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DEPARTMENT OF LAND UTILIZATION July 3, TQBD

ACCEPTANCE REPORT: REVISED ENVIRONMENTAL IMPACT STATEMENT FOR

THE KAUKOWAIUA - POAMOHO STREAM TMPROVEMENTS,
WATALUA, OAHU, HAWAILT

Background

The Environmental Impact Statement (EIS) was filed by the
Department of Public Works (DPW) of the City and County of
Honolulu. It describes the anticipated environmental
effects of the construction of improvements to the stream
banks of the Kaukonahua and Poamoho 3treams.  The intent
of' the project is to provide improved protection against
flooding for the tow-lying residents of the Kiikii
subdivision.

City and County funds Wwill be used for construction of this
project, so the provisions of Chapter 343, HRS, are applicable.

The project was assessed by DPW and the ETIS was prepared by
Environmental Twmpact Study Corporation. The mayor is the
final "Accepting Authority" for this EIS.

Procedures

L. The DPW issued an EIS Preparation Notice which was pub-
lished in the EQC Bulletin on June 8, 1979. Organizations
and persons consulted during preparation of the EIS are
listed in Exhibit A.  All parties who were consulted or
who requested to be consulted had 30 days to submit
comments and received a written response from DPW, in
accordance with Section 1:41 of the ETS Regulations,

2.  The EIS was filed with the EQC, which distributed the
document to the persons and organizations listed in
Exhibit B. The deadline for comments was January 7,
1988, which allowed for a 30~day review period,

3. The DPW made a point-by-point response to all comments
on the BIS. The Revised EIS, which included these
responses, was submitted to the Department of Land
Utilization for acceptance on June 24, 1980. Twenty
copies were algso transmitted to the FOC.

Content

The Revised EIS meets all the basic content and style require -
ments specified in Sections 1:42 and 1143 of the EIS
Regulations.

PR ., e i



ACCEPTANCE REPORT
Page 2 '

L. Resgponse

The DPW made an adequate point-by-point response to all
comments submitted during the official review period.

E. Determination

The revised EIS is deterwined to be acceptable under the
criteria for acceptance established in 3Section 1:71 of
the BEIS Regulations.

KUSAG
Direghtor of Land Utilization

TTK:31
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SUMMARY

KAURKONAHUA-POAMOHC STREAM

(Tax Map Key:

6-6-22, 24, 25, 27
6-7-06, 09)

WAIALUA~HALEIWA, OAHU, HAWATT

PROFPOSED PROJECT &

PROPOSING AGENCY:

ACCEPTING AUTHORITY:

KAURONAHUA~-POAMOHO STREAM
IMPROVEMENTS AT WAIALUA~-HALEIWA,
GAHU, HAWAILL

DEPARTMENT OF PUBLIC WORKS

MAYOR
CITY AND COUNTY OF HONOLULU

The proposed action consists of public works improvements

at the confluence of Kaukonahua and Poamocho Streams, which

consists of a raised stream bank protection and a realignment

of the stream confluence.

The mouth of Poamncho Stream will be

realigned to facilitate its stream discharge with Kaukonahua

Stream, and a raised stream bank protection will be provided

for portions of Kaukonahua Stream at its confluence with Poamocho

Stream. The design of improvements has been based on the

100-year storm discharges determined by the U.S. Army Corps of

Engineers,

The project area is located in Waialua-Haleiwa, Oahu.

community is primarily agriculture-oriented, with the Waialua

Sugar Company being the major agricultural enterprise in the

area. Most of the land is in agricultural or residential use.

The
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The majority of structures in the Waialua-laleiwa area arvre
wooden buildings in very good to dilapidated condition.

The project development will generate short-term
construction-related impacts affecting air guality, noise
levels, ercosion, water guality and traffic. These impacts
will be mitigated by appropriate measures. In addition,
agquatic and terrestrial wildlife and vegetation may be
temporarily disturbed by construction occurring around
and within the streams.

Long~term impacts resulting from the project will
include increased safety for residents and property
and minimized stream bed erosion. 'The change in the natural
aesthetics of the existing stream may create a visual
impact.

Most of the short—-term adverse impacts that will

be generated from the proposed project are associated

with construction activities. Mitigative measures will

be taken to minimize such impacts. Increased turbidity
from construction activities within the stream will be
unavoidable but temporary until construction is completed.
Site clearing and grading activities along the stream
banks will remove vegetation which provide habitat for
wildlife. The wildlife in the project area does not include
any endangered species. It is anticipated that stream

fauna will return to the area upon project completion.
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Alternatives considered included (1) no action, (2)

floodproofing consisting of a raised stream bank, {3} full

channel improvements, (4) relocation, and (5) partial channel

improvements. In the no action alternative, potential property

damage, injuries and loss of lives would still exist. Concrete

lined slope protection was considered as an alternate bank

lining for a raised stream bank but was not selected due to

Full channel

soft and loose subsurface soil conditions.

improvements would entail higher costs and more extensive

environmental impacts. Relocation of residents away from the

flood hazard area would create severe social and econtdmic

impacts. Partial channel improvements would involve higher

costs and additional envirconmental impacts.

The improvements provided will result in a reduction of
flood damage and erosion. This will enhance and preserve
the flood plain for future use. Economic losses caused by

inundation of residential, commercial and agricultural lands
will be reduced, thus enabling productivity to proceed without
sudden and severe interruptions.

The construction materials, public funds, energy and

labor involved in this project will be irreversibly and

irretrievably committed. ILand will be committed for the

duration of the flood controls.

The City and County of Honolulu's General Plan designates

the Waialua-Haleiwa area as residential and agricultural,

vii
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Residential zoning (R-3 to R-6)} and agricultural zoning (AG)
predominate, with commercial (B-2} areas located near community
areas and along major thoroughfares.

Portions of Waialua-~Haleiwa have been designated
as flood hazard areas and the comprehensive zoning code
is expected to be amended to comply with Federal require-
ments regarding flood plain management. New construction
and future land use will be affected by the Flood Plain
Management program.

The project area is classified for urban and agri-

cultural use on State land use maps.

viii
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SECTION 1

DESCRIPTION OF THE PROPOSED FPROJECT

1. INTRODUCTION

The Poamoho-Kaukonahua Streams confluence 1is located
in the Waialua-Haleiwa district on the northwestern coast
of Oahu, Hawaii, as shown in Figures 1-1 and 1-2. Poamoho
and Kaukonahua Streams merge to form Kiikii Stream, which
subsequently empties into Kaiaka Bay.

