed recurrence interval and drawing a line of fit, flood frequencies
may be estimated beyond the period of record (Fig. 2.4).

Another way of estimating flood frequencies is by use of the log-Pearson
Type 111 method. Data and computations for Kahana using this method are
given in Table 2.3 (from Progress Report 36, State of Hawaii Department of
Land and Natural Resources), and are also plotted on Figure 2.3.

The two methods agree reasonably well within the data limits but di-

verge appreciably for times beyond 10 years. The expected 100-year flood by

the first method is 10,000 cfs (17,000 m’/min), but only 6211 cfs (10,588.7
m»’/min) by the log-Pearson II method.
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FIGURE 2.4. PROBABLE FLOOD FREQUENCIES OF KARANA STREAM, GAGE STATION 16296500.
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TABLE 2.3. FLOOD FREQUENCIES KAHANA STREAM: LOG-PEARSON
TYPE 111 METHOD.

ﬁ_‘_—_—_‘—-—__—

EXCEEDENCE RECURRENCE INTERVAL, MAGNI TUDE .. i

PROBABILITY yTS cfs {mgd)
.9900 1.01 1006 (650D
.9500 1.00 1578  €1020)
.9000 1.11 1948 (1259)
.8000 1.25 2450  C158%)
.5000 2.00 3524  (2278)
.2000 5.00 4627  (2991)
.1000 10.00 5164  (3338)
0400 25.00 5680  (3872)
.0200 50.00 5975  (3862)
.0100 100.00 6211  (4015)
.0050 200.00 6u0L  (4140)

SOURCE: DEPARTMENT OF LAND & NATURAL RESOURCES PROGRESS
REPORT 36, 1970. -

It is somewhat surprising that the maximum recorded flood in Kahana on
a unit area basis, 1452 cfs/sq mi (953.964 m3/min/km?), is less than for
Waikane, 4000 cfs/sq mi (2628.0 m’/min/km?]. where the average annual rain-
fall is much smaller. Even the projected 100 yT flood in Kahana would be
less on an areal comparison than the maximum flood already recorded in
Waikane. ' : : o

Wu (1967) suggested a formula for the 100-year flood in windward Oahu
based on watershed area, stream length, watershed height, and probable 100-
year maximum 24-hour rain. When applied to Kahana, however, the computed
value is 29,050 cfs (49,385.0 m3/min), which is considerably in excess of
predictions made by standard methods.

GROUNDWATER. All of the groundwater in Kahana Valley oEcurs within the dike
zones. Near the coast local Ghyben-Herzberg conditions probably occur within

Dike water refers to groundwater occurring in aquifers bounded by dikes.
The confining dikes may range from being nearly completely impermeable to
being quite leaky. Normally the dikes effectively restrain the movement of
water through them until a head builds up that forces flow through natural
openings such as fractures. The rate of flow through these openings may be
too low, however, to drain all of the water moving through the compartment,
in which case the water level increases until it overflows the compartment
which has been truncated by erosion. The compartment is used in the sense
of a prism of flow rocks bounded laterally by parallel dikes but open at
either end. Water moves preferentially along the trend of the dikes. Under
natural conditions an average steady state prevails in which water moving
through a given unit cross-section between dikes is balanced by the quanti-
ties that overflow the section, pass through the restraining dikes, and con-
tinue down the trend.
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_ are relatively large but well-bound. -

Dike water is subdivided into that which occurs within the dike complex
and that in the marginal dike zone. The groundwater of the dike complex is
restrained in permeable flow rock intersected by many dikes, causing innumer-
able small aquifers. In the marginal dike zone the aquifers between dikes

Both the dike complex and the marginal dike zone carry large quantities
of groundwater. Above the 800-foot (243.84 m) elevation, which lies in the
dike complex, all of the water passes into the Waiahole system. Of the
average 6.9 mgd (26,116.5 m3/day) that leaves the valley via the transmission
tunnel, 3.8 mgd (14,383.0 m?/day) is groundwater from the development tumnnel.

