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PREFACE

Chapter 343, Hawaii Revised Statutes (HRS), requires that proposed projects be
assessed to determine potential adverse environmental impacts, and that these
impacts be documented. State of Hawaii Department of Health Administrative
Rules, Title 11, Chapter 200, Environmental Impact Statements, sets forth the
requirements for documentation of environmental impacts. :

This Environmental Assessment (EA) has been prepared to meet the requirements
of Chapter 343 HRS and Title 11, Chapter 200 by documenting the environmental
effects from the implementation of the Kaunakakai drainage improvements. The
proposed project is an agency action by the County of Maui Department of Public
‘Works. . :
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SUMMARY
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Chapter I INTRODUCTION

1. INTRODUCTION
1.1 Project Location

Kaunakakai is located on the south-central coast of the island of Molokai. It is the
center of population, government, commerce, and water transportation activities for
the island. The areal limits of the proposed drainage improvements encompass
Kaunakakai Town and its residential areas, Kapaakea Homestead Subdivision, and
adjacent agricultural and pastoral lands (see Figure 1.1), The primary study area
encompasses about 431 acres. Drainage areas which extend into the upper portions
of the East Molokai Mountains above Kaunakakai consist of an additional 7,144
acres. Although not part of the primary study area, runoff from these upper areas

will be collected by the proposed drainage improvements.

1.2. Drainage Master Plan

A Drainage Master Plan for Kaunakakai, Molokai, Hawaii was prepared in August

1992 for the County of Maui Department of Public Works to provide the County
of Maui with a comprehensive drainage niaster plan for systematic and orderly
development of drainage improvements in Kaunakakai. The report also provided
recommendations for relieving the existing flooding problems. Proposed drainage
improvements in the report consisted of a combination of drainlines, grated inlets,
catch basins, box culverts, and shallow open channels sized for a 10-year storm.
Proposed roadway culvert crossings were sized for a 50-year storm. Hydrology
calculations in the report were made by using the U.S. Department of Agriculture
Soil Conservation Service (SCS) Tabular Method, and by following standards in the

1971 report, "Drainage Master Plan for Maui County".
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Chapter I INTRODUCTION

1.3  Project Implementation

This Environmental Assessment (EA) has been prepared to document potential
environmental effects of the implementation of the improvements set forth in the
County of Maui Drainage Master Plan for Kaunakakai, Molokai. Although this EA
examines the environmental effects of implementation of all of the improvements

“identified in the Master Plan, at this time, the County of Maui intends to construct
i et

only System A as described in Chapter 2.

A
This EA will also serve as the required environmental documentation for
implementation of the subsequent improvements described in Chapter 2. The
County of Maui intends to construct these subsequent improvements as funds

become available. At this time, no schedule has been established for these

subsequent improvements.

Page 1 - 3
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Chapter.2 _ PROJECT DESCRIPTION

2. DESCRIPTION OF THE PROPOSED PROJECT

2.1 Project Need

Drainage problems resulting in flood conditions from runoff during periodic rains
and storms have plagued the Kaunakakai area for years. These floods have caused
damage to homes and businesses, created inconvenience to residents and visitors,
caused hazardous driving conditions, and have limited the availability of emergency

services to certain portions of the island.

The flooding is caused by a combination of natural and man-made factors. These

include inadequate or nonexistent drainage systems in the business areas of

Kaunakakai town, inadequate drainageways to convey the runoff from existing

systems in the upper portion of the town to the ocean, poorly maintained drainage
systems, poorly drained soils in low-lying areas, and relatively flat topographic

conditions:.

2.2  Existing Drainage System

‘The existing drainage system consists of ditches, levees, grassed swales, berms,

roadway culverts, catch basins, and drainlines. These systems were designed to
convey, divert, or retain runoff generated within the primary study area. However,
many of these systems are badly in need of maintenance, and many of the
downstream systems (ditches and roadway culverts) are incapable of accommodating
the runoff generated from developed conditions upstream. In addition, several of
the roadway culvert crossings were noted to have outlet inverts lower than the invert

of the outlet drainageway, thus resulting in ponding during periods of low flow.

Page 2 - 1




Chapter 2 PROJECT DESCRIPTION

The Kaunakakai Drainage Master Plan divided the existing drainage system into five
sub-areas for analysis. These five sub-areas were as follows: 1) Kaunakakai Stream,
2) the Kaunakakai Town area along Ala Malama Avenue down to Beach Place, 3)
the upper Kaunakakai subdivision area, 4) Kaunakakai School down to Seaside
Place, and 5) the Kapaakea Loop subdivision. The following discussion of these
existing sub-areas is based on drainage conditions at the time the Kaunakakai
Drainage Master Plan was being prepared (1991-92). Figure 2.1 provides an

overview of the existing culverts and ditches in the study area.

2.2.1 Kaunakakai Stream

The portion of Maunaloa Highway which crosses Kaunakakai Stream is designed as
a ford. Currently, sixteen 36-inch Reinforced Concrete Pipe (RCP) culverts
(designated "CE1") pass flow under the roadway during periods of low flow and light
rain conditions. Figure 2.2 shows photographs of the ford crossing during low flow,
and of Kaunakakai Stream the day after heavy rains. During periods of heavy
rainfall, storm flows will overtop the ford crossing. It is estimated by Maui County
public works personnel that this occurs about two to three times per year, on
average. Three-foot concrete posts alongside the highway are painted red at the

level indicating the depth of the flow considered dangerous for vehicles to cross the

ford.

Although Kaunakakai Stream overflows Maunaloa Highway during periods of heavy
rainfall, a levee constructed by the Corps of Engineers prevents the stream from
further flooding the town area. The main problem with the stream overflowing the
ford is the inability of vehicles to get from one side of the stream to the other.

Thus, access to emergency services such as Molokai General Hospital, police, and

fire protection is severely hampered.

Page 2 - 2
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Chapter 2 PROJECT DESCRIPTION

2.22  Kaunakakai Town to Beach Place

Above the town’s business district, along the southwestern boundary of Molokai
General Hospital, a 3 to 4-foot high earthen berm diverts sheet flow generated
above the Armory. The berm passes the flow under Pauli Place through an 18-inch
Corrugated Metal Pipe (CMP) culvert, "CE3". The water then sheet flows to the

house lots located north of Ala Malama Avenue and collects in low points.

Within the town’s business district, there are no existing drainage systems. All
surface flows are currently carried along the streets. During periods of heavy
rainfall, flooding occurs along Ala Malama Avenue, Alohi Street, and Mohala
Street. The flooding problem is compounded by the reduced carrying capacity of
the concrete gutters along Ala Malama Avenue. The reduced capacity of the gutters
is the result of road résnrfacing without sufficiently planing the previous road
surface. Figures 2.3 and 2.4 show photographs of flooding on Ala Malama Avenue,
Mohala Street, and Kamehameha V Highway during a heavy rainfall in May 1992.

On Kamehameha V Highway, there is a 24-inch RCP culvert, "CE2", which is
intended to drain water from the County storage yard to the area south of the
highway.‘ However, because the invert of the pipe is about 12 inches above the
existing ground, and because the ground is not graded to drain towards the culvert’s

inlet, water tends to accumulate in low points within the County yard.

Within the town, an inlet/catch basin system is located at the intersection of
Kamehameha V Highway and Ala Malama Avenue. Water is conveyed from this
system under the highway through a 24-inch RCP culvert, "CE4", into a grassed
ditch running along the south side of the highway (see bottom photo on Figure 2.4).

Page 2 - 6
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Flooded lot on Mohala Street, just south of
Kamehameha V Highway.

Roadside ditch on the south side of Maunaloa Highway.
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Chapter 2 PROJECT DESCRIPTION

This ditch also receives flow from two drop inlets located along the north side of the
highway and routes it south through a 24-inch culvert, "CES". The roadside ditch
conveys the flow west under Kaunakakai Place just south of the highway through a
4-foot x 1.5-foot Reinforced Concrete (RC) box culvert, "CEG6".

From "CES6", a second roadside ditch on the south side of the highway should convey
the flow to the west and around the wastewater pumping station and then south
towards the ocean. However, since the ditch lacks sufficient slope to drain into the

ocean, most of the runoff ponds in the ditch alongside of the highway.

The runoff generated within the area bounded by Kaunakakai Place, Mohala Street,
Kamehameha V Highway, and Beach Place was designed to drain to the ocean
through two culverts. The first culvert is a 24-inch CMP, "CE7", at the intersection
of Beach Place and Kaunakakai Place, and the second an 18-inch CMP, "CE8’,
located at the intersection of Beach Place and Mohala Street. However, as the
result of poor grading, most of the runoff in this area ends up ponding within low

points in the area north of Beach Place.

223 - .Unner Kaunakakai Subdivision

Ditch "DE1" and the associated 8 to 10-foot high levee are located just north of the
upper boundary of the town’s existing subdivision developments, and serves as the
primary diversion for runoff generated on the hill slopes above the town. The ditch
is sufficient to convey the flow generated from a 50-year storm. However, a 24-inch
CMP culvert, "CE9", which passes flow under the town’s water tank access road
cannot accommodate this occurrence. Thus, during times of heavy rainfall the

ditch/levee system essentially acts as a detention basin.
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A grassed swale, "DE2', directly above the subdivision lots conveys additional runoff .
east towards the Puu Maninikolo cinder pit. At the time of the survey, a heavy

growth of grass within the swale had reduced the capacity of this swale by about —_

half.

The subdivisions below or south of the diversion ditch/levee are served by several
drainline and catch basin systems. These drainage systems empty into two silting _
basins and two natural drainageways. Silting basin "A" (subdivision outlet #1),
located at the end of Kalohi Street, was badly overgrown with tall grass and koa —
trees at the time of the survey, and had a large build-up of silt material which
reduced the capacity of the basin by as much as 75%. Overflow from this basin is -
conveyed by a CRM spillway south into a natural drainageway which outlets onto

the cultivated fields adjacent to Kamehameha V Highway.

Silting basin "B" (subdivision outlet #2), located at the end of Kolapa Place, was
also overgrown with tall grass and some koa trees, but the accumulation of silt was
much less pronounced than basin "A". As with basin "A", basin "B" has a CRM
spillway which drains overflow south onto the cultivated fields. In spite of the heavy

growth in both basins, they appeared to be structurally stable.

One of the two natural subdivision drainageways, subdivision outlet #3, begins about
300 feet north of Molokai General Hospital and eventually drains towards flatter
terrain just above Kukui Place. From this point, the water sheet flows down to Ala

Malama Avenue and accumulates alongside the road.

The second natural drainageway (subdivision outlet #4) is a well-defined channel
which begins 150 feet above Ala Malama Avenue between Ilio and Kokio Roads.

It receives runoff from subdivision drainlines and passes through two roadway

Page 2 - 10
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culvert systems: a 42-inch CMP, "CE10" which crosses Ala Malama Avenue, and
two 24-inch CMP lines, "CE11", which cross Kolapa Place. Downstream or south

of the 24-inch culverts, the gully transitions to a grassed trapezoidal ditch, "DE4".

2.2.4 Kaunakakai School to Seaside Place

Ditch "DE4" continues to the south and conveys flow through a 48-inch RCP culvert
(used as a walkway crossing) located about 200 feet downstream of Kolapa Place
where it transitions to a grassed swale, "DES". This swale runs adjacent to the north
and east boundaries of Kaunakakai Elementary School towards the highway, where
it then turns 90 degrees and runs alongside the highway to the east. As can be seen
in the top photo on Figure 2.5, the swale overflows into the adjacent field during

heavy rainfall.

After the 90 degree turn to the east, the swale transitions to "DE6", which‘ is 4-foot
wide and 6 inches deep and lined with concrete. This lined swale runs for
approximately 850 feet before becoming a grassed trapezoidal ditch, "DE7", with a
top width of 16 feet and depth of 3 feet. At the time of the survey, a heavy growth
of grass in the ditch had reduced the capacity by about half. The photograph on the

bottom of Figure 2.5 shows storm runoff overtopping the ditch after a heavy rain in

May 1992.

Ditch "DE7" drains to a 10-foot wide x 3-foot high RC box culvert, "CE12", which
conveys flow to the south side of the highway. However, when surveyed in May
1992, the midpoint of this culvert was partially clogged with a thick layer of silt and
dead vegetation. A 24-inch RCP culvert, "CE13", serves as a second highway
crossing for the swale, but because the inlet invert of the pipe is approximately 1

foot above the invert of the swale, the culvert serves as a ditch relief line.
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Chapter 2 PROJECT DESCRIPTION

The outlet for the 24-inch culvert, "CE13", consists of a concrete-lined trapezoidal
channel, "DES8", which runs approximately 600 feet to the ocean. This ditch is 2 feet
wide on the bottom and 4 feet wide at the top, with a depth of 1 foot. Before
outletting to the ocean, the ditch passes under Seaside Place through two 18-inch
RCP culverts, "CE14". The capacity of this channel had been previously reduced
due to debris build-up in the channel. Figure 2.6 shows photographs of the ditch
flowing strongly after a heavy rain. It appears in the bottom photograph that the
resident adjacent to the ditch had cleared the ditch of vegetation just prior to the

rainfall.

The 10-footx 3-foot box culvert, "CE12", does not outlet into a defined drainageway
after crossing the highway. Once the flow is on the south side of the highway, the
water ponds in a small marshy area adjacent to the highway known as the
Goodfellow property. Originally identified as Koheo Wetland, the property has
been filled in, thus preventing any water to outlet into either the marsh or the

ocean.

2;2'.5 Képaakea Subdivision

The drainage system for the Kapaakea Loop area consists of a 24-inch RCP culvert,
"CE15", and an 8-foot x 3-foot RC box culvert, "CE16", crossing the highway.
During surveys in May 1992, both of these culverts were in need of maintenance, as
silt and dead vegetation had accumulated within the culverts. Also, both culvert
outlet inverts are lower than the existing drainage ditches, thus resulting in ponding
at the outlets. Figure 2.7 shows photographs of the debris and vegetation build-up
on the north and south sides of the box culvert "CE16".
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The outlet for the 24-inch culvert consists of a graded ditch, "DES", 3 feet wide with
stone-lined walls and a depth of 1.5 feet. Although much of this ditch is in good
condition, several locations along this ditch were completely blocked with soil and
planted vegetation at the time of the survey. Thus, these obstructions have caused

water to build up at the outlet end of the culvert.

The grassed ditch, "DE10", draining the 8-foot x 3-foot box culvert is trapezoidal in
shape with a top width of 12 feet and a depth of 2 feet. As observed in May 1992,
a heavy overgrowth of grass had reduced the capacity of the ditch by more than 50
percent. Both ditches "DE9" and "DE10" do not have culvert crossings to pass water
through the Kapaakea Loop before outletting into the ocean. Thus, during times

of heavy rainfall, runoff flows over the roadways to the ocean.

Previously, the U.S. Army Corps of Engineers planned a second flood control
project within the town which would have consisted of a concrete-lined channel
along with levees above Kapaakea. However, the proposed project was canceled in

1978 because of insufficient funds.
2.3  Proposed Drainage Improvements

The proposed system has been designed to address the inadequacies in the existing

system, 2 Zed=to=-n66C ate s—development. The system

consists of a combination of drainlines, grated inlets, catch basins, box culverts, and
shallow open channels designed for a 10-year storm. Proposed roadway culvert

crossings were designed for a 50-year storm.

The system was divided up into five separate sub-systems, designated A through E,

each addressing individual problem areas. Figure 2.8 presents a schematic overview
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Chapter 2 PROJECT DESCRIPTION

of the proposed system overlaid on the existing system. Table 2.1 is a summary of

the proposed sub-systems and individual design features.

TABLE 2.1
Proposed Drainage System Characteristics

System Design Characteristics

A Earthen levee/grassed ditch

B Concrete box culverts w/ grate inlets/concrete open channels
C . |.Concrete box culverts w/ grate inlets/concrete open channels
D Concrete open channels/concrete box culverts
E Concrete open channels/concrete box culverts

The shallow open channels of the systems were selected because of two significant
study area constraints: 1) the low elevation’ of the study area, and 2) the flat

topography of the study area in locations below the residential subdivisions.

2.3.1 System "A"

System "A" is located just above the business district of Kaunakakai generally
following the southern boundary of Molokai General Hospital and consists of a

berm/grassed ditch combination approximately 1,100 feet in length, along with a new

24-inch RCP culvert #1. The berm/grassed ditch would tie into the existing Corps

of Engineers levee along the Kaunakakai Stream bank and serve as a diversion for
runoff generated on approximately 28.8 acres above the town’s center. This

berm/grassed ditch would divert runoff discharged from the subdivision drainline and

from the berm located above the Armory.
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232 System "B"

System "B" consists of a combination box culvert/grate inlet and open channel
system. This system would serve to drain the center of the business district, the
County storage yard, and land directly east of Kaunakakai Place. The drainline

portion would consist of concrete box culverts which would run under Ala Malama

Avenue. After passing under Kamehameha V Highway through a new 5-foot x 2-
foot RC box culvert #2 (replacing culverts "CE4" and "CE5"), the drainline would
drain to a 970 feet Jong concrete open channel that outlets to the ocean. The first
470 feet of this channel (designated as "B1") would be 6 feet wide and 3 feet deep.

A new 24-inch RCP culvert #3 would replace the existing 24-inch culvert, "CE2",
and drain runoff from the County storage yard into channel "B2". This channel
would then discharge approximately' 24 cubic feet per second (cfs) through a new
5-foot x 2-foot RC box culvert #4. This box culvert would discharge into channel
“B1", at which point a transition to a 9-foot wide channel, "B3", would occur.
Channel "B3" would then pass the flow under Beach Place through a new 9-foot x

3-foot box culvert #5 (replacing culvert "CE7") before emptying into the ocean.

2.3.3 System "C"

System "C" also consists of a combination box culvert/grate inlet and open channel
system. This system would drain the town’s business district portion southeast of
Ala Malama Avenue, and areas south of Kamehameha V Highway, which would
include land straddling Mohala Street down to Beach Place. The box culvert/grate
inlet portion would start along Alohi Street and run under Mohala Street to
Kamehameha V Highway. After crossing under the highway through a new 7-foot
x 2-foot box culvert #6, the system would empty into a concrete-lined channel, "C1",

7-foot x 2-foot. A second cut-off channel "C2" would empty through a new 4-foot
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x 2-foot RC box culvert (#7) into "C1", which would then transition to a 10-foot
wide x 2-foot deep channel, "C3". After crossing under Beach Place with two new
6-foot x 2-foot box culverts #8 (replacing culvert "CE8"), channel "C3" would

continue for another 200 feet to the ocean.

234 System D"

System "D" follows the existing ditches "DE4" through "DE7" and consists of

_concrete-lined channels which would drain runoff generated from portions of the

town’s subdivisions. The channel would also serve as a collection channel for runoff

generated from the grassed recreational field and cultivated lands adjacent to

‘Kamehameha V Highway. This rectangular channel would cross Kamehameha V

Highway through an existing 10-foot wide x 3-foot high box culvert, "CE12', and a
new twin 24-inch RCP crossing #9 located at the existing 24-inch RCP culvert,
"CE13". The two 24-inch pipes would divert flow under the highway and out to the
ocean through a 4-foot x 2-foot channel "D6". This channel would cross Seaside
Place as a new 6-foot x 2-foot RC box culvert #10 (which replaces culvert "CE14"),
which would then become a 6-foot x 2-foot channel "D7". Both channels would

replace the existing channel "DES8" which flows into the ocean.

“The existing 10-foot x 3-foot culvert would outlet into the Goodfellow property.

Although it is classified as a wetjands area by the Corps of Engineers, the area has
been filled. The Corps of Engineers has ordered the lot owners to remove the fill
material and to restore the wetlands area. Thus, this area can be used as a natural
stormwater detention basin as the original wetlands was used. This detention basin

would serve to settle out solid materials before discharging into the ocean.
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2.3.5 System "E'

System "E" consists of two concrete-lined channels which would run 600 feet from
Kamehameha V Highway to the ocean. A 6-foot wide x 3-foot high channel "E1"
would replace the existing ditch "DE9". A new 8-foot x 3-foot box culvert #11
would replace culvert "CE15" and convey flow across Kamehameha V Highway,

while another new 6-foot x 3-foot box culvert #12 would cross Kapaakea Loop.