The project area is located in a semi-urban community
which is economically dependent on the sugar cane industry.
The area is subjected to recurring floods, which have
caused much damage. Flooding is widespread along Kiikii
Stream downstream of the Kaukonahua-Poamoho confluence.
Most of the flooding occure along the east bank because
of the low elevation of the land in this area. Almost
all of the land in this stretch is below elevation 10.
Only a few homes are situated in this area, as most of
the land is in agricultural use.

Flooding is also a problem along Poamoho Stream and
Kaukonahua 8Stream. Along Poamoho Stream, most of the
flooding occurs alongvthe north bank, where much
of the area is below elevation 15. Almost all of this
area is presently in agricultural use. Along Kaukonahua

Stream, flooding and erosion occur along the west bank.

Homes located in this reach that are at or below elevation
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15 are subject to flooding conditions. Approximately 25 homes
within Kiikii Subdivision are located along this left bank and
are subject to flooding. Twelve of the homes abut the west
hank of Kaukonahua Stream, and the other 13 are across Haona
Street.

The nearby Farrington Highway Bridge over Kaukonahua Stream
is another problem area, according to residents. The channel
constructions associated with this bridge cause erosion along
the upstream and downstream banks, which subjects the homes to
further damages during flood conditions.

annual losses, based on damages possible for a 100-year
flood, are estimated at $207,000 {(Table 2-4). Of this, $199,000
is related to residential damage. Specific examples of the
flood-related damage within the project area include the
following:

1. Kaukonahua-Poamoho confluence - Five homes along west
bank damaged on 4-19-74., Waialua Sugar Company losses
estimated at $345.00.

2. Upper Kiikii Stream - Low-lying areas flooded on
2-01-69. Waialua Sugar Company losses estimated at
$25,000. |

The inundation of the project area is the result of the
inadequate capacity of the existing streams to contain peak
flows during heavy and sustained rainfall, and the low

elevations of the surrounding areas. The problem is further

A
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compounded by s$ilt and debris which decreases the discharge
capacities of the stream by plugging the stream ocutlets and
filling the existing stream cross-sections.

The proposed project will primarily protect the 25 homes
iﬁ the Kiikii subdivision abutting the confluence of the Poamcho
and Kaukonahua Streams. Because of the natural confiuence of
the two streams in this area and the progressively weakening
existing earthen dike, the homes abutting the west bank are
susceptible to endangerment during flood conditions. The
proposed project will provide a physical and visual protection
against potential flood damages. The proposed proiject would
provide an estimated reduction in flood losses of $150,000
annually, as shown in Table 2-4.

ITI. PROJECT ORJECTIVES

In order to minimize flood hazard along Poamoho,
Kaukonahua and Kiikii Streams, the Kaukonahua-Poamoho Stream
Improvements project is proposed. Its objectives include the

following:

A. To minimize further economic losses due to recurring

floods.

B. To protect the safety and well-being of human life.
C. To complete the proposed project with the least

possible degradation of the natural and human

envirconment,
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The flood hazards associated with the Farrington Highway
Bridge and the Waialua Beach Road Bridge will be considered
with other Public Works projects. Such projects will be
undertaken separately from the proposed project. The scope of
this specific project is limited to improvements to the area
of the confluence of the Kaukonahua and Poamoho Streams.

III. DESCRIPTION OF THE PROJECT

The proposed project will consist of the following public
works improvements (Figures 1-3 and 1-4):

1. Construction of approximately 900 feet of stream
bank improvements along the west bank of lower
Kaukonahua Stream and upper Kiikii Stream in the
vicinity of the Poamoho-Kaukonahua confluence. The
west bank will be raised above the estimated 1l00-year
flood level and lined with grouted rip-rap protection;
and the east bank will be planted to Napier grass.
The grasé Qill be fertilized according to soil tests,
and precautions will be taken to insure that fertilizer
does not enter the stream., As shown in Figure 1-4,
the lining of the west bank will be supported by a
boulder foundation to prevent undercutting. The
boulders for the foundation would measure roughly two
to three feet in diameter and weigh approximately one
ton. The boulder foundation will extend downward

approximately five feet below the mud line, The



TABLE 1-1

ESTIMATED COST OF PROJECT

ITEM

NG, DESCRIPTION COST

1. Unclassified Excavation $ 797,700.00

2. Grouted Riprap 417,500.00

3. Access Road 5,500.00

4. Mobilization 73,300.00
TOTAL COST $1,294,000.00.

1-9
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outlets of the existing storm drain systems will be

reconstructed and provided with flap gates to prevent

backflow.
2. Realignment and widening of the mouth of Poamoho

Stream.

These measures are intended to protect structures
and their contents from damages, and prevent loss of lives
and. injuries. They are not intended to eliminate all
types of flood damage. The design of the floodproofing
improvements has been based on the 100-year storm discharges
determined by the U.S. Army Corps of Engineers.

Riprap slope protection and concrete-~lined protection
with pre-stressed concrete sheet piles were structural
alternatives evaluated for lining the banks described in

Item 1. These alternatives, and others, are discussed

in Section 5.

IV. PROJECT PHASING AND FUNDING

The proposed project will be initiated after all
necessary approvals have been received. Construction time
for stream improvements is estimated at 12 months.

Project costs for the public works improvements,
assuming riprap slope protection, are estimated at a total
o f $1,294,000. Table 1~1 gives a breakdown of estimated

sost. The funds will come from the City and County Public

Works Improvement Fund.
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SECTION 2

DESCRIPTION OF THE ENVIRONMENTAL SETTING

I. LOCATION

As shown in Figure 1-1, the Poamoho-Kaukonahua Streams
confluence is located approximately 1,400 feet downstream
of the Farrington Highway bridge that crosses Kaukonahua
Stream. The project area is located in Waialua-Haleiwa,
Oahu, Hawaii, |

Waialua is primarily a sugar plantation town with
one of the few remaining sugar mills on Oahu. The sugar
plantation of the Waialua Sugar Company is the primary
economic mainstay of the region. Sugar cane fields and
small truck farms predominate in this area. Service and
retail establishments are dispersed throughout Waialua-
Haleiwa, particularly along the major highways and residen-
tial sections. Residences range from recently constructed,
modern buildings to dilapidated structures requiring exten~
sive repairs.

I1. CLIMATE

The climate of the Walialua-Haleiwa district is mild
and moderately dry, with rainfall occurring primarily
bewtween October and April and averaging about 30 inches

per year. Temperatures range from the low 60's°F to the

mid 80's°F.

T A



III. LAND USE

Most of the flood plain is designated for residential
and agricultural use in the City and County of Honolulu's
General Plan,. The west bank area of lower Kaukonahua
Stream and upper Kiikii Stream igs a residential subdivision
while the east bank is planted in sugar cane. All of
the surrounding areas are expected to remain in agricultural
and residential use.

The State Land Use designations for the project area
are Urban aﬁd Agriculture. {Also refer to Section 9).

IV. POPULATION

Most of the project area is located within Census Tract
99.02, with the extreme limits of the area encrocaching into
Tracts 99.09 and 100. The following information reflects
the community profile for the major tract 99.02.* In 1970
the population for Tract 99.02 was 4,047 persons, which
represents a 50 percent increase over the 1960 population.

Waialua Town's population had a medium age of 25 years,
with 10 percent under five years of age and 7 percent 65
years and over. There were 1,023 households, averaging 4
persons per household. The 1970 median family income was
$9,484, with 5 percent of the families below the poverty

level, 54 percent with incomes less than $10,000 and 4

*Data takén from Community Profiles for Hawaii; Department
of Planning and Economic Development, 197/2.
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percent with incomes above $25,000. The predominant ethnic
groups in the area were Filipino (43.7 percent), Japanese
(25.4 percent), and Caucasian (24.5 percent).

A large percentage of the working population were em-
ployed as laborers and farm workers (20.4 percent} and as
professional and technical workers (12.6 percent). The
waialua Sugar Company is the major employer in the area.*
V. FLORA

The project area is predaminantiy covered with sugar

cane {Saccharum officinarum). Vegetation along the stream

banks primarily consists of weeds and shrubs. The stream

banks are lined with koa haole {(Leucaena leucocephala),

vines (Ipomoea spp.), California grass (Brachiaria mutica),

guinea grass (Panicum maximum), spiny amaranth (Amaranthus

spinosus), and castor bean (Ricinis communis). Java plum

(Eugenia c¢uminii), bamboo (Bambusa sp.)}, banana (Musa

sp.), and coconut (Cocos nucifera) are also found along

the stream banks. Hau (Hibiscus tiliaceug) and kiawe

(Prosopis pallida) flourish in the downstream areas. At

the upper Kiikii and lower Kaukonahua Stream areas, resi-
dents are using the silt deposits to plant corn (Zea mays),

green onion (Agapanthus fistulosum), sweet potato (Ipomoea

batatas), pumpkin {Cucurbita pepo) and soybean (Glycine

max) .

*Haleiwa-Waialua Manpower Profile: Labor Force and Industries

Office of Social Resources, City and County of Honolulu,
September 29, 1972.
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vI. FAUNA

Avifauna in the flood plain consists of mynah (Acri-

dotheres tristis), cardinal (Cardinalis cardinalis),

{Geo~

English sparrow {Passer dqmesticus), and barred dove

pelia striata). Rate (Rattus rattus, R. norvegicus and

R. exulans hawaiiensis), mice (Mus musculus domesticus),

{Berpestes auropunctatus) are probably'

and mnmongooses

found here. The domestic dog (Canis familiaris) and cat

(Felis catus) are prevalent near residential areas. Goats

{Capra hircus) were recorded infrequently.

The housefinch {Carpodacus mexicanus frontalis),

spotted munia, (Lonchura punctulata), Japanese white—

eye (Zosterops japonica), and lace~necked dove (Strepto-

pelia chinengis) are also common inhabitants of the pro-

ject area.

Samoan crab (Scylla serrata) and blue claw crab

{Thalamita crenata) were observed from the catches of

the local fishermen. The shore crab (Metopograpsus messor)

is prevalent along the stream banks. Tilapia {(Tilapia

mossambica), mullet (Mugil cephalus);, o'opu (Gobiidae),

prawn (Macrobrachium lar), and mosguito fish {(Gambusia

affinis) are found in all streams.
Additional information on the aquatic organisms from

Kiikii Stream 1is reported in a study prepared for the

2-4
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Waialua Sugar Company.”

This study was conducted in May, 1972 and corresponded
to the dry season when stream flows are lowest. The results
would thus represent conditions prevailing over most of
the year. During the rainy months stream flows increase
and the water quality and stream fauna would then be in-
fluenced by these flows.

During this study biological communities sampled
included, in part, zooplankton by day and night plankton
net tows, juvenile fishes by nehu nets, the larger fishes
by gill nets, énd crabs by netting as normally done by
crab fishermen.

Sampling stations of pertinence to this project are
shown in Figure D=1, in Appendix D. There were 3 stations
in the viecinity of the project area and two other stations
makai of Waialua Beach Road. A summary of prominent fish
catches in presented in Table 2-1. A more detailed table

showing distribution and abundance of these and other

species of fish is presented in Appendix D. Appendix D

also contains a table showing distribution and abundance
of zooplankton, a figure showing numbers and distribution

of crabs at each station, and a species list.

*Draft Environmental Impact Statement on The Cooling Water
Discharges in Kiikii Stream prepared by Sunn, Low, Tom &
Hara, Inc., August, 1972.
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TABLE 2-1

SUMMARY OF PROMINENT FISH CATCHES

Fish

KIIKII STREAM, WAIALUA,

HAWAIIL

Stations 1,

2,

3

Stations 4,

5

Ahclehole
Mullet

Goby
{Oxyurichthys)

Barracuda

Tilapia

186
55

466

334

27

1
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Fishes such as the aholehole and mullet are very
commonly observed in areas of decreased salinity but are
also capable of surviving in normal sea water. The goby,

Oxyurichthys, is an estuarine species and is found through-

out its life history in waters of low salinity. Tilapia
inhabit fresh waters as well &as estuarine waters, but
generally they do not enter normal sea water for any ex-
tended length of time. The remaining species of fishes
sampled were not in concentrations egual to the fishes
previously mentioned. These fishes (barracuda, awa, maki
awa, nehu, etc. ) may represent forms that only occasionally
enter estuarine waters where feeding and/or reproductive
processes are completed.

Fishing and crabbing is done in the vicinty of the
project site. Mullett and aholehole are generally favored
over tilapia, and Samoan crabs over other types, according
to fishermen freguenting Kiikii Stream.

VII. GEOLOGY AND SOILS

The geology of the project area is associated with
the Koolau Volcanic Series.* The Koolau Range is an
eroded remnant of a large Pliocene shield volcano, with

a maximum altitude of 3,100 feet above mean sea level.

*Water Resgsources of North-Central Oahu, Hawaii, J.C.
Rosenau, E.R. Lubke, and R.H. Nakahara, Geological Sur-
vey Water Supply Paper, 1899%-D, 1971.

2-7
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Lava flows from this volcano underlie most of the project
site. Coastal plain deposits that formed after cessation.
of the volcanic activity consist of terrestrial and marine
sedimentary deposits. Successive submergences and emer-
gences have produced the sequences of marine and terres-
trial sediments which form the Coastal Plain area.
Alluvial deposits extend from below sea level to an elevation
of about 350 feet above sea level and form an apron around
much of the island.

The U.S. Department of Agriculture's Soil Survey
Report reports that the soils in the project are com-—
prised of the Waialua, Haleiwa, Kawaihapai and Mamala
series. They consist of moderate to well-drained soils
on alluvial fans on the island of Oahu. These soils de-~

veloped in alluvium derived from basic igneous material.

A. Haleiwa Series

in a representative profile the surface layer
is a dark brown silty clay to a depth of approximately
17 inches. The subsoil and substratum, to a depth
of more than five feet, are dark brown and dark yel-
lowish brown silty clay. The soil is neutral to
slightly acid. The permeability is moderate. Run-

off is very slow and the erosion hazard is slight.

B. Waialua Series

The surface layer is dark reddish~brown silty

clay about 12 inches thick. The subsoil, about 14

2-8
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inches thick, is dark reddish-brown and reddish brown
silty clay. The so0il is neutral in the surface layer
and slightly acid in the subsoil. Permeability is
moderate and the runoff is slow. The erosion hazard
is slight.

C. Kawaihapal Series

The surface layer is dark brown clay loam about
22 inches thick. The next layer is dark brown strati-
fied sandy loam 32 inches thick. The substratum
is stony and gravelly. The soil is neutral throughout
the profile. Permeability is moderate, runoff is
slow and the erosion hazard is slight.

D. Mamala Series

In a representative profile the surface layer
is dark reddish-brown silty clay loam about eight
inches thick. The subsoil of dark reddish-brown
silty clay loam is about 11 inches thick. The under-
lying material is coral limestone and consolidated
calcareous sand. The soil is neutral to mildly alka-
line. Permeability is moderate, runoff is very slow

to medium and the erosion hazard is slight to moderate.

VIII.DRAINAGE AND HYDROLOGY

A. Drainage Area

The Poamoho Stream and Kaukonahua Stream drainage

basins are located in the Waialua-Haleiwa district

2-9
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on the northwestern coast of Cahu, Hawaii. The
drainage basins are part of the Paukauila and Kiikii
Streamg and Tributaries Drainage Basin, which is
the largest drainage basin on the island. Figure
7-1 shows the extent of the drainage basins. The
Poamoho drainage basin has an area of 11,584 acres
and the Kaukonahua drainage basin has an area of
25,344 acres. The basing extend from the ocean east-
ward to the Koolau Mountain Range and southward to
the Waianae Mountain Range. Poamcho and Kaukonahua
Streams are tributaries of Kiikii Stream, which dis-
charges into Kaiaka Bay. Kiikii Stream is about
one mile long and about 150 feet wide. In the es-
tuarine portion, the average low tide depth is about
5 feet.

The tributary streams are confined to narrow
valleys and have relatively steep gradients until
they reach the vicinity of their respective confluen-
ces. They are perennial in their upper reaches,
but intermittent in the lower reaches and are affected
by tidal influences near their confluences. The
mid~reaches of the tributaries are tapped for irrigation
and domestic purposes. The tapped stream waters are
stored in more than 30 small reservoirs along the

tributaries. The Wahiawa Reservoir, with a 9200

2-10
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acre-foot capacity is located at the junction of the

Thig reservolr

s

North and Scuth Forks of Kaukonahua Stream.

is owned and used by the Walalua Sugar Company primarily

P

for irrigation purposes.

The land in the upper portion of the drainage

st

basin 1is a forest reserve. Approximately 13 sqguare

e

miles between the 700 and 1300 foot elevations isg

used for pineapple cultivation. Two centers of popula-

ST

tion, Wahiawa and Schofield Barracks, are located at

e

about the 9p00~foot elevation along Kaukonahua Stream.

About nine sqguare miles of the watershed below the

Sy

850 foot elevation are used for sugar cane production.

pre
¢
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4
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B. Flooding

Flooding in Hawaii is generally caused by storms
occurring predominantly between November and April;

however, flooding due to intense local thunderstorms

can occur at any time. In ithe Waialua-Haleiwa area,
flooding generally occurs in the low-lying areas
between elevation 30 and the Pacific Ocean because
of the drainage basin topography and existing drainage-
way capacities.

Flooding in this area is not related to the management
of the many small irrigation reservoirs or the Wahiawa
Reservoir. These waters are used solely for irrigation.

The larger Wahiawa Reservoir permits recreational uses and



e

& serves as receiving waters for secondary treated sewage
effluent from the Wahiawa Sewage Treatment Plant. The
management of reservoirs for flood control is a very
complicated enterprise. Hydrologic forecasts of possible
and probable floods must be weighed against the goal of

Ei maximizing water storage for irrigation. If the storage
capacity is not available when a flood strikes, there

o will be little attenuation of the flood wave and the

reservoirs can even be overtopped. This is compounded by

the fact that flooding due to intense local thunderstorms

can occur at any time, as previously mentioned. On the

b
A
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other hand, if the water level is lowered and the

threatened flood does not materialize, valuable water

H
H
o

supply for the next season ig lost.

1. Kiikii Stream

Flooding is common along Kiikii Stream from its

confluence with Poamoho Stream to Waialua Beach Road.
The inadequate capacity of the existing stream cross-

section and the inadegquate waterway opening of the

Waialua Beach Road Bridge contribute to the flooding
in thig area. The flood hazard posed by the bridge
will be considered with a separate Public Works
project. Most of the flooding occurs along the low
east bank, which is below elevation 10. The majority
of the land is in agricultural use but a few

regidences are also located here.

2-13



2. gpamoho Stream

The area from Poamcho Stream mouth ex-~
tending easterly to Kaukonaﬁua Road also suffers
from the inadeguacy of the existing stream cross-
section to contain the flood flows. Most of
the flooding occurs along the north bank, where
much of the area is below elevation 15. Major
portions of this area are presently in agricultural
use.

3. Lower Kaukonahua Stream

Lower Kaukonahua Stream -extends north
from Farrington Highway. The inadequate capacity
of the existing stream cross—-section coupled
with the natural confluence with the Poamoho
Stream and the irregular stream alignment cause
most of the flooding problems in this area.
Homes located on the west bank situated at ele-
vation 15 and below, are subject to flooding.
Frosion along the west bank also causes further
damage . Approximately 25 homes in the Kiikii
Subdivision are endangereé.along this west bank.
The area 1is partiaily protected by an earth levee.
Flood damages in this area result from the weakening
of the earth levee due to erosion, and the béck flow
of the existing storm drain system due to high stage

in the stream. Back flow through the existing storm

2-14
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drain system has occurred because of damages to the
existing outlets of those systems. The proposed
increased height of the bank protection will be
beneficial in protecting against the possible over-
topping potential of the existing lower earth levee.
The existing damaged outlets would be reconstructed
on a stable foundation provided by the proposed
grouted rip-rap lining and provided with flap gates
to protect against back flow from the stream. The
east bank, which is mostly below elevation 15, is
subject to widespread flooding. Most of the land

along the east bank is in agricultural use.

Hydrology
1. Variability of Flow

The U.S.Geological Survey (USGS) maintains
crest-stage partial-record gaging stations on
Kaukonahua Stream near Highway 99 and Poamoho
Stream near Kaheaka Road. -

On Kaukonahua Stream the gage measures
storm flow from a 38.7 sguare mile drainage
area. The annual maximum discharge, for a given

day, for the last four years is as follows:

1875 889 cubic feet per second (cfs)
1976 2,650 cfs

1977 610 cfs {estimated)

1878 1,200 cfs |

2=-15
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On Poamcho Stream the gage measures flow from

a 10.9 sguare mile dralnage area. The annual

maximum discharge, for a given day, for the last

four years is as follows:

1875 1,800 cfs

1976 1,500 cfs {estimated)
1977 1,600 cfs {estimated)
1978 250 cfs {estimated)

With water going to both domestic and agri-
cultural users, the flows are usually extremely
emall during the summer months.. Periods of no
flow occur in both streams.

2. stream Erosion and Deposition

Stream erosion and deposition is largely
determined by the velocity of the water. An
increase in velocity enables a stream to transport
more and larger material and to erode more
rapidly, whiie a decrease in velocity causes a
fully loaded stream to deposit some of its load.
Velocity is governed largely by the steepness
of the stream gradient and also by its volume.
The steeper the gradient and/or the greater
the flow, the greater will be the velocity.

Since both the increased volume and the
jncreased velocity of a stream in a flood greatly

increase the load it can carry, one great flood

2-16



TABLE 2-2

100 YEAR STORM DISCHARGES

STREAM AND LOCATION

DRAINAGE
AREA
(sg. mi.)

Poamoho Stream
at confluence with
Eaukonahua Stream

Kaukonahua Stream
at confluence with
Poamoho Stream

Kiikii Stream
at confluence with
Paukauila Stream

18.1

39.6

58.4

160 YEAR
PEAK
DISCHARGE 1/
Ac {cfs)
11,584 20,500
25,344 23,000
37,376 33,000

wWaialua-Haleiwa Area,

Source: U.S. Army Corps of Engineers. June 30, 1976.
Island of Oahu, Hawaii - Detailed

Report on Small Flood Control Project - Termination

Letter.
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TABLE 2-3

Y

EXISTING STREAM CAPACITIES

rna v

71 LENGTH - “ ~ BANK

P LOCATION (feet) DESCRIPTION CAPACITY {cfs)
e Poamcho/Kaukonahua

§§ Confluence 550 Low east bank 3,000

- elevation of 5.0,

narrow waterway and
stream confluence.

Poamoho 1,800 Low north bank 6,000
o elevation of 8.0
v and narrow waterway.
o Lower Kaukonahua 1,400 Low east bank 7,000
: elevation of 7.5,
- narrow waterway and
- meandering align-
‘ ment.

13
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may accomplish more erosional work than a stream
would accomplish over many vears of normal fliow.
The project area, being at the confluence of
Poamoho Stream and Kaukonahua Stream is generally
an area of deposition of silt and debris. The
exception is during large flows, when erosion
increases, particularly on the west bank. Appendix

E presents data regarding depth, volume and sediment

characteristics.

3. Peak Discharge and Stream Capacity

Table 2~2 shows peak discharges based on
100-year storm discharges ée£ermined by the
U.s. Army Corps of Engineers. The 100-year
flood is the flood level that is estimated to
have a one percent chance of occurring each
vear in a given location. It is determined from a
combination of metecrological, hvdrological, and
geographical conditions within the specific drainage
basin. For this specific drainage basin it would
also consider the effects of the reservoirs located
therein., Because of the difference in the length of
time that each of the streams takes to reach its peak
discharges, the peak discharges for the main stream
does not equal the algebraic sum of the peak discharges
of the contributing branches. Figure 2-2 shows the

flood outline from a 100-year storn.
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TABLE 2-4(A)

POTENTIAL FLOOD DAMAGES
WITH 100-YEAR RBECURRENCE FLOOD
AT UPPER KIIKII STREAM

s
P

o RESIDENTIAL
b STRUCTURE FLOODING

' ORDER OF & CONTENT ABOVE FLOOR (%) ESTIMATED
SEVERITY VALUE ($) LEVEL (FT) DAMAGE DAMAGE ($)

1 1,250 4.5 87 1,084

2 1,250 3.7 70 872

3 74,778 2.8 50 37,722

4 51,815 2.8 50 26,133

5 62,073 2,7 47 29,360

6 4,803 2.6 46 2,193

7 1,250 2.0 32 398

8 4,765 1.2 15 732

9 4,273 0.8 6 270

10 17,378 0.6 0.38 66

11 54,688 0.5 0.10 53

B 12 54,688 0.5 6.10 53

4 13 44,288 0.4 0.06 27

TOTALS | 377,299 98,963
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TABLE 2-4(B)

: POTENTIAL FLOCD DAMAGES
- WITH 100~YEAR RECURRENCE FLOOD
AT POAMOHO/KAUKONAHUA CONFLUENCE

RESTDENTIAL
o STRUCTURE FLOODING

3 ORDER OF & CONTENT ABOVE FLOOR (%) ESTIMATED
) SEVERITY VALUE ($) LEVEL (FT) DAMAGE DAMAGE ($)

1 55,090 5.4 71 38,940

2 46,570 4.7 61 28,586

3 44,623 4.7 61 27,392

4 44,415 4.7 61 27,262

5 75,105 4.6 60 44,906

6 65,718 4.0 51 33,663

7 47,250 4.0 51 24,228

8 37,095 4.0 51 19,035

9 76,320 3.9 50 38,312

10 70,558 3.9 50 35,429

11 49,580 3.9 50 24,933

12 37,628 3.9 50 18,937

13 69,808 3.8 48 33,661

f 14 43,505 3.5 45 19,679

’ 15 46,688 3.4 43 20,108

16 46,953 2.8 35 16,652

17 38,850 2.5 32 12,465

18 79,245 2.1 25 20,301

19 32,893 0.6 0.28 92

: 20 33,408 0.5 0.25 84

: 21 50,985 0.4 0.22 112

i 22 37,628 0.4 0.19 72

23 39,910 0.3 0.17 69

; 24 49,495 0.3 0.15 77

: 25 47,320 0.3 0.15 72

TOTALS 1,266,640 485,067
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Existing stream capacities shgwn in Table
2-3 were determined from existing streah Cross—
sections which were assumed to be free of silt,
debris, or other obstructions. The capacities
were based on water surface profiles without
any overflows beyond the top of the bank. A
comparison of existing stream capacities with
peak discharge flows show a severe inadeguacy
of the existing streams to contain peak flows.
The addition of silt and debris compounds the
inadequacy of the existing stream capacities.

Table 2-4 is a summary of potential flood
damages for the Poamocho-Kaukonahua area. Poten-
tial flood damages were estimated from calcula-
tions of water levels compared to rough surveys
of floor elevations for every unit in the flood
plain. The U.S. Army Corps of Engineers provided
baseline data regarding flooding elevations,
existing floor elevations and damage estimates
based on a 100-year flood recurrence interval.
Estimated dollar damages were derived from current

replacement costs for the degree of physical damages

incurred.

g
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IX.

classified as follows (taken from Chapter 37-a,

Table 2-4(A) shows a breakdown of the estimated

damages to the 13 homes affected in the Upper Kiikii

Stream area. Table 2-4(B) shows a breakdown of the

estimated damages to the 25 homes affected in the

Poamoho~-Kaukonahua Streams confluence area.

b. Tsunami

‘The project area is located adjacent to the

potential tsunami inundation limit. The Tsunami

Research Institute at the University of Hawaii has

developed a potential tsunami inundation limit which

is shown in Figure 2-3. A tsunami -on March 9, 1957

affected an area from sea level to about the 13 foot
elevation in the Waialua-Haleiwa area. The coastal

area between Kaiaka and Waialua Bays was inundated
about 3,000 feet inland.

WATER QUALITY

The waters in the vicinity of the project site are

Water

Quality Standards of the State Department of Health):

Kaukonahua Stream - perennial stream, Class 2
Poamoho Stream - perennial stream, Class 2

Kiikii Stream - perennial stream and estuary, Class 2

Kaiaka Bay - embayment, Class A

B
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Classification of the water uses of Class 2 and A

waters, per Chapter 37-A, as as follows:

"CLASS 2 - It is the objective of this class of
waters that their use for recreational purposes,
propagation of fish and other aguatic 1life and
agricultural and industrial water supply be pro-

tected.

The uses to be protected in this class of waters
are all uses compatible with the protection and
propagation of fish, shellfish, and wildlife,
and with recreation in and on these waters. Such
waters shall not act ag receiving waters for
any discharge which has not received the best
degree of treatment or control compatible with
the criteria established for this class. ©No new
industrial or sewage discharges will be permitted

within estuaries.

CLASS A — It is the objective of this class of
waters that their use for recreational purposes
and aesthetic enjoyment be protected.

Any other use shall be permitted as long as it
is compatible with the protection and propagation
of fish, shellfish, and wildlife, and with recrea-
tion in and on these waters. Such waters shall
not act as receiving waters for any discharge
which has not received the best degree of treatment
or control compatible with the criteria established
for this class. No new industrial or sewage dis-
charges will be permitted ‘'within embayments."”

Tests were conducted -to determine existing water
guality conditions. Sampling and field studies were made
in June 1976, corresponding to the time when stream flows

are lowest and construction is most likely to occur. buring

the dry months the flows are small and water movement in the

estuarine portions of the stream is primarily dependent on

tidal action.

8]
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Water guality parameters examined include temperature,
salinity and conductivity, disscolved oxygen, pH, turbidity,
and odor. Additional information on methods, procedures,
State Water Quality Standards and collected data is presented
in Appendix A.

State criteria for streams (p. A-5 to A-7) would most
likely relate to Stations 1 and 2 on Figure A-1 {(p. A-3}, and
criteria for estuaries (p. A~7 to A~8) most likely relate to
Stations 3-5.

Since sampling was conducted prior to the revised
standards (1979}, not all of the parameters are directly
comparable to State criteria {(such as turbidity and dissoclved
oxygen). However, the following general statements can be
made about Stations 1 and 2:

Temperature: Recorded temperature at Station 1 and

2 varied by up to 39C from one another, indicating that
they probably vary by more than 1°9C from ambient
conditions.

Conductivity: Both stations exceeded the maximum

conductivity standard of 300 micromhos/centimeter, by 3

to 60 times.

pH: Recorded values for pH appear to meet the

criteria for pH units.

28
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In addition, the following general statements can be made

about Stations 3, 4 and 5:

Temperature: Recorded temperaturs at Stations 3-~5

did not exhibit significant variations, thus appear to
be within State criteria.

Salinity: Recorded salinity at Stations 3 and 4 did
not vary by more than 4%. Salinity at Station 5 varied

by about 12%, as opposed to the criterion of 10%.

Existing conditions in Kiikii Stream are influenced

by tidal conditions ‘and thermal discharge from the Waialua
Sugar Company Mill.  Heated condenser cooling waters aré'

discharged into Kiikii Stream at a point approximately -

2,000 feet from its mouth, at a rate of 14 million gallons
per day (mgd). In a report prepared for the Waialua Sugar

Company, the discharge was determined to affect temperature,

salinity and dissolved oxygen content.* The data collected

at in 1976 at ebb tide and flood tide reflect the changes
resulting from the heated discharge and tidal change;_
Data from 1972 is also presented in Appendix A.

X. EXISTING STREAM IMPROVEMENTS

The existing stream improvements were done in 1938

and 1974.  Improvement measures included stream realign-

*Draft Environmental Impact Statement on the Cooling
Water Discharges din Kiikii Stream prepared by Sunn, Low,

Tom & Hara, lnc., August, 1972.



ment and widening. The improvements consisted of:
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1. Widening 4800 feet of Kiikiti étream, from Farring-
ton Highway to Waialua Beach Road, by as much as 80
feet {1967)
2. Realigning and widening:
a. 2400 feet of Poamoho Stream upstream of the
Kiikii confluence (1938}
b. 2200 feet of Kaukonahua Stream above Poamoho
Stream confluence (1938)
3.  Levees along the east bank of Kaukonahua Stream
above Farrington Highwaywand on the west bank belbw the

highway (1938)

The flooding which occurred even after these improve-

ments were made strengthens the need for additional stream

i

improvements to contain flood flows.

e

A

EXISTING FACILITIES AND SERVICES

A. Access

Present access to the project area is from
?arrington Highway énd Kamehameha Highway. Future
access will continue from these two highways with..
Farrington Highway being used by Mokuleia and Schofield
bound traffic and Kamehameha Highway being used by
Wahiawa and Kahuku bound traffic. The Department of
Transportation is planning to construct an additional

two-lane highway from Weed Junction to Haleiwa Beach



s g
i
¢
§
R
1
Bl

Road. The proposed highway will be constructed mauka
(south) of the existing Xamehameha Highway and will
alleviate traffic congestion in Haleiwa.

B. Water
An existing 16-inch water line parallels Kameha-
meha Highway with smaller 12-inch and 8-inch tie-ins

servicing the outlying areas of Waialua and Haleiwa.

C. Wastewater

Cesspools and private treatment plants are used
for wastewater disposal. A municipal wastewater
treatment plant is proposed for this area. Planning
for the Waialua wastewater treatment plant is sche«
duled for the 1980's. A separate sewer system will
be built to serve Haleiwa.

D. Power

Power to the project area is supplied by Hawaiian
Electric Company through existing overhead lines. The
distribution wvoltage to the substations in the area ié
46,000 volts7"which is then reduced to 11,500 volts for
general distribution.

E. Communications

Hawaiian Telephone Company provides service to the
Waialua-Haleiwa area through the Waialua Central Office.
The following data has been compiled for this office:
Total stations (business and residential): 4,310
Main stations (business and residential}: 2,991

Total office capacity: 5,200 lines

2-31
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F. Parks and Recreational Facilities

The Waialua Recreation Center is the major recrea-
tional facility in this area. Haleiwa Beach Park,
Haleiwa Small Boat Harbor, and the outlying beach
areas also serve the recreational needs of the commu-
nity. In addition, a State park has been developed
at Kaiaka Point. w

The vicinity of the project site is used for
fishing and crabbing by 1ocai/fishermen, Boating
in the stream is.rare, except for crab fishing.
Swimmimg is viriuali§ non;existent, Turbidity, muddy.
bottom énd heavy organic debris'gn.the bottem no
doubt'contributé té this, as well as.the accessibility
of nearby swimmiming beaches.

G. Educational Facilities

'Waialﬁa High and Intermediate School is the
primary educational facility in the Waialua-Haleiwa
area. Feeder sghools include Waialua Elementar?
School and Haleiwa Elementary Sch@ol. Current enroll-

ment at Waialua High and Intermediate stands at 1,072

students.

E. Police Protection

The Honolulu Police Department divides the City
and County into four districts. Each district is
then subdivided into individual beats. The Waialua-
Haleiwa area is included in District II, encompassing

2~32
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the area from Waialua to Sunset Beach. There are
four beats in District II, with one beat in Waialua.
Response -time to the project. area would vary accord-

ing to the location and availability of the officer.

I. FPire Protection

The nearest fire station td the project area
is located at 66~420 Haleiwa Road. There are three
shifts with five men on duty per shift. The station's
equipment includes a 71,250 gallon triple combination
pumper and a rescue boat. An ambulance is also
on duty from 7:00 a.m. to 3:00 p.m., except Mondays
and Tuesdays. Approximate response time to the
project site is two to three minutes, depending on
traffic and weather conditions.

ARCHAEQOLOGICAL~HISTORICAL SIGNIFICANCE

Accordiﬁg to information obtained through maps from the

Department of Land and Natural Resources, Historic Sites

Division, there are no sites of archaeological or historical

significance located in the project area. If any artifacts

are discovered during construction, the State Preservation

Officer will be notified.
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SECTIOR 3

POTENTIAL ENVIROHNMENTAL IMPACTS THAT MAY BE CGENERATED

BY THE PROPOSED ACTION AND MITIGATIVE MEASURES TO

MINIMIZE ADVERSE IMPACTS

AIR QUALITY

A, Short—-term Impacts

hmbient air guality may be affected by dust and
emigsions generated during construction, which is
anticipated to last 12 months,. Dust will be raised
during c¢learing and grubbing, and trenching and back-
filling activities for the duration of the construction
phase of the proposed project. Emissions from internal
combustion engines will also be generated.

Dust and emissions are not anticipated to cause
problems. The prevailing tradewinds will disperse
and dilute any emission concentrations and the con-
tractor will be responsible for maintaining all con-
struction equipment to minimize such emissions.
Water wagons and/or temporary sprinkler syvstems will be
used to control dust levels. Roadways near construc-
tion sites will be periodically sprinkled to control
vehicular dust generation.

A1l construction activities will be conducted
50 as to minimize dust generation, and will be in
compliance with the Air Pollution Contrcl Regulations

of the Department of Health. A1l applicable County



ordinances relating to excavation, grading and site
preparation will be followead.

B. Long—~term Impacts

No long-term impacts on air guality are anticipated.

IT. NOISE

A, Short—-term Impacts

Noise will be generated by construction vehicles

and equipment. Standard construction equipment will be

used and noisgse will generally occur in the ranges
presented in Table 3-1. Noise may present a temporary
nuisance to residents living near construction areas.

%

The contractor will ensure that all eguipment 1is

R,

operational and eguipped with mufflers. Construction

activities will generally be limited to the hours

j7g
L
B

of 7:00 a.m. to 3:306 p.m., five days a week to miti-

gate construction noise, Public Health Regqulations,

Chapter 44~A {(Vehicular Noise Control for Oahu) and

g

Chapter 44-B (Community Noise Control for Oahu) will

be observed,

e

B. Long—~term Impacts

No long-~term impacts are anticipated.

ITI. EROSION

A. Short—-term Impacts

During construction activities, limited erosion

due to clearing and grubbing may ocgur along the

3-2
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TABLE 3-1

CONSTRUCTION EQUIPMENT NOISE RANGES

60

NOISE LEVEL (dbA} AT 50 FT
70 80 50 100 110

EARTH MOVING

COMPACTERS (ROLLERS)
FRONT LOADERS
BACKHOES

TRACTORS

SCRAPERS, GRADERS
PAVERS

TRUCKS

H

o]

I
i

e .

—
Aimberere

o

MATERIALS

HANDLING

CONCRETE MIXERS

CONCRETE PUMPS
CRANES (MOVABLE)
CRANES (DERRICK)

—
-

H

-

XL

EQUIPMENT POWERED BY INTERNAL COMBUSTION ENGINES

STATIONARY

PUMPS
GENERATORS
COMPRESSORS

TMPACT
EQUIPMENT -

PNEUMATIC WRENCHES
JACK HAMMERS AND ROCK DRILLS
PILE DRIVERS (PEAKS)

_i
____}
i
l.______A

OTHER

VIBRATOR

SAWS

rm—
o

P

Note: Based on Limited Available Data Samples

Source:

Noise From Construction Equipment and Operations

Building Equipment, and Home Appliances, EPA, 1971
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stream banks. However, debris from construction
activities will be prevented from entering the stream
and silt curtains will be used to prevent excessive
spreading of highly turbid water. All cleared areas
will be replanted as construction is completed.

B. Long~term Impacts

The stream bank protection from the proposed
project will help to minimize erosion along the banks.

WATER QUALITY

A. Short-term Impacts

Turbidity in the streams will be increased tem-
porarily during construction activities occurring
within and arcund the streams. The conéractor‘ will
be reguired to provide berms and silting basins to
minimize the effect of surface runoff from construction
sites along the stream banks. Construction occurring
within the stream will produce turbidity that will
be temporary and unavoidable.

B. Long—-term Impacts

The completion of the project will not reduce
flood flows over cane fields and open areas. The
east bank will remain at the existing elevation and
continue to be inundated py the 100-yvear storm dis-
charge. However, stream bank ercsion will be minimized
in the project area. Since the project area is located

on the level area of the drainage basin, the flow

34
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velocity will not increase significantly as a result
of the propcsed improvements. A natural rock slope
protection and an earth bottom will be usgsed in order
to conform to the natural cross-—section as much as
possible. While erosion will be reduced, it is not
expected to result in a significant reduction in
turbidity in the downstream portion of the stream
or in Kaiaka Bay. Erosion on the east bank is an-
ticipated tc remain the same.

TRAFFIC

A. Short-term Impacts

Heavy construction vehicles and equipment will
cause temporary congestion along the major highways,
and rerouting of traffic may occur where construction
occurs near highways, This disruption will be reduced
by the use of signal men to direct traffic flow,
and traffic cones and signs to alert motorists of

construction activities.

B. Long-term Impacts

No long-term impacts are anticipated.

FAUNA

A, Short—-term Impacts

Clearing and grading activities will remove
existing vegetation which provides a habitat for
mice, rats, exotic (introduced}) birds and mongoose.
Wildlife which will be impacted are not endangered

species and are found throughout the flood plain.

3-5
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Stream flow will not be cut off and debris from con-
struction activities will be prevented from entering
the stream. The increase 1in turbidity from construc-
tion will be temporary. Silt curtains will be used
to prevent excessive spreading of highly turbid
water. Since the aguatic species have survived the
periodic floods and more fregquent times of high rain-
fall, the increase in turbidity is not anticipated
to be a problem. The species found here are very
hardy and repopulation of the improved areas is an-
ticipated to occur rapidly.

B. Long-term Impacts

The proposed stream improvements will minimize
stream bed erosion which directly affects water quality
in streams. The decrease in erosion is anticipated
to have a beneficial, though minor, effect on the
coastal aguatic ecosystems. 2 decrease in turbidity
may increase light penetration which affects primary
photosynthetic productivity. A decrease in sediments
may also benefit the benthic habitat and reduce the
smothering of sessgile forms such as algae and corals.

Kiikii Stream heosts groups of endemic macrofauna
that periodically migrate across the freshwater-marine
interface. These diadromous organisms live and spawn
in the streams but reguire a marine enviromment during
their larval and post larval stages. The survival

of these organisms, which include the o'opu, opae,

3-6
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awa, and aholehole depend on the guality of water in
stream courses and estuaries. Any decrease in turbid-
ity from flood flows will have a positive effect on the
marine and freshwater organisms in the project area.

Conversely, an increase in temperature, pH,
dis solved oxygen or conductivity and a decrease in
shelter will have a negative effect on the stream
habitat.

Preliminary results by Timbol and Maciolel”
showed that an average increase of approximately 4°C
could be attributed to the warming effect of a revet-
ment and 2°C for a cleared/realigned channel. This
is due primarily to the removal of riparian (steamside)
vegetation during construction of such alterations.
Devegetation eliminates overhead cover and results
in excessive radiant heat transfer, which leads to
wider ranges in temperature (very high in the after-
noons and very low in the early mornings). These
fluctations, in turn, have a negative impact on
fish habitat in the streams.

This should not have a significant effect upon

lower EKaukonahua/Kiikii Stream, which is at least

* Timbol, A.8. and J.A. Maciolek. 1978. Stream Channel
Modification in Hawaii, Part A: Statewide Inventory
of Baweaiian Streams Including Survey of Habitat Factors

and Assoclated Biota. FWS/0ORS-78/16. USFWS National

Stream Alteration Team, Columbia, Missouri,

3-7
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100 feet wide, because very little of the riparian
vegetation presently provides much overhead cover.
While Poamoho Stream 1is narrower and has more overhead
cover, only its mouth will be realigned and a sign-
ificant change in temperature 1is not anticipated to
result from this action.

An increase in pH, dissolved oxygen and conduc-
tivity is clearly related to the presence of channelized
stream sections, however, a more precise statement
of the relationship is not possible at the present
time.* Loss of shelter, due to the elimination of
natural stream bottoms, also degrades the stream
habitat, expecially for native species. Howeaver,
this will not present a problem as the proposed
project will be designed to retain the natural stream
bottoms. In addition, grouted rip-rap will be used,
with the grouting récessed. This will increase surface

irreqularities, which aid in the artificial substrate's

ability to support benthic life.

VII. FLORA

A. Short—~term Impactsg

Vegetation will be removed along stream banks

where construction activities occur, Vegetation

Bathaway, Charles B,, Jr. 1978, Stream Channel Modi-
fication in Hawaii, Part C: Tolerance of Native Stream

Specie