The dike complex extends from the crest of the range down to about the
270-foot (82.296 m) elevation in the mid-valley. Between elevations 800 and
270 £t (243.84 and 82.30 m), the dike compartments are saturated but a plas-
ter of talus and alluvium in conjunction with many intersecting dikes pre-
vents easy discharge into the streams. Small swamps are common on flat
areas between streams because the water table is at the surface, From this
part of the dike complex the Qaq, which may be considered the groundwater
component of stream flow, is about 4 mgd (15,140 m?/day).

The rocks of the marginal dike zone are saturated with water, some of
which does not discharge into Kahana Stream but leaves the area as underflow
either into the caprock sediments or the sea. The upper portion of the zone
between the 30- and 270-foot (9.144 and 82.296 m} elevation contribute about
5.5 mgd (20,817.5 m%/day) to Qs¢ at the USGS gage. Kawa Stream is almost
entirely in the marginal zone. .

Below the approximate 30-foot elevation, the stream flows over marine-
deltaic caprock sediments and no longer drains the marginal dike zone. The
underlying dike compartments are saturated and leak into the caprock and the
sea. Continuity with the sea exists and therefore a small Ghyben-Herzberg
lens occurs along the coast within the marginal dike zone. Active springs
of the shoreline show chlorides of up to 100 ppm, while the range in a well
(405) drilled through the caprock into the basalt varies from 30 to 50 ppm.

Hydrologic Budget

A gross water budget for Kahana Valley is given by Takasaki et al.
(1969}, but for computations of mass output of dissolved solids and of sedi-
ments to the bay a more refined hydrologic analysis had to be made for this
study. Hydrologic budgeting is based on averages over reasonably long
periods and balances input of water against output, assuming no change in
either ground- or surface water storage over the averaging period. In
Kahana Valley limited measurements of the input variable, rainfall, and good
measurements of an output variable, surface flow, are available. Rainfall
has been recorded at the 800-fcot (243.84 m) elevation for more than 40 years
and pccasionally near the seacoast. Continuous surface wateTr measurements
have been made at the USGS gage at the 30-foot (9.144 m) elevation since
1958 and at the Kahana Tunnel at 800 ft (243.84 m) since 1929. Many mis-
cellaneous stream f£low measurements have also been made in the valley; the
first on record was in 1911 (Lippincott 1911)}. All of the other variables
in the hydrologic equation, as well as much of the rainfall and flow volumes,
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have had to be inferred.

The topographic and hydrologic boundaries of Kahana Valley do not coin-
cide; groundwater moves into the valley chiefly from Punaluu and flows from

.. the upper valley to the leeward side of the Koolau Range and probably also to

Waikane Valley. The input-output equation for the drainage basin is:
P+U, =ET+D+I+1U
i o

in which P is rainfall over the basin, U; is underflow into the valley from
outside the surface drainage boundaries, ET is evapotranspiration, D is
direct Tunoff, I is jinfiltration, and U_ is underflow from the valley. At
the mouth of the valley the total surface wateT flow, S, is composed as

follows: )
S =ab + bUi + cl

where a, b, and ¢ are fractions. Not all of D discharges to the sea because
a portion is diverted to the Waiahole system. Groundwater flow to the bay
consists of fractions of Ui and I.

Because of the water development project at the head of the valley and
the location of the USGS continuous flow measurement station relatively close
to the inland edge of the estuarine portion of the stream, for hydrologic
budget purposes the valley can be conveniently divided into four major units
and a minor one, which consists of headliands draining directly to the bay.

The major units are: '

1) The Upper Valley, bounded by the Waiahole transmission tunnel running
along the 800-foot (243.84 m) contour elevation and the crest of the range,
totalling 0.86 sq mi (2.227 km2). All of the surface water, except during
periods of heavy flooding, flows to the transmission tunnel; most of the
groundwater drains to Kahana Tunnel but some also mMoOvVes to the leeward side
of the Koolaus and some to Waikane Valley. Flows have been diverted from
this part of Kahana since 1916.

2) The Mid Valley, consisting of 2.88 sq mi (7.459 kn?) and extending
from the 30-foot elevatiom (9.144 m) to 800 £t (243.84 m) as measured in
the stream channel.

3) The Kawa Stream Valley, with an area of 1.9 sq mi (4.921 km?) and an
elevation range from 25 ft to 2265 £t (7.62 to 690.372 m). Kawa meets the
main Kahana Stream a short distance below the USGS gage. Numerous miscella-
necus stream f£low measurements have been made at the mouth of Kawa Stream.

4) The Lower Valley, comprising 2.4l sq mi (6.242 kn?) including Kahana
Stream between the bay and the Kawa-Kahana confluence. This sector includes
the estuary and the stream underlaid by sediments which thicken toward the
coast. Stream flow measurements are-extremely difficult. to make in the
estuary, although a few miscellaneous measurements are available.

The headlands that drain directly into the bay have a total area of

0.33 sq mi (0.8547 km2). They contribute surface runoff and groundwater
flow from small Ghyben-Herzberg lenses into the bay.

c-7
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Figure 2.5 is a flow diagram of the budget components for each sector
showing the relationships among the sectors and to the ultimate flows to
Xahana Bay. In computing the components measured quantities were used where
available, and elsewhere inferred values based on hydrologic analogies were
employed. All components are given in mgd (million galloms per day).

Rainfall was computed from an isohyetal map (Board of Water Supply 1963,
p. 25). Evapotranspiration was derived from the relationship given by Taka-
saki et al. (1969, p. 22), in which pan evaporation is indicated as decreas-
ing nonlinearly with rainfall. Evapotranspiration is assumed equal to pan
evaporation, a relationship established for sugarcane where adequate water is
available to meet potential requirements of the cane. The rainfall through-
out Kahana is considered high encugh-to provide sufficient moisture to satisfy
potential evapotranspiration demands. In the Upper Valley direct runoff and
groundwater flow have been continuously recorded in the transmission tumnel
for more than five decades.

For the Mid Valley total runoff is recorded on a USGS gage. Groundwater
flow into the valley from outside its topographic boundaries was computed as
the difference between the sum of the total runoff and evapotranspirationm,
and the total rainfall. The miscellaneous stream measurements in Kawa Valley
and the Lower Valley were correlated with the longer record at the Kahana
station to yield estimates of flow. For the areas directly tributary to the
bay, groundwater flow was approximated from the Darcy equation, assuming a
head of 5 £t (1.524 m) and a hydraulic conductivity of 1000 ft/day (304.8

m/day).
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" 'APPENDIX D

" 29, PRIORITY RECOMMENDATIONS 1

Prior chapters present 105 recommen-

~-. dations, assembled in Chapter 30, From among

these recommendations, 38 selected as deserv-
ing priority implementation are presenied in
this chapter.

The selection has been influenced by
U.S. Water Resources Council Principles and
Standards, legislative expressions of public
policy, state and county administrative goals,

agency missions, and particularly by citizen
response at public meetings held during the
course of the study.

Also, the selection attempts to provide
representative coverage of the broad spec-
trum of water and related land resources
needs, problems, and opportunities, both from
a functional viewpoint and a balanced eco-
nomic/environmental perspective.

TIME FRAME
ESTIMATED
REC. RECOMMENDATIONS & cOo5T 1975~ 1590~
RO. SPECIFIC ACTIONS AGENCIES ($1,000) 1990 2000
7-1 Express decisive public policy on rights to sLegislatursa
=—  gurface water use by legislativa codification DPED
with due regard for: DLNR
DOH
® General public welfare. DOA
OEQC
@ Vested private rights challenged by the WRRC
Hanapepe decision.
e Impact upon existing irrigation and domastic
water systems depandent upon transfer of
water from one watershed to another.
e Impact upon agricultural production, urban
requiremants, and the economy.
e Environmental impact, including effect on
minimum streamflow reguirements.
7-4 Enact legislation to codify rights to reasonable *Legislature
—— use of ground water resources. DLNR
7-5 Establish rules and regulations for implementing *DLNR
= the Ground Water Usa Act (H.R.S5., Chapter 17N .
7-6 Impraove laws and regulations to raflact the sub- *Legislatura
——  stantial interraslation between ground water and DLNR
surface water sources. .
7-7 cConsider legislation to grant appropriate *Legislature
~—  administrative authority for comprehensive and DLNR
coordinated managemsnt of all surfaca and ground DoH
water resources on each island.
.171'!. -t:onlidar legislation to grant express adminis=- 'Légis:l.atu.:a
——  tyrative authority to allocate water resources DLNR
among competing uses.
10-2 Develop alternative water sources +0 supply *BWS 32,000 x %
= pahu in addition to planned deveslopment from DLNR
conventional ground water sources. USGS
WRRC
e Reatora dike storage. DOH
EPA

e Optimize development of Honolulu and Pearl

Harbor aquifers.

e lncreass straanflow diveraions compatibly

with minimum streamflow requirements.

SOURCE:

Regional Study, 1979.
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REC. RECOMMENDATIONS &
NO. SPECIFIC ACTIONS

ESTIMATED
COST
AGENCIES {$1,000)

TIME FRAME

e e
1975- 1990~
1990 2000

# Racycle wastewater and exchange for high
qualitcy irrigation water.

s Blend potable water with brackish water for
a usable dowestic product.

e Desalt brackish water supplies for domestic
use.

Intensify water conservation programs to
improve efficiency of domastic water usa.

-
(=]
[]
w

8 Set water rates to discouragas excessive use.

e Institute rigorous water system leak control
programs.

e Amend plumbing codes to require the installation
of water-saving fixtures and applianceas.

s Institute a continuous community awareness pro=
gram to encourage wige water usae.

s Operate water systems oh seguential use
schedules to make optimum use of atorage and
pipeline capacities.

e Discourage urban developmant in aresas where
overdraft of ground water supplies is
threataned or already exists.

10-5 Improve domestig water systems to insure that
—  yater guality mests stapdards of the
safe Drinking Water Act of 1975.

e Obtain fedaral and state asgistance for
construction.

e Conduct zesearch on tha chemical and biolo-
gical quality of surface water in watersheds.

e Construct water fraatment plants for sysatems
utilizing surface water sources.

e Where feasible, convert systems from surface
weter to ground water sources.

e Pravent pollution of axisting sources by con=
troiling land use in watershads, waste injec-
tion, and overdraft of basal sources.

e Initiate water guality monitoring and control.

rova rural domestic water systems to deliver
a despendable supply in adequate quanticies and
at sufficient presuures for droughts and fire-
fighting.

e Provide county water departments with legal
authority to acquire control of surface and
ground water sources for sach system.

(=]

[~
]

[

@ Davelop sources by stages to mest ysar 2000
demands.

e Raplace deteriorated pipelines and storage
tanks and provide additional storage.

e Design systems to meet average and pezk
. demands at sdequate pressures.

e Include adsquats firs~fighting capabilities
in systenm dasign.

L

*BWS/DWS 6,500
Military
Private

*BWS/DWS 86,000
DOH

EPA
DLKR
USGS
Private

*BWS/DWS 20,000
DLNR

DOH

EDA

PmHA

Private

i saa e it
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RECOMMENDATIONS &
SPECIFIC ACTIONS

TIME FRAME
ESTIMATED ——
CcosT 1975~  159%0=

AGENCIES (s1,000) 1930 2000
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Reuse treated sewage effluent watar for
benaficial purposes.

e Locate new treatment plants near agricultural
operations.

«' Encourage agricultural oparations to 1ocat;
near existing sewage treatmant plants where
faasible.

e Use effluent water for industrial cocling or
processing.

@ Apply treated effluant to forest watersheds
whers compatibla.

e Dasign wasta Lreatment and reuse as part of
a single system to irrigate golf courses,
lawns, or other open space.

consider integration of domestic water supply
and wastewater management functions at both
state and county levels.

Reduce the losa of life and property damage
caused by storm floocding.

@ Provide non-structural measures such as
requlation of flood plain use, zoning,
building codes, and flood insurance.

e Provide structural measures such as dams,
1ined channels, and flood proofing whera
non-structural measures are inadeguata.

e Improve flood peak records, £flood mapping.
and damage surveys.

Reduce the loss of lifa and property damage
caused by tsunami and high surf.

e Provide non-structural neasuras such as
regulation of £flood plain use, zoning,
building codes and f£flcod insurance.

e Control coastal development in areas most
subject to tsunami and high surf.

Improve accass to public shoreline and inland
recraation areas.

e Acquire or lease public righta-of-way.
@ Provide adequate patrolling and littex control.
Use more afficlient irrigation mathods.

@ Convert to drip or sprinkler irrigation
where feasible.

e Roduce storage and transmission losses.
provide additional irrigation water.

e Improve diversion, storage, and transmission
systems.

e Davelop more surface and ground water,
compatible with environmental and recreational

needs.

e Determine tha level of treatment necessary
to reuse dooastic wastewatar for sugarcane
irrigation.

D-3

*DPW/BWS /DWS
DOH

DOA .
EFA

DLNR

Private

7,000 ., - X . x

#DLYR/DOE
*BWS/DPW

*CE 150,650
5CS

HUD
SWCD
DLNR
DEW
UsGS

*FD
DPED
CZM
FA

*PR 5,500 x
DPW

DINR

BOR

tprivate 16,000 x x
DOA
DLNR
SWCD

8Cs

*DLNR 47,000 x x
WRRC

DOA

BWS

DPW

5CS

Private




REC.
HO.

RECOMMENDATIONS &
SPECIFIC ACTIONS

2]

e Study the reuse of treated domestic wastewater
for irrigating diversified crops and timber.

® Devalop syatems to reuse traated domastic
wastewater as a nevw source of irrigation water

supply.

Increase commarcial forest production from
selected watersheds, at the same time preventing
threat to native forests.

e Complete inventory of timber and wildlife ra-
sources in watershed lands.

o Develcp harvesting mathods and equipmant
for Hawailian conditions.

e Improve road networks and marketing systans.

® Develop markets for underutilized specias
and uses for waste products.

e Identify and locate unique ecosystems and
wildlife rescurces to avoid incompatible
commercial use.

Raduce ervsion of inland areas.

@ Apply land treatment practices to cropland
and pasturas, such as contouring, improved
vegetative cover, and strip cropping; and use
structural measures such as terraces, drop
structurag, and check dams in gqulliea,

® Enforce erosion control ordihlncal on naw
construction,

® Enact and enforce ordinances to control
feral game and introduced gams species in
aresas of severe erosion.

e Improve programs for revegetating ercded
areas such as road c¢uts, abandoned fields
and pasturas, and military practice areas.,

o Study effectiveness of various erxosion control
Daasures.

e Gather data on erosion and sedimentation
rates for various goils and land uses.

® Determine relationships batween hydrologic
propertias of scils and storm drainage design.

& Detarmine ralaticnships between s0il arcsion
and sedimant vield (delivary rates) for
Hawaiian watarshada,

Encourage aquaculture as an industry of poten-
tial major importances to Hawail,

e Continue government support of agquaculturs
at a high leval, including loans and tax
incentivas.

® Stock and protect selectad atreams, bays,
and fishponds with fish and shellfish whera
compatibla, giving preferance to native
species.,

® Rafurbish and utilize selectad Hawaiian
f£ishponds.

TIME FRAME
ESTIMATED
COSsT 1975=- 1950=
AGENRCIES ($1,000) 1390 2000
JER
*DLNR 12,100 x x
DPED
USFS
Private
*SWCD 75,550 x
scs ’
DLNR
USGS

Private C

*DLNR
DOA
OMAC
UH
Private

28,000 x X
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@ Increase frash watsr recharge to basal
aguifers.

® Determine long-term affects of pericdic
over-draft on ground water quality.

D-5

pr—— e i o St e e e 2o e e e e e

TIME FRAME
. ESTIMATED et ket
REC. RECOMMENDATIONS & COoST 1975= 1990-
HO. SPECIFIC ACTIONS AGENCIES {51,000) 1990 2000
16-4 Safeguard the commercial fishing potential SDLNR 700 x
== of the Northwastern Hawalian Islands. tégu .
L -
s Complete study to svaluate commercial fishing FHS
potential prior to designation as a wilderness
area.
e Provide the capability for additional wildlife
protection and regulation.
16-5 Identify and develop opportunities for Hawaili's *HOAA 100 x
——= fighing industry within the 200-mile fishexy DLNR
conservation zone established under PL 94=2565. DPED
poT
e Assess the probable impact of the new law on OMAC
the foreign and domastic fishing industries.
» Implement an sffective mapnagement program to
maximize advantagas to Hawaii's fishing indus=
try.
17-3 Establish an appropriate continuing role for *DPED 300 x x
Hawaii in the mining and processing of manganesfa OMAC
deposits. DLNR
poT
e Assass the environmental and aconomic impact NOAR
onh Hawaii of participation at various levels. BLM
Private
e Plan the allocation of resources to support
an appropriate leval of participation. .
e Continue technical and logistic support.
e Pursus the establishment of archipalago
status under internmational law. '
18-2 Improve inter~island marine transportation *DOT 500 x x
sarvices. FMA
‘ FHWA
e Develop datz On comparative demand for all Private
parine transportation systems, -
e Continue to investigate mathods of improving
the surface transportation links between the
islands for caxrgo, vehicles, and people.
e Detormine environmental and economic impacts .
of a marine highway system.
19~2 Davelop geothermal energy as a major power *2IG 20,000 x
—— gource on Hawail and investigate posential DLNR
as a supplemantal source on Maui and Oahu. CPED
DOE
& Accalerate geothermal source devalopment on Private
Hawaii.
& Conduct gsophysical survays of potential
gaothermal areas on Maui and Oahu.
20-1 Control salt water intrusion into basal fresh *DLNR 10,500 x x
water aquifers. DOH :
BWS/DWS
® Design and space naw wells and regulate WRRC
pumping schadules of all walls to pravent USGS
thinning of fresh water lenses. Private
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L TIME FRAME O

ESTIMATED
RECOMMENDATIONS & 1975- 1990~

CosT
SPECIFIC ACTIONS ($1,000) 1990 2000

AGENCIES

Regulate subsurfaca injection of wastewater *DOH 100 x
to prevent contamination of basal fresh water EPA e
aguifers and watlands. DPW

DINR

BWS/DWS

USsGS

e Strengthen design, licensing, and monitoring
requirements for effluent injection wells,
ineluding traatment of injected wastes.

@ Allow wastewatsr injection only into confined
salins aquifers.

e Compile data on location and axtent of
underground wastewater disposal.

‘ e Conduct rasearch on effacts of undarground
waste disposal on ground water guality and
! on wetlands.

\ : 20-5 Reduce non-point source pollution of streams *DOH 161,600 x x
N . o and coastal waters. DPIW
S EPA
@ Develop coordinated programs within each SWCD
county to improve control over non=-point SC5
sourca pollutants. DLNR

Minimize ercsion and floocds by limiting
soil-disturbing activities in urban areas
and watersheds.

e Maintain sanitary conditions in streams and
drains by littsr controls, street sweeping,
and control of open storage in industrial -
and commercial areas.

e Implemant improved soil conservation prac-
- tices on croplands and grazing lands.

& Raclaim seversly ercded arsas.

e Increase controlled hunting of pigs and
grazing animals in kapu watsrsheds to reduce
pollution of surface water.

e Gather date on pollutant loads in urban
runeoff.

Praserve and enhancs wetlands, shoralinas, *DLNR | 58,000 x %

and submerged lands. PD
pon

@ Ensure adeguate water

estuaries, and wetlands

circulation in bays,
by caraful maintenance

of channels and adequate 8

tyeamflow levels.

e Protect watlands
excessive sedime

and submarged lands from
ntation and erosion.

e Identify and protect wetlands of prime value
T as wildlife habitat.

*DLYR 22,500 x x

Preserve rare and endangered animals and

plants.
FW5S

e Rafine endangered spacies lists.

e Improve delineation of critical habitat
araas.

& Improve data on fish and gama specias and
habitat characteristics.

e Establish natural area raserves where rare
and spdangerad plants and animals are a
significant part of the scosystan,

D-6
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REC.
Ho.

RECOMMENDATIONS &
SPECIFIC ACTIONS

ESTIMATED
cOoSsT
AGENCIES {$1,000)

TIME PRAME

R
1975~ 1990~
1930 2000

22-2

e Establish wildlife and plant sanctuaries
in eritical areas.

e Manage native forasts to protect and praserve
rare and endangsred spacies.

e Creata new habitat as part of watar develop-
ment and storage projects.

Preserva unique coastal and terrestrial
ecosystens.

e Dafine and locate native ecosysctens.

#» Identify and protact unigue natural ecosystems
under the Natural Arxea Resserve or Marine Life
conservation District programs.

& Establish huffexr zones around unique natural
acosystems to minimize potential harmful

impacts.

e Study stream habitat changes and acological
affacts of water control and devalopment.

s Pstablish criteria for maintaining minimum
flows in streams and presezving wetlands
and nearshore areas.

e Maintain low flow in perannial streams whare
possible to protect relatively undisturbed

acosystems.

& Develop methodology for monitoring gradual
adverse effects on coral :enz_ acosystams.

s Protect coastal acosystems from excessive
fresh water flood flows.

e Datermine impacts of power gensration an
tarrestrial and coastal water rasources.

Protect the beauty of waterfalls and othe

——= geepic water resources.

e Preserve visual access to acenic water
regources.

e Acguire water rights to maintain adequate
streanflow and water lavels.

e Prevent unsightldy and damaging encroachmants
on scenic water areas.

@ Catalog pertinent on=-sits and off-site
assthetic values.

@ Develop methods for quantifying relative
values.

Establish a central watsr raspurcas data refarral
center to CArTy out the following functions:

@ Pariodically publish an updated catalog of
watar related data sources.

¢ ldentify gaps in ths presant water data base.

e Identify long=term basic data requirements to
support water resources planning and decision
making.

e Work with agenciss concernsd to make general
data collection moTe useful for water resources

planning and manajemant.

D-7

*DLNR 18,060

*LUC 30
DLKR

OECQC

*DLNR
USGS
DOH
BWS /DWS
Private
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RECOMMENDATIONS &
SPECIFIC ACTIONS

TIME FRAME

ESTIMATED
COosT 1975=-  1990~-
AGENCIES {51,000 1990 2000

L4
. pr}
)
[

|

[

~3
]

w

~

~
)

[

o Participate in national data exchange programs
az soon as feasible.

Accelerate implementation of the National
Water Assessment and Appraisal Program to
establish pricrities foxr federal funding of
watar and ralated land resources programs
and projects.

Use the Hawaii Water Resources Plan to guide
authorization and appropriation of federal funds
for water related agency programi and projects
undartaken in the Hawaii Ragion.

Extend application of U.S. Watar Reasources
Council's Principles and Standards for Plannin
Water and naIa:as Land Resources to all !naa:ai
agencies having Bubstantial water and related
land resources programs.

Pstablish a permanent water planning commitiee
with membership from federal, state, county,
and private agencies having substantial water
resources programs: in Hawaii (see Chapter 28)
to carxy out the following functions:

e Ioplement and update the Hawaii Water
Resources Plan within existing authorities,
agancy capabilities, and funding arrangements.

e Serve as a planning and coordination group.

@ Racommend Hawaii's priorities for national
planning and appraisal programs in the light
of changing circumstances. - - - :

Coordinate public meetings and eatablish formal,
continuing community citizen groups on all
islands for orderly public participation in

all government pPIrOgrams.

-

*WRC
DLNR
DPED

*WRC

*WRE

*WRC
Governor
Mayors

*HWRIC

S e et ——
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0D | APPENDIX E
ST L1ST OF NECESSARY PERMITS AND APPROVALS

1. City and County of Honoluiu

Special Management Area Permit

.‘i Building Permit
| Grading Permit
- Grubbing Permit L
Stockpiling Permit
E 2. State of Hawaii
i Conservation District Land Use Permit (DLNR}
o @ Easements (DLNR) .
\ ' Noise Permit (DOH)
- State Coastal Zone Management Certification (DPED)
N
)
.
O
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N APPENDIX F
ORGANIZATIONS AND PERSONS CONSULTED

oo ‘ Hui 0 Kanani O Kahana
) Kaawa Community Association
Koolauloa Neighborhood Board
Life of the Land*
Hawaiian Electric Company
University of Hawaii Environmental Center*
U. S. Fish and Wildlife Service, Division of Ecological Services*
';\\g - Soil Conservation Service District Conservationist
' i : State of Hawaii, Department of Land and Natural Resources*
o State of Hawaifi, Department of Transportation
?ﬂfau_, State of ngaii, Department of Agriculture*
City and County of Honolulu, Department of General Planning
City and County of Honolulu, Department of Land Utilization*

*Replies Received
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