A second channel "E2", which would be 20 feet wide and 4 feet deep, would drain
flow from Kamiloloa Stream. This channel would replace the existing ditch "DE10".
Two new 10-foot x 4-foot box culverts #13 would convey flow under the highway,
replacing culvert "CE16". A second pair of new 10-foot x 4-foot box culverts #14

would allow flow to pass under Kapaakea Loop.
24 Land Ownership

Portions of 38 Tax Map Key (TMK) parcels will be affected by the proposed
improvements. Table 2.2 lists the TMK’ on which the proposed drainage
improvements will occur. Included in the table is the total acreage of each parcel
and the approximate easement area required in order to construct the
improvements. The TMK parcels are grouped by drainage "system". In addition to
the easements in the table, there are drainage easements which cross Seaside Place,

Kaunakakai Place, Beach Place, Mohala Street, and Kamehameha V Highway, and

‘which will be installed within Ala Malama Street, Alohi Street, and Mohala Street.

These County and State roads are owned by the County of Maui and/or the State

of Hawaii and do not have Tax Map Key numbers.
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Chapter 2 PROJECT DESCRIPTION
TABLE 2.2
Kaunakakai Drainage Improvements Tax Map Key Areas
Parcel Approx. Easement
System Tax Map Key Landowner Acreage Area (sq. ft.)
' 5-3-09:22 private 1.19 6,000
: , 5-3-09:18 County of Maui 0.47 800
A 5-3-09:17 private 9.99 4,400
' 5-3-03:01 private 3,580.32 12,000
5-3-01:03 County of Maui 3.79 3,750
5.3-01:08 private 2.62 6,750
5-3-01:64 private 0.43 1,500
5-3-01:77 private 043 1,500
B 5-3.01:76 private 0.31 1,500
- 5-3-01:75 private 1.28 1,500
5-3-01:01 private 7.13 5,700
5-3-01:65 private 0.67 3.300
5-3.01:09 private 0.63 3,750
5-3-01:82 private 0.47 3,000
5-3-01:83 private 031 1,500
C 5-3-01:84 - private 0.29 1,500
Lo - 5-3-01:01 private 7.13 9,300
5-3-01:16 private 0.29 3,000
5-3-01:30 private 6.84 8,250
5-3.06:33 private 1.02 4,800
5-3-02:167 private 541 16,500
5-3-02:52 County of Maui 6.01 8,000
D 5-3-03:01 private 3,580.32 44,000
' 5-3-07:39 private 3.00 130,680
5-3-07:15 County of Maui 0.09 4,000
5-3-07:06 County of Maui 0.04 1,850
5-4-07:20 private 0.49 2,200
5-4-07:19 private 049 2,200
5-4.07:15 private 0.40 1,800
5-4.07:16 private 041 1,800
5-4.07:04 private 0.38 1,700
E 5-4-07:03 private 042 1,700
: 5-4-08:22 private 0.48 3,150
5-4-08:21 private 046 3,150
5-4-08:09 private 041 2,700
5-4-08:10 private 040 2,700
5-4-08:08 private 042 2,700
5-4-08:07 private 041 2,700
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2.5 Cost Estimate

A cost estimate for each of the five proposed systems was developed for budgetary

purposes. The cost estimate consisted of three compon
engineering, and 3) construction. A summary of these fi
The table summarizes costs of an open chann
The only structural difference betwee

open channel which converts

applicable and feasible to Systems B, C, and D.

ents: 1) land acquisition, 2)
gures is shown in Table 2.3.
el system and an underground system.
n the two schemes is a structural slab over the

it into a box culvert. The underground system is only

TABLE 2.3
Cost Estimate Summary for
Open Channel System and for Underground System
.System Engineering Acquisition Construction Total Cost
L___r__’__’r____j—_—f/_______

'. A $81,000 $22,600 $70,800 $174,400

B $156,000 $168,100 $1,300,100 $1,624,200

g C $80,100 $183,900 $667,800 $931,800

E D $103,100 $187,100 $858,800 $1,149,000

NT E $79,200 $55,800 $660,000 $795,000

Total Open System (rounded up to the nearest 1,000) . $4,674,000

U A $81,000 $22,600 $70,800 $174,400
N

D B $175,600 $168,100 $1,463,700 $1,807.400

B

R C $137,100 $183,900 $1,142,500 $1,463,500
G

R D $275,100 $187,100 $2,292,700 $2,754,900

8 E $79.200 $55,800 $660,000 $795,000

ND Total Underground System (rounded up to the ncarest 1,000) $6,995,000
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Chapter 2 - PROJECT DESCRIPTION

2.5.1 Land Acquisition

Land acquisition costs were developed through the use of the "Real Estate
Handbook, Second Tax Division, Counties of Maui and Kalawao, Zones 1 through

6, 1991". For each parcel in which a system traversed, the following methodology

was used:
1. Determine the total land value of each parcel traversed by a particular
system.
2. . Determine the -amount of easement area required on each of these
parcels.
3. - Proportion the acquisition cost according to the area of the easement

in relation to the entire parcel.

A two percent escalation factor per year was used to project the 1991 land values
t0.1993. =

On-site structures such as buildings and homes were avoided when laying out the
proposed systems in an attempt to prevent condemnation of existing buildings when

implementing the systems.

2.5.2 Engineering

Engineering costs were taken as approximately 10 percent of the construction cost.
The engineering cost includes design fees, subconsultant {soil, structural, etc.) fees,
and miscellaneous costs such as travel and printing costs. In addition, the
engineering cost of system 'A’ also included consultant’s fees for an environmental

assessment and marine biology study for all five proposed systems.
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2.5.3 Construction

Construction costs consisted of the cost to construct in place, each individual system,
along with appropriate traffic control. Construction costs do not include cost of
relocation of any existing utility lines. Among the construction cost components for
the ditch systems were excavation and disposal, base course, concrete formwork and

materials. Component costs for roadway culverts included pipe/box culverts and

headwalls.

Because the type of construction for system 'A’ (earthen berm) remained the same
for both schemes, the construction cost remained the same. Likewise, the
construction cost for system. "E" remained the same for both schemes due to the

inability to place the system completely underground.

Most-of the channels were allowed maximum depths of only 2 feet to utilize the
entire length of the open channel for intercepting runoff. The depth of the channel
is limited by both the low elevation in the area and the fact that a channel wall

placed above existing grade would not allow runoff from the surrounding area to

flow.into the channel.

In addition, all open channels where designed to be lined with concrete. Although
concrete channels would create higher flow velocities and thus have a higher
potential for sediment transport, grassed channels were rejected because of the
larger widths that would be required. In addition, the amount of sediment
generated in the study area is considered minimal when compared to the upper

reaches of the drainage basin and adjacent ranch lands.
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Chapter 2 PROJECT DESCRIPTION

2.6 Project Schedule and Implementation

As previously discussed, the County of Maui only intends to construct System A in
the near future, as identified in the Kaunakakai Drainage Master Plan. The County
of Maui will program and construct the other improvements as funding becomes
available. At this time, no schedule has been established for these subsequent

improvements.
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3. AFFECTED ENVIRONMENT

3.1 Geology and Hydrology

Three volcanoes created the island of Molokai. The western one, known as West
Molokai, is 1,381 feet high and about 12 miles across. The eastern one, East
Molokai Mountain, is 4,970 feet high, 27 miles long from north to south, and 8 miles

wide from east to west. A smaller and much later volcano forms the Kalaupapa

. Peninsula on the north coast of the eastern volcano.

The rising and receding of the ocean has caused a narrow fringing reef to form

along part of the south shore of East Molokai. Inland of the fringing reef, a nearly

continuous apron of alluvium lies along this south shore. In part, this alluvium

. represents an encroachment of terrestrial sediment due to accelerated erosion of the

“southern slopes. Most of Kaunakakai is located on these alluvium deposits.

Kaunakakai Stream originates in the East Molokai mountains and flows past the
town to the west. According to records maintained by the U.S. Department of the

Interior Geological Survey, Kaunakakai Stream is an intermittent stream with an

~average discharge of 1.90 cubic feet per second (cfs). During heavy rains, runoff

from Kaunakakai Stream deposits silt into Kaunakakai Harbor.

3.2 Topography and Drainage

~ Topography in the study area ranges from a flat coastal plain to steep slopes and

gulches in the mountains behind Kaunakakai town. Within the watershed, the
average elevation is about 5 feet mean sea level along the coastal plain, and rises to
about 4,200 feet on the upper slopes of the East Molokai Mountains. Well-defined
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gulches mark the upper elevations, while delineation in coastal areas varies and is
much less pronounced. As some watercourses approach the coast, they become
poorly defined and end before reaching the ocean. The median annual rainfall over
the Kaunakakai watershed area varies with elevation from about 10 inches along the
coast to about 75 inches at the upper reaches of the watershed. Appendix B

contains figures showing the rainfall for storms of different frequency and duration.

Within Kaunakakai town, the existing drainage system consists of ditches, levees,
grassed swales, berms, roadway culverts, catch basins, and drainlines. These systems
were designed to convey, divert, or retain runoff generated within the primary study
area. However, many of these systems are badly in need of maintenance, and many
of the downstream systems (ditches and roadway culverts) are incapable of

accommodating the runoff generated from developed conditions upstream. In

" addition, several of the roadway culvert crossings were noted to have outlet inverts

lower than the invert of the outlet drainageway, thus resulting in ponding during

periods of flow.
33 Soils

The general soil associations in the area above Kaunakakai are Very stony land-
Rock land and Rough broken land-Oli. The Very stony land-Rock land association
has gently sloping to very steep, rocky and stony land types on uplands and in
gulches and valleys. The Rough broken land-Oli association has shallow to deep,
very steep to precipitous soils in gulches and moderately deep to deep, gently

sloping to steep, well-drained soils that have a medium-textured and moderately fine

textured subsoil.

Page 3 - 2




o

Chapter 3 AFFECTED ENVIRONMENT

The general soil association along the coastal plain on alluvial fans and drainageways
is Jaucas-Mala-Pulehu. This soil association has deep, nearly level and gently
sloping, excessively drained and well-drained soils that have coarse-textured to fine-
textured underlying material. Kealia silt loam (KMW) makes up a significant
portion of soil found makai or south of Kaunakakai Town. This soil is poorly

drained and ponding occurs in low areas after a heavy rain.

Extensive soil erosion has occurred and continues to occur in the Kamiloloa
drainage basin east of Kaunakakai Town. This erosion has deposited silt and other
debris which has affected the water quality and the depth of the ocean in the
nearshore waters east of Kaunakakai Harbor. The lack of ground cover and the
occurrence of short periods of intense rainfall result in flash flood conditions which

have contributed to the heavy silting of ocean water inside the reef.

34 Flora and Fauna

Low, marshy land covered with grass and brush characterizes the coastal plain of the
study area. Kiawe trees and brush cover the areas above the coastal plain while

thicker tropical growth covers the uppermost, wet regions.

The shoreline vegetation in the Kaunakakai area consists mainly of kiawe, haole

koa, finger grass and pili grass. Along the shoreline west of the harbor, very dense

growths of mangrove have developed.

The major terrestrial animal populations of Molokai include introduced feral
mammals (deer, goat, mongoose, wild pig), and approximately nine species of native
birds, of which five are listed as endangered by the U.S. Department of the Interior

Fish and Wildlife Service and the State of Hawaii. These species are the Hawaiian

Page 3 - 3




Chapter 3 AFFECTED ENVIRONMENT

Coot, Hawaiian common Moorhen, Hawaiian Stilt, Molokai Creeper and Molokai
Thrush. The coot, moorhen, and stilt are waterbirds which make their home in
fishponds along the south coast of Molokai. The Kaunakakai Sewage Treatment

Pond approximately 1,200 feet west of Kaunakakai town also serves as foraging

~ground for these species.

Two of these endangered species, the Molokai Creeper and the Molokai Thrush, are
endemic to the island of Molokai. The habitat of these species is above the 2,000

foot elevation. These elevations do not occur until about 5 miles northwest of the

. study area.

35 Wetlands

There is a drainage ditch along Kamehameha V Highway which directs runoff into
a wetland makai of the highway at the end of Seaside Place. This wetland,
identified as "Koheo", has been tentatively identified by the U.S. Department of the
Interior, Fish and Wildlife Service. It currently consists of a vacant lot at the edge
of a residential area. At one time, the area served as a detention site for storm

runoff.

When it was first surveyed in 1977, according to the report, the area near the road
was characterized by dry, disturbed soil, weedy vegetation and only a few patches of

surface water. Towards the beach, the wetland consisted of extremely muddy and

mucky soils with larger areas of open water and salt evaporates. At that time, .

vegetation found in the wetland included both obligate and facultative species,
including makai (Scirpus paludosus), pickleweed (Batis maritima), Bermuda grass

(Cynodon dactylon), Indian pluchea (Pluchea indica), cocklebur (Xanthium
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Chapter 3 AFFECTED ENVIRONMENT

saccharatum), and kiawe (Prosopis pallida). When the site was first surveyed in

1977, no rare or unusual wildlife was observed in the wetland.

Sometime after 1977, the area was filled by the lot owners. The U.S. Army Corps
of Engineers has since ordered the lot owners to remove the fili and restore the
wetlands area. When this is accomplished, the area can once again be used as a
natural stormwater detention basin, as it once was. The detention basin would serve

to settle out solid materials before discharging into the ocean.

3.6 Marine Environment

3.6.1 Water Quality Conditions

A water quality analysis was conducted to determine existing water quality in the
marine environment around Kaunakakai and to assess the potential for changes in
these conditions due to the proposed drainage improvements (see Appendix C for

the complete report).

Data were collected on two days; one day under "normal” dry conditions (April 28,
1992) and the other day after a rainstorm (May 20, 1992). Data collection was
performed from 20 stations aligned in 5 transects running perpendicular to the
shoreline which corresponded to the proposed discharge points (see Figure 3.1). At
each station, samples were taken at three depths; 0.5 meter below the surface,
midway between the surface and bottom, and 0.5 meter from the bottom. Water
quality parameters measured in each sample included temperature, salinity, turbidity,
suspended solids, total nitrogen, nitrate-nitrite (NO,/NO,), ammonia {NH,), total
phosphate, orthophosphate (PO,), reactive silicate (SiO,), chlorophyll, dissolved
oxygen (DO) and PH.
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Chapter 3 AFFECTED ENVIRONMENT

On Molokai, like other islands, offshore water quality is affected by groundwater
and surface water discharges. This simultaneous discharge makes it difficult to make

definitive statements regarding the impacts of runoff alone. Moderate levels of

- suspended solids were observed near shore even during dry weather, probably as a

result of turbulent mixing in shallow water. The correlation between total

suspended solids (TSS) and chlorophyll suggests that the suspended material was
predominantly derived from some algal biomass. In contrast, rain runoff might be

expected to introduce primarily non-living material. However, little if any of the

suspended material could be traced to terrestrial sources. The correlations between

chlorophyll, pheopigment, arid total phosphorus were similar on both sampling days.

Thus, the composition of the suspended material probably did not change very much
between the two days. Turbidity changes were closely coupled with TSS changes on
the second sampling day, and therefore both TSS and turbidity probably resulted

from the presence of resuspended material.

The effects of surface runoff were only locally observable on the second sampling
day (e.g. as a slight reduction in the silicate concentration along transect 5). Atall
other transects persistent freshwater effects were coupled with a strong groundwater

influence, and a general increase in reactive silicate concentrations was noted.

3.6.2 Benthic and Fish Communities

A biological survey of the reef environment off Kaunakakai was also conducted to

.. inventory the composition or abundance of possibly sensitive marine organisms, and

to provide an estimate of the potential impact of the revised drainage system on the

Kaunakakai reef environment (see Appendik B).
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Fifteen locations were surveyed on the Kaunakakai reef on May 19 and 20, 1992.
Stations were aligned on five sites along the shoreline corresponding to the locations
of proposed principal drainage points for the proposed project. For each alignment,
a nearshore (NS), mid-reef (MR), and offshore (OS) station was established. (see
Figure 3.2). At each station, a 50 meter line was deployed parallel to the shoreline
which was used to establish the location and direction of benthic quadrants and fish

transects.

The findings of the present study are similar to those of a previous study of the

benthic environment along the west side of Kaunakakai Harbor prepared for the

. U.S. Army Corps of Engineers in 1978. The earlier study found three coral colonies

and a diverse invertebrate community at their most shoreward station, which was
approximately 300 meters west of Station IMR. The present results and the 1978
study indicate that effects of turbidity and sedimentation from shore runoff and the
harbor on the benthos have been mostly restricted to those areas directly shoreward

of the harbor.

Substratum and Benthos

U S A e ——————

On the nearshore and mid-reef zones of the reef flat the bottom types and dominant
biota are substantially unchanged throughout the sampling sites along the study area.
The four nearshore transects from INS to SNS were essentially devoid of
invertebrates other than the blue clawed swimming crab, Thalamita crenaia. At
Station 1NS, in addition to this crab species, alpheid shrimps (Alpheus rapax?) and

tubes of vermetid molluscs were observed.

At the mid-reef station IMR, small colonies of two species of corals (Porites lobuta

and Pocillopora damicornis) occurred on or near the transect, and a yellow
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Chapter 3 AFFECTED ENVIRONMENT

nudibranch, a bristleworm (Phrecardia striata) and some boring sea urchins
(Echinometra mathaei) were found on the coral rubble. Station 2MR had no
indications of benthic organisms other than burrow openings. The rest of the mid-
reef environment east of the harbor jetty was relatively unchanged. The bottom

consisted of exposed muddy sand and a complex association of Halophila ovalis with

_a variety of macroalgae, including Acanthophora spicifera, Hypnea sp., Padinu

japonica, Spyridia filamentosa, Dictyota sp., Lyngbya sp., Neomeris annulata, Halimedu

discoidea and Turbanaria ornata.

The offshore stations show a clear gradient of decreasing reef coral abundance going
from the westernmost station (108) to Station 508 at the eastern limit of the study
area. The coral community at Station 10S most closely typified a normal
assemblage for a leeward Hawaiian reef, being dominated by Porites lobata (37%),
followed by Montipora verrnucosa (6%) and Montipora patula (5%), with a few small
Pocillopora meandrina colonies totaling about 2 percent coverage. Further east at
Station 30S the moderate coral coverage on the transect was dominated by
Montipora patula at 10%, Pocillopora meandrina at 6%, followed by about 4% for
Montipora verrucosa and 205 for Porites lobata and trace amounts of Porites

compressa, Pavona varians, Pavona duerdeni and the zoanthid Palythoa tuberculosa.

Even further east, total coral coverage decreased dramatically to 7% at Station 40S,
and to only 1.5% at Station 50S. It was not clear why good coral growth and
coverage do not apparently extend much further eastward than Station 30S on the
outer Kaunakakai reef. The only obvious physical variable related to the decreasing
coral coverage was increased sand cover, which may restrict coral settlement,
development and growth through resuspension scouring and scouring of reef

surfaces.
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Fish_Assemblages

The nearshore and mid-reef sites showed low richness of fishes (only one to four

species) but also the highest numbers of individuals per species. These four species

. were gobies, with two species, Psilogobius mainlandi and an unidentified goby,

occurring in high numbers. Small schools of an unidentified mullet were seen in the

area of transects 2, 4, and 5.

“The offshore sites had a greater diversity of fishes than the nearshore and mid-reef

sites. Offshore stations 10S and 308 had the highest diversity of species. Several

species appeared consistently at most of the offshore sites. These included the

- hawkfish (Paracirrhites arcatus), goatfish (Parupeneus multifasciatus), damselfish

(Plectoglyphidodon johnstonianus), wrasses (Thalassoma duperrey and Coris gaimard),
surgeonfish (Acanthurus nigrofuscus), triggerfish (Rhinecanthus rectangulus), and toby

(Canthigaster jactator).
3.7 Climate and Air Quality

The climate on Molokai is typical for the Hawaiian Islands, characterized by a two-

season year (winter and summer), mild and uniform temperatures, generally humid

_conditions, and a dominance of northeasterly tradewinds. Mean average

temperature ranges from 69°F in January to 76°F in August.

" The town of Kaunakakai is generally very dry, receiving an average annual rainfall

of about 14 inches. Recorded temperatures closest to Kaunakakai town are at
Molokai Airport which showed 70.2°F in the coolest month and 77.6°F in the

warmest month. The winds off Kaunakakai are predominantly northeasterly
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tradewinds. However, as these winds round the eastern tip of the island and veer

westerly along the southern coast, they produce easterly prevailing winds.

The low level of residential and commercial development in the Kaunakakzai area,

the lack of major stationary sources of air pollution, and the trade wind conditions

pollution would be from vehicles traveling in the area. However, these mobile

sources would not be expected to significantly degrade air quality.

3.8 Noise

Automobile traffic noise is by far the most prominent source of noise in
Kaunakakai. Other intrusive noise sources are generated in the light industrial
- district south of town. The town may be characterized as having a quiet, almost

rurai setting.
3.9 Traffic

Within the project area, a single State Highway (Kamehameha V Highway) runs east -
to west through Kaunakakai. This highway serves as the only roadway to connect _
the Kaunakakai town area with other parts of the island. As such, it must remain _

open to traffic at all times. .

County roads run through residential, commercial, light industrial and public facility
areas in the rest of Kaunakakai. Due to the rural character of the town, traffic is -

light and never reaches congested conditions, except for short periods.
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3.10 Existing and Surrounding Land Uses

Existing land use on the listed parcels of System A range from residential to hospital
use; System B parcels range from canoe club, office space, warehouse, and
petroleum company uses; System C lands are primarily vacant; System D parcels
encompass County facility land uses, including the fire station, Kaunakakai

Elementary School, and library. System E easements are all located on the borders

- of residential parcels.

Because the proposed project spans throughout the entire town of Kaunakakai, land

~ uses surrounding the proposed drainage alignments essentially consist of all uses

within the town itself. These uses include business/commercial areas in the center
of town, single and multi-family residential areas to the northeast, east, and
southeast of the town center, and park space, hospital, school, library, and light

industrial uses.
3.11 Archaeological/Historic Resources

The State Historic Preservation Division (SHPD) was consulted for this project to
determine if the project site or vicinity contains any archaeological or historic
resources (see Appendix A). Based on their records, there are two known
significant historic sites in the vicinity of the proposed drainage systems. Both sites
are located on a property (TMK 5-3-01:2 & 3) at the corner of Kaunakakai Place
and Hio Place. One is Site 50-60-03-630, which consists of a historic and prehistoric
subsurface deposit. It is not known whether this deposit extends into System B.
Previous archaeological testing conducted at the corner of Kaunakakai Place and
Kamehameha V Highway found no evidence of historic sites, so it appears that the

deposit may not extend toward the highway.
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The other site is the Malama House Site (Site 50-60-03-1030), a rectangular
platform which is believed to be the foundation of Kamehameha V’s residence.

However, this site is located away from the proposed drainage system.

A third potential archaeclogical site not previously identified by SHPD was found
near System A during a topographic survey of the area in April 1992. This site was
subsequently surveyed in March 1993 (see Appendix D). The surface survey
resulted in the location and description of two sites, Site 50-60-03-895 and Site 50-
60-03-896. Site 895 consists of a 4 meter by 5 meter stacked boulder enclosure and
associated paved area believed to represent early 1900's period construction, possibly
a work shed. There is a large tree growing out of the interior of the enclosure

which has affected the interior floor area, uprooting and destroying about 60 percent

. of the interior space and destabilizing the makai enclosure wali.

Site 896 consists of a stacked boulder wall also believed to be historic construction
of the late 1800s to early 1900s period, which may have functioned to exclude cattle
from Kaunakakai Town. The wall is approximately 250 feet in length and runs

along an approximate northwest-southeast axis.

. During the survey it was apparent that the majority of the project site has been

bulldozed and further modified in modern times. Limited subsurface testing was
conducted at Site 895 involving the excavation of two test units. There were very
sparse faunal remains and only a few historic-era artifacts observed and recovered.
Though recovered material (midden and artifacts) was sparse, Site 895 represents
a considerable expenditure of time and energy, and may have been regularly utilized

from the early to mid 1900s as a permanent storage shed for agricultural tools.
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3.12 Infrastructure

- 3.12.1 Water

‘Water service in Kaunakakai is provided to users by the County of Maui

Department of Water Supply through a system of transmission and distribution lines

of various sizes.
3,122 Wastewater

Kaunakakai is served by a single wastewater treatment plant which discharges

treated effluent into the ocean offshore of Kaunakakai.

3.12.3 Electrical and Telephone Service

Electrical and telephone service in Kaunakakai is provided by Maui Electric

. Company and GTE Hawaiian Telephone Company, respectively.

3.13 Socio-Economic Environment
3.13.1 Economic Trends

Historically, agricultural production has been the major source of economic
development on Molokai. Until the mid-1970’s when it ceased, commercial
production of pineapples was the island’s major economic activity. Today, many
former Molokai pineapple production workers travel to Maui to reduce the Jabor

shortage there. This trend will probably continue into the year 2000 and beyond.
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Recently, production of coffee has started on Molokai. In the future this may be
a source of additional agricultural production. Other agricultural crops such as
watermelon, corn and other types of vegetables will continue to be produced.
Molokai can also expect to see re-establishment of the cattle industry. In addition,
sheep production may become economically feasible. Agricultural activities will

continue primarily on the eastern portion of the island.

Some growth in businesses is anticipated in the Kaunakakai area to serve an
“increase in population. Tourism related business is receiving a growing share of
overall economic activity on the island. Beyond this, major increases in businesses

in other areas of Molokai are not anticipated. -

3.13.2 Population

According to the 1990 census, the population of Molokai in 1990 was 6,717 persons:
an increase of 668 persons or 11 percent from the 1980 figure of 6,049 persons. In
comparison, population in the State of Hawaii increased 14.9 percent between 1980

and 1990. In Kaunakakai, the resident population in 1990 was 2,658 persons.
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Chapter 4 LAND USE CONTROLS

4, RELATIONSHIP TO LAND USE PLANS AND CONTROLS
4.1 Land Use Controls

4.1.1 State Land Use Districts

The majority of the proposed project is located within areas of Kaunakakai town

designated "Urban", according to the State of Hawaii Land Use Commission (see

Figure 4.1). A portion of System D on the mauka side of Kamehameha V Highway

" is in the "Agricultural" district. Chapter 205, Hawaii Revised Statutes, Land Use

Commission determines the boundaries of the Urban District by including,"those

" lands that are now in urban use and a sufficient reserve area for foreseeable urban
growth, . ." In the establishment of the agricultural districts, the Land Use

Commission observes, "the greatest possible protection shall be given to those lands

with a high capacity for intensive cultivation.”

Construéﬁo_n of any of the drainage improvements would improve drainage

‘conditions in adjacent areas. Since most of the areas affected by the drainage

improvements are already of an urban character, construction of the project would
not change these patterns of development. For the area of System D im the
agricultural district, this area is in park space and is not likely to be placed under
intensive cultivation in the foreseeable future. Thus, the improvements would be

consistent with the Urban and Agricultural District designations.

4.1.2 Molokai Community Plan

The Molokai Community Plan was adopted in January 1984 to guide development

of the island. One of the major features of the Community Plan is the land use map
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which identifies specific uses for various areas of the island. According to the
Molokai Community Plan land use map (see Figure 4.2), System A improvements
occur on Public/Quasi-Public and Single Family Residential designations; System B
improvements are located within and bordering Business/Commercial, Light
Industrial, and Public/Quasi-Public designations; System C improvements border
Business/Commercial and Light Industrial designations; System D improvements
oceur in Public/Quasi-Public, Park, and Single Family Residential designations; and

System E improvements are all located on Single Family Residential designations.
The drainage improvements would not be contrary to these existing Community Plan
land use designations. Thus, the improvements would be consistent with the
Molokai Community Plan.

4.1.3 Special Management Area

The Hawaii CZM Law (Chpater 205A, HRS) charges the Counties with designating

‘and administering special management areas along the State’s coasts. Any

"development" within the Special Management Area (SMA) boundary requires an

'SMA Use permit administered by the County of Maui Planning Department.

Approval of an SMA Use permit is by the County of Maui Planning Commission.

"The SMA boﬁndary in the project vicinity encompasses all of Kaunakakai Town (see

Figure 4.3). Therefore, all proposed drainage improvements are located within the

SMA and will require an SMA permit.
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4,2  Permits and Approvals

The proposed systems will require improvements to existing outlets along the coast,
some of which may require work below the Mean High Water Line. These
improvements will require approvals and permits from various Federal, State of
Hawaii and County of Maui agencies. The specific permit requirements will depend
upon the extent and location of the improvements for each system. The permits

most likely required are listed in Table 4.1 below.

TABLE 4.1
Permits/Approvals Required for
Proposed Kaunakakai Drainage System Improvements

System Permit Agency
A Special Management Area (SMA) County of Maui
Permit
Special Management Area (SMA) County of Maui
B,C,.D.E Permit
Shoreline Setback Variance County of Maui
General Permit (1) Department of the Army
: Corps of Engineers
Nationwide Permit (2) Department of the Army

Corps of Engineers
Coastal Zone Management (CZM) State of Hawaii Office of

.Consistency Determination State Planning

Section 401 Water Quality State of Hawaii
Certification Department of Health
National Pollution Discharge State of Hawaii
Elimination System (NPDES) Permit | Department of Health
Permit for Work in Shorewaters State of Hawaii Dept. of

Transportation

(1) Section 401 certification not required.
(2) Section 401 certification required.
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For projects located within the Special Management Area (SMA), which includes
the entire project area, a County of Maui permit will be required. The preparation
of this environmental assessment fulfills one of the criteria necessary for approval
of this permit. The County of Maui also requires a shoreline Setback Variance for
projects located within the shoreline setback area, normally within 40 feet from the

shoreline.

The Department of the Army Corps of Engineers requires a permit when a project
is being proposed in the waters of the U.S. Waters of the U.S. include ocean
waters; coastal, inland and tidal waters; rivers and streams. A permit is required for
a number of activities including the construction of pipes under the water, dredging,

and excavation.

A Coastal Zone Management (CZM) consistency determination is required when
a Federal agency issues a permit or approval for a project located within the coastal

zone. An environmental assessment is generally required for a CZM consistency

' determination.

The Section 401 Water Quality certification applies to projects that require Federal
approvals. The requirement is that any applicant for a Federal permit with a
proposed project which may result in discharge into navigable waters shall provide
certification from the State that the activity will be conducted in a manner that will

not violate water quality criteria.

A National Pollution Discharge Elimination System (NPDES) permit is required for

construction activity requiring grading of 5 acres or more or construction dewatering.
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This permit, administered by the State of Hawaii Department of Health, requires

consideration of best management practices and preparation of an erosion control

plan.

A permit for Work in Shorewaters is required for any construction within the
shorewaters of the State inlcuding shores, shorewaters, and navigable streams. The
State of Hawaii Department of Transportation (DOT) Harbors Division administers

this permit.

Page 4 -9




e —

L_J

RN VS S U S I S SO

L.
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5. POTENTIAL IMPACTS AND MITIGATIVE MEASURES

5.1 Geology and Hydrology

Construction of the proposed drainage improvements will involve constructing an

above ground diversion structure for System A, creating new drainageways in

Systems B and C, and widening and deepening existing drainageways in Systems D

.and E. Depths and widths of the new drainageways will vary from between 2 and

12 feet wide, and 2 and 3 feet deep, respectively. Existing drainageways will be

widened to between 3 and 20 feet wide, and to between 2 and 5 feet deep. Once

excavated, concrete-lined channels will be constructed to convey the surface runoff.
These excavations and improvements will not create a significant impact on the
geology of the area. In addition, because water supply on Molokai is obtained from
deep well sources at high elevation, the improvements will not create adverse

impacts to the groundwater geology of this area of Molokai.

‘System A will consist of above surface improvements only. The intent of System A

is to divert runoff from certain areas above Kaunakakai town and direct it to
Kaunakakai Stream. Under 10-year storm conditions, System A will divert

approximately 46 cubic feet per second (cfs) of surface flow to Kaunakakai Stream,
which has a capacity of 900 cfs before overtopping the ford on Kamehameha V
Highway. This additional flow into Kaunakakai Stream should not be significant
when compared to its capacity. However, if during storm conditions the Kaunakakai
Stream and Kamehameha V Highway ford were to be overtopped, the diverted flow
from System A could increase the duration of these high flows. This could increase
the time Kaunakakai Town would be isolated from the western end of Molokai.

Notwithstanding this higher flow in Kaunakakai Stream, construction of System A
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would prevent significant flooding to Kaunakakai Town which currently occurs

under heavy rainfall conditions.
5.2  Topography

The construction of the proposed drainage improvements will require some
trenching and filling to create a new berm (System A) and new drainageways, as well
as minor widening and deepening of existing drainageways. Construction activities
will be required only in the immediate vicinity of the improvements. Construction
of the improvements will not significantly affect the topography of the Kaunakakai

area.
53 Soils

As previously discussed, drainage from storms has long been a problem to the town
of Kaunakakai and surrounding areas. These problems are a result of the relatively
flat terrain of the town and steep areas behind it. During storm conditions, flat
terrain does not provide sufficient slope to convey the runoff to the ocean. In
addition, many of the drainage improvements within the town and makai of
Kamehameha V Highway have not been improved to accommodate new

developments above the town.

The primary source of soil erosion which has affected coastal water quality occurs
in the Kamiloloa drainage basin east of Kaunakakai Town. This erosion is caused
by the lack of ground cover and the occurrence of short periods of intense rainfall
resuiting in flash flood conditions. While this is the primary cause of erosion in
Kaunakakai, some soil erosion may occur during excavation and construction of the

proposed drainage improvements.
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Chapter 5 IMPACTS AND MITIGATIVE MEASURES

System- A will require construction of a berm/grassed ditch which will require
trenching and filling. Provided that erosion control measures are practiced during
construction, the impacts to soils should not be significantly adverse. The other
proposed improvements would construct new drainageways and would widen and
deepen existing drainage systems, thereby increasing their ability to convey runoff.
Potential soil erosion from construction of the systems can be mitigated by applying
best management practices as specified in the NPDES permit application and as

performed by the contractor.

5.4 Flora and Fauna

‘As previously discussed, no Federal or State listed or candidate threatened or

-endangered species of plants currently inhabit the area or vicinity of the proposed

drainage improvements. Principal plant species in the vicinity of the improvements
and throughout the areas of town which are not landscaped include kiawe, koa-
haole, California grass, pili grass, finger grass, and mangrove along the shoreline.
The obligate and facultative wetland vegetation found in Koheo Wetland (makai,
pickleweed, Bermuda grass, cocklebur, Indian pluchea, kiawe) is considered
common. Construction of the proposed drainage improvements will require removal
of vegetation and other surface disturbance. The improvements for all of the
systems will occur in areas which appear to have been previously disturbed and lack
extensive vegetative cover. Once construction has been completed, vegetation
should be re-established in areas immediately adjacent to the improvements and
nearby area. Therefore, there should be no adverse impact from the project on the

flora of this region of Molokai.

Similarly, there are no Federal or State listed or candidate threatened or endangered

species of wildlife which inhabit the region in and around Kaunakakai. Construction
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may disturb some of the habitat of various species of wildlife. However, these
species would be those found in the various types of vegetation near the
improvements. Construction of the drainage improvements should not create

adverse impact to the wildlife in the area.
5.5 Wetlands

Upon construction of System D drainage improvements, an existing 10 foot by 3 foot
culvert would outlet about 143 cfs into the Koheo Wetland. Presently, much of the
wetland has been filled in, and water ponds in a marshy area close to the highway.
The increase in runoff into the area should not have any adverse impact on the

wetland, since it was previously used as a natural stormwater detention basin before

landfill compromised its detention capacity. The restoration and use of this wetland

for drainage purposes will be contingent upon the restoration of the wetland (i.e.

removal of fill) by the owner.

5.6 -- Marine Environment

-5.6.1 Water Quality

The data on water quality shows that under dry weather conditions, water quality
in the nearshore zone is controlled primarily be three processes: 1) nearshore
groundwater discharges, which introduce dissolved nutrients into the ocean, 2) waves
and currents, which resuspend settled sediments and transport them along shore,
and 3) biological processes, particularly production by marine macrophytes and
phytoplankton, which may reduce nutrient levels and pH, and increase levels of
dissolved oxygen. Measurements taken after a rainstorm show that these processes

appear to change only slightly during periods of increased runoff.
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Chapter 5 IMPACTS AND MITIGATIVE MEASURES

Thus, the proposed drainage improvements will have no significant negative impacts
on the water quality of the nearshore and offshore marine environments at
Kaunakakai. The proposed improvements will direct surface runoff during storm

conditions into channels and culverts for disposal into nearby ocean waters. Since

the drainage improvements collect runoff more efficiently than the existing systems,

there will be an increase in the total flow reaching the ocean waters. However, the

quality of the flows should not be significantly different from the existing flows.

5.6.2 Marine Biology

The marine biological analysis suggest that development of a storm runoff drainage
system for Kaunakakai is unlikely to have any effect on the Kaunakakai reef or on
the reef coral population in the area. The reef flat is over 1 km wide and nearshore
areas are covered with a thick layer of fine sediment. Muddy areas near shore are
virtually devoid of surface fauna; further offshore the mud/silt bottom is covered
with a dense seagrass-macroalgal biotype. Neither environment would be susceptible

to negative impacts from storm runoff. The extensive sediment coverage suggests

that this area has been under the influence of sedimentation from runoff for a very

long time. The only potentially sensitive benthic communities are in the offshore
area surrounding the Kaunakakai Harbor and channel. These communities have
flourished despite the construction and use of the harbor, and the presence of the
Kaunakakai Stream mouth near the harbor. Changes to the drainage system feeding
into the Kaunakakai Stream will be minor, and should cause no significant changes

in either the volume or quality of the stream discharge.
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5.7  Air Quality

Construction of the drainage improvements will involve surface clearing and
subsurface excavation activities and will require the use of machinery and
equipment. The subsurface activities could create dust and other air pollutants

which will create short-term adverse impacts to air quality.

Use of machinery during construction of the improvements will produce emissions
which will also create short-term adverse impacts to air quality in the area.
However, since these construction activities will be relatively short-term, the impacts
should not be significant. Once constructed, no long-term adverse impacts on air

quality will result from the proposed improvements.

5.8 Noise

Noise levels in the immediate vicinity of the project site will increase as a result of
operating heavy vehicles and other power equipment during construction. Noise
sensitive land uses include the Molokai General Hospital near System A and
Kaunakakai Elementary School in the vicinity of System D. Noise will affect

occupants of these buildings during the construction period.

To mitigate the adverse impact, occupants will have to shut doors and windows and
rely on air-conditioning for the duration of construction. In addition, it shall be the
contractor’s responsibility to minimize noise by properly maintaining mufflers and

other noise attenuating equipment.

Although not a noise sensitive land use, commercial establishments near the

improvements will also be affected by noise from construction activities. Merchants
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and their customers will be subjected to noise from equipment during the short-term
period of construction. Once construction has been completed, there should be no

adverse impacts from operation of the drainage improvements.

5.9  Traffic

During the construction period, traffic within Kaunakakai town will be affected by
the movement of construction vehicles and equipment and by the location of the

improvements. Vehicle travel lanes and accessibility to residences and business will

‘be affected depending upon the system. Although relatively short-term, construction

activities may disrupt access to residences and businesses, especially for Systems C

and D which are located within developed areas of Kaunakakai.

To mitigate adverse impacts from construction activities, a traffic control plan will

be prepared during the design phase. This traffic control plan would ensure access

js maintained to residences and businesses during construction and would provide
-for smooth traffic flow. Use of an off-site baseyard to precast items, when possible,

‘would also decrease the time of construction and reduce adverse impacts to traffic

flow. .
5.10 Archaeological/Historic Resources

Based on consultation with the State Historic Preservation Division (SHPD), the
likelihood of encountering any archaeological or historic resources during the
construction of Systems B through E is small. In System B, the proposed
improvements could have an adverse effect on the deposits of Site 630 which may
extend to Hio Place and Kaunakakai Place. In order to mitigate any possible

adverse effect, archaeological monitoring shall be performed during excavation of
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the portion of System B makai of Kamehameha V Highway. Systems C through E
are in developed areas which have been previously disturbed, and these systems
should have no effect on significant historic sites. However, during construction,
there is always the remote possibility that previously unknown or unexpected
subsurface cultural features or deposits might be encountered. If such a situation
occurs, construction will be halted and immediate archaeological consultation shall

be sought from the SHPD.

Within System A, based on the presumed historic-era construction and use and

“apparent limited excavation potential, it is recommended that Site 895 be assessed

solely under Criterion D, "Site is likely to yield information important to history or
pre-history." It is recommended that data recovery take place at Site 895 prior to

any construction. This should include further excavations, interviews with local

‘informants, and further background research.

Site 896 is also recommended to be assessed under Criterion D. Data recovery work
should include excavations placed to ascertain the stratigraphic sequence of wall
construction, and oral interviews with questions specifically addressing wall
construction chronology. A light surface scatter of midden and artifacts abutting the
wall should also be tested. It is also recommended that the wall be preserved "as
is", since it appears to have been constructed to provide a clear separation of
residential and agricultural activities, thus helping to define the limits of Kaunakakai
Town. This should be possible since only the southeast end of the wall abuts the

proposed drainage corridor.
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Chapter 5 IMPACTS AND MITIGATIVE MEASURES

5.11 Infrastructure

Water. During construction, relocation of water lines may be necessary to
accommodate the proposed drainage improvements. The relocation will not entail

major interruptions to surrounding users.

Wastewater. Existing sewer lines in Kaunakakai will be avoided during installation
and construction of drainage improvements. However, if this is not possible, the
sewer lines may have to be relocated. It is not anticipated that sewer service will be

interrupted to any users within Kaunakakai.
5.12 Socio-Economic Impacts

Some short-term beneficial economic impacts will occur as a result of increased
employment and related spending in Kaunakakai during the construction period.
In the long-term, construction of the drainage improvements should improve
business conditions in Kaunakakai by reducing the threat of flooding to store
owners. As a result, more commercial enterprises and customers should be attracted

to the town center.
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Chapter 6 ALTERNATIVES

6. ALTERNATIVES TO THE PROPOSED PROJECT

- 6.1 No Action

Under the No Action alternative, no new drainage improvements would be

constructed. The No Action alternative would not implement the Kaunakakai

Drainage Master Plan projects determined to be necessary to mitigate flooding

currently experienced in Kaunakakai town. As a result, businesses and residences

_in Kaunakakai would continue to be inundated during heavy rains, with resulting

damage to property and disruption to the community. Depending on the magnitude

-of the storm, these losses and disruptions can be significant over the years.

. Under the No Action alternative, these significant adverse impacts to the residents
-and business owners in Kaunakakai would persist. Therefore, the No Action

.. alternative is not considered a feasible option.

6.2 Delayed Action

If construction of the proposed drainage facilities is delayed, Kaunakakai will
continue to experience local flooding during heavy rains. Delay of the project will
serve no purpose except to defer the expense of improvements which will eventually
be needed. Delayed action will also continue the economic losses suffered by
residents and business owners from flooding in Kaunakakai. The Delayed Action

alternative is also not considered a feasible option.
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6.3 Alternate Plans

Several alternative plans were considered during the planning analysis for the

proposed improvements. Use of an underground drainage system to convey flows

‘was initially considered. An underground system would not require use of surface

areas for drainage improvements and would retain the areas for other purposes.

. However, the relatively flat ferrain of the Kaunakakai area does not provide

~ sufficient slope to accommodate an underground system. Secondly, an underground

system would cost significantly more to construct and maintain.

A system designed to dispose surface flows into Kaunakakai Stream was also
considered. This system would have required a pump station to pump the runoff

into Kaunakakai Stream. After analysis, it was found this pump system would be

* difficult to maintain and operate. Moreover, a surface collection system similar 10

the proposed improvements would be required to collect the runoff prior to

pumping into Kaunakakai Stream.
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7. DETERMINATION

A draft environmental assessment was prepared and distributed for review in
accordance with the consultation process of Chapter 343, Hawaii Revised Statutes.
Based on the significance criteria set forth in Section 11-200-12 of Title 11, Chapter
200, this assessment has determined that the proposed Kaunakakai drainage
jmprovements project will not bave significant adverse impacts on the environment,

and that an environmental impact statement is not required.
Findings and Reasons Supporting the Determination

The effect of the proposed improvements on the environment is determined to be

insignificant. Construction and use of the drainage system improvements will not:

] Involve an irrevocable commitment to loss or destruction of any natural or
cultural resources;

® Curtail the range of beneficial uses of the environment;

* Conflict with the State’s long-term environmental policies or goals and
guidelines as expressed in Chapter 344, HRS, etc;

. Substantially affect the economic or social welfare of the community or state;

® Substantially affect public health;

® Involve substantial secondary impacts, such as population changes or effects

on public facilities;
[ Involve a substantial degradation of environmentally quality;

L Be individually limited, but cumulatively have considerable effect upon the
environment or involve a commitment for Jarger actions;

® Substantially affect a rare, threatened or endangered species or its habitat;

| Detrimentally affect air or water quality or ambient noise levels; or

° Affect an environmentally sensitive area such as a flood plain, tsunami zone,

erosion-prone area, geologically hazardous land, estuary, freshwater area, or
coastal waters.
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8. AGENCIES CONSULTED IN THE PREPARATION OF THE FINAL EA

The following is a list of agencies and organizations which were consulted in
preparation of the Final Environmental Assessment. Those consulted parties who
responded to consultation letters are noted with an asterisk. A double asterisk
indicates those who provided substantive comments. Letters received and responses
to those with substantive comments are shown in the following pages.

Federal Agencies

*¥ U.S. Department of Agriculture Soil Conservation Service
** U.S. Army Corps of Engineers Pacific Ocean Division
** U.S. Department of the Interior Fish and Wildlife Services
U.S. Department of Commerce National Marine Fisheries Service

State Agencies

* Department of Accounting and General Services
Department of Agriculture
e Department of Business, Economic Development and Tourism
* DBED & T - State Energy Office '
DBED & T - Molokai Office
A Department of Defense
Department of Education
Department of Hawaiian Home Lands
** Department of Land and Natural Resources
e Department of Land and Natural Resources - State Historic Pres. Division
* Department of Land and Natural Resources - Water Resource Mgmt.
h Department of Health
Department of Health - Environmental Mgmt. Division
** Department of Transportation
o Office of State Planning
Office of Hawaiian Affairs
University of Hawaii Water Resources Research Center
ik University of Hawaii Environmental Center

Coun encies

e Planning Department
Department of Water Supply
* Department of Parks and Recreation
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County of Maui Economic Development Agency
Councilmember Pat Kawano

Molokai Organizations

Molokai Planning Commission - Commissioner Walter Ragsdale
Molokai Task Force - Harry Chung :
Molokai Economic Opportunity - Fred Bicoy
Molokai Ranch - Ian Hurst
Bank of Hawaii - Kip Dunbar
* Hawaiian Electric Company, Ltd.
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JOHN WAIHEE
GOVERKOR OF HAWAJ

STATE OF HAWAII

DEPARTMENT OF LAND AND NATURAL RESOURCES

STATE HISTORIC PRESERVATION DIVISION
23 SOUTH KING STREET, 6TH FLOOR
HONOLULU, HAWAIL 88813

September 4, 1992

‘Mr. Bruce Gorst, Planner cEP 1o 18yl
Wilson Okamoto & Associates, Inc.
1150 South King Street
Honolulu, Hawaii 96814

Dear Mr. Gorst:

Historic Preservation Review of the Kaunakakat
Improvements

Kaunakakai, Molokai

TMK: 5-3-1, 2, 6 & 7

SUBJECT:

WILLIAM W. PATY, CHAIRFERSON
BOARD OF LAND AND NATURAL RESOURCES

DEPUTIES

JOHN P, KEPPELER, I
DONA L. HANAIKE

AQUACULTURE DEVELOPMENT
PRAOGRAM

AQUATIC RESOURCES
CONSEAVATION AND
ENVIRONMENTAL AFFAIRS
CONSERVATION AND
RESOURCES ENFORCDMENT
CONVEYANCES
FORESTAY AND WALDUFE
HISTORIC PRESERVATION
DIVISION
LAND MANAGEMENT
STATE PARKS
WATER AND LAND DEVELOPMENT

LOG NO.: 6256

ID DOC NO.: 24902
L 4

* pmmm n arEAsIATmS
preTalt QUANLTS O RtTlauC

Drainage

This is in response to your letter dated August 26, 1992,

requesting

information about known historic sites in Kaunakakai and also seeking our
comments on the County of Maui's proposed drainage improvements. We
understand that you need this information for the preparation of an

Environmental Assessment for this proposed project.

The map that you attached to the letter has been very useful in locating the
extent of the project area and the location of the different drainage systems
A through E. We will use the same designations in our comments. Per

information that you provided by phone, Systems A through

£ are new systems

which will require excavation into previocusly undisturbed areas.

In the vicinity of System B in Kaunakakai Place and Hio Place is a significant
historic site that is listed in our inventory of historic places. There are
two known significant historic sites in the vicinity of the proposed drainage
systems. Both sites are located on a property (TMK 5-3-01: 2 & 3) at the
corner of Kaunakakai Place and Hio Place. One is site 630 which consists of a
historic and prehistoric subsurface deposit. Whether this deposit extends
into drainage System B is not known. Archaeological testing conducted in a
parcel at the corner of Kaunakakai Place and Kamehameha Highway (TMK 5-3-01:
64) found no evidence of historic sites, so it appears that the deposit may
not extend toward the highway.




Bruce Gorst
September 4, 1992
Page 2

The other site is the Malama House Site (site 1030), a rectangular platform
which is believed to be the foundation of Kamehameha V's residence. However,
this site is tocated away from the drainage system, so the proposed
improvement will have "no effect" on this site.

Additional information was also provided by Mr. John Sakaguchi of your office
in a letter dated September 3, 1992. The rectangular walled enclosure that
was located by the surveyors and shown on the topographic survey map for
System A has not been previously identified. This structure was described by
Mr. Sakaguchi as measuring 15 ft. by 18 ft. with 3 ft. high walls. At this
time, significance of this structure is not known. We need additional
information such as its function and age. With the presence of this
structure, it is possible that others are also present.

In sum, Systems A and B are of particular concern to our office. For System
A, an archaeological inventory survey is necessary to identify all significant
historic sites, including the rectangular walled enclosure. If significant
historic sites are present, an acceptable mitigation plan should be submitted
to our office for approval. In System B, it appears that the proposed
improvement will have an adverse effect on the deposits of 630 which may
extend to Hio Place and Kaunakakai Place. For this project to have a "no
adverse effect", we recommend archaeological monitoring during excavation in
the portion of the system makai (south) of Kamehameha Highway. The other
systems are on developed areas which have been previously disturbed by road
construction and/or residencial development. It is not likely for historic
sites to be present, so we believe that Systems C, D, and E will have "no
effect™ on significant historic sites.

Should you have any questions about these comments, please call Annie Griffin
at 587-0013.

Sincerely,

=4

DON HIBBARD, Administrator
State Historic Preservation Division

AG:aal
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APPENDIX B

Molokai Rainfall Isohyet Maps for Storms of
Different Frequency and Duration
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APPENDIX C

Water Quality and Marine Biological Studies;
Impact Analysis, prepared by OI Consultants, Inc.
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Executive Summary

The Kaunakakai Drainage Master Plan has been designed to reduce
flooding in the town of Kaunakakai, Molokai. This plan includes
a variety of improvements to the town's drainage system, which
will direct storm runoff through a series of drainage channels
into the ocean. Construction of this system will relocate some
existing drainages and change the volumes and perhaps the quality
of water discharged through others.

This report describes existing environmental conditions in the
marine environment seaward of Kaunakakai, based on the results of
water quality surveys, marine biological surveys, and the
examination of aerial photographs. These data form the basis for
an assessment of the potential impacts of the proposed drainage
improvements on the water quality and marine biological
communities of the area.

our analysis indicates that implementation of the drainage
improvement plan will have no significant negative impacts on the
water quality of the nearshore and offshore marine environments
at Kaunakakai. Under dry weather conditions, water guality in
the nearshore zone is controlled primarily by three processes: 1)
nearshore groundwater discharges, which introduce dissoclved
nutrients in to the ocean, 2) waves and currents, which resuspend
settled sediments and transport them along shore, and 3)
biological processes, particularly production by marine
macrophytes and phytoplankton, which may reduce nutrient levels
and pH, and increase levels of dissolved oxygen. These processes
appear to change only slightly during periods of increased
runoff.

After implementation of the drainage system improvements, larger
volumes of storm runoff may be discharged into the nearshore
area. However, the combination of wide offshore mud flats,
generally strong currents, and vigorous mixing by waves will
combine to rapidly dilute and disperse these inflows so that
nutrient and sediment conditions are likely to be similar to
+hose observed under existing conditions.

The marine biological analysis suggests that development of a
storm runoff drainage system for Kaunakakai is unlikely to have
any effect on the Kaunakakai reef or on the reef coral population
in the area. The reef flat is over 1 km wide and nearshore areas
are covered with a thick layer of fine sediment. Muddy areas
near shore are virtually devoid of surface fauna; further
offshore the mud/silt bottom is covered with a dense seagrass-
macroalgal biotope. Neither environment would be susceptible to
negative impacts from storm runoff. The extensive sediment
coverage suggests that thie area has been under the influence of
sedimentation from runoff for a very long time. The only
potentially sensitive benthic communities are in the offshore
area surrounding the Kaunakakai Harbor and channel. These
communities have flourished despite the construction and use of




the harbor, and the presence of the Kaunakakai Stream mouth near
the harbor. Changes to the drainage system feeding into the

Kaunakakai Stream will be minor, and should cause no significant
changes in either the volume or quality of the stream discharge.
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INTRODUCTION

This study is part of an environmental assessment for the
Kaunakakai Drainage Master Plan. The proposed improvements to
the Kaunakakai drainage system include five independent phases,
each of which involves a different subdivision of this small town
on the southern shore of Molokai. The improvements will proceed
from west to east, eventually affecting about 2 km of the coast.

Implementation of the plan will entail rerouting rainwater
discharge flows and changing the volumes of runoff discharged at
various locations along the shoreline. Since the redirection of
surface runoff could alter the quantity and quality of freshwater
discharged into the ocean, a Hawaii Water Quality Certificate has
been regquired for this project. If construction within the
marine environment is required, a construction permit must also
be cobtained from the Army Corps of Engineers. Either permit
would require a site-specific assessment of marine impacts.

This study provides information on existing water quality and
biotic conditions in the marine environment around Kaunakakai,
along with a preliminary assessment of the potential for changes
in these conditions due to the proposed drainage improvements.
The information presented in this report will also serve as a
baseline that can be used to detect any future changes that might
result from the drainage project.

METHODS

For the water quality analysis, a grid of 20 stations was
established in the coastal waters off Kaunakakai (Figure 1).
These stations are aligned along five transects (1-5) running
perpendicular to the shoreline. These transect lines 1lie
offshore of the proposed discharge points for each of the five
phases of the drainage improvement project (A-E). Transect 1 is
located off a natural stream, whose discharge volumes are likely
to increase following the first phase of the project. Transect 3
lies midway between the two proposed discharge points to be
constructed during phase "D"; transect 4 lies between the two
phase "EY discharge points (Fig. 1).

Four sampling stations (A-D) were located along each transect.

In general, three of these stations were located along the reef
flat, between the shore and the breaker line, and one was located
immediately ocutside the breaker line. At the pier (transect 2),
where a dredged channel cuts through the reef, two stations were
located on the mud flats and two were located in deeper water.
Due to nearly constant mixing and shallow (0.5 m) depths, a
single water sample from just below the surface (at approximately
0.5 m depth) was taken to represent the entire water column at
stations along the reef flat. Outside the breaker line, samples
were taken at three depths: 0.5 m below the surface (S), midway
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between surface and bottom (M), and 0.5 m above the bottom (B).
Because of irregular bottom contours and difficulty in
positioning, sampling depths at each station are not exactly the
same for the two sampling dates.

Data were collected on two days, in order to assess the effects
of variations in runoff on nearshore water quality. The first
set of samples was taken under "normal" dry conditions (4/28/92);
the second set was collected the day after a major rainstorm
(5/20/92) .

A variety of water quality parameters were measured at
Kaunakakai, including those regulated by the State of Hawaii for
discharges into open coastal waters, and adlitjonal parameters
used to differentiate local groundwater influk from surface
runcff. The following parameters were measured in each sample:
temperature, salinity, turbidity, suspended solids, total
nitrogen, nitrate-nitrite (NO5/NO5), ammonia (NH,), total
phosphate, orthophosphate (PO,), reactive silicate (5i0y),
chlorophyll, disscolved oxygen (DO) and pH. The general methods
used for to measure these parameters are listed in Table 1.

TABLE 1. WATER QUALITY ANALYSES

Water Quality Parameter Collection and Analysis Method
Temperature Precision thermometer
Salinity Labcratory salinometer
Water Samples: 5 liter Niskin bottles
Nutrients Technicon AutoAnalyzer II;
Total Nitrogen D'Elia et al., 1977
NH, ' Solorzano, 1969
No,/NO Technicon Inc., 1877
To%al %hosphorus Grasshoff et al., 1983
- PO . Murphy and Riley, 1962
si 4 : Strickland and Parsons, 1972
Chlorophyil Turner Designs fluorometer;
Strickland and Parsons, 1972
Turbidity Turrner Designs nephelonmeter:
~PHA, 1986
Suspended Solids Filtration, Cahn electrobalance:
APHA, 1986
Dissolved Oxygen ¥SI laboratory oxygen meter;
pH - Orion digital pH meter




RESULTS

Tables 2 and 3 present the results of water quality sampling at
Kaunakakai on April 28 and May 20, 1992, respectilively.

Nearshore salinity reductions can be used as indicators of
freshwater entering the marine environment. Figure 2 shows the
distribution of salinity among the five stations over the ‘two
sampling days. This figure also shows total suspended solids,
turbidity, chlorophyll a, total nitrogen, and total phosphorus
for the two sampling days. In this and the following figures,
only the surface samples are shown for the offshore stations.

Figure 3 shows dissolved nutrient and silicate concentrations at
the sampling stations. Groundwater in the Hawaiian islands is
typically high in silicate, nitrate, and phosphate, but
concentrations of these materials in the open ©cean are extremely
low. Although nitrate and phosphate concentrations may be
affected by nearshore biological activity, silicate typically
provides an excellent tracer of groundwater seepage into
nearshore marine waters in Hawaii. Several other physical
parameters, pH, temperature, and dissolved oxygen, are used to
assess water circulation and residence times; these are presented

in Figure 4.

The salinity of the open ocean around Hawaii iS normally about
35.0 parts per thousand (ppt). During the first sampling day,
most stations were relatively close to this salinity. Nearshore
salinities at station 2A and several other reef-flat stations
were slightly elevated (35.39 ppt), perhaps due to solar heating
and evaporation in the waters over the reef flats. In contrast,
nearshore Station 5A and some of the offshore Statlions had lower
than “typical" salinity. The depressed salinity at station 5A
(28.51 ppt) may reflect the discharge of low-salinity groundwater
into the nearshore area. The elevated silicate concentrations
along transect 5 also support this possibility- The lowered
salinities offshore could be due to offshore sublarine sSprings or
transport of low-salinity water by littoral currents.

The influence of storm runoff on nearshore water quality (as
measured on the second sampling day) was as might be expected:
salinity was considerably reduced in onshore waters (A-stations)
but increased in seaward stations. Even the offshore statlons
showed lower salinities than on the first sampling day. The
greatest freshwater impact was observed near the stream mouth
(Transect 1), where salinities were reduced to about 2 ppt near
shore. The impact was least at transect 5. ANong the other
nearshore stations, salinities averaged about 20 ppt.

on the dry-weather sampling day (April 28), short-periocd wind
waves of about 0.6 to 1.2 m height were encountered seaward of
the reef. Under these conditions, wind- and wave-generated
turbulence resuspends a considerable amount of benthic
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particulate material over the inner part of the reef flat. Total
suspended solids (TSS) levels were highest near shore (esp. at
stations 2A through SA: 15-20 mg/l) and decreased rapidly in a
seaward direction. Extensive sea grass beds about 150-300 m
offshore (see Part B of this report) may facilitate sedimentation
of particulates, limiting their transport to the offshore
portions of the reef flat. station 3C had anomalously high TSS
levels (about 13 mg/l), perhaps due to locally enhanced mixing.

on the second sampling day (May 20) the wind and sea were calm,
with waves of about half a meter or less. Once again, stations
2A through 5A had the highest TSS levels (25-75 mg/l), presumably
reflecting the strong influence of dispersed runcff on nearshore
water quality. However, this particulate material appears to
have remained near shore, since TSS levels at the offshore
stations are generally comparable with (in some cases even lower
than) those observed on the first sampling day.., There were no
correlations between TSS levels and salinity (r©=0.32, n=32) or
between TSS and salinity change from dry to wet conditions
(r=0.29, n=32).

TSS levels (and changes in TSS between the and second sampling
days) were greatest at the central transects, with a maximum at
station 3A. Along transect 1, TSS levels were relatively low on
both days (<10 mg/l) but did not decline significantly at the
seaward stations on the second sampling day. This may reflect
the presence of fine particulate material circulating over the
reef flat and offshore, with relatively little dilution.

The extensive sandy areas along transect 1 indicate that fine
suspended material from the nearby stream discharge does not
typically settle out directly seaward of the stream mouth.
Instead, this fine material may be transported in an easterly
direction, to be deposited in the mud flats or in deeper water
near the pier. The stream water discharged at transect 1 may
also be preferentially transported in an easterly direction. The
elevated TSS levels at station 2B may indicate a seaward-moving
plume in the pier area (as observed by divers and noted in
section B of this report).

The high silicate content of the water at station 12 (the stream-
mouth) on the second sampling day suggests an origin in
groundwater rather than direct surface runoff. Since sampling
was conducted on the day following a rain event, a large volume
of groundwater may have been entering the stream through its
panks and discharging into the ocean. This hypothesis is further
supported by the observations (Figure 4) that particulate levels
were relatively low near the stream -mouth, pH was reduced, and
levels of dissolved oxygen (DO) and temperature were low. Such
conditions are typical for groundwater but not (generally) for
surface runoff. As noted in Part B of this report, extensive
freshwater seepage was also observed along the shoreline at
transects 1 and 2 during the biological survey on 20 May, 1992.




The elevated levels of TSS, turbidity, SiO,, temperature, and DO
along transect 3 suggest the entrapment of groundwater discharge
in a littoral circulation cell in this area. Alternatively,
water may have been slowly moving westward along the reef flat,
passing transects 5, 4, and 3 in that order, then exiting seaward
through gap in the reef near the pier. Regional groundwater
discharge along the shoreline could yield the gradual decline in
salinity and an increase in silicate observed at the nearshore
stations. Cooling by the groundwater would be compensated for by

solar heating due to reduced mixing.

Turbidity was low (<3 NTU) on the first sampling day and did not
correlate well with the distribution of suspended matter
(r%=0.62, n=32). Very high (10-35 NTU) turbidity levels were
observed on the second sampling day, but only at the nearshore
stations (except for station 2B, where elevated turbidity may
indicate a seaward-moving plume). ©On the secend sampling day,
there was a strong correlation between turbidity and TSS overall
(r=0.98, n=32), indicating that much of the turbidity was
related to the presence of particulate material.

Ch%orophyll a concentrations were correlated with TSS levels
{r=0.77, n=64). If both chlorophyll and pheopigments (the
products of chlorophyll breakdown) together are compared with TSS
levels, the correlation improves, suggesting that most of the
material consisted of resuspended sediment rather than recently
introduced terrestrial material. Chlorophyll concentrations were
quite high at the nearshore stations (particularly station Sa, at
almost 3 pg/l). This may reflect increased production in
response to nutrients introduced through groundwater seepage.
This conclusion is supported by the correlation between
chlorophyll and silicate along transects 3 through 5 (r2=0.93,
n=18). Surprisingly, no silicate was detectable at transect 1,
and Sio4-concentrations along transect 2 were near the lower
detection 1limit.

Unlike silicate, total phosphorus was correlgted with chlorophyll
at all stations and on both sampling days (X =0.75, n=64). Total
nitrogen showed no relationship with chlorophyll in dry weather.
However, on_the second sampling day, a weak correlation was
observed (r2=0.73). Benthic algae, brought into suspension by
the surf during the rainstorm, were perhaps more replete in
nitrogen than the planktonic forms that predominated during the
dry period. This suggests rapid nutrient recycling at the
sediment surface.

Concentrations of free inorganic nitrogen species (NO,/NO,) were
low at all stations on the first sampling day, being at or below
the limits of detection (Figure 3). Under these conditions,
nitrogen could be a limiting nutrient for algal growth. However,
when currents are strong, the standing stock of phytoplankton may
be controlled by biomass export, rather than by nutrient
limitation.




After the rain, nitrate/nitrite concentrations were elevated at
all the nearshore stations except 3A (where a maximum might have
been expected based on the transport hypothesis described above).
Orthophosphate concentrations were also relatively low at this
station. Such low nutrient levels in coupled with low salinities
are difficult to explain, but might reflect consumption of
nutrients by abundant macrophytes (e.g. sea grasses).

variations in water temperature (Figure 4) reflected both
turbulent mixing and water exchange. Water temperature generally
decreased with station depth along transects 3, 4, and 5 on both
sampling days. This effect was much more noticeable on the
second sampling day, when nearshore temperatures were guite high
compared with those offshore (approx. 35 vs 25°C). These higher
temperatures probably reflect more stable conditions on the
second sampling day, with less horizontal and vertical mixing.
There was little difference between water temperatures on the two
sampling days at stations 1 and 2. :

Generally the same factors influenced both temperature and
dissolved oxygen (DO) levels. DO levels on the two sampling days
were generally quite similar along transects 1 and 2 (Figure 4).
However at stations 3 through 5, DO levels were considerably
higher on the second sampling day. Although the highest
temperatures were measured at the nearshore ("A") stations,
maximum oxygen levels were observed at B-stations (transects 3,4)
or the C-station (transect 5) on the second sanmpling day. The
abundant seagrass beds at these stations may have been supplying
DO through photosynthesis.

The pH of nearsnore seawater is influenced by the relative
concentration of CO, (gas) and HCO,~ and CO == anions, and is
usually quite constant (buffered) at slightly above 8.0. The pH
of fresh water in Hawaii is usually around 7.0 or less. A large
influx of groundwater or runoff could thus result in a lowering
of pH, as observed at station 12 on the second sampling day. The
pH balance may alsc be influenced by algae, which remove carbon
dioxide and/or bicarbonate from the water during photosynthesis.
Such photosynthetic activity appears to explain most of the
variation in pH encountered at Kaunakakai. On the first sampling
day, pH was generally higher at the eastern stations. It rose
from 8.3 at station 1A to a maximum at the nearshore stations of
transect 4 (8.7). The higher values found at eastern nearshore
stations may reflect greater nutrient availability in these
areas. At all transects the pH converged towards open ocean
values near 8.4.

Ground water apparently had little influence on pH during the
first sampling day. pH levels were significantly reduced at the
eastern stations on the second sampling day. However, this
effect was probably not due to the direct influence of runcff,
since the pH reductions were more pronounced further from shore
(where runoff effects would be minimal). At transect 2 there was
1ittle difference in pH between the first and second sampling
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days, and little variation at various distances from shore.

At the offshore stations, pH was persistently lower on the second
sampling day. DO levels were also lower on this day, despite
higher algal biomass (chlorophyll concentration) and nutrient
input (Figure 5). Water temperatures strongly influence oxygen
solubility in water (warm waters hold less oxygen). However,
water temperatures offshore were similar on both days, so the
difference in DO levels was probably not caused by a difference
in water temperature.

DISCUSSION

Because of the simultanecus discharge of surface runoff and
groundwater discharge, it is difficult to make definitive
statements regarding the impacts of runoff alone. Moderate
levels of suspended solids were observed near shore even during
dry weather, probably-as a result of turbulent mixing in shallow
water. The correlation between TSS and chlorophyll suggests that
the suspended material was predominantly derived from algal
biomass. In contrast, rain runoff might be expected to introduce
primarily nonliving material. However, little if any of the
suspended material could be traced to terrestrial sources.

The correlations between chlorophyll, phecopigment, and total
phosphorus were similar on both sampling days. Thus, the
composition of the suspended material probably did not change
very much between the two days. Turbidity changes were closely
coupled with TSS changes on the second samnpling day, and
therefore both TSS and turbidity probably resulted from the
presence of resuspended material.

The effects of surface runoff were only locally observable on the
second sampling day (e.g. as a slight reduction in the silicate
concentration along transect 5). At all other transects
persistent freshwater effects were coupled with a strong

groundwater influence, and a general increase in reactive
silicate concentration was noted.

Groundwater discharges in Hawaiian coastal areas are often
traceable through localized increases in nutrient levels in the
marine environment. However, the nutrient concentrations
measured near shore at Kaunakakai on the second sampling day
varied greatly from one transect to the next and showed no
relation with silicate levels. These deviations may be due to
variations in the proportion of groundwater and runoff at
different transects. Alternatively, nutrient concentrations may
have been strongly influenced by biological activities such as
photosynthesis. At station 3a, in particular, silicate
concentrations were high but nutrient levels were low. At
station 4A, higher nutrient levels corresponded with elevated
silicate concentrations, and the influence of groundwater was
obvious on the second sampling day. Both nutrient and silicate
levels were relatively low at station 5A, at levels only half as
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high as those at station 4A. High algal biomass on the second
sampling day and the preservation of influent nutrient loads
along transect 5 provide a possible explanation for this
observation. In cases where relatively high nutrient loads
coincided with reduced silicate concentrations, surface runoff
might provide an explanation.

These data suggest that the main source of nutrients to the
inshore water at Kaunakakai is groundwater seepage. If this is
indeed the case, the proposed drainage improvements will not
cause significant changes in the nearshore nutrient levels. The
stream discharge at transect 1 appears to represent a relatively
undisturbed drainage condition, which has evolved over geological
time. The proposed drainage improvement could result in greater
discharge volumes at this jocation, which could lead to reduced
nearshore salinities and pH levels during high discharge periods.

Also of concern is the potential increase in the amount of
particulate matter imported into the littoral zone near the new
discharge points. Fine particulate matter may accumulate around
+he new discharge points or be transported toward the pier,
accumulating in locations of low mixing. Along transects 2 and 3
(on either side of the pier) sedimentation of such materials has
occurred in the past. The stream is probably the source of at
least some of this material. Relatively small alterations in
discharge volumes at these locations are not likely to have a
significant influence on the character of the established mud-
bottom fauna and flora. At the eastern transect stations,
sedimentation effects from the discharge sites are likely to be
limited to nearshore areas, where such fine sediments have

apparently been collecting for many Yyears.
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Table 2. Water quality for samples collected off Kaunakakai, Molokai, on April 28, 1992.

typical dry weather conditions.

SAMPLE DEPTH

1.0.  (m)
14 0.30
18 0.60
1¢ 0.70
10s 0.50
1DH 9.00
108 18.00
2 A 0.40
28 0.89
2¢s  0.50
2CH  4.25
Zce  8.00
20s  0.50
20 M  10.00
208 20.00
3A 0.02
3B 0.10
3c . 0.35
3ps 0,50
3DM  6.50
3p8 13.00
4 A 0.02
48 0.10
4c 0.35
4DsS . 0.50
4DM  7.00
4D B 13.00
54 .10
58 0.50
5¢ 0.50
50Ss 0.50
5p0M 6.00
508 12.00

TEMP
(deg C)

26.1
26.1
26.8
25.1
. 25.0
24,8
L

29.1
29.2
25.3
25.2
264.8
24.8
2.9
24.8

26.5
25.0
25.2
26.9
24.9
24.9

29.8
26.8
26.2
24.9
24.9
24.8

.31.0
27.2
26.9
24.9
25.0
25.0

SAL
(ppt)

34.98
34.81
33.63
33.92
34.65
34.70

35.3¢9
35.11
34.80
34.81
34.81
34.70
34.69
34.78

34,35

35.00
34.37
34.70
34.71
36,73

33.67

35.13
35.17
34.72
34.67
34.73

28.51
35.07
35.31
34.70
3%.72
36.7M

Do
{mg/1)

6.93
6.73
7.66
6.60
6.59
6.85

5.70
5.74
6.08
5.75
4.8
6.70
6.64
6.30

5.86
5.69
5.15
6.64
6.62
6.60

5.51
5.45
6.04
6.75
6.66
6.68

6.53
6.08
6.87
6.62
6.78
6.89

pH
(unit)

8.31
8.30
8.34
8.39
8.39
8.39

8.45
8.41
8.35
8.34
8.34
8.43
8.44
8.37

8.42
B.41
8.46
8.42
8.46
8.46

8.64
B.69
8.54
8.45
8.43
8.44

8.52
8.45
8.51
8.64
8.43
8.43

TURB
(NTU)

0.5
0.6
0.3
0.2
0.2
0.2

1.2
0.6
0.2
0.7
1.4
0.1
0.1
0.3

1.1
1.3
0.9
0.2
0.1
0.1

1.3
0.3
0.4
0.1%
0.1
0.2

2.0
0.5
1.1
0.2
0.2
0.2

. TsS
(mg/1)

4.33
3.55
2.53
0.72
0.70
1.1

14.29
3.9
2,20
4.20
5.22
1.09
2.18
5.18

17.41
4.35
14.39
1.26
0.70
1.1

15.14
6.78
3.61
2.10
0.95
2.1

18.15
3.26
3.7
1.97
1.36
1.46

s1
(M)

ND
KD
KD
ND
RO
RO

1.38
1.99
NO
ND
RD
ND
ND
0.80

29.09
18.53
11.37
KD
ND
ND

31.35
16.81
9.74
ND

ND
ND

74.70
17.69
7.14
ND
KD
ND

NO3
()

0.12
c.08
0.21
ND
HD

ND
ND
0.16
0.12
0.09

0.08

0.44
0.04
ND
0.05
L}
KD

0.42
0.09
0.10
0.07
0.07
0.09

0.41
0.14
0.13
0.10
0.1
0.12

station locations as shown in Figure 1.

Nti4
(ui)

NO
ND
ND
0.15
ND
ND

ND
RO
RO
ND
ND
KO
KO
KD

0.21
XD
0.21
ND
ND
ND

KD
D
KD
ND
ND
ND

0.12
0.17
0.26
0.39
ND
ND

T™
(M)

?.1
8.35
7.13
8.53
6.37
6.37

13.72
9.36
8.21
6.9
7.42
7.56
6.30
7.27

12.85
12.M
14.69
6.37
7.38
6.55

13.21

13.64 -

14,47
5.98
6.30
9.07

14.83
14.29
13.10
10.44
6.62
6.59

These sanmples represent

PO4
(uM)

0.17
0.13
0.13
0.09
0.10
0.10

0.22
0.20
0.15
0.16
0.16
0.08
0.08
0.12

0.25
0.08
0.09
0.09
0.09
o

0.22
0.15
0.12
0.12
0.12
0.12

0.65
0.13
0.12
0.13
0.12
0.12

144
(uM)

0.77
0.57
0.56
0.51
0.44
0.45

1.25
0.71
0.53
0.59
0.59
0.41
0.41
0.57

.1
0.60
0.59
0.39
0.44
0.41

1.04
0.54
0.57
0.39
0.3¢9
0.39

1.89
0.54
0.45
0.44
0.38
0.39

CHL
(ug/l)

0.29
0.13
0.1
0.07
0.08
0.08

0.62
0.46
0.19
0.38
0.38
0.06
0.0%
0.38

1.15
0.51
0.25
0.05
0.06
6.07

0.72
0.32
0.29
0.06
0.06
6.07

2.92
0.27
0.1%
0.08
0.08
0.09

PHED
(ug/Ll)

0.28
0.08
0.10
0.0
o.n
0.02

0.32
0.20
0.0¢9
0.12
0.15
c.02
0.05
0.15

0.35
0.23
0.23
0.02
0.02
c.02

0.38
0.1%
0.21
c.0
0.01
0.01

0.44
0.14
o.1
0.03
0.03
0.03
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Table 3. Water quality for samples coltected off Kaunakakaf, Molokaf, on May 20, 1992.
Station Locations as shown in Figure 1.

typical wet weather conditions.

Station DEPTH

N e e Y

NN NN N
oo oaoo0onNnoWpP
m XU LDIW

W oW W oW W

oo nNno»

P N R
coonm>»

Yoo

1.D.

CoOoOoOn0m>P

OO o0 m>P

x

=4

e 4

x

TEMP
{m) {deg C)
0.1 27.8
0.3 27.8
0,5 27.8
0.5 25.0
5.0 24.8
7.0 24.8
0.1 29.9
0.5 26.3
- 0,5 25.3
0.3 24.8
5.5 24.6
0.5 24.9
6.0 24.8
1.5 24.7
0.1 35.2
0.2 30.4
0.5 27.1
0.5 25.0
8.0 24.7
11.0  24.6
0.3 34,8
.3 31.3
0.5 29,2
‘0.5 25.1
7.0 24.8
13.0 24.7
0.1 34,5
‘0.3 3.0
0.5 29.5
0.5 25.0
9.0 24.8
7.0 24.7

SAL
(ppt)

2.06
28.32
30.43
31.10
34.50
34.62

22.62
27.10
33.73
34.54
34.65
32.95
34.57
34.58

17.69
20.60
31.59
33.87

34,64

34.68

20.57
30.09
32.36
33.69
34.55
34.61

23.99
29.80
30.94
33.98
34.55
34.72

(11}
(masL)

5.64
6.86

7.18.

5.47
5.86
5.87

8.02
8.40
5.4
6.01
&6.05
5.58
5.97
6.01

6.12
13.17
7.57
5.58
6.05
6.17

7.15
11.03
?.16
4.93
6.04
6.08

.20
10.30
10.80

5.65

6.08

6.04

pH
Cunit)

7.38
8.06
8.02
7.98
8.10
8.12

8.08
8.14
8.09
8.13
8.13
B.06
8.12
8.1

8.40
8.48
8.12
8.0¢9
8.15
8.15

8.27
8.36
8.22
8.09
8.15
8.16

8.36
8.38
8.34
8.12
8.16
8.15

TURB
(KT

9.2
1.2
0.9
0.9
0.2
0.2

17.4
6.6
0.8
0.7
1.4
0.4
0.2
0.4

36.1
0.9
2.0
0.3
0.3
0.3

15.5
2.0
0.8
0.3
0.2
0.2

13.4
1.3
0.6
0.4
0.3
0.2

158
{mg/L})

6.59
4.6
&.67
4.39
3.7
0.00

53.33
20.65
4.40
5.78
6.26
0.87
1.57
1.07

72.26
2.57
4.EE
2.1%
1.L5
1.33

36.58
5.05
2.72
2.03
1.13
0.77

2r.1
3.85
2.7
1.70
1.85
0.2¢

51
(W)

108.99
16.98
8.26
7.66
ND

ND

37.93
22.42
1.8
ND

KD
1.61
ND
4.00

112.81
8.51
B.23

ND
ND
5.82

81.06
10.84
3.76
RD

RD
4.45

57.02
9.89
T.42

ND
ND
HD

NO3
(uM)

2.17
0.26
0.35
0.89
0.22
0.39

11.60
c.67
0.43
0.21
0.20
0.48
0.16
0.16

0.3

KD
n.18
0.20
0.12
0.20

19.59
0.26
0.20
0.17
0.10
g.21

8.17
0.13
0.12
0.15
0.07
0.09

HHé
(UM}

4,24
KD
¥D
ND
ND
HD

2.9¢
ND
ND
ND
ND
ND
XD
KD

0.54
HD

ND .-

KD
KD
HD

4,65
ND
ND
ND
HD
L]

0.11
ND
ND
ND
ND
ND

™
(uM)

36.86
10.01
10.064
8.46
6.59
6.05

35.42
15.70
7.92
6.48
7.3
9.00
5.9
6.08

29.48
11.30
9.18
7.52
6.05
6.26

55.12
11.77
9.58
8.10
10.76
6.05

33.34
13.25
12.92
6.37
6.34
6.30

These samples represent

PO4
{u4)

2.85
0.26
0.15
0.26
0.12
0.12

0.88
0.46
0.16
0.12
0.1
0.12
0.0%
0.09

0.55
0.07
0.09
6.10
0.10
0.09

2.35
0.07

ND
0.09
0.08
0.07

0.09
0.09
0.08

TP
(uM)

4.29
0.69
0.51
0.57
0.38
0.36

4.55
1.86
0.65
0.57
0.65
0.45
0.44
0.41

4.29
0.47
9.57
0.45
0.44
0.44

4.67
0.59
0.47
0.47
0.45
C.44

3.30
0.51
0.48
0.44
0.44
0.42

CHL
(ug/l)

0.55
0.38
0.35
0.20
0.14
0.03

3.51
1.42
0.38
0.28
0.26
0.16
0.14
0.15

3.09
0.35
0.35
0.15
0.12
0.13

3.26
0.45
0.14
0.17
6.12
0.13

3.65
0.33
0.35
0.14
0.10
0.13

PHEOD
(ug/l)

0.41
0.13
0.06
0.07
0.09
0.06

2.07
0.28
0.25
0.12
6.20
0.11
0.07
0.05

1.41
0.09
Q.08
Q.07
0.04
0.06

0.53
0.18
0.07
0.08
0.04
0.06

0.35
0.23
0.28
0.09
0.05
0.06
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PART B

BENTHIC AND FISH COMMUNITIES OF THE
KAUNAKAKAI REEF ENVIRONMENT IN THE
VICINITY OF THE KAUNAKAKAL
DRAINAGE SYSTEM




INTRODUCTION

' In order to deal with a long occurring problem of poor drainage

and flooding in the town of Kaunakakai, an improved drainage
system has been planned for the area (Wilson OKamoto and
Associates, 1992). The system would integrate and upgrade the
drainage culverts and ditches that now deliver runoff from
Kaunakakai to the shoreline into six principal runoff locations:
1l) into Kaunakakai Harbor just west of the pier, 2) at the end of
Mohala Place east of the Harbor pier, 3) two culverts near the
end of Seaside Place, and 4) two culverts near the middle of the
loop road that comes off of Kamehameha Highway east of Seaside
Place. The runoff estimated for this drainage area for 50 year
storms has been estimated to be 9924 cu. ft./sec, more than five
times the present drainage capacity for the culverts in the area
(Wilson Okamoto and Associates, 1992).

All of the runoff for the area is released at the shoreline
margin of a coral reef system which has not been studied for its
composition or abundance of possibly sensitive marine organisms.
Therefore, the present study was undertaken to determine this
information and provide an estimate of the potential impact of
the revised drainage system on the Kaunakakai reef environment.

STUDY AREA

The coral reef off Kaunakakai is part of an extended system that
borders the entire south shore of Molokai. The reef is very
broad, ranging up to a mile wide in the center of the study area
(Figure 1), and shallow, with maximum depths of only about 0.5 m
MLLW (Mean Lower Low Water) across its expanse. Outside of the
reef margin, the bottom slopes gradually down toc 18 m (60 ft)
within about 40 m (130 ft) from the margin, then more steeply to
55 m (180 ft) about 44 m (145 ft) further seaward.

Little information has been available concerning the substratum
characteristics, benthic communities or fish fauna of this broad
reef. The Molokai Coastal Resource Atlas (Manoa Mapworks, 1984)
lists the shoreline as a detrital sand beach, the nearshore reef
to be silt, and the reef from about 150 m (495 ft) to be mostly
consolidated reef with 25 to 50% sediment bottom. No human uses
of this area of the reef are listed. The harbor and nearshore
area west of the harbor jetty are described as silt, and the reef
west of the harbor as consolidated reef with 25 to 50% sediment.

A comprehensive survey was made of the water quality and
biological communities on the reef up to 800 m west of the
Kaunakakai Harbor jetty in 1978 as a baseline study for harbor
expansion being considered at that time (Harbor Planning Design
and Research, 1978). The study found dramatically increasing
coral coverage and numbers of fish going seaward from the edge of
the reef flat to about 12 m (40 ft) depth on the reef slope west
cf the harbor. Corzl coverage ranged up to 80% of the botton,
and a maximum of 52 species were sighted at the station with the
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highest coral coverage. Many species of non-coral invertebrates
occurred in the more shoreward areas where coral coverage was
low.

The present study area extends from the area covered in the
Harbor Planning Design and Research, (1978) to about 1575 m (5200
ft) east of the Kaunakakai Harbor jetty, and from the shoreline
to just outside of the margin of the reef flat.

METHODS

Fifteen locations on the Kaunakakai reef were surveyed on May 19
and 20, 1992. Intense rains occurred the day before and on the
first day of the survey, making nearshore water very muddyl\and
turbid and conditions difficult for underwater observations,
especially at Stations 2NS and 2MR shoreward of Kaunakakai
Harbor. However, conditions improved on May 20 to where surveys
could be made. Wind and sea conditions during the survey were
moderate onshore southwesterly winds producing moderate surf on
May 19, subsiding to 1-2 foot waves on May 20.

The stations were aligned on five sites along the shoreline
corresponding to the locations of proposed principal drainage
points for the proposed project (Harbor Planning Design and
Research, 1978). Station locations are shown in Figure 1. For
each site a nearshore (NS) station was surveyed within 10 m of
the shoreline, a mid-reef  (MR) station established with a
measuring tape at 450 m offshore, and an offshore (0S) station
outside of the reef flat at 4 to 5 m depth. Observers walked the
reef from the shoreline station to the mid-reef station at each
site, and the general characteristics of the environment along
these paths were recorded. &also, dives were made up and down
the reef slope at Stations 205, 308 and 50S and the benthic
characteristics noted and compared to the observations made at
these stations.

At each station a 50 m line was deployed parallel to the
shoreline which was used to establish the location and directiog
of benthic quadrats and fish transects. Aan observer used a 1 m
quadrat frame which was deployed at 10 randomly selected points
along the transect line at each station. The guadrat frame was
subdivided into 100 subsections to estimate the portion of the
bottom comprised of various substratum types or biota. Each
subsection at least half occupied by a given bottom type,
seagrass, macroalga or colonial invertebrate was counted and
totaled for the quadrat, and their abundances were expressed as
percent coverage. Solitary invertebrates occurring within the
frame were also counted and totaled, and expressed as number/mz.
All species of macro-invertebrates occurring in the vicinity of
the transect but not on the line or within any gquadrat were also
listed and their relative abundances noted. All organisms noted
were larger than approximately 2 mm length or diameter.




Diversities of the coral communities at Station 105 to 50S were
calculated using the Shannon-Weaver Index (Shannon and Weaver,
1963) by the formula:

H'= -P; 1n Py
where P;= the percent coveradge by the ith species on the quadrat.

values for percent coverage by species and for total coral were
averaged for the ten quadrats on each transect for a mean
transect value.

Visual surveys for fishes were done along 50 X 3 m transects.

The obs8rver swam along a line parallel to shore playing out a
marked transect line. During this initial survey of the entire 3
m strip all large mobile fishes were counted. The observer then
resurveyed the transect counting the smaller, less mobile species
in a 1.5 m wide strip of bottom on each side of the 50 m transect
line. This technique follows Fowler (1$87) and combines the
advantages of counting fishes that move out of the area as the
observer approaches and counting smaller fishes, like juveniles,
that are more cryptic and seek shelter temporarily rather than
fleeing the area. Species that were observed near the transect
were noted as present at a site but number of individuals were
not noted. This qualitative sampling was opportunistic and
should not be considered as a complete qualitative survey of the
areas. Transects at the offshore stations (0S) were done with
SCUBA, while the mid-reef stations (MR) and nearshore transects
4NS & 5NS were done while snorkeling. The remaining nearshore
(NS) transects were done by walking along the 50 X 3 m transect
because of the shallow depth of water at these stations. -The
number of individuals per species were recorded on underwater
paper already labeled with common species names. Shannon's
Diversity Index (Shannon and Weaver, 1963) was calculated to
compare species richness and evenness differences between the

sites by the following formula:

N Ni Ni
H' = E -t 1n -
i=1 N N

where N= total number of individuals on th% transect
and Njy= the number of individuals in the i h species.

This diversity index is most appropriately used for comparisons
within a study and should not be used for comparisons between
studies using different sampling methods or comparing different
communities.
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RESULTS
substratum and Benthos

The characteristics of the bottom types and the dominant biota at
each station are shown in Tables 1 to 3. On the nearshore and
mid-reef zones of the reef flat the bottom types and dominant
biota are substantially unchanged throughout the sampling sites
along the study area. Table 1 shows the four nearshore transects
from 2NS to SNS to be essentially devoid of invertebrates other
than the blue clawed swimming crab, Thalamita crenata, which was
occasionally observed moving along the bottom. No animals or
macroalgae were observed in any quadrat on any of these nearshore
transects. The composition of the bottonm is entirely sandy mud
with no hard substratum except rare blocks of coral rubble that
have washed up near the shore. Small quantities of algae occur
on these blocks, primarily Acanthophora spicifera and Hypnea at
Station 2 and Ulva at Station 4. The only other indication of
benthic life in this nearshore zone were abundant burrow openings
at the sediment surface, indicating the subsurface presence of a
filter feeding species such as a polychaete worm or the ghost
shrimp Callianassa sp.

Despite the fact that it was located immediately outside the
mouth of Kaunakakai Stream and near the harbor, Station 1NS was
the nearshore area least showing the effects of land runoff and
sedimentation and with the least turbidity on May 19 of all the
NS stations. Sediment at Station 1NS was relatively clean
calcareous sand with a small mud component, and intermittent
areas of hard bottom occurred which supported a few species of
macroalgae (Table 1). In addition to the crab Thalamita crenata,
alpheid shrimps (Alpheus rapax?) were seen at the entrances to
their burrows, and tubes of vermetid molluscs were common on the
hard bottom areas. It appears that most sediment laden runoff
from the stream is moved eastward by the normal prevailing
nearshore current, to be deposited on the reef shoreward of the
harbor where the heaviest mud deposits were found.

Further offshore at the mid-reef stations (Table 2), the Site 1
Station 1IMR was also unique from the stations further west,
having relatively high amounts of hard bottom and a variety of
macroalgae and invertebrates. Small colonies of two species of
corals (Porites lobata and Pocillopora damicornis) occurred on or
near the transect, and a yellow nudibranch, a bristleworm
(Phrecardia striata) and some boring sea urchins (Echinometra
mathaei) were found on the coral rubble. These were typical of
+he conditions throughout most of the reef flat from the 1NS to
the 1MR stations, again showing the limited effect runoff induced
sedimentation has had on this area of the reef.

Station 2MR, just shoreward of the Kaunakakai Harbor, had no
indications of benthic organisms other than burrow openings.
Sediment was mostly fine mud at least ankle deep, and turbidity
was the highest of any mid-reef station.
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The mid-reef envireonment east of the harbor jetty was relatively
unchanged throughout the three sites surveyed. Going from the
nearshore to the mid-reef stations the bottom composition changed
gradually from the bare sandy mud to sand with a small mud
component. This substratum becomes overgrown by the seagrass
Halophila ovalis from about 150 to 300 m offshore. Hard
substratum gradually become more abundant with distance offshore,
reaching a maximum at about 350-400 m offshore, then decreasing
as sand became more abundant in the vicinity of the MR stations
at 450 m offshore.

The mid-reef stations from 3MR to SMR (Table 2) show roughly
equal amounts of the bottom to be exposed muddy sand and a
complex association of Halophila ovalis with a variety of
macroalgae, including Acanthophora spicifera, Hypnea SP-. Padina
japonica, Spyridia filamentosa, Dictyota sp. Lyngbya sp.,
Neomeris annulata, Halimeda discoidea and Turbanaria ornata. A
few macroinvertebrates were noted, especially Alpheus rapax in
their burrows, and small blue and lavender sponges. A single
colony of Pocillopora damicornis was noted near the transect at
Station 3MR, and a single Porites compressa at Station SMR.

The offshore stations (Table 3) show a clear gradient of
decreasing reef coral abundance going from the westernmost
Station (108) to Station S0S at the eastern limit of the study
area. Mean total coral coverage decreased from a high of 50 to
60% at Stations 108 and 205 on either side of the Kaunakakai
Harbor channel to only 1.5% of the available bottom at Station
50S. Maximum coral cover on the randomly placed quadrat ranged
as high as 97% at Station 10S and 85% at Station 20S, but never
exceeded 4.5% at Station 50S.

The coral community at Station 105 most closely typified a normal
assemblage for a leeward Hawaiian reef, being dominated by
Porites lobata (37%), followed by Montipora verrucosa (6%) and
Montipora patula (5%), with a few small Pocillopora meandrina
colonies totaling about 2% coverage. Mean H!' diversity was quite
low at 0.73, due to the dominance by Porites lobata. At Station
208, just across the harbor channel, the species dominance was
quite different, with high coverages of Montipora verrucosa (30%)
and Montipora patula (19%), followed by about 5% coverage each
for Porites lobata and Pocillopora meandrina and about 1% each
for Porites compressa and Pavona varians. This assemblage of
species resulted in a moderately high H' species diversity of
1.02 This station is within a few meters of the dredged harbor
channel, and the high abundance of Montipora in this area may be
related to a higher tolerance by this genus to low to
intermediate levels of turbidity and sedimentation of small
particles. Montipora is the dominant coral in the more turbid
areas of Kaneohe Bay and the few areas of Honolulu Harbor where
reef coral may be found.

Further east at Station 30S the moderate coral coverage on the
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transect was dominated by Montipora patula at 10%, Pocillopora
meandrina at 6%, followed by about 4% for Montipora verrucosa and
2% for Porites lobata and trace amounts of Porites compressa,
Pavona varians, Pavoha dJuerdeni and the zoanthid Palythoa
tuberculosa. With the three other species found near the
transect (Pocillopora eydouxi, Montipora flabbelata and
Leptastrea purpurea) the total of eleven species of coral was the
highest at any of the stations. The Shannon—-Weaver species
diversity mean value of 1.59 was highest at this station, due to
poth the greater number of species and the relatively even
distribution of coverage among the species.

Further east, total coral coverage decreased dramatically to 7%
at Station 40S, and to only 1.5% at Station 50S. Diversity
indices decreased accordingly, reaching a mean value 0.29 at
Station 508, the lowest found at any transect. The limited coral
coverage in these areas is primarily scattered small colonies of
Pocillopora meandrina with a smattering of Porites lobata. The
reef becomes increasingly affected by sand deposition going
eastward, with mean sand coverage climbing from less than 1% at
3058 to 10% at 40S and 24% at 50S. observed turbidity increased
accordingly going eastward, with wave resuspension of sand being
the primary source. This sand does not appear to be related to
runoff from the distant shoreline, since the sand appeared to be
all calcarecus with noc terrigenous component.

The observations made up and down the reef slopes at Station 20S,
305 and 505 verified that the conditions described above typified
conditions for the offshore segments of each respective reef
site. No substantial coral cover was found from 1 m to 20 m
depth in the vicinity of Station 50S. Pocillopora meandrina
gradually became slightly more abundant going into the shallows
at 2 to 3 m, but at 1.5 m depth the bottom became totally sand
scoured with no live corals. At Station 30S moderate coral cover
extended to 1.5 m where it became dominated by Porites lobata,
and the calcareous alga Porolithon gardineri, was also common.

At 1 m depth coral virtually disappeared and the bottom was
dominated by the alga Sargassunm echinocarpum with adventitious
growths of Jania and by Liogora. At Station 20S luxuriant coral
growth extended from the reef margin down the reef slope to about
6 » depth, where the channel cut abruptly ends all reef surfaces

and heavy deposits of sediment prevent coral survival.

Fish Assemblades

The nearshore and mid-reef sites showed low richness of fishes
put also the highest numbers of individuals per species (Table
4). This is evident by the low Shannon's pDiversity Index values.
only one to four species were observed on the transect at each
nearshore site. These four species were gobies, with two
species, Psilogobius mainlandi and an unidentified goby,
occurring in high numbers. Psilogobius mainlandi shares a
burrow with an alpheid shrimp, and the other three species of
gobies seek shelter under small pieces of rubble when disturbed.
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Small schools of an unidentified mullet were seen in the
nearshore area of transects 2, 4, & 5 but were only observed
within the 3 X 50 survey area at Station 4NS. One fisherman was
observed in the area of 1NS and 2MR fishing for mullet from a
boat using a cast net. Visibility was very low at sites 2NS and
2MR (<0.2 m) and this probably accounted for the absence of
fishes observed on these transects.

The offshore sites (0S) had a greater diversity of fishes than
the nearshore and mid-reef sites. The site on the east side of
the Harbor (20S) had the highest species richness of fishes and
also the greatest amounts of coral and highest topographic
relief. Fish diversity at this site ranked third behind Stations
108 and 30S. The diversity index value at Station 208 wak
probably lowered by relatively large numbers of three species:
Mulloides flavolineatus, Chromis vanderbilti, and Thalassoma
duperrey. This was the only site where the obligate coralivorous
butterflyfishes Chaetodon ornatissimus and C. unimaculatus were
seen on the transects, although they were cobserved in the areas
of Stations 105 and 30S.

Offshore stations 10S and 30S had similar species richness and
ranked one and two in the Diversity Index. Almost half of the
species represented at both sites were surgeonfishes
(Acanthuridae) which feed on attached algae.

Stations 40S and 508 had fewer species of fishes and had the
lowest diversity index values of all the offshore sites. Fishes
seen at the eastern end of the study area represented a wide
range of fish families and tended to be the small species that
could take shelter in colonies of Pocillopora meandrina and other
small shelter sites.

Several species appeared consistently at most of the offshore
sites. The hawkfish Paracirrhites arcatus, was counted on all
offshore sites and was usually seen perched on top of colonies of
Pocillopora meandrina. The goatfish Parupeneus multifasciatus,
was counted at transect 10S and 20S but was also seen at Stations
305 and 40S. The damselfish Plectoglyphidodon johnstonianus,
usually associated with living coral, occurred on transects 205
and 30S, and also was seen in the area at Stations 40S and 50S.
The most common wrasse was Thalassoma duperrey included in counts
at all the offshore sites. Low densities of juveniles Coris
gaimard, a wrasse, existed at Stations 10S, 30S, 40S, and 505 but
was only seen on the transect at 30S. Adult C. gaimard were also
seen in the vicinity of 10S. The most common surgeonfish was
Acanthurus nigrofuscus, found at all the offshore stations and
included in transect counts at four stations. The triggerfish
Rhinecanthus rectangulus occurred in low densities at all
offshore stations except 20S, although it was only observed off
the transect at 50S. The toby Canthigaster jactator occurred at
all offshore stations, and none were observed to be infected with
the abdominal cavity parasite Philometra sp. (Deardorff and
Stanton 19883).
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One other study has done fish surveys at sites in the vicinity of
our transects (Hawaii Planning Design and Research 1978).

Station 105 of the present study was located near the site of
their Biological Station 5. Fifteen of the 23 species seen at
Stations 10S were listed for Biological Station 5 of the 1978
study.

DISCUSSION

The findings of the present study are similar to those of the
previous study at Kaunakakai (Hawaii Planning Design and
Research, 1978) of the benthic environment along the west side of
the Kaunakakai Harbor. The earlier study found three coral
colonies and a diverse invertebrate community at their most
shoreward station, which was approximately 300 m west of Station
1MR. This area was not surveyed in the present study, but it is
quite likely that such benthic conditions still exist, given the
improvement that was observed in environmental conditions and the
abundances of benthic organisms from Station 2MR to 1MR. The
present results and the 1978 study indicate that effects of
turbidity and sedimentation from shore runoff and the harbor on
the benthos have been mostly restricted to those areas directly
shoreward of the harbor. Despite the location of Stations 1NS
and 1MR directly off the Kaunakakai Streanm mouth little
indication was found of direct impact from +he stream on the reef
environment, especially compared with all areas on the reef
further to the east. This may be due to infrecquent intermittent
flow from the stream and/or diversion of stream runoff to the
east once the flow reaches the shoreline. Also the construction
of flood control berms above the shoreline in this area may have
directed much of the stream's flow from its original course.
During the survey substantial freshwater seepage was noted along
the shoreline between Stations 1NS and 2NS. This seepage, along
with restricted circulation may be a principal source of the
highly turbid water and muddy bottom that occurs from 2NS to 2MR.

Further offshore, the 1978 study found coral coverage along a
line about 300 west of the harbor, to an average of 72% at 2 m
depth, 48% at 7 m, and 58% at 12-15 m depth, in goed agreement
with the 50% coverage found at station 108 in the present study.
Species composition was also comparable. Both studies show that
the effects of turbidity and sedimentation from either shore
runoff or the Kaunakakai Harbor have been restricted and not
detrimental to the survival of a flourishing and highly
aesthetic coral reef and reef fish community.

It is not clear why good coral growth and coverage do not
apparently extend much further eastward than Station 305 on the
outer Kaunakakai reef. All physical conditions concerning wave
exposure, water movenment, reef slope, nutrient, sediment and
turbidity levels would be expected to be similar along this broad
and open reef front. The only obvious physical variable related
to the decreasing coral coverage was increased sand cover, which
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may restrict coral settlement, development and growth through
resuspension scouring and scouring of reef surfaces.

Tt is highly unlikely that development of a storm runoff drainage
system for Kaunakakai will have any effect on the Kaunakakai reef
or on the reef coral population 'in the area. The reef flat is
1.2 to 1.3 km wide and covered over most of its surface with a
thick layer of sediment with a consistency of sandy mud near the
shore to muddy sand up to S00 m offshore. Along most of the reef
flat the sediment surface is virtually devoid of macrobiotic
nearshore and supports a dense seagrass-macroalgal biotope
further offshore. Neither environment would be susceptible to
negative impacts from storm runoff, and the area has apparently
been under the influence of sedimentation from runoff for a very
long time. The only potentially sensitive benthic communities
are. in the offshore area surrounding the Kaunakakai Harbor and .
channel. These communities have flourished despite the
construction and use of the harbor, and the presence of the
Kaunakakai Stream mouth directly onshore from the harbor.
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Station

108

208

303

408

S0s

Table 3. Coverage and specles diversity of reel corals on offshore transects
off Kaunakakai, Molokai.

Specles

Por. lobata

P. compressa

P. meandrina

Mont. patula

M. verrucosa

Total Coral Coverag
Species Diversity
Sand

Rubble

Por, lobata

P. compressa

P. meandrina

M, patula

M. verrucosa

Pav. varians

Total Coral Coverag
Species Diversity
Sand

Rubble

For. lobata

P, compressa

P. meandrina
Mont. patula

M. verrucosa

Pav. duerdeni

P. varians

Paly. tuber,
Total Coral Coverag
Specles Divezsity
Sand

Rubble

Por. lobata
Poc. damicor
P. meandrina

" Mont. patula

M. verrucosa

Total Coral Coverag
Specles Diverslcy
Sand

Rubble

Por. lobata

P. meandrina

M. patula

M. verrucosa

Total Coral Coverag
Speclies Diversity
Sand

Rubble

1 2

7 6

0 0.2

S 2

2 14

6 11

20 33

1.13 1.24
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1 0
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ABSTRACT

Cultural Surveys Hawaii conducted an archaeclogical inventory survey at the
request of Wilson Okamoto and Associations, Inc. for the proposed Kaunakakai Drainage
Improvement System A (TMK 5-3-02: por. 72; 5-3-03: por. 01; and 5-3-09: por. 17). The
majority of the project area has been extensively modified during recent times but two
sites (State Sites 50-50-03-895 and 50-60-03-896) were located and described and sub-
surface testing was conducted at Site -895. The sites consist of an enclosure with
associated surface pavements (Site -895) and a stacked boulder wall (Site -896).

The sites appear to be of historic construction and use. This is evident by the
construction style and sub-surface testing results at Site -895. However, the literature
review indicates that Site -895 is in proximity with a formerly existing heiau, Kamalae
Heiau, which was described in 1909 as having been "entirely destroyed" (J.F.G. Stokes).
However, based on the present research (literature review and inventory survey) we do
not believe sites, specifically Site -895, represent(s) the remains of a heiau.

Cultural Surveys Hawaii recommends further archaeological work at the two sites
(-895 and -896) to address specific questions as to chronological and functional
interpretations. It is also further recommended that Site -896 be preserved as is.
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INTRODUCTION
A. Project Area Description
The project area is situated within the drv leeward south central Moloka‘i area
directly mawka ieast) of Kaunakakai Town (Figures 1 & 2). The area surveyed extends
from Homeolu Place in a westerly direction some 950 feet to the drainage channel of
Kaunakaka"ir'Stream {Figures 3 & 4).
The elevation range is from 10 to 40 feet A.M.S.L. Rainfall averages

approxﬁnately 15 inches per year with the majority of rainfall occurring in the winter

. ‘months, October to March (Armstrong Ed. 1973).

Soils in the project include very stony rocky land (rVT2) and Pulehu series alluvial
deposits (PsA) (Foote et al. 1972). The soil classified as *VT2 encompasses the eastern
portion of the project area with the more normally productive PsA type soil associated
with Kaunakakai flood plain.

Vegetation along the proposed drainage is dominated by various grasses and kiawe
trees, except in an area of the Kaunakakai flood plain which is planted in corn.

Much of the project area has been historically, and in some cases recently,

. modlﬁed Mochﬁcatlons mclude bulldozing associated w1th house construction and an

' assomated cesspool ut1l1ty pole emplacement, flood drainage berms, a corn field, and

Kaunakakai Stream Flood Control. Essentially, the entire project area has been
bulldozed except for the site areas.

7 From Pauli Place the proposed drainage corridor passes between an existing home
and then through a bulldozed flat. The two site areas, situated on the edge of a bedrock
bluff, are located 350 feet from Pauli Place (Figure 4). Beyond the sites the corridor turns

more northerly, passing under utility lines and down a short, but steep kiawe-covered




MOLOKA ' |

Sy

Maunaloa _—
"

Kaunakaka

KOWA DISTRICTY
La‘au Point

KALOHI CHANNEL

® STUDY AREA

+ LANA' i MAU I
! o 1D
& KAHO OLAWE &>
N
HAWAL' |
MILES
0 S0 0
KILOMETERS
(s) 00
I — - "
Figure 1 State of Hawai'i
| I;
: ,. : Kalaupapa
+ | llio Point Peninsula
KAIWI XQ'OLAU DISTRICT Cape
- CHANNEL i

PAILOLO
CHANNEL

QoS MnLeS
== xiLOMETERS

Figure 2 Moloka'i Island Location Map

2




e A A T T e,

R

—_
i

]

!

]
1
N
'

1

Figure 3

Portion of USGS Kaunakakai Quad Showing Project Location

3




iR

Figure 4

N

NO SCALE /
£
&
3

FIELD
, e P 0
pree Mg
+
¢
\/
B
County BC2
Storage
Yar
A¥*cBC1”
service - :.aca m
gstation 2 8024
rc1° le™
£
=
-
a
m
“c3'miq b
IB L]
_.;GﬁL:-:

PROJELT AREA BASE MAP SOURCE :
MOLOKAI COMMUNITY PLAN, JANUARY 1884. |

General Project Area and Site Locations: Portion of Map for

Kaunakakai Drainage Improvement Project (Wilson Okamoto &
Associates)

-t




v e g A

-urer

embankment to a dirt road. The roadway, which is 530 feet from Pauli Place, contains
underground water lines. From the roadway to Kaunakakai Stream, the corridor has
been intensively modified, including a flood control berm on the southern side of the
corridor and cultivated corn within the corridor itself. The portion of Kaunakakai Stream
where the corridor is proposed to intersect has already been modified (i.e., channelized) for

flood confrol.

B. Scope of Work and Methods
' Scope of Work
Cultural Surveys Hawaii was contracted to provide a complete archaeological
inveﬁtory survey of the proposed "System A of the Kaunakakai Drainage Master Plan”
(Wilson Okamoto & Associates). The scope of work for the inventory survey includes:

1 A complete ground survey of the entire project area for the purpose of site
inventory. All sites would be located, described, and mapped with
evaluation of function, interrelationships, and significance. Documentation
will include photographs and scale drawings of selected sites and complexes.

~ All sites will be assigned State Site numbers.

9. - Limited subsurface testing to determine location, boundaries, depth and
quantity of cultural materials within archaeological sites and to obtain
datable samples for chronological information if none is available for sites in
the immediate area from previous studies.

3. Research on historic and archaeological background, including search of
' historic maps, written records, Land Commission Awards, and Native
Testimony. This research will focus on the specific area with general
background on the ahupua‘a and district and will emphasize settlement
patterns.

4. Preparation of a survey report which will include the following:

a. A topographic map of the survey area showing all archaeological sites
and site areas;

b. Description of all archaeological sites with selected photographs,
scale drawings, and discussions of function;

d
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Historical and archaeological background sections summarizing
prehistoric and historic land use as they relate to the archaeological

features;

d. A summary of site categories, their significance in an archaeological
and historic context;

e. Recommendations based on all information generated which will
specify what steps should be taken to mitigate impact of development
on archaeological resources - such as data recovery (excavation) and
preservation of specific areas. These recommendations will be
developed in consultation with the landowner and the client and/or
State and County agencies.

This scope also includes full coordination with the State Historic Preservation

Division of the Division of Land and Natural Resources (SHPD/DLNR), and Maui County
relating to archaeological matters. This coordination takes place after consent of the

owner or representatives.

Methods

Two archaeologists, Douglas F. Borthwick and John F. Driscoll, completed the
fieldwork portion of the inventory survey on the days of March 3rd and 4th, 1993. The
ground survey was accomplished by walking roughly east-west oriented transects from
Pauii Place in Kaunakakai Stream to the edge of the corridor and back. The corridor
surveyed ranged in width from 30 toa maximum of 170 feet, and as previously
mentioned, the length was approximately 950 feet. The ground visibility ranged from
excellent (bare ground) to fair in areas with knee-high grass. Plotting of site areas was
done on a 1-inch-equals-20-feet scale plan map. The plan map also included detailed
contours, and other elevation references, in addition to the two sites, -895 and -896, which
were already accurately plotted and shown on the map (Figure 5).

The two sites encountered were mapped to scale, utilizing hand held tape and
compass, detailed site descriptions were written and representative photographs taken.
Additionally, notes we-re taken on areas of interest adjacent to the project area.

Two areas of interest were noted. They include “a possible cemetery" (local

informant) and a roughly stacked, discontinuous wall which runs along the top
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Portion of Kaunakakai Drainage System "A" Plan Showing Sites -895

and -896 (1" = 30"




edge of Kaunakakai Guich north of the project area. The possible cemetery was pointed
out to us by local informants who utilized a bulldozed basevard at the end of Kukui Place,
adjacent to the project area. The "cemetery” is presently just a bulldozed portion of the
baseyard which contains a fairly dense surface scatter of midden and artifacts. The
midden and artifacts range from recent to indigenous. The reported cemetery is outside of
the project area: nevertheless, we inspected the area for indications of a previously
existing cemetery (i.e. headstones, alignments, human bone fragments). No clear evidence
of a cemetery was observed. The surface scatter of midden and artifacts observed is more
consistent with the demolition of residential units. The implications of this reported
cemetery to the project will be discussed in the Summary and Recommendations section of
this report.

The stacked stone wall along the top edge of Kaunakakai Gulch begins some 100

” _'-feet north of the proposed "limits of grading” and 30 feet north of the limits - or outside

the surveyed areas. The location and orientation of the wall was noted but no field

" number or detailed description was given. Previous archaeological research mauka of

Kaunakakai Town (Weisler 1989) identified and described a stacked stone wall (Site 50-

60-03-889) along the éastem edge of Kaunakakai Gulch. Based on Site -889's description
and perusal of available maps, it is presumed that the presently observed wall section
represents the seaward {makai) extent of wall site -889.

| Limited sub-surface testing was conducted at Site -895 (CSH1). The testing
consisted of two test units, one dug within the enclosure (Feature A), and the other within
the paved area (Feature B) on the makai side of the enclosure. The test unit locations
were plotted on the scale map, pre-and post-excavation photos were taken, and one profile
per unit was drawn. Excavated sediments were sifted through 1/8 inch wire mesh screen

with all artifacts, midden, and charcoal observed, collected and retained in provenience




labelled sample bags. The test units were subsequently backfilled, reconstructing the

specific areds to their previous state.

Laboratory analysis of recovered materials consisted of weighing and describing
individual artifacts and separating midden to individual components. Table 1 lists all

recovered materials and appears at the end of the Survey Results section of this report.
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PREVIOUS ARCHAEOLOGY

There has been a significant amount of archaeological work within Kaunakakai
ahupua'a. Work done prior to the late 1960s has been summarized in Catherine C.
Summers’ "Moloka'i: A Site Survey' (Summers 1971). Summers’ work describes sites on
the island of Moloka'i by individual ehupua‘a based on previous research, especially John
F. G. Stokes’ 1909 10-week survey of heiau and other major sites on Moloka‘i as well as
"revisiting” some 100 sites (Ibid.:1ii). Additionally, Sun;tmers describes legendary,
traditional, and historical information related to Moloka in general, and the reader is
refgrred to her document as the most comprehensive island-wide study to date.

Recent archaeological work in Kaunakakai has been focussed on the seaward
portion, between Kamehameha Highway and the ocean, except for a 115-acre survey
mauka of Kaunakakai Town. Surveys and testing within the immediate coastal zone
include Shun (1982), Komori (1983), Athens (1983), Landrum (1984), Kennedy (1988) and
most recently, Tuggle (1993). The mauka survey, conducted for Moloka'i Ranch, was
completed in 1988 (Weisler 1989) (Figure 6).

The majority of the work within coastal Kaunakakai has been sub-surface surveys
due to the absence of agsociated surface features and alluviation. The exceptions are Jd.8.
Athens (1983) and Tuggle (1993) who conducted research associated with the Malama
Platform (Site 50-80-03-1030), the former Moloka‘i residence of Kamehameha V.

The sub-surface surveys clearly indicated a rapid alluviation and shoreline
accretion related to the 19th century introduction of ungulates (i.e., cattle, deer, goats,
and sheep). Below the historically induced alluvial deposits and modern fill layers
cultural deposits range from historic to pre-historic. The largest deposit so far

encountered has been assigned State Site 50-60-03-630. Two features within this

10
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- after Kirch 1985)" (Ibid.66).

sub-surface deposit were dated to A.D. 1230-1340 and A.D. 1435-1665 (Athens 1983:82).

Collected historic-era arvtifacts were generally fragmentary and ranged from the mid 1800s

till the present, indicuting the highly disturbed nature of much of the Site -630 cultural

deposit.

During the survey mauka of Kaunakakgi Town (Weisler 1982), four sites were
assigned State Site numbers 50-60-03-886 to .889. Three of the sites (-886 to -888)
represent "the largest dryland agricultural system yet recorded on leeward Moloka‘i"
(Ibid.:iii). Additionally, seven (7) features were subjected to limited sub-surface testing,
which resulted in recovery of very sparse faunal samples. However, charcoal collected and
analyzed indicated "that the agricultural zone on the east side of Kaunakakai Guich (Sites
.886, -887, and -888) was used as early as the late 13th century (Early Expansion Period)

and into the beginning of the Proto-Historic Period (A.D. 1650 - 1795; temporal periods

Surveyé in the adjacent ahupua‘e of Kalama‘ula (east) (Hommon and Ahlo 1383;
Athens 1985; Tomc:;nari;’l‘uggle 1990) and Kamiloloa (Hommon and Ahlo 1987; Davis
1977; Dye 1977) have identified extensive agricultural complexes with associated
temporary habitation features, pre-historic and historic permanent habitation sites and an
early historic cemetery (Dye 1977). Moreover, extensive work in the similar environment
of Kawela and Makakupa‘ia Iki chupua’e was conducted by the Bishop Museum (Weisler
and Kirch 1982). This survey resulted in the identification of some 500 features which
“includes the majority of archaeological sites within the ehupua‘a of Kawela and
Makakupa‘ia Tki" (Ibid.:47).

The settlement pattern of south central Moloka'i as indicated by the previous
research includes a coastal habitation zone populated by at least the 13th century (Athens

1983) with upland agricultural activity possibly as early (Weisler 1989) but definitely by —

12
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the 15th century (Weisler 1989; Tomonari-Tuggle 1990). Permanent habitation appears to
have been for the most part within the coastal zone or at the foot of ridges as they meet
the coastal flats tHommon and Ahlo 1983: Tomonari-Tuggle 1990). The upland
agricultural zone appears essentially to have temporary shelters as occupation sites
though a few exceptions indicative of permanent habitation were noted (Hommeon and
Ahlo 1983). However, the survey of Kawela and Makakupa'ia indicated a somewhat
divergent settlement pattern. Weisler and Kirch (1982) suggest that the "Initial human
use of the Kawela area has been dated to ca. A.D. 1500, as evidenced from the culturally
strati_ﬁed basal deposit of the Mound site" (Z4id.:52). The "Mound site" refers to a coastal
sand d@e on the makai side of Kamehameha Highway. Additionally, "settlement within
the.ahupua‘a of Kawela and Kamakupa‘ia was concentrated on the slopes and gulch edges
that sﬁrround Kawela Guich and along the ridge flats that traverse the upland below the
:i.20 ﬁ contour” (Ibid.:49).

Variation of the settlement pattern along the south central coast of Moloka'i
appears to be related to both temporal and environmental differences. The portion of the
coast closest to Kaunakakai was apparently populated considerably earlier than the
Kawela area. The broader coastal flats within the Kaunakakai, Kalamaula area were as
Torﬁonari-Tuggle suggests "The probable locus of primary ahupua’a settlement”. Through
excavations at the Malama Platform itself indicated that "The swampy conditions of this
area immediately behind the high-tide line discouraged occupation” {Tomonari-Tuggle
1993:54). The area of Kaunakakai Town {still on the coastal flat) and areas adjacent to
the "original stream" (on the coastal flat) are posited to have been the main settlement for
Kaunakakai ahupua'a (Weisler 1989, Tuggle 1983). Thus, it appears that the more
favorable environmental conditions in the Kaunakakai area (i.e., broad coastal plain, wide

fringing reef with a natural channel, and Kaunakakai Stream) made the area the focus of
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environmental conditions in the Kaunakakai area (i.e., broad coastal plain, wide fringing

reef with a natural channel, and Kaunakakai Stream) made the area the focus of early
settlement along Moloka'i's south shore.

The only previous research directly related to the project area is J.F.G. Stokes'
notes on Kamalae {(Kumalae?) Aeiau. During Stokes’ 1909 survey of heiau on Moloka'i, he
was shown the location of a previously existing heiau "behind Kaunakakai Village".
Stokes located, by means of a transit, the location of a "heigu entirely destroyed. It is
said to have been for human sacrifice, and that the drums were heard at night" (Stokes
1909). The heigu, Kamalae or Kumalae, in different notations by Stokes, was located to
Pu'u Kakalahale with a bearing and distance of 35° 29' 30", and 12,890 feet. Use of the

bearing and distance provided by Stokes plaées the location of the reported heiqu in a

'tahge of 50 to 200 feet of project Site 50-60-03-895 (CSH1) depending on the variables of

what map is used (i.e., 1886, 1924, or present USGS) and accuracy of true north arrows.
Review of Stokes’ field notes and other material (i.e., maps and photographs) at the
Bishop Museum archives failed to divulge any new information other than what is
available about the site in Summers (1971). The field notes, however, are indicative of
the degree to which Stokes carried out his survey during 1909. Afier reading through his
fnatefial on Moloka‘i, as well as being aware of his similar survey work in West Hawaii, it
is felt that even had there been a remnant of the Aeiau structure, Stokes would have
mentioned it. This perceived attention to detail is also suggestive that the features
associated with Site -895 (i.e., high walled enclosure and pavements) were not present in
1809 or were actively being utilized for a nondescript purpose. However, this is only
speculation, and Site .895's function and probable age will be discussed in detail

elsewhere (i.e., Site Description, Summary and Recommendation sections).
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The implications of the previous research to this particular project area include in
part: (1) No known sites in proximity to a reported "entirely destroyed” Aeiau; (2)
Kaunakakai Town area probably having been the focus of ahupua‘a settlement, but little
or no archaeology having taken place within the toWn Proper; and (3) the Kaunakakai
area having the earliest dates (ca. 13th century) for occupation (Athens 1983; Weisler

1989) so far recorded on the south central coast of Moloka'i.
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HISTORIC BACKGROUND

The ahupua‘e of Kaunakakal encompasses some 5,200 acres and extends from the
coast to approsimately 3,500 ft. A.M.S.L. The coastal frontage is approximately 8,500 ft.
wide narrowing towards mauka, in the relatively typical triangular ahupuaa
configuration. There have been a ngmber of in-depth background studies concerning
Kaunakakai, as mentioned in the Previous Research section of this report, and the
following discussion will not reiterate, in full, this information. The reader is referred to
Summers (1971}, Carol Silva’s "Historic Document Search” in Athens (1983), and Tuggle

(1993) for a more complete review of historic literature concerning Kaunakakai.

Traditional References

The place name “Kaunakakai' has been interpreted in various ways, including:
"Kaunakahakai, resting-(on)-the beach” (Mary Kawena Pukui, per comm. cited IN
Summers 1971:87); "to go along in company of four" ([Cooke 1949:83] IN Silva 1983:2) and
in reference to salt works said to have been initiated by a foreigner who referred to the
area as “current of the sea" or "Kauna-Kahakai” ((Harriet Ne 1981:23024] IN Silva
1983:3).

Traditional accounts concerning Kaunakakai generally refer to the area as a
favored canoe landing. This is in terms of being a stop-over or victualling locale, not
necessarily the actual destination. For example, Kamakau wrote "“Kamehameha and his
chiefs were quartered at Kaunakakai on Moloka‘i, in 1795, on their way to make war
upon Ka-Lani-Ku-Pule" (i.e,, on O‘ahuXXamakau 1961:312).

Based on the traditional accounts it is clear that the Kaunakakai area was known
throughout the island chain as a safe stop-over. This was due in part to environmental

factors like wind direction and the large natural channel through a fringing reef {which
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also provided for good fishing and a safe and calm anchorage inside the reef), its central

location on Moloka'i, and also the off-shore fresh water springs ((Remy 1893] IN Weisler

1989:11).

Mid 1800s

The qhupua'a of Kaunakakai was apparently "omitted” during the land tenure
change, M&hele, of the mid 1800s. The Mdhele, here referring to the numerous
governmental decrees between 1846 and 1854, changed traditional communal-based land
tenure to privatized ownership. The term "omitted" refers to the lack of legal
documentation at the time of the Mahele to the ownership of Kaunakakai. However,
Interior Department documents of 1852 and 1854 by Abner Paki to the Minister of
Interior relaté that he, Abner Paki, owned Kaunakakai ghupua’a (Int. Dept 1/15/1852,
U24/iS54). Additionally, no individual kuleana were awarded within the ehupua‘a.

In 1855 Kamehameha V (Lota Kapu-aiwa) bought or was "conveyed" the ahupua'a

of Kaunakakai for two hundred dollars (Int. Dept 7/27/1885). Lot Kamehameha

evgntually had sheep and cattle roaming the countryside as in 1859 his brother,
Alexander Liholiho (Kamehameha IV) established a sheep station, which Lot
Kamehameha inherited upon A. Liholiho's death (1863) (Kuykendall 1953:11). Lot
Kamehémeha_ allso actively sought to increase his Moloka‘i holding as: "In the desire to
have a country estate, he bought up land and cattle from the resident Hawaiians and
used Moloka‘i as a vacation ground from his cares of State” ([Judd IV, 1936;10] IN
Summers 1971:23). In 1868 Lot Kamehameha released deer adding to the free-roaming
ungulate population. In response to the foraging animals walls were built in areas where
the populace and/or crops needed protection. It was probably during this time (ca. 1850s

to 1870s) that the wall surrounding "Kaunakakai Village” was constructed. The
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surrounding wall is clearly visible on the two 1880s maps, Jackson 1882, Kaunakakai

Harbor and Monsarrat 1886, Government Survey Moloka'i) (Figure 7). Ruth Ke'elikolani
inherited the ahupraa upon Lot Kamehameha's death (1872). The 1882 Jackson Harbor
notes "Ruth’s House.” Princess Ruth Ke'elikolani dies in 1883 with the bulk of her estate
inherited by Bernice Pauahi Bishop, but apparently Kaunakakai was not an immediate
part of that inheritance.

However, after the death of Bernice Pauahi Bishop (1884), her estate, through
trustees, petitioned and received the ahupua‘a of Kaunakakai. Interior Department
document of 11/15/1889 indicates that Kaunakakai was owned by Kalani Pueo in 1843,
"from whom Mrs. Bishop inherited same," though as mentioned previously in 1852/54
Abner Paki, Bernice Pauahi Bishop's father, indicated he owned Kaunakakai. The
relationship of "Kalani Pueo” to Abner Paki and Bernice Pauahi Bishop is not known to
us at this time. Confirmation of the ownership of Kaunakakai ahupua‘a by the Bishop
Estate occurred in November 1890 (Indices 1929).

In 1898 the American Sugar Co. (ASCO) was incorporated by a group of men who a
year earlier had "formed the Molokai Ranch by purchasing holdings from the Bishop‘
Estate. This property had been ranch land formerly owned by Kamehameha V, and the
ahupua‘e of Kaluakoi, which belonged to Charles R. Bishop” (Summers 1971:24).

Thus the chupua‘a of Kaunakakai became the property of Moloka'i Ranch, with
Kaunakakai Town, because of the ASCO wharf, becoming the urban center of Moloka'i.
The ASCO was short-lived due to the salinity of water pumped from surface wells (Condé

and Best 1973:275). However, an alternative explanation put forth by locals was that
during the course of constructing rail lines, wharf and other major infrastructure

components, the ASCO utilized stones from heiau, thus incurring "the wrath of Hawaiian
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Gods" (Ibid.).

This may have been the time of the déstruction of Kamalae Heiau as reported by
J.F.G. Stokes. The reported heiau location, when plotted on the 1924 Land Court App.
632 map (Figure 8) puts it within the vicinity of Lot 6 which includes walls and a flume
not shown on the 1886 Monsarrat map (Figure' 7). The construction of the_ walls and
flume may have been the agents of destruction. However the 1886 map, which J.F.G.
Stokes utilized during his 1909 survey does not show a structure (stone or wooden
framed) in the locus of the heiau, possibly indicating the heiau was not there at that time,

though such structures as keiau were not routinely plotted by Monsarrat anyway.

19208-19508

Kaunakakai Town expanded in the 1920s as pineapple began to be grown by Libby
McNeil and Libby in the Maunaloa area. Kaunakakai Wharf was till the major port
though LibBy and later the California Packers Corporation developed their own smaller
ports. Cattle ranching was the main economic land use for Kaunakakai ahupua‘a with
Molokai Ranch becoming a more organized operation. Molokai Ranch was also the lessor
of the most pineapple lands.

The Hawaiian Homestead Act of 1921 had a direct impact on Moloka'i as the very
first Homestead developed, Kalanianaole Colony, was in the adjacent chupua‘a of

| Kalamaula (Tomonari-Tuggle 1990:10). Water for "bathing, laundry, and farming” was

originally supplied from a spring in Kaunakakai by wooden flume, with a spring in
Kalumaula providing drinking water (Zbid:11).

Homesteads were also developed in Kaunakakai but they were apparently

associated with the Territory of Hawaii and were not part of the Hawaitan Homesteads.
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Tw‘6 clusters of lots are shown on the 1924 (Ld Ct App 632) Map (Figure 8). Lots 2 to 17
actually being part of Kaunakakai Town and Lots 18 to 25 west of the Town. Itis
presumed that the wall configuration as shown on the 1924 map and as seen, in part,
today correlates to this time period. Site -896 (stacked boulder wall} is part of this wall
complex. Site -895 (enclosure and paving) just mauka of the wall is believed to have been
associated with the Homesteads of Kaunakakai Town, possibly Homestead Lot 6, the
closest to the site area. Lot 6 as shown in various sections of the 1924 map (Figures 8 &
9) contained at least 3 structures plus a section of a flume (mentioned previously).
Water, in terms of supply and ﬁooding. remained problematic. However, water
projects initiated in the 1950s have done a lot to alleviate the supply and flooding
prbblems. Kaunakakai Stream which used to have up to four meandering coastal outlets

was channelized into one leveed outlet. The channelization of Kaunakakai Stream greatly

- reduced the flood hazard. In the late 1950s a 5.5 mile water tunnel project affecting the

‘mauka portion of Kaunakakai Gulch was begun, with completion in the early 1860s

(Summers 1971:25). The water from this project was "then stored in a 1.4 billion gallon

reservoir at Kualapu‘u” (Ibid.).

Post 1950

Kaunakakai Town remained the major urban center on Moloka'i though pineapple
plantations towns of Mauna Loa and Kualapu‘u supported sizeable populations. However,
pineapple production on Moloka‘i was phased out during the 1970s with complete

abandonment by the early 1980s.
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Kaunakakai Town continues to be the urban center of Moloka'i. Subdivisions have
expanded upslope of the town proper with possibly more on the way (Weisler 1989 project
area). Tourism and service-related industrieé have replaced commercial agriculture as the
economic mainstay. Kaunakakai Harbor is, as was always the case, the main
import/export locale for the entire island. The bulk of the chupua’e of Kaunakakai is still

utilized by Molokai Ranch for cattle pasturage.

Informal Oral Interviews

Adjacent to the project area, at the mauka end of Kukui Place, past the teachers’
cottages, is a bulldozed lot, utilized as a construction (trucking) baseyard. The lot
corresponds to "Lot 6, Kaunakakai Homesteads” as depicted on the 1924 Lt Ct. App. 632

map (Figure 8). This lot, as mentioned previously, contained at least three structures and

" a flume section, based on the 1924 map. Ownership of Lot 6 in the 1920s, as per the 1924

map, was "Ah Ho %, Hannah Pedro, Nahemia and Kiawe Kalaepahula %." The lot,
presently designated by TMK 5-3-02:22 is shown (on our TMK maps) as being owned by
"Lui Ako.” Actual or present ownership is not known to us at this time.

Informal discussions concerning this lot were initiated with individuals utilizing
the construction basevard. We were informed that the mauka portion of the lot, adjacent
to Site -896 wall, previously contained a small cemetery. Additionally, we were told that
the lot, which had been purchased relatively recently, had been bulldozed at least twice.
The area pointed out to us as having been the cemetery location contained a relatively
dense surface scatter of midden and artifacts. The midden and artifacts included both
indigenous and historic-era materials. Indigenous materials included marine shell
midden, basalt flakes, and a basalt adz fragment. Historic materials range from early

historie (e.g., black glass) to modern (e.g., aluminum cans). No evidence of burials, human
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bones, stone or cement alignments were observed during the surface inspection of this
area, which as stated previously, is outside the present study area. The surface scatter
appears more consistent with the demolition of residential units.

The individuals we talked with wished to remain anonymous but we certainly do
appreciate the time and information they cordially gave us.

The bulldozed baseyard lot, like sites -895 and -896 are within the general
proximity to J.F.G. Stokes’ reported (1909) "entirely destroyed” Kamalae Heigu. [t is
interesting to speculate that the reverence attributed to this locale may have roots deeper
than a "possible historic cemetery.” The location of this present baseyard behind
Kaunakakai Town and "at the foot of a ridge", not on top as is Site -895, may more
accurately portray that which Stokes recorded in 1909 for Kamalae héicu. Stokes also
wrote that Kamalae Heiau was formerly for human sacrifice, possibly suggesting a source
from which human bones were unearthed in the past. However, this is just speculation at
this point, and it seems just as likely that early Kaunakakai Homesteaders had family.
burial plots that were not well recorded and may have inadvertently been destroyed.

The cemetery and/or heicu aside, the overall settlement pattern for Kaunakakai
has not changed significantly over time. The locus of settlement remains the Kaunakakai
Town area which, based on previous archaeological research and ethnographic literature,
was also the traditional or pre- A.D. 1778 pattern. The natural "harbor" of Kaunakakai,
though historically enhanced extensively still is a dominate factor, as it appears to have
been traditionally in defining Kaunakakai as the port center for all Moloka'i.

The prime agricultural lands of Kaunakakai are the alluvial flats. This is
presently evidenced by commercial corn cultivation within the western, or Kaunakakai
Gulch, portion of the project area. The sloping uplands, marginal in terms of agricultural

productivity, support cattle grazing and wildlife habitat. Recent research within the 40
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m. and 75 m. contour range above Kaunakakai Town has revealed an extensive dryland
agricultural complex dated to as early as the 13th century (Weisler 1989), The type of
habitation associated appears to be exclusiveiy temporary.

The environmental constraints of the marginal agricultural lands were manifested
traditionally with seasonal plantings and associated temporary habitation. Historically,
low intensive agricultural use of the uplands has been mainly cattle ranching. Though
the actual usages (seasonal plantings versus pasturage) are different they both represent
a non-intensive agricultural response to the same environment.

The Town of Kaunakakai probably contains a much larger permanent population
than in traditional times and continues to grow upslope, with new and proposed

subdivisions. Providing for the larger and expanded population is clearly dramatically

different than the traditional subsistence-oriented economy. However, in general, where

. people live and farm is still similar to traditional times though, as the population

expands, this is gradually changing.
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SURVEY RESULTS

Site Descriptions

State Site # 50-60-03-895 CSH Site: 1
Site Type: Complex :

Function: Habitation (Temporary)

Total Features: 3

Dimensions: 290 sq. meters

Location: Kaunakakai Town

Elevation: 35 ft. AM.S.L.

Description: Site 50-60-03-895 (Figure 10) Feature A consists of a well made

enclosure with a paved area on the makai side. The interior area of the enclosure
measures 3 m. NW/SE x 2 m. NE/SW with exterior measurements of 5 m. x 4 m. The
walls are of stacked boulders, 6-7 courses high and up to 1.2 m. in height. There is a
constructed 1 m.-wide entrance on the NW side although the walls have collapsed
somewhat. There is also an exterior buttress-like terrace to help hold up the walls on the
eastern and southern sides, which is up to 1 m. wide (avg .7 m.). The buttress-like
terrace is built against the lower course of the enclosure walls (east and south) and is
built up to a maximum height of .6 m. (avg. .25 m.).

Site 50-60-03-895 (Figure 10) Feature B is the leveled paved area on the makai side of the
enclosure, The leveling has created three somewhat discrete paved areas. The paved
surface closest to the enclosure is boulder paved. A:bacent to its makai side is an area
predominantly cobble paved. The farthest makai area is boulder/cobble paved. The paved
areas are delineated by boulder alignments.

The site is situated on a blocky bedrock bluff with the edge of bluff to the east of Feature
A, modified probably for agricultural plantings. The modifications, designated Feature C
of Site -895, include filling in caps between the very large in situ boulders which make up
the bluff edge with smaller stones creating trough-like planting areas. The planting areas
measure roughly 4 m. long by 1 m. wide. They are narrow, deep elongated pockets with
bedrock boulders and boulder stacking delineating both the up slope and down slope sides
with rocky soil interiors.

Excavation Results

Testing at Site -895 consisted of the excavation of two units. Test Unit 1 (TU1, .7
m. x .7 m.) was excavated within the interior of Feature A {enclosure} with Unit 2 (TU2, 1
m. x 1 m.) within the cobble paved area on the makai side of the enclosure (Figure 10).

TU1 was situated against the southeast wall of the enclosure for two main reasons;
one, to ascertain the stratigraphic sequence of the wall construction with any interior
cultural deposits; and two, because of the large kiawe tree within the enclosure limiting
the excavatable area. The excavation exposed two stratigraphic layers (I and II) (Figure
11)
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Figure 11  Test Unit 1 (TU1), Southeast Profile, Site 50-60-03-895 Feature A Enclosure
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Stratum [ consists of a high percentage of organic debris with reddish brown
(2.5YR 3/4) silt loam matrix. The organic debris is kiawe and grass litter. Artifacts
collected consisted of historic-era material only, though water-rounded basalt cobble
manuports were noted. Midden recovered was very sparse; totaling 3.4 grams, plus 5.3
grams of coral. The midden components included 1.0 gm. unidentified marine shell, 0.5
gm. kukui nut and 1.9 gms. charcoal.

Stratum 1I consists of slightly compact dark reddish brown (5YR 3/3) silt loam.
There were a few small pieces of midden and artifacts at the interface of Strata I and II
which were included with Stratum L :

The excavation of TU1 indicated that Feature A was built virtually on bedrock.
The construction sequence of the feature appears to be a minimal manipulation of the in
situ blocky bedrock bluff for the lower course, including the "buttress-like terrace”, the
clearing of an interior space and stacking of the cleared rocks and other locally occurring
stones to an average height of one meter. A single historic period usage is also indicated

_by the preponderance of historic material and clear absence of a stratified layer of

indigenous cultural material. Essentially, the southeast profile (drawn) had the greatest
soil depth, a maximum of 18 cm., with most of TU1 just Stratum I and leaf litter on
bedrock.

TU2 was placed in the predominantly cobble-paved portion of Feature B. Two
stratigraphic layers, I and II, were designated (Figure 12).

Stratum I consists of the cobble pavement and filtered organic debris and reddish
brown (5YR 4/3) silt matrix filling in the interstices between the larger rocks of the
pavement base. Recovered with Stratum I provenience were historic-era artifacts, metal
and glass fragments, and 89.5 gms. of marine shell midden and 23.0 gms. of coral. The
89.5 gms. marine shell midden actually represents fragments of approximately half of a
large Conus shell, probably Conus leopardus.

Stratum II consists of slightly compact dark reddish brown (5YR 3/4) silt loam with
many rootlets, filling in the interstices between the in situ blocky bedrock. Recovered
material included just 5.4 gms. of midden, consisting of 1.4 gms. unidentified shell, 1.4
gms. kukui nut, and 2.6 gms. of charcoal. This material represents filtered-through
pavement material that was collected with Stratum II as larger in situ boulders were

removed as part of the excavation process.

The excavation of TU2 indicated that the paved area makai of the enclosure
represents relatively minimal modification to the bedrock bluff top. It appears that in
situ boulders were roughly arranged, then smaller boulders and cobbles were used to fill
in spaces, or interstices, creating a more level surface.

Functional Interpretation
The paucity of faunal material and the recovery of historic-era artifacts only

strongly suggests exclusively historic-era usage for Site -895. Though there were
indigenous materials present, i.e., coral, shell, and water-rounded basalt stones they were
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all found in association with predominantly historic materials. No clearly definable
cultural layers absent of historic material were present in either test unit. In fact, the
excavations indicated a single phase of historic usage, possibly as a work shed (Feature A}
and associated work surface (Feature B), the functional interpretation of Site -8385.

As mentioned in the previous research section of this report J.F.G. Stokes
referenced a heigu, Kamalae, in proximity to Site -895. Stokes indicated that the heiau
was "entirely destroyed." Based on review of Stokes’ Moloka'i notes, it is presumed that
even if the heicu were in remnant condition he would have noted it as he did elsewhere.
In Halawa Valley, Stokes wrote of Puupa heiqu "all that could be found was the remains
of a terrace of stone” and in referencing a reported heiqu on Kaeo Hill, Kaluakoi, he

wrote "the fragmented p

latform pointed out seems to be a natural outcropping of stone,

due to erosion.” Thus, it is suspected that Stokes would have mentioned Site -895 as the

possible remains of Kamalae Heiau in terms of remnant terracing and the high walled

enclosure.

Additionally, Site -895 appears atypical of a heicu. The narrow high-walled

enclosure with a well-defined entrance is more typically a historic structure. The
construction style of the p

heiau paving, having very

aved areas makai of the enclosure is also atypical of a major
little depth or thