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SUMMARY

Proposing Agency: City and County of Honolulu

Proposed Project:

Department of Public Works

U1i1i and Elepaio Streets Drainage Improvements

1. PROPOSED ACTICN

A.

e A R g U8 8

U1i11 Street Relief Drain

A portion of the fiow that is collected by the Ulili Street
drainage system will be diverted to the Hunakai Avenue
drainage system via a new 24-inch relief drainline. The
relief line will run a distance of about 600 feet along Aukai
Street between U1i1i and Hunakai Streets. The new drainline
will not be designed to handle the instantaneous peak flows
From the UTili drainage area; however, it will help to reduce
the amount of time it takes to drain nuisance ponding.
Elepaio Street Drainage Improvements

The proposed improvements to this drainline will be confined
to the 10-foot wide easement from Kahala Avenue to the shore,
a distance of approximately 300 feet.

The ocean outfall will be abandoned and the existing shoreline
manhole will be modified to discharge storm runoff more
efficiently at the shoreline. The outlet structure will
include two stairways with vailings to afford pedestrian
access to the shoreline and water. A portion of the existing
a2-inch drainline within the beach access easement will be
replaced to tie into the outlet structure.

In addition, a new overflow drainage channel will be
constructed within the easement over the 42-inch drainline and
will serve two functions. The channel will convey storm
runoff from Kahala Avenue which cannot be accommodated by the
42-inch drainline to the ocean and also serve as a pedestrian
walkway to the beach.
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II.

III.

DESCRIPTION OF ENVIRONMENT

A.

Location

The project site is located in the Waialae-Kahala area of the
Honolulu District, Oahu, Hawaii and includes a portion of
Aukai Avenue and a 10 ft. wide access easement to the beach,
which begins at Kahala Avenue in the vicinity of the Elepaio
Street intersection and extends to Kahala Beach.

Existing Use

Aukai Avenue is a secondary street that provides access to
residential areas. The Elepaio Street easement currently
serves two primary functions. It provides public pedestrian
access to Kahala Beach and accommodates the existing Elepaio
drain system.

RELATIONSHIP TO PUBLIC LAND POLICIES AND CONTROLS

A.

Land Use Controls

1, State Land Use - Submerged shoreline areas fall within
the State Conservation District. Other onshore areas
fall within the State Urban District.

2. City and County of Honolulu - The project sites are
situated within the Special Management Area and the

Diamond Head Historic, Cultural and Scenic District, and
County zoning for the sites are R-3 and R-4 residential.

Required Clearances

1. Federal

0 United States Department of the Army, Section 10
General Permit {Corps of Engineers)

2. State

0 Conservation District Use Permit (Department of Land
and Natural Resources)

0 Permit for Work in Shore Waters (Department of
Transportation)

3. County

0 Special Management Area (SMA) Permit (Department of
Land UtiTization)




0 Shoreline Setback Variance (Department of Land
Utilization)

0 Diamond Head Historic, Cultural and Scenic District
(Department of Land Utilization) .

IV. ENVIRONMENTAL IMPACTS
A. Beneficial Long Term Impacts

0 Elepaio storm runoff will be conveyed more efficiently to
the ocean.

0 Potential health and traffic hazards posed by standing
drain water will be reduced.

0 The flood period for the area serviced by-Ulili Street
drain will be reduced.

0 No offshore construction will be required.
B. Unavoidable Adverse Long Term Impacts

] Drainage problems of the U1i1i Street drain system will
be reduced but not eliminated totally.

0 Storm runoff will continue to be discharged at the
shoreline for the Elepaio Street drain system, but the
potential for beach erosion and undermining of adjacent
seawalls caused by the drainage discharge will not be
increased.

] During construction there may be impacts to air and water
quality, traffic, safety, ambient noise levels,
recreational activities and marine biota.

V. ALTERNATIVES TO THE PROPOSED ACTION
A. No Action

The no action alternative is considered to be unacceptable due
to the potential hazards of the existing conditions.

B. Improve Present Systems

Two or three improvement alternatives were examined for each
of the drainage systems, including combining systems. In ali
of these alternatives, most of the existing Tines would have
to be replaced and extensive improvements would be required
throughout each system.
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C. Alternative Disposal Systems

Injection wells and flood retention reservoirs were examined
as alternatives to the present ocean outfall system.

Injection wells could be located beneath the road system, to
dispose of drainage fiows. The reservoir alternative would
utilize a single large flood control pond o collect and store
drainage flows. The stored water could then be slowly and
sgfely discharged through a single ocean outfall over a period
of time. '

vi. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

Impact to the 1imited environmental resources which will be
affected is minimal and of a temporary nature. Proposed
improvements could be removed at some future point in time, and the
project sites restored to conditions present today.

Labor and capital costs expended on the proposed project would be,

for the most part, jrretrievable. Construction materi als used in
the project could be retrieved and recycled.
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1.

INTRODUCTION

A.

B.

Location

The project site is located in the Waialae-Kahala area of the
Honolulu District, Oahu, Hawaii (see Figures 1 and 2). The
project area includes a portion of Aukai Avenue and a 10 ft.
wide drainage and access easement, which begins at Kahala
Avenue in the vicinity of the Elepaio Street intersection and
extends seaward to Kahala Beach.

Land Ownership

The project sites are owned by the City & County of Honolulu
and the State of Hawaii. The Department of Public Works, City
& County of Honolulu has jurisdiction over the easement from
Kahala Avenue to the vegetation line on Kahala Beach, and
Aukai Avenue.

The portion of the easement seaward of the vegetation Tine to
the shore is within the State Conservation District and
therefore under the jurisdiction of the State Department of
Land and Natural Resources.

Existing Use

Aukai Avenue is a secondary street that provides access to a
residential area. The Elepaio Street easement currently _
serves two primary functions. It provides public pedestrian
accsss to Kahala Beach and accommodates the existing drain
system.

Existing Drainage System

The existing drainage systems in the area and their
corresponding drainage areas are shown in Figure 3. The
Elepaio Street drain was installed in 1953, It is a 42-inch
reinforced concrete pipe that runs along the easement and
extends about 400 ft. seaward onto the offshore reef. The
drainage area served by this line is approximately 53 acres.

The U1i11 Street drain is a 54-inch reinforced concrete pipe
that was installed in 1955. It extends seaward about 866 ft.
onto the offshore reef. The drainage area served by this
drainline is about 59 acres. .

The Hunakai Street drain is a 48-inch reinforced concrete pipe
that extends about 827 ft. seaward onto the offshore reef. It
was installed in 1952 and serves a drainage area of about 98
acres.
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II. PROJECT DESCRIPTION

A.

B.

Need for Proposed Project

The existing Ulili Street and Elepaio Street drain systems
were originally installed between 1952 and 1955. These drains
have since developed blockages that have rendered them
ineffective or inoperative. These blockages are a result of
sand infiltration through gaps in the pipe joints, terrestrial
sand and siltation, and wave or current driven sand at the
outlet. The blockages have caused storm runoff to back up
through the system and discharge onto the shore and adjacent
residential areas. During periods of heavy rains, flocoding
has occurred at various locations within the drainage basins.
This flooding is more of a nuisance than 1ife threatening.
Some property damage has been experienced in the past.

An offshore investigation of the drainlines, including test
drillings, was conducted in November 1980. The results of the
investigation showed that both ocean outfalls are blocked and
have ceased to function. The sediments that form the
blockages are composed of primarily ocean sand and a mixture
terrestrial sand and grit.

Clearing the sand blockage out of the existing lines will be
costly and serve only as a short-term remedy. Many of the
pipe joints in the U1i1i system have developed gaps that allow
sand to infiltrate the line. While the Elepaio system appears
to be well constructed with few gaps in the pipe joints, the
outfall seems to be poorly sited. Most of the blockage in
this line appears to be from wave driven ocean sand. It was
therefore determined that merely cleaning out the existing
lines would not adequately address the problem and should not
be considered as an alternative.

Proposed Improvements

"1. U141 Street Relief Drain

/

A portion of the flow that is collected by the Uliti
Street drainage system will be diverted to the Hunakai
Street drain system via a new 24-inch drainline. As
shown in Figure 4, the relief line will run a distance of
about 600 feet along Aukai Avenue between UTili and
Hunakai Streets. Presently, the U1i1i system is
completely blocked, causing localized flooding of the
surrounding residential area. The new 24-inch drainline
will convey a portion of the floodwaters to the existing
. Hunakai Street system. The new drainline will not be
designed to handle the instantaneous peak flows from the
U191 drainage area, however, it will help to reduce the
time required for the floodwaters to drain. A flap gate

II-1
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will be installed along the new drainline that will
prevent flood flows, collected by the U1il1i Street
drainage system, from entering the Hunakai Street
drainage system until they can be safety conveyed to the
ocean outiet.

The cost for the Ulili Steet relief drain improvement is
approximately $69,000, and will take about two months to
complete.

Elepaio Street Drainage Improvements

The proposed improvements will be confined to the 10-ft.
wide easement located between Kahala Avenue and the
shore, a distance of approximately 300 feet (See Figure
5), The existing ocean outlet is completely blocked with
sand and sediments, causing storm flows to discharge from
a manhole situated on the shoreline.

The offshore section of the drainline extending seaward
from the the manhole at the shoreline, to the ocean
outlet, will be abandoned. The shoreline manhole which
presently functions as an outlet will be modified. The
outlet structure will include two stairways with railings
to provide pedestrian access along the shoreline and
water. A portion of the existing 42-inch drainline
within the easement will be replaced to tie into the new
outlet structure. _

In addition, a new surface overflow drainage channel will
be constructed within the easement over the 42-inch
drainline. The new channel will serve two functions.
First, it will convey storm runoff from Kahala Avenue
which cannot be accommodated by the 42-inch drainline, to
the ocean. Secondly, it will serve as a pedestrian
access to the beach.

The cost for the Elepaio Street drainage improvements is
approximately $159,000, and will take about four months
to complete.

Selection Rationale

The selection of the proposed improvements over the other
alternatives (see section on alternatives) was based on the
cost effectiveness of each alternative and the magnitude of
any adverse environmental impacts.
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RELATIONSHIP TO PUBLIC LAND POLICIES AND CONTROLS

A.

B.

Land Use Controls

1.

2.

4.

State Land Use District - The land areas are within the
Urban District. Submerged areas fall within the
Conservation District.

Special Management Area - The proposed Elepaio Street
drainage improvements are situated within the County
Special Management Area (Figure 6).

Diamond Head Historic, Cultural and Scenic District - The
proposed Elepaio Street drainage improvements are within
the City and County Diamond Head District.

Zoning - The City and County zoning designation for the
planning area is single family residential R-3 and R-4
(Figure 7).

Clearances and Permits Required

1.

2.

U1i1i Street Relief Drain
None
Elepaio Street Drainage Improvements

a. Federal

o United States Department of the Army, Section
10 General Permit (Corps of Engineers)

h, State

0 Conservation District Use permit (Department of
Land and Natural Resources)

0 Federal Consistency Certification - CIM Act of
1972 (Department of Planning and Economic
Development)

0 permit for Work in the Shore Waters of the
state of Hawaii (Department of
Transportation). Usually this permit is
handled through the combined permit processing
under the CDU permit.

c. City and County
0 Special Management Area (SMA) Permit
(Department of Land Utilization)

I11-1
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Shoreline Setback Variance (Department of Land
Utilization)

Diamond Head Historic, Cultural and Scenic
District (Department of Land Utilization)
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EXISTING ENVIRONMENT

A.

3.

Regional

1.

2.

Climate

The climate of the State of Hawaiil js characterized by
two identifiable seasons: summer and winter. The summer
season is about 5 months long and the winter season is
about 7 months long. Temperatures are mild and uniform
throughout the year, with prevailing trade winds from the
northeast. Geographic features cause significant local
differences in rainfall.

The climate in the Kahala area is fairly typical of the
overall State. Annual rainfall averages 25 to

30 inches. Average monthly temperatures recorded at the
nearest recording station, 3 miles away in Waikiki,
indicate a range from 71.99 F. to 80.69 F.

population and Housing

The project sites are within Census Tract 5 of the City &
County of Honolulu. Census Tract 5 is bounded on the
west by Elepaio and Hunakai Street, on the north by
Waialae Avenue and Kalanianaole Highway, on the east by
Wailupe Beach Park, and on the south by the ocean.
According to the State of Hawaii Data Book 1981, the
resident population of Census Tract S5 was 4, people in
1980. This represents a 10.3% decrease in population
from the 1970 census count of 5,253. The overall State
population increased 26.3% over the same period.

tn 1979 there were 1,862 households identified in Census
Tract 5. The median household income was $26,600 for
this area while the median household income for Qahu was
$14,1391, The statistics showed that Kahala had the
highest median household income in the State.

Access and Recreation

Recreational facilities within the immediate project area
are shown by Table 1.

Ithe State of Hawaii Data Book 1980, Department of Planning and
Economic Development, Honolulu 1980. Income figures were for 1974,
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Waialae Country Club 144.9

Facility

Kahala Field

Hunakai Park

Fort Ruger Park

Waialae Beach Park

B.

Site

TABLE 1
RECREATIONAL FACILITIES

Acreage Use Distanﬁe from Project
Golf (Private) 2/3 mile
8.8 Playfields 1/2 mile
4.2 Passive 1/5 mile
3.2 Passive 1/3 mile
4.4 Passive/Swimming 1/2 mile

Kahala Beach is not included in the table because it is
not an improved park. However, there are a significant
number of people, both from within and outside of the
Kahala area, that utilize the beach for sunbathing,
swimming, fishing and jogging. Suitable swimming areas
that exist along Kahala Beach are protected by an
offshore fringing reef. The beach area is narrow and
sandy between Waialae Beach Park and an area just before
the U1i1i Street drain easement. Coral and rocks
predominate along the shoreline west of the drain
easement, up until glack Point. This section is less
suitable for recreation.

Soils

The Soil Conservation Service survey indicates that the
project sites are composed of Jaucas sand with 0 to 15
percent slopes (JaC). The soil is "single grain, pale
brown to very pale brown, sandy, and more than 60 inches
deep. In many places the surface layer is dark brown as
a result of accumulation of organic matter and alluvium.
The soil is neutral to moderately alkaline. Permeability
is rapid and runoff is very slow making water erosion
hazard slight. Wind erosion hazard is severe where
vegetation is absent."

The beach areas are classified Beaches (BS) and are
composed mainly of light colored sands derived from coral
and seashells. These soils extend from the vegetation
line out into the water.

Iv-2

e bk 41 v A e b e S e S—— T

pa—_ L




"

3

[

it W I QR S

¥

=

=

]
PR—-

Jp— —__._.——-——'.——-—--—'
*

Flood Hazard

The Elepaio Street drainage jmprovements and most of the
y1ili Street Relief Drain are in an area of minimal
flooding, classified Zone ¢ under the Flood Insurance
Study (FLS) for Oahu by 2 Federal Insurance
administration. A portion of the porposed relief drain
on U1ili Street is located in the Waialae Major Drain
100-year floodplain in a shallow flooding area of one
foot average depth. This special flood hazard area is
designated Zone AO under the FiS. The 100-year f1o0d
refers to an event which has a one percent chance of
being equalled or exceeded in any given year.

Biology
a. Terrestria1

The existing easements have previous1y been
disturbed by construction. in addition, the
easements serve as public access Ways from Kahala
Avenue to Kahala Beach and are heavily frafficked,
especially on weekends. It is unlikely that
endangered terrestrial plant or animal species exist

within the easements.
b. Marine

A marine biological reconnaissance survey (see
Appendix A) was conducted on September 21, 1980 by
or. Ralph L. BOWers Ph.D. of Sea Engineering
Services, Inc. Observations were made along the
outfall drainlines from the near-shore areas to the
outlets and the reef ridge. The survey revealed noO
endangered marine plant or animal species in the
project ared. Marine life in the vicnity of the
drainlines was, in fact, found to be poor 1y
developed. Wave surge forces coupled with the
eriodic transport of sand onto the reef has created

a relatively flat reef having a lack of habitat.
H{storica]/Archaeologica1

The proposed project does mnot effect any nistoric sites
1isted on the Hawaii Register oO° the National Register of
Historic Places, or eligible for jnclusion on the
National Register of Historic Places. However, because
no archaelogical surveys have been conducted in the
yicinity, nistorical, cultural, architectural, and/or

archaeo]ogica] resources may exist in the project ared.
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It is unlikely that any historic/orarchaeclogic sites
will be impacted by the project. The Kahala area has
developed over the years into a well established
residential neighborhood. Furthermore, the project
involves an existing system where previous excavation has
already disturbed the project site. Should any
previously unidentified sites or remains (such as
artifacts, shell, bone, or charcoal deposits; human

burials; rock or coral alignments, pavings, or wails) be
encountered, the State Historic Preservation Office will:

be notified immediately at 548-7480 and construction
activities will be halted.

Surrounding Land Use

Single family residential units surround the project
sites. The Kahala area is a desirable residential area
with high-priced houses and lots.

The beach area is used for recreational activities such
as sunbathing, swimming, fishing and jogging. The

of fshore areas are used by fishermen, divers, and
occasionally by boaters.

V-4




Y vy} T3 i

Potential Impacts.

i

.

-

!
Lo b ks i

W
|




P

3
-~

=

..
—

[

FIRPT S D SR

POTENTIAL IMPACTS

The potential impacts of the project are addressed in two sections;
the short-term, construction related, impacts and the long-term

impacts. '
A.  Short-Term (Construction Related)

During the construction of the various phases of the project,
temporary impacts may occur to air quality, water quality,
traffic, safety, ambient noise Jevels, recreational activities
and marine biota. Construction of the U1i1i System will take
an estimated 2 months and the Elepaio system will take about 4
months. The impacts are discussed below.

1. Air Quality

Fugitive dust produced during clearing, excavation, and
grading of the project site, and exhausts from
construction machinery may be placed in the atmosphere.
Typical late afternoon and evening offshore breezes
should remove airborne pollutants from populated areas.

Additionally, precautions such as watering down exposed
grounds under construction to minimize dust will be
implemented if site conditions warrant such action.

2. Water Quality

Strict compiiance with City and County grading, erosion,
and sediment control ordinances will be followed to
minimize the potential of adverse effects to coastal
waters. It is recommended that construction activity
take place during periods of low rainfall (March through
October).

In the event the City and County funding schedule cannot
accommodate the recommended construction schedule, other
mitigative measures can be implemented to minimize
erosion and sediment transport. These measures include
the proper sequencing of work, limiting the length of
open trenches, and the utilization of special features
such as check dams.

Erosion caused from surface runoff after clearing and
grading is expected to be minimal. The land area under
construction will not be significant.

Construction activity occurring in the water will produce
some increased turbidity. In the event that turbidity
becomes a significantly adverse problem, silt screens or
coffer dams will be used to reduce levels of suspended
sediment.

V-1
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4.

Traffic and Access

Impacts to traffic and access will occur during
construction. Once construction is completed, traffic
will return to normal.

The arrival and departure of the construction work force
will add to the normal traffic load during morning and
afternoon peak hours. Also, some additional traffic can
be expected throughout the working day as a result of the
need to transport machinery and materials.

During construction, the public will not be allowed to
use the Elepaio easement to gain access to the beach.
Other access easements exist within 100 to 200 yards on
either side of the Elepaio easement, which could be used
for beach access.

Traffic along Aukai Avenue will be affected during
construction. Half of the roadway width may be
temporarily closed to traffic during working hours.
Street parking would not be permitted so that traffic can
be accommodated on the unaffected half of Aukai Avenue.

Access to private residences along Aukai Avenue will be
jmpacted during construction. After working hours
trenches will be covered to permit access to these
residences.

Safety

Construction sites typically pose various safety hazards
to the public, particularly during unattended periods
when work is not occurring (i.e., evenings, weekends, and
holidays).

The contractor will adhere to all safety requirements
imposed and is expected to take additional precautions as
required to minimize possible hazards. Trenches along
Aukai Avenue will be covered during non-working hours.
The Elepaioc easement will be closed to public access
throughout the construction period.

Noise
General sitework, operation of construction machinery,

and truck traffic will affect ambient noise levels.
Typical noise Tevels are indicated by Table 2.
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TABLE 2

]

CONSTRUCTION EQUIPMENT NOISE RANGES

R
- Equipment Noise Level (dbA) at 50 Ft.
j} COMPACTERS (ROLLERS) 72-74
;1 FRONT LOADERS 72-85
A BACKHOES 72-94
= TRACTORS 77-96
SCRAPERS, GRADES 80-93
B PAVERS 87-89
= TRUCKS 83-94
-~ Z] CONCRETE MIXERS 75-88
al CONCRETE PUMPS 81-93
- CRANES (MOVABLE) 75-87
-'_EE CRANES (DERRICK) 87-89
1 PUMPS 69-71
M GENERATORS 71-82
. L2
. COMPRESSORS 74-87
n PNEUMATIC WRENCHES 83-89
- JACK HAMMERS AND ROCK DRILLS 81-98
- PILE DRIVERS (PEAKS) 95-106
l:% 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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Construction activity will be limited to normal working
hours during weekdays. The Contractor will be required
to adhere to all applicable regulations concerning noise
levels. A community noise control permit will be
obtained from the State Department of Health prior to
commencement of work.

6. Recreation Access

Access to Kahala Beach, near the Elepaio easement, will
be inconvenienced during the construction period.
Alternate means of access are available, using other
nearby access easements, and will be indicated by signs,
notices, etc. prior to and during construction.

Street parking will be affected during construction.
Again, beach-goers may be inconvenienced.

7. Marine Biota

During construction of the proposed shoreline outlet, an
increase in the level of suspended sediment is expected
within the jmmediate vicinity of the shoreline
construction area. If turbidity becomes significantly
adverse, certain construction methods can be implemented
to mitigate the problem. These methods include the use
of silt screens and coffer dams.

Long=Term

The long-term impacts are those changes to the environment
"which would persist or occur after construction is completed.
Potential long-term impacts are discussed below.

1. Water Quality

The proposed improvements will continue to discharge
stormwater into the ocean. The existing drainlines
utilize ocean outfalls, however the Elepaio system
presently discharges storm waters at the shore.
Therefore, discharge of storm waters into the ocean from
the shore is not a new, but rather, a continuing impact.

The proposed Elepaio Street drainage improvements will
discharge storm waters at the shoreline through a
modified outlet structure. Presently, storm waters
discharge from the manhole at the shoreline. The new
outlet system is not expected to increase impacts to the
shoreline area or offshore environment.
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Biological

No endangered species of plants or animals have been
jdentified, or are known to exist in the area. A marine
biological survey revealed marine 1life in the area to be
sparse and consist of common species (Appendix A). The
continued discharge of fresh water from the Elepaio ocean
outfall is not expected to have any significant impact to
the offshore reef environment. Storm waters discharged
at the Elepaio drain outlet will be similar in volume and
quality to the existing condition.

The U1i1i Street relief drain improvements involve
combining drainage areas and increasing the total
discharge at the existing Hunakai outfall. The increased
concentration of fresh water at the Hunakai outlet should
not have significant impacts to the reef ecosystem since
marine 1ife is sparse in the area.

Visual/Scenic

The proposed improvements will not have significant
adverse impacts tao scenic views or vistas since most of
the improvements will be underground. The only features
that will be visible are the tops of the manholes, and
the outlet structure and overflow channel for the Elepaio
drain improvements.

Recreation

The proposed shore outlet at the end of the Elepaio
Street easement will change the use of the beach area.
Presently, a manhole structure obstructs the narrow
beach. The proposed new outlet structure includes steps
and railings to provide safe pedestrian access over the
outlet. Shoreline accessibility will not be
significantly affected.

Safety

Drainage improvements will enhance the safety and welfare
of affected homeowners. The new drain outlet for the
Elepaio system will improve the hazardous conditions of
the existing manhole structure.

Littoral Transport
No new structures will be constructed, which would affect

1ittoral transport. The Elepaio outlet can be regarded
as similar to the existing manhole structure.
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Existing Drainage System

The U1ili Street relief drain will not compound existing
flooding problems aleng Hunakai Street. A flap gate will
be installed along the new drainline that will prevent
Flood flows, collected by the Ulili Street drainage
system, from entering the Hunakai Street drainage system
until they can be safety conveyed to the ocean outiet.
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Alternatives to
the Proposed Project
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VI.

ALTERNATIVES TO THE PROPOSED PROJECT

A.

B.

No Action Alternative

The no action alternative is considered to be unacceptable
because nuisance flooding conditions will continue to persist
in residential areas. The existing drainage system is
undersized and not functioning properly, causing localized
ponding to occur after a storm.

U1il1i Street Drainline

Two alternative solutions to improve flooding problems
associated with the U1i1i Street Drainline were examined in
addition to the selected alternative.

1. UTi1i St. Alternative I:

A new 72-inch line would replace the existing 54-inch
relief drainline from Kolohala Street to the shore (see
Figure 8). The existing 54-inch ocean outfall would be
abandoned in place and three new 48-inch drainlines would
be realigned to minimize the impact of surf action on the
ocean outfall. A channel or depression would be
excavated to a depth of 5 feet below the outlet culvert.

A "manifold" system at the shore including a modified .
storm drain manhole with silt trap, slide gates, and

security housing would be constructed to flush sediments

out of the new ocean outfall during periods of low flow.

This alternative was not selected, due to the following
reasons:

0 difficult operation and maintenance of the siide
gates and silt traps

0 ocean outlet may encounter the existing problem of
sand intrusion and blockage

0 Construction cost - $1,145,000.
2. Uli1i St. Alternative II:

A 72-inch 1ine would replace the existing 54-inch relief
drainline from Kolohala Street to Kahala Avenue. A
78-inch interceptor drainline would be constructed along
Kahala Avenue between Elepaio Street and Ulili Street to
divert 142 cfs from the Elepaio Street drainage system.
A 7' x 8' box drain would be constructed to carry both
UTi1i and Elepaio flows from Kahala Avenue to the shore.

VI-1




——
[ -

Y

RECEIVED AS FOLLOWS

W?;*—w.mwmﬂﬁ-- Lo

L T T

.._':I‘ 3y

T

':
gRNI\TWE\v,.‘ b ;
rﬁ

!‘Af’!‘ RHATIVE EEN

L. - 'l X e }
!_a-:; m s‘-'ms.n:T DRA muus ,

L"F" )‘I

»
L]
=

"%&mhxme‘" B DRAlﬂL-mé"-

.

\v'-“

P a
Ctry ¢
ELEPAIO STREET
CUTFALL
PROPOSED STORM DRI
m @ MANHOLES

Exlsﬂne STORM DR/

@ T KEY DESIGNATION FQ
T _ALTERNATIVES { SEE




g Ea ST T A ok R T

| RECEIVED AS FOLLOWS

— . .
N R
X » ol d
AN Q" .51 o '
B 7 — -:’-— ‘
: ' / wheh \C
AINLINE / - T<O ) \
R | .m - ’ \ : .
L_HUNAKA' STREET OUTF‘ALL—’\L FOr Elepalo and U"“ Streets
' ULILI STREET OUTFALL ' Drainage improvements
FIGURE 8

UNLINE

R DRAINLINE f" = _ | ‘ DRAINAGE  IMPROVEMENTS
3 T " DRAINLINE ALTERNATIVES

ABOVE LEFT)Y 7 . .~ 7 em
f..”i.:'?_{‘:?}‘.‘._ -

a0




' . -

"

‘._,.f\'

PR R AT

LT eE T

. RECEIVED AS FOLLOWS

B

P S
L—Et.spmo STREET. ‘ )
‘OUTFALL . ‘. _ _,l

‘e _ C ‘ : A

- ) PR | . ) _./' i-"‘

h. 7 E / ' ) ’ 1/‘ .'-_ :'I-’
' HUNAKAI STREET, -QUT.

ULILL STREET OUTFAL

* ~
. )
IR . ,

e P
- P K
f . . L
;
o
. 4
e
.~
-
. “




— .——,-;_,3;‘_.-:«.;&—.9—-— e AT T

“ RECEIVED AS FOLLOWS

CONSTRUCTED/AY "EAly
TREEL

-
>
“

/ HUNAKA! STREET 9"*—"_‘“‘-"—.’*;;“ . For Elepaio and Ulili Streets
ULILI STREET OUTFALL - s Drainage iImprovements
. Y P ” FIGURE 9
ek | INJECTION WELL AND f
RESERVOIR ALTERNATIVES

4




[ .

3 A e, S AT A% T

EET e Y

vy

(.

)

= §f= §= €= &% €= IZF @3 3

The existing 54-inch ocean outfall would be abandoned and
three 66-inch drainlines would be constructed along a new
alignment to minimize the effect of excessive surf action
on the pipes.

A similar "manifold® system and excavated ocean outlet as
in U111 St. Alternative I, would also be constructed,

The major advantage to this alternative is the reduced
number of outfalls to be maintained by eliminating the
Elepaio Street ocean outfall.

This alternative was not selected, due to the following
reasons:

o impact upon existing utilities and traffic flow
along Kahala Avenue during construction .

] probable requirement of a construction easement for
the 7' x 8' box drain

0 malfunction of the Ulili Street outfall would affect
both Elepaio and UTili systems

0 highest construction cost - $2,475,000.
C. Elepaio Street Drainline

Two alternatives were investigated to improve the Elepaio
Street Drainline, in addition to the selected alternative.

1. Elepaio St. Alternative I:

Two new 42-inch lines would replace the existing 42-inch
relief drainline from Kahala Avenue to the shore.

A "manifold" system including a modified storm drain
manhole at the Kahala intersection with silt trap and
slide gates would be constructed to flush sediments and
sand out of the pipe during periods of low flow. A
drainage outlet would be constructed at the shoreline,
which would include a concrete headwall, stairway with
corrosion-resistant railing, and retaining walls to tie
into the existing rock walls. The existing 42-inch ocean
outfall, which is exposed, would be removed.

Drainage flows presently discharge from an opening in the
manhole onto the rocky shore area. Surrounding
properties have revetments and seawalls along the ocean
frontage.
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This alternative was not selected, due to the following
reasons:

0 difficult operation and maintenance of the slide
gates and silt traps

0 construction cost - $384,000.00.
Elepaio St. Alternative II:

A 60-inch Tine would replace the existing 42-inch relief
drainline from Kahala Avenue to the shore. Two 48-inch
drainlines would replace the existing 42-inch ocean
outfall and be realigned to minimize the effects of
excessive surf action. A channel or depression would be
excavated in the reef to a depth of 5 feet below the
invert of the outlet.

A "manifold" system similar to the Elepaio St.
Alternative I including a modified storm drain manhole
with silt traps, slide gates, and housing would be
constructed at the shore to flush sediments out of the
new ocean outfall during periods of low flow. A new
modified storm drain manhole with silt trap would also be
constructed at the Kahala Avenue intersection.

This alterantive was not selected, due to the folleowing
reasons:

0 difficult operation and maintenance of the slide
gates

0 the ocean outlet may encounter the problem of sand
intrusion and blockage

0 impact to ocean during construction.

0 higher construction costs, including specialized
offshore construction - $528,000

Injection Well Alternative

[

PR

[ [

The basic concept of this alternative would be to divert the
excess storm flows from the Hunakai, Ulili and Elepaio
systems, a total of about 285 cfs, into a series of injection
wells approximately 200 ft. in depth. These excess flows are
the storm flows that are over and beyond the actual capacity
of the existing system. The wells should be located in close
proximity to the three drainage systems to reduce the cost of
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interceptor lines.

VI-3

ik Tk s e




[ R

)

L.

A central location along Kolohala Street and Aukai Avenue
between Elepaio Street and Pueo Street was evaluated in which
38 wells are spaced approximately 200, ft. apart (19 per row)
in two rows.

The Elepaio Street and Ulili Street ocean outfalls would be
abandoned, and all flows would be diverted into the Hunakai
Street Relief Drain. A1l surplus flow would discharge through
this single outfall.

This alternative was not selected, due to the foliowing
reasons:

o percolation tests would be required to verify theoretical
well capacities

] maintenance of wells required to maintain injection rates

0 high construction costs of the injection wells -
$3,541,000.

Retention Reservoir Alternative

The basic concept of this alternative would be to divert the
total excess storm flow, over and beyond what can safely be
conveyed to the ocean, into a 5-foot deep reservoir requiring
approximately 3.5 acres of land.

The reservoir would be located at the site of the existing
Kahala Storm Pump Station (which would be eTiminated), and
would include a portion of the surrounding park and
residential area. The location was chosen to minimize the
amount of occupied residential lands required and to improve
the aesthetics of the park.

The Elepaio Street and UTlili Street ocean outlets would be
abandoned and all flow would be diverted into the reservoir.
The existing Hunakai Street 48" ocean outfall would be
retained to carry low and excess flows to the ocean. A new
48-inch drainline would replace the existing 3' x 4,5' box
drain from the reservoir site to Kahala Avenue.

The Hunakai Street ocean outfall would be repaired and all
flow would be discharge through this single outfall.

This alternative was not selected, due to the following
reasons:

] possibility of the retention reservoir overflowing
0 high cost for land acquisition and construction -
$3,345,000.
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The Relationship Between
Local Short-term Uses of
Man’s Environment and the
Maintenance & Enhancement
of Long-term Productivity
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) VII. RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S ENVIRONMENT AND
- THE MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY

The short-term or construction-related impacts will be temporary
and localized. The benefits of the proposed drainage improvements
o to the affected residents outweigh the short-term inconveniences.
The proposed improvements can be viewed as repair and replacement
of an existing system.

Future options for use of the environment are not precluded as a
result of this project. No new long-term impacts will be produced.

o The health and safety of residents and beach users is enhanced by

. . this project. Nuisance ponding resulting from storms will be
drained sooner. Access along the shoreline will be facilitated by

- providing stairs and railings in conjunction with the improved
Elepaio Street drain outlet. Presently, the manhole which

- functions as an outlet on the shoreline is an obstacle to access

along the shoreline and poses a potential safety hazard.
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Any Irreversible and Irretrievable
Commitments of Resources
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VIII. ANY IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

Impact to the limited environmental resources which will be
affected is minimal and of a temporary nature. Proposed
jmprovements could be removed at some future point in time, and the
project sites restored to conditions present today.

Labor and capital costs expended on the proposed project would be,

for the most part, irretrievable. Construction materials used in
the project could be retrieved and recycled.
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IX. ORGANIZATIONS AND INDIVIDUALS CONSULTED DURING THE PREPARATION OF
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FEDERAL

Mr. Kisuk Cheung, Chief

Engineering Division

Department of the Army

u.S. Army Engineering District, Honolulu
Building 230 .

Fort Shafter, Hawaii 96858

Mr. Maurice Taylor, Field Supervisor
Department of Ecological Services
U.S. Department of the Interior
Fish and Wildlife Service

p. 0. Box 50167

Honolulu, Hawail 96850

STATE

Honorable Melvin Koizumi

Deputy Director for
Environmental Health

State Department of Health

P. 0. Box 3378

Honolulu, Hawaii 96801

Honorable Susumu Ono, Chairman
Board of Land and Natural Resources
State of Hawaii

P. 0. Box 621

Honolulu, Hawaii 96809

Honorable Hideto Kono, Director
Department of Planning

and Economic Development
State of Hawaii
P. 0. Box 2359
Honolulu, Hawaii 96804

Honorable Ryokichi Higashionna, Ph.D.
Director of Transportation
Department of Transportation

State of Hawaii

869 Punchbowl Street

Honolulu, Hawaii
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Dr. Doak Cox, Director
University of Hawaii
Environmental Center
2550 Campus Road
Honolulu, Hawaii 96822

Honorable Hideo Murakami, Comptroller
Department of Accounting and
General Services
1151 Punchbowl Street
Honolulu, Hawaid

Or. L. Stephen Lau, Director
University of Hawaii

Water Resources Research Center
Holmes Hall, Room 283

Honolulu, Hawaii

CITY AND COUNTY

Mr. Michael M. McElroy, Director
Department of Land Utilization

Mr. Robert Masuda, Director
Department of Parks and Recreation

Dr. Willard T. Chow, Chief planning Officer
Department of General Planning

Mr. Kazu Hayashida, Manager and chief Engineer
Board of Water Supply

Mr. Roy Parker, Director
Department of Transportation Services

OTHERS

Kamehameha School/Bernice Pauahi
Bishop Estate

Kawaihao Plaza, Suite 200

567 South King Street

Honolulu, Hawaii 96813

Mr. Bil1l Sewell, Chairman
Waialae/Kahala Neighborhood Board No. 3
p. 0. Box 10435

Honolulu, Hawaii 96816

Mr. Ken West
4550 Aukai Avenue
Honolulu, Hawaii 96816

Comments and responsé letters are contained in App

IX-2
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SUMMARY OF UNRESOLVED ISSUES
A. Flooding Conditions

The proposed project will not totally e
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XI.

LIST OF NECESSARY APPROVALS

A.

Department of the Army, Section 10 General Permit - U.S. Army
Corps of Engineers

Conservation District Use Permit - Department of Land and
Natural Resources, State of Hawaii

Permit for Work in the Shore Waters of the State of Hawaii -
Department of Transportation, State of Hawaii

Special Management Area Use Permit - Department of Land
Utilization, City and County of Honolulu

Shoreline Setback Variance - Department of Land Utilization,
City and County of Honolulu

Diamond Head Historic, Cultural and Scenic District -
Department of Land Utilization, City and County of Honolulu
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OCEAN ENGINEERING AND ENVIRONMENTAL
RECONNAISSANCE STUDY
OF THE
ELEPAIO, ULILI AND HUNAKAI STREETS RELIEF DRAINS
KAHALA, DAHU, HAWAIL

Prepared for:

WILSON OKAMOTO & ASSOCIATES
1150 South King Street
Honolulu, Hawaii 96814

February 1981
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INTRODUCTION

Study Scope and Objectives

An engineering and environmental reconnaissance study
of the relief drains at Elepaio, Ulili and Hunakai Streets,
Kahala, Oahu, Hawaii, was conducted to determine their
existing condition and to obtain engineering and environ-
mental information pertinent to the design and assessment
of possible relief drain improvements. The study included:
(1) a detailed inspection of the existing relief drains
from the shoreline seaward to their terminous on the fring-
ing reef flat; (2) a biological reconnaissance in the
vicinity of the existing drains to note the substratum
tyre and dominant algae, fishes, corals, and other inverte-
brates; (3) water quality and circulation measurements on
the reef flat during ebb and flood tide and tradewind,
Xona, and light and variable wind conditions; and (4) an
assessment of design wave conditions.

Studz Area

The study area includes the shoreline and reef flat in
the vicinity of Kazhala, Oahu, between Rupikipikio Point
(Black Point) and the Hunakai Street relief drain approxi-
mately 4,000 feet east of the point. Water quality and
circulation measurements were also made on the reef seaward
of the drainage canal and Waialaenui stream east of the
primary study area. The generxal study area is shown on
Pigure 1, and a detailed vicinity map is shown on Figure 2.
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INSPECTION OF EXISTING RELIEF DRAINS

Methodology

Existing stormwater relief drains extend seaward across
the reef flat from the public rights-of-way located at the
intersection of Kahala Avenue and Elepaio, Ulili, and
wunakai Streets. The drains are constructed of 42 to 54
inch reinforced concrete pipe, with a wall thickness of

approximately 7 inches.

The location and extent of sand/sediment blockage in
each drain was determined by drilling a series of 1-1/4-
inch holes along the length of the concrete pipe. A
Stanley HD~20 "Hammer-Drill", witﬁ a l1-1/4-inch carbide
tipped bit was used. The drill was vowered by a small
hydraulic power pack. The size of the drill unit and power
supply was limited by the necessity to mount the rig on a
boat small enough to be pulled onto and over the reef at
high tide. A pneumatic system was considered, but was
impractical due to the large size of the air compressor
required.

Steel reinforcing bars in the concrete pipe were en-
countered on most holes drilled. The procedure followed
was either to shift the location of the hole slightly. or
slowly grind through the rebar. The average drilling time
per hole was 1-1/2 hours.

After the hole was drilled, a one-inch PVC pipe was
inserted into the hole and lowered until resistance was
encountered. A point on the PVC pipe even with the top of
the concrete pipeline was marked, the PVC pipe was removed
and the distance measurec. This established the distance
from the top of the pipeline %o the sediment level. The
depth of clear passageway in the drain, or "clear depth”,
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was then determined by subtracting the é&rain pipe wall
thickness from the measured distance.

A. sediment sample was then collected by driving the
one-inch PVC pipe further into the drain pipe, to the
point of refusal. The PVC pipe was then capped and with-
drawn from the drain. The samples were stored in one-
quart plastic bags.

mhe holes in the drain pipe were repaired with "Vater-
Plug", a quick-setting patching concrete. The concrete is
suitable for use underwater and can be used to plug holes
even if there is a discharging stream of water. Prioxr to
placing the "water-Plug", an oversize plastic disc was
driven into each hole to form a base for the plug and pre-
vent the plug from extending into the drain »ipe.

Inspection Results

Elepaio Street Drain. The Elepaio Street drain is a

42-inch RCP pipe.extending approximately 430 feet out from
the shoreline. The top of the pipeline is just exposed
above the level of the reef flat along most of its length,
becoming more exposed with distance from shore.

Six holes were drilled in this pipeline at the loca-
+ions shown in Figure 2. The results are summarized below.

* Drilling Log, Elegaio‘St.‘Drain

Clear Depth

Hole # Station {Inches) Comments
1 T+45 15 No water flow observed
2 7+25 10 "o
3 7+05 3 "
4 6+05 3 !
5 5+05 0 K
6 4405 0 "

The Elepaio Street drain is completely blocked. The sea-
ward 40 or 50 feet has some clear space at the top of the
pipe, but this may be just due to wave scour. No water was
observed flowing from any of the drilled holes or from the
end of the pipeline. The manhole at the juncture of the
drain and the shoreline overflows during heavy rains, however;
thus, the drain effectively discharges at the shoreline.
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Unlike the other two pipelines, the joints on the
Elepaio pipeline appeared to be well-constructed,

The sediment in the pipe ranged from fine calcareous
sand at the seaward end to terrestrial sanc and grit mixed
with calcareous sand at the shoreward end.

Ulili Street Drain. The Ulili Street drain is a
54-inch RCP pipe extending approximately 860 feet from
the shoreline. The top of the pipeline is buried approx-
imately two feet below the surface of the reef, except for
the seaward 50 feet, which is exposed. The material on
top of the pipe consists of coral rubble and calcareocus
sand and gravel, which had to be removed prior to drilling.
This task was best accomplished at low tide and during
light to moderate tradewinds.

Four holes were drilled in this pipe at the locations
shown in Figure 2, and a Pipe joint was cleared for inspec-~
tion at a fifth location. The results of the drilling are
summarized below.

Drilling Log, Ulili St. Drain

Hole # Station '~ Clear Depth (Inches) Comments
1 18+90 5 No water flow observed
2 17+17 22 "
3 15+50 21 "
4 12+60 o1 "

The drain is blocked at the seaward end by calcareous
sand, evidently carried into the outlet by wave action.

The rest of the drain is filled with dark sand/silt which is
apparently of terrestrial origin, intermixed with calcareous

sand. The material is much finer than that in the Hunakai

and Elepaio Street drains.
The sand over a pipeline joint at Station 13+88 was

cleared away to expose the joint. The bell and spigot
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joint had a gap of approximately +wo inches, and it was
possible to slide one's hand sideways completely through

the gap and into the pipe jnterior. This gap could well
have been another gource of sand entering the drain.

Because of the overburden of sand ané rock, +he number of
defective joints is not known. since the pipe is buried,
apparently stable, and exposed to 1ittle wave action along
the inner reaches, it is difficult to theorize any causative
£actor for the gap other than faulty construction.

In summary, the Ulili Street drain is extensively
blocked. The pipe was completely filled at two of the four
checkpoints. The other two points had some clear space
(approximately 21 to 22 inches) in the upper pvart of the
pipe cross~section, but no fiow was observed at these
locations. The drain can be considered completely blocked,
with some gaps whexe the sediment has not completely £illed

+he pipeline.

Hunakai Street Drain. The Hunakai Street drain is a
48-inch RCP pipe extending approximately 750 feet from the

shoreline. The pipe 1is exposed along most of the length,
with approximately one~third to one-half the pipe cross-
section above the level of the reef.

Eight holes were drilled in this pipeline at the loca-
+ions shown in Figure 2. The results are summarized below.

Drillinq'Log,‘Hunakai ‘st. Drain

Hole #  Station Clear Depth'(:nches} ' Commencs
0 8+50 35 ) Water was observed
1 9+50 38 } flowing through
2 10450 37 ) all drilled holes
3 11450 36 )
4 12+50 33 )
5 13+50 32 )
6 14+50 33 }
7 15+23 34 )

The clear depth in the pipe ranged from 33 to 39
inches. There is some sediment deposited at the bottom of
the pipeline, But it is not restricting flow through the
drain. The sediment is primariiy coarse calcareous sand,
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with some terrestrial material intermixed. Water was
observed flowing through all the drilled holes, as well
as out the discharge end of the drain.

- There are numerous loose joints in the pipeline,
especialiy seaward of manhole DMH #8 at Station 10+35.
The joints are approximately 1 to 1-1/2 inches wide,
and freshwater could be seen flowing out through three
or four of these joints.
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BOTTOM CEARACTERISTICS AND BIOLOGICAL RECONNAISSANCE

General

The general physiography and flora and fauna of the
shoreline and fringing reef in the study area is descriked
in the report "Oahu Reef Inventory" (1980) prepared by
AECOS, Inc. for the U.S. Army Corps of Engineers. The
following general description is extracted from that report,
which summarizes the available information supplemented
by investigations conducted by AECOS for the reef inventory
study.

The Xahala coastal plain is comprised of ancient beach
and dune sand, emerged reef, and alluvium. Kahala beach
is a long, narrow strip of sand along the shore, which
has a history of marked erosion and accretion. The reeZ
flat off Kahala Beach is an area of consolidated lime-
stone separated by large sand deposits. The outer reef
margin and upper reef front is a continuous structure
undercut by deep sand-bottom channels.

The inner reef flat is dominated by algae, which
cover about 40 percent of the hard bottom areas. Seventeen
species were noted, with Acanthophora spicifera, Dictyota

acutiloba, Dictyota sp., and Lyngbya majuscula being most
abundant. Two popular edible seaweeds occur in low abun-
dance. Corals cover less than one percent of the bottom,

with coral cover increasing and algal cover decreasing
with distance seaward across the reefl. ' Pocillopora

damicornis is the most common coral species on the reef
flat. Seaward of the reef margin coral coverage is as
high as 30 percent, with Porites lobata the dominant

.species. Only eight species of fish were recorded on the

shallow reef platform. Larger fishes are more abundant
along the reef face. The Kahala reef area is reported to
be heavily utilized for pole and net f£ishing, torch fish-
ing and squidding. Two popular edible seaweeds, limu
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manauea and ogo are collected on the inner reef flat.

Biological Reconnaissance Investlgatlons

On September 21, 1980, qualltatlve marine biological
observations were completed along each of the alignments
of the three drain pipes crossing the Kahala reef. Obser-
vations of the substratum type, dominant algae, £fishes,
corals and other invertebrates were recorded on undexr-
water slates while swimming parallel to the. pipelines.

Elepaio Street Drain

Near the shoreline the substratum consists of sand,
coral rubble and eroded coral blocks that provide relief
of approximately one foot. The frondose alga, Ulva, is
present in this nearshore area and indicates increased
nutrient levels in the water. Other algae common in the
area include Padina, Dictyota ané a fine filamentous red
alga. Very few small fishes belonging to the surgeon
(Acanthuridae} and wrasse (Labridae) families were observed
assoc;ated with the eroded coral blocks and the pipe hold-
down straps. Anemone-like soft corals of the genus Palythoa
and sea cucumbers of the genus Holothuria were sparsely
distributed throughout the area. No live hard corals were

observed.
Approximately 100 feet seaward from the shoreline the

substratum consists of coral rubble and sand. Little

change was noted in the substratum characteristics with
increasing distance from shore to the drainage pipe terminus.
The alga, Padina, is dominant. The fishes and sea cucumbers
are present but few in number. No live hard corals or soft
corals were observed adjacent to the drainage pipe or sea-
ward from the pipe terminus.
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Ulili Street Drain
The pipeline appears to have been completely buxied

during construction. Marine biological observations were
completed along an alignment indicated by the manholes
that extend above the surface of the water.

The substratum near the shoreline and seaward to the
first manhole consists of sand and coral xubble. Seaward
of the first manhole and continuing to the reef ridge,
the substratum is composed primarily of coral rubble with
little sand present. The ridge zone consists of relatively
large eroded coral blocks that provide relief of up to 8
feet. Sand and coral rubble are present in the depressions
between the coral blocks.

The most common frondose alga cobserved was Acanthophora

which was noted on the coral rubble between the two pipe
markers. Fishes were extremely sparse from the shoreline
to the reef ridge most probably a result of the uniform
reef too and lack of habitat space. A few surgeon fishes
were observed associated with the coral blocks in the reef
ridge zone. Live hard corals and other common reef top
invertebrates were noted only rarely. Even in the reef
ridge zone where conditions are good for coral growth
(hard substratum and good water circulation) only three
colonies of Pocillopora meandrina and five colonies of

Porites lobata were observed. Sea urchins were the only

other invertebrate observed (Echinometra mathaei- three

specimens and Echinothrix diadema - one specimen).

Hunakai Street Drain
The pipe is only partially buried and is exposed

starting 20-30 feet seaward from the beach. Near the shore-
line the substratum is composed of sand and coral rubble.

In the general area of the first manhole, the substratum
contains a few eroded coral blocks that protrude approximately
one foot above the coral rubble and sand thus providing
habitat space for a greater variety of marine organisms.
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Between the shoreline and the first manhole six genera
of algae were commonly observed (Padina, Acanthophora,

Ectocarpus, Dictyota, Sargassum and Gracilaria). The

dominant algal genera are Padina and Acanthophora. TFishes,
although not abundant, were noted from five different
families including the surgeon fishes (Acanthuridae),
wrasses (Labridae), butterfly fishes (Chaetodontidae),
sharp nose puffers (Canthigasteridae) and the lizard
fishes (Synodontidae). As noted previously the surgeon
fishes and wrasses are the most abundant. Small colonies
of two species of hard corals (Pocillopora meandrina and
Montipora verrucosa) and one species of soft coral
(Palythoa tuberculosa) were observed but are very sparsely
distributed. Other invertebrates observed included two
cone shells (Conus), one auger shell (Terebra), three sea
cuéumbers (Holothuria) and approximately 30 sea urchins
(Echinometra and Echinothrix).

Continuing seaward to the reef ridge and drain pipe
terminus, the substratum is characterized by a greater
amount of eroded coral protruding above the coral rubble
and sand. The sea urchin, Echinometra mathaei, is very
numerous in this area yet fishes, live hard corals and

other invertebrates were rarely observed.

The reef ridge zone is similar to that described for
the Ulili Street drain. The substratum consists of laxrge
eroded coral blocks that provide relief of up to a3 feet.
sand and coral rubble are present in the depressions
between the blocks. Within the reef ridge zone, the only
organisms noted were several surgeon fishes (Acanthuridae)

and three colonies of live hard coral (Pocillopora meandrina).
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WIND, WAVES AND CURRENTS

Wind

The prevailing winds in the study area are the north-
east tradewinds, which generally are present 80 to 90
bercent of the time during the summer Season from about
April to November with Speeds of 10 to 20 mph. During
the winter months, there is a general weakening of the
trade wind system and the appearance of southerly and
westerly winds due to frontal influences from the north
temperate zone ang local low pressure Systems. These
westerly winds are known as Xona storms and are often
represented by strong winds and high waves from the south-~
west quadrant. fThe year-to~year variation in "Kona"
conditions is very large, both in frequency and intensity.

The prevailing tradewinds are altered as they cross
the island bv the irreqular Koolau mountains, so that in
the Kahala area the wind tends to be somewhat erratic and
gusty as it is funneleqd around the mountain veaks and
through the valleys. However, during tradewind conditions
the winds are generally offshore, with an alongshore compon-
ent. * During Xona conditions, which may occur as much as 15
bercent of the time in the winter months of December to March,
the winds generally blow onshore, again with an- alongshore component.

Wavesg

The Kahala reef is exposed to deepwater waves gener-
ated from the northeast clockwise to the west. Three pri-
mary wave types affect the study area: (1) the orevailine
tradewind generated waves from the northeast which refract
and diffract around the island; (2) south swell; and
(3) Kona storm waves,

e L i g
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Tradewind waves may be present throughout most of
the year but are most frequent between April through
October, the summer season, when they usually dominate
the local wave climate. They result from the strong
tradewinds blowing from the northeast guadrant over long
fetches of oven ocean. Typically, these deepwater waves
have periods ranging from 6 to 10 seconds and heights
of 4 to 12 feet. Generally, tradewind waves are present
from 80 to 90 percent of the time during the summer
season and from 60 to 70 percent of the time during the
remainder of the year.

South swell is generated by southern hemisnhere
winter storms blowing over long fetches in the South
Pacifiec and Indian oceans and after traveling over thou-
sands of miles of open ocean arrive at the southern
shores of the Hawaiian Islands as long period swell.
South swell is most common between April and October and
approaches from the sector southeast through southwest.
wave periods typically range between 12 and 22 seconds,
and deepwater wave heights are generally one to four feet,
although thev may be considerably larger.

Kona storm waves are generated by local storms and
fronts which generally cause winds and waves from the
south throuch the west. These storms are neither frequent
nor consistent; however, they may generate large waves
which can directly affect the study area. Commonly, wave
periods range from é o 10 seconds, with wave heights up
to 15 feet. In any year, Kona storms mav occur several
times or not at all; however, they occur most often in
the winter months.

In addition to the primary wave types, infrequent
severe tropical storms or hurricanes may generate larace
waves which strike the Hawailan Islands. Between 1950
and 1974, twelve hurricanes oXr near-hurricanes occurred
in the vicinity of Hawaii. FHurricane Dot (August 1959)
and Nina (December 1957) generated deepwater waves from

it mi il et gt ot S R L P PR
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the south in excess of 25 feet and are frequently considered
"design" storms.

_ Nearshore wave heights in the study area are controlled
by water depth. When designing for a structure on or
immediately seaward of the reef flat, such as the storm
drain pipeline, the worst case design condition would be

- experienced by waves breaking directly on the structure.
When designing for a breaking wave condition, it is
necessary to determine the maximum breaker height to which
the structure would be subjected. The design breaker
height depends on the water depth at the structure, the
bottom slope seaward of the structure, and the incident

AN = - wave characteristics.

N — The design water depth at the structure consists
of the existing water depth below mean lower low water

T . (MLLW), and the still water level (SWL) rise due to the

- astronomical tide, storm surge due to wind stress and low

barometric pressure, and wave setup due to the mass trans-
port of water by breaking waves. The breaking wave calcu-

— lations in this report are based on a mean higher high

- +ide level of 1.9 feet, a storm surge water level rise of

0.5 feet, and wave setup of 1.0 feet, for a total SWL

rise of 3.4 feet.

A typical nearshore bottom profile, based on the

National Ocean Survey chart number 19358 (Waimanalo Bay

3

(/.1

to Diamond Head), is shown on Figure 3. Water depths
on the 800 to 1,000 foot wide reef flat average 1 to 2
feet MLLW, and seaward 'of the reef edge the average

—
Li bottom slope is aporoximately 1V on 30E.

Based on the foregoing parameters, design breaking
f? wave heights on the reef flat, at the reef edge, and 200
- feet seaward of the reef edge for incident wave periods
f} of 8, 12, and 16 seconds are shown in Table 1. The
- breaking wave heights are based on the methodology con-
- tained in the Shore Protection Manual (U.S. Army Coastal
_j Engineering Research Center, 1977).
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TABLE 1. Design Wave BHeights

Depth

Below Design Breaker Beight, feet

MLLW SYIL Depth Bottom 8=-sec. l2-sec. l6-sec.
.Location (feet) (feet) (feet) Slooe Wave Wave Wave
Reef Flat 1.5 3.4 4.9 0 3.8 3.8 3.8
Reef Edge 1.5 3.4 4.9 0.05 6.3 6.6 6.9
200' Seaward
of Reef Edge 6 3.4 9.4 0.025 8.9 9.6 9.9

Based on Table 1, reasonable desion wave heights .for
prevailing wave conditions in the study area.(excluding
hurricane conditions) would be breaker heights of 4 feet
on the reef flat, 7 feet at the reef edge, and 10 feet
seaward of the reef at the -6 foot depth contour.
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Currents and Circulation

Current speed and direction and general circulation
patterns on the reef flat were measured during typical
tradewind, Xona, and light and variable wind conditions,
and during ebbing and flooding tides. The current sveed
and direction was obtained by measuring the time, distance
and direction of movement of dve injected into the water.
Current measurements were orimarily taken in the vicinitv
of the Elepaio, Ulili, and Bunakai Street drains. The
detailed results of the current studies are contained in the
Appendlx,

The circulation system in the study area is primarily
driven by wave setup on the shallow reef flat ang is
virtually independent of wind direction and tide stage.
The mass-transport of water onto the reef flat by wave
action is relieved by a rip current setting seaward out
the natural channel through the reef at the terminous of
the Hunakai Street drain. The typical circulation system
is shown on Figure 4. From the aporoximate mid-point of
the study area, the wave setup induces a northeast setting
longshore current which then flows séaward as a rip cur-
rent out the channel at the eastern end of the study area.
Current speeds are typically 0.5 to 1.0 feet per second
(fos). At the western end of the reef flat, near the
Elepaio Street drain and Black Point, the current is less
well defined, with large eddies, particularly near shore,
and generally flows southwest at 0.1 to 0.5 fos and out
through the breakers near Black Point.

The circulation system in the vicinity of the Ulili
and Hunakai Street drains is Very persistent. The current
direction was found to be constant regardless of tide
stage and wind direction, and was even found to set directly
into strong 20 to 25 mph ENE tradewinds. The current
study clearly indicates a uni-directional, nonvariable
circulation system, with wingd and tide only influencing the
current speed. Current speeds ranged from 0.5 to 0.3 fps
during 20 to 25 mph ENE tradewinds and 1.0 to 1.2 fps
during 10 to 15 mph SW Kona winds.
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WATER QUALITY

Scope and Methodology

Water guality parameters were measured in the vicinity
of the three relief drains during various meterological
conditions in oxder to characterize the existing water
gquality on the Kahala reef. Water quality measurements
were also made at the mouth of a concrete drainage canal
and the Waialaenui Stream, approximately 2,300 and 3,300
feet east of Hunakai Street respectively, in order to
measure the existing water quality at points of significant

fresh water storm dischaxge.

The water gquality parameters measured included salin-
ity and temperature, dissolved oxygen (D.O.), PHE, and
turbidity. Salinity and temperature were measured insitu
using a Beckman RS-5 portable salinometer, which measures
salinity as a function of electrolytic conductivity and
temperature using a precision thermister temperature
sensor. The measurement accuracy is 0.3 percent for
salinity and +0.05°C for temperature. Dissolved oxygen was
also measured insitu, using a Yellow Springs Instrument Co.
Model 57 Dissolved Oxygen meter which measures D.O. in
parts per million (ppm) . The measurement accuracy is *0.1lppm.
Water samples were taken and measured in the laboratory
for pH and turbidity. The pH of the water samples was
measured using an Orion Research Model 501 Digital
Tonalyzexr, and turbidity in nephelometric turbidity units
(NTU) was measured using a Hach Model 21002 Turbidimeter.

The water gquality stations in the study area are shown
on Figure 2. rdditional measurements were made at the
mouth and approximately 100 yards offshore of the canal and
stream east of the study area as located on Figure l.
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Measurements were made on three separate occasions as
follows:

Date Meteorological Conditions
12-16-80 Light and variable winds, 4 to 8
mph north-northeasterly (Oahu winds
reported 5 to 15 mph from north).
There had been heavﬁ rainfall for

several days, stopping 24 hours
prior to the field measurements. It
was clear and sunny on the 1lé6th.

12-22-80 ¥Xona storm conditions, winds 10 to 15
mph from the southwest (Oahu winds
reported to be 15 to 25 from southwest).
It rained for approximately 12 hours
preceeding and during the field
measurements, A

1-27-81 Typical strong tradewind conditions,
winds 20 to 25 mph from the east-
northeast (Oahu winds reported to be
15 to 30 mph from northeast). No
significant rainfall immediately pre-
ceeding the field measurements,

Data Summary
The water quality measurements are summarized and dis-

cussed by parameter, station, and meteorological condition

in the following paragraphs. Stations 1, 2 and 3 are along
the alignments of the Elepaio, Ulili, and Hunakai Street
relief drains, respectively, station 4 is located at the
discharge of the drainage canal, and station 5 is at the
mouth of Waialaenui Stream. Substation A is near the
shoreline, B is located at the approximate mid-point across
the reef, and C (Sunakai Street drain only) is located at

the drain discharge point. Reference is made to Chapter 37-3,
Water Quality Standards, of the State Public Eealth

P SR
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Requlations, where applicable. The waters in the study
area are classified Class A - open coastal waters.

Salinity and Temperature

Salinity, 0/00 Temperature, °C
Light & Kona Light & Kona
Station i Variable " Winds Tradewinds || Variable ' Winds Tradewinds

ia 33.50 33.49 34.24 23.79 26.14 24.85
1B 33.34 34.00 34.30 23.80 25,59 24,06
23 33.9%0 33.86 34.15 24,41 25.13 24.01
2B 33.79 34.05 34.12 24.31 24,90 23.73
3a 33.85 34.00 33.99 24 .44 25.13 24.04
3B 33.92 34.06 34.22 24.45 24.85 23.95
3C 33.90 33.55 33.82 24,51 24.88 24.00
4a 33.36 19.63 34.02 23.96 25.03 23.88
4B - 33.95 34,10 - 24.85 23.64
53 33.53 27.00 - 23.45 24.88 -
5B - 32.68 33.92 - 24,61 23.85

The salinity in the study area was generally uniform
and typical of nearshore coastal waters, regardless of the
weather conditions, and varied between about 33.5 and 34.3
0/00. Measurements at the Hunakai Street drain texrminus
during rainy (Kona) weather with visible freshwater dis-—
charge showed no appreciable lowering of the salinity in
the vicinity of the discharge point. On the other hand,
measurements at the mouth of the drainage canal and
Waialaenui Stream under the same conditions showed signifi-
cantly depressed salinity values in the immediate vieinity
of the freshwater discharge into the coastal waters.
Measurements offshore within 100 vards of the discharge
points showed near normal salinity values, however. The
general uniformity of salinity and the apparent rapid
absorption of fresh water is indicative of the good mixing
and dispersion characteristics of the reef flat waters,
which would be expected considering the ¢ood circulation
system on the reef and exchance with offshore waters as
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discussed in the previous'section.

The water temperature on the reef showed a greater
variability, ranging from about 23.7°C to 25.0°C. A
low of 23.45°C was measured at the mouth of Waialaenui
Stream during light and variable wind conditions and a
high of 26.14°waas measured near the shoreline at Elepaio
Street during Kona conditions. The temperature was approx-
imately 1°C higher at all stations during Xona wind con-
ditions than during strong tradewinds and was highest at
the Elepaio Street stations during both Kona and tradewind
conditions. The water temperature on the shallow reef is
likely significantly affected by insolation during the day-
time, and the rate of solar heating is directly propor-
tional to circulation and water residence time. The gener-
ally higher temperatures at the Elepaio Street (west) end
of the study area reflect the slower currents and voorer
circulation in this area, and the slightly higher water

temperatures during Kona wind conditions mirror the decreased

circulation and exchange of nearshore waters on a windward
coast. )

The State Water Quality Standards regquire that the
salinity shall not vary more than 10% from natural or
seasonal changes considering hydrologic input and oceano-
graphic factors, and temperature shall not vary more than
1°C from ambient conditions. Given the generally good
circulation system in the study area, this requirement
should not pose a problem for stormwater discharge, with
the possible exception of the Elepaio Street (west) end
of the study area where circulation and flushing of the
reef flat is less well defined.
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Dissolved OXygen

D.0., PPM

Light & Kona
Station Variable Winds Tradewinds

1A 7.0 10.2 8.2
13 7.1 9.3 7.8
2A 7.1 7.9 7.4
23 6.7 6.9 7.1
3A 7.4 7.2 7.3
3B 6.8 7.2 7.0
3C 7.0 7.1 8.1
4n 7.0 6.7 6.6
4B - 6.9 7.0
SA 5.3 3.4 T -
5B - 5.5 7.3

The dissolved oxygen levels in the vicinity of the three
storm drains were well above the saturation point of about
5.0 ppm for all three weather conditions. Lower D.O. levels
were measured at the Waialaenui Stream mouth during periodé
of obvious freshwater outflow, and 2 depressed D.O. level of
3.4 ppm was measured at the stream mouth during Kona condi-
tions. The D.0. level was above saturation within 100 yards
of the stream mouth, however. The D.0. level in the wvicinity
of the Hunakai Street drain terminus was well above satura-
tion even with visible freshwater discharge. The generally
high D.0. levels reflect the transporf of water supersatura-
ted with oxygen during the wave breaking process onto the
reef flat and good reef flat flushing. No difficulty is
foreseen in meeting the State Watexr Quality standard of D.O.

being not less than 75% of saturation.

RH_ , :
The pH at all the stations during all weather conditions

generally ranged between 8.1 and 8.3. A low of 7.79 and a
high of 8.42 were measured at the Waialaenui Stream mouth and
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station 1B at the Elepaio Street drain, respectively, both
during Kona wind conditions. All measurements were within
t+he State Water Quality criteria of no deviation greater

than ¥ 0.5 units from a value of 8.1.

Turbidity
NTU

Light & Kona
Station variable Wind Tradewinds
1a 0.87 1.8 0.85
1B 0.82 0.67 1.7
2A 0.65 0.68 1.1
2B 0.50 0.8 1.4
3a 0.68 0.66 1.5
3B 0.35 0.44 1.0
3c 0.62 0.63 1.3
42 2.3 26.0 2.8
4B - 0.75 1.7
52 3.1 5.0 5.1
5B - 3.0 -

The turbidity in the vicinity of the three storm drains
ranged from about 0.4 to 1.7 NTU and was uniformly higher
at all stations during strong tradewind conditions. The
turbidity during light and variable and Kona wind conditions
was generally slightly higher nearshore at the Elepaio
Street drain, probably reflecting the poorer circulaéion in
this area. The higher turbidity during tradewind conditions,
almost twice as high as the other conditions, was probably
a result of fine bottom sediments and algal material tempor-
arily suspended by the wind chop generated by the strong
trades blowing almost parallel to shore. There was no sig-—
nificant increase in turbidity at the terminus of the
Hunakai Street drain during Kona conditions with visible

freshwater outflow.
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The turbidity in the vicinity of the canal and stream
mouths was significantly higher at all times, reaching a
high of 26 NTU at the mouth of the canal during Xona con-
ditions and averaging about 3 to 5 NTU in the vicinity of
Waialaenui Stream. The discharge waters of both the canal
and stream were visibly very tuxbid during rainy .periods,
and a broad "delta" of fine sediments has been deposited
on the reef around each discharge point which is easily
stirred up by strong winds to make the water turbid even
with no canal or stream discharge.

The State Water Quality Standards have two sets of
turbidity requirements - "wet" criteria when the open
coastal waters receive more than three million gallons per
day of freshwater discharge per shoreline mile and "dry"
criteria for areas that receive less. The criteria are
also stated three ways: (1) geometric mean not to exceed
0.50 and 0.20 NTU for wet and dry areas, respectively;

(2) turbidity not to exceed 1.25 NTU (wet areas) and 0.50 NTU
{(dry areas) more than 10% of the time; and (3) at no time

to exceed 2.00 NTU in wet areas and 1.00 NTU in éry areas.

It is likely, based on the limited measurements accomplished

during this study, that these criteria are presently exceeded
in the study arsa a significant portion of the time, partic-

ularly if Kahala is designated a "dry" area.

kTN
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SUMMARY AND DISCUSSION

The Elapaio Street and Ulili Street drains are com-
pletely blocked along most, if not all, of their
lengths. Only the Hunakai Street drain is flowing
freely with no apparent problem with sand blockage. No
fresh water flow was observed from any of the inspection
holes drilled in the Elepaio and Ulili Street drains.
Visual inspection of sediment samples taken from the ’
inspection holes indicated that sediment toward the
seaward ends of the pipes was primarily calcareous sand,
with increasing amounts of terrestrial sands and silts
nearer the shoreline. Poor joint construction was found
on two of the pipelines, a 2-inch gap was found in a
bell and spigot joint on the Ulili Street drain, and
freshwater was observed flowing out through three or
four joints on the Hunakai Street drain.

There is considerable sand on the reef flat, which is
readily transported during periods of high surf and strong
longshore currents on the reef flat. Visual inspection
of the shoreline and pipelines indicates a predominant
west to east sand movement. The Elepaio and Ulili Street
drains discharge on the reef into what are apparently
dredged holes. HKowever, the inverts of the pipes are
located below the adjacent bottom elevation, and it is
likely that wave action moves sand off the reef and into
the deeper pockets at the pipe ends and then directly
into the pipelines. In order to eliminate the potential
for sand blockage, the drains should discharge into
deeper holes on the reef which are periodically dredged
to insure that the sand level is well below the pipe
invert, or, more ideally, the drains should discharge
seaward of the reef edge with the pipe inverts above
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+rhe adjacent bottom elevation. The Hunakai Street drain
is a good example of +his. It discharges into a natural
channel through the reef, with its invert well above the
bottom at the discharge point and does not appear to have
any problem with sand blockage at the discharge point.

3. Loose pipe joints, as found on the Ulili and Hunakal
Street drains, are another point of entry for sand that
can increase the likelihood of pipe blockage. Calcareous
sand found in the Hunakai Street drain may well have
entered through the visible gaps in the pipe joints.

4. Terrestrial sand and silt being transported by storm
water runoff through the drains may be a third cause of
blockage. The sediment samples obtained at the inspec-
+ion holes, however, generally have a high percentage of
calcareous sand jndicating that sand from the reef is

the primary problem.

5. An alternative to the drains discharging into deep holes
in the reef flat or seaward of the reef edge would be
to simply terminate them at the shoreline. At the loca-
+ion of the Elepaio Street drain the shoreline is rocky
with little sand, and it may be possible to keep the
pipe invert above the elevation of sand movement and
eliminate the sand plugging problem. The shoreline at
+he location of the Ulili Street drains is a sand beach,
and it would likely be very difficult to raise the pipe
inverts above the elevation of active sand transport.
In addition, any shoreline structures in this area may
interfere with natural peach stability and sand transport
processes. The shoreline is a sand beach in the vicinity
of the drainage canal and Waialaenui Stream east of the
study area, and very rapid sand plugging was noted
following the cessation of heavy storm water discharge.
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The reef flat substratum is composed of o0ld reef material E
(consolidated limestone) with considerable sand and coral
rubble on the surface and in deeper pockets and channels.
The vertical relief is low, generally being less than a
foot. The investigations showed the marine biological ,
communities in the vicinity of the storm drain pipelines

to be poorly developed. In general the species diversity

and abundance is very low, with the possible exception

of sea urchins near the Hunakai Street drain. Coral

coverage is almost negligible, and few fishes were

observed. The poorly developed marine biological

communities do not appear to be a result of the contruc-

tion and subsequent discharge of the storm drains.

Observations of shoreline storm drain discharges at other

locations on Oahu showed colonies of living coral within

20 to 50 feet of the storm drain discharges, with their

size indicating that they were 5 to 10 vears old. Live

Pocillopora meandrina coral was noted in the vicinity

of the Hunakai Street drain discharge. The lack of live

corals on the Kahala reef may be the result of strong

wave surge forces that dislodge ‘and break up the coral

colonies in the reef ridge zone and the periodic trans-

port of sand across the reef top which may abrade and

kill small coral colonies or smother them completely.

Should the drains be terminated to discharge at the
shoreline, the resultant periodic discharge of fresh
water across the reef top may cause a shift in the algal
constituents such that species more resistant to lower
salinities may appear adjacent to the points of discharge.
The effects on corals would be negligible since live

coral coverage is nearly zero. Motile organisms such as
fishes, sea cucumbers and sea urchins would be temporarily
displaced during periods of major storm discharge but
would migrate back within a relatively short time after
the discharge stops.
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The prevailing winds on the Kahala reef are the northeast
tradewinds, which are funneled through the Koolau moun-
tains, and in the study area are generally gusty off-
shore winds with an alongshore component. The study area
is directly exposed to infrequent southerly and westexly
winds which tend to blow onshore, again with an along-

shore component.

The Kahala reef i5 exposed to tradewind-generated waves,
south swell, and Kona storm waves. The nearshore wave
heights are controlled by the water‘depth and design
breaking wave heights on the reef flat, at the reef edge,
and 200 feet seaward of the reef are 4, 7, and 1.0 feet,

respectively.

The current system on the Xahala reef is driven by wave
setup on the shallow reef flat and is virtually indepen-
dent of wind direction and tide stage. From the approx-
imate mid-point of the study area (west of the Ulili
Street drain), the wave setup indices a northeast set-
ting longshore current which then flows seaward out the
natural channel througn the reef at the Hunakai Street
drain terminus. Current speeds are typically 0.5 to

1.0 fps. At the western end of the Kahala reef, in the
vicinity of the Elepaio Street drain, the current is
less well defined, with large eddies near shore, and
generally flows southwest at 0.1 to 0.4 fps and out
through the breakers near Black Point.

Existing water guality in the study area was measured
under light and variable wind conditions, rainy Kona
wind weather, and strong tradewinds. Water quality

was also measured in the vicinity of a drainage canal
and Waialaenui Stream, east of the study area. The
salinity was generally uniform and typical of nearshore
coastal waters, regardless of the weather conditions.




)

S i N &

{

C1 C3

Y

LR T A T T I
{
»
—

.

1 AT e ey e g ety AR

Ak i e ety e a0

12.

27

Measurements at the Hunakai Street drain terminus witn
visible freshwater discharge showed no appreciable
lowering of the salinity. Greatly depressed salinity
values were found at the mouths of the drainage canal
and stream during a period of obvious storm water dis-
charge; however, the fresh water was fapidly dispersed
and salinity values were near normal 100 yards of the
discharge point. The water temperature showed greater
variability and is likely primarily influenced by insol-
ation and water residence time on the shallow reef flat.
The water temperature was slightly higher near the shore-
line in the vicinity of the Elepaio Street drain, where
the circulation is poorer, during both Kona and trade-
wind conditions. Dissolved oxygen values in the study
area were well above the saturation point during all
measurement periods. The high dissolved oxygen levels
reflect the transport of super-saturated water onto the
reef by breaking waves and the good flushing character-
istics of the reef flat. The pH of the water in the
study area reflected normal sea water values during all
measurement periods. Water turbidity in the study area
was highest during strong tradewind conditions as a
result of fine bottom sediment and algal material tem-
porarily suspended by the wind chop on the reef. The
turbidity during light and variable and Kona wind condi-
tions was generally slightly highex nearshore in tne
vicinity of the Elepaio Street drain, again reflecting
the poorer circulation in this area. The turbidity in
the vicinity of the drainage canal and Waialaenui Stream
mouths greatly exceeded that in the study area at all

times.

General recommendations for the three relief drains are

as follows:
(a) Elepaio Street Drain. This drain presently
terminates in a dredged hole approximately mid-way across
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the reef flat and is completely plugged. The amount of
sand and loose coral rubble on the reef flat makes it
almost impossible to terminate the drain on the reef,
even in a deep dredged hole, without regular mainten-
ance to keep the pipe clear of sand. A reasonable
alternative would be to simply terminate the drain at the
shoreline. This is essentially what presently occurs
because the pipe is plugged and the storm water flows

out through cracks in the manhole at the shoreline.

There is very little sand on the shoreline in the vicinity
of the Elepaio Street drain and, provided the pipe invert
is at the high water line, there should be no sand plug-
ging problem. Most of the shoreline homes in this area
are fronted by rock or concrete retaining walls. Marine
life along the shoreline and on the reef flat in this
area is sparée and dominated by algae. It is recommended
that the capacity of this drain to discharge storm water
not be increased because the generally weak current
system at the west end of the Kanala reef limits £lushing
of the reef flat.

(b) Ulili Street Drain. This drain is also extensive-
1y plugged. Unlike the shoreline at the Elepaio Street
drain, however, the shoreline in the vicinity of the
U1lili Street drain is a sand beach. A drain terminating
at the shoreline in this area would require regular

maintenance to prevent sand plugs and could adversely
impact on natural littoral processes (sand movement)
adjacent to it. This drain is within about 500 feet of
the Hunakai Street drain and a reasonable alternative
would be to abandon the Ulili Street drain and divert the
storm water to the Hunakai Street drain.

(c) Hunakai Street Drain. This drain is clear and

apparently functions effectively as a relief drain. The
drain discharges into a natural channel through the reef,

.with its invert above the existing bottom, and has no prob-

liem with sand plugging the end of the pipe. Some sandy
sediment was found in the pipe during its inspection, which
likely enters through gaps in the pipe joints. This sed-
iment does not appear to be a significant problem and is
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likely flushed out during periods of heavy storm watexr
discharge. The drain discharges into a strong and
persistent rip current in the channel which very effec-
tively flushes the reef under all weather conditions.

The storm water discharge from the drain is rapidly

mixed with the receiving water and dispersed seaward.

This drain is very well located and its storm watex dis-
charge capacity could be jncreased if necessary with no
apparent adverse impact. The drain could be shortened
and still discharge into the strong current system.
However, it presently terminates at the shoreward end of
the natural channel, and any shortening of the pipeline
so that it was no longerx discharging into the deep channel
would likely result in significant sand plugging problems.
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APPENDIX B -

Comments and Responses to Preparation Notice
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CERTIFICATION

1 HEREBY CERTIFY THAT THE MICROPHOTOGRAPH APPEARING IN THIS REEL OF
FILM ARE TRUE COPIES OF THE ORIGINAL'DOCUMENTS.’

DATE snfﬁm'une br DPERATOU
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Film Identification
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A & P International

715/262-5768 » Fax 715/262-3823
P
Web Site hitpi/www.zi m/ap

577 Locusl Street « Prescott,

Wi 54021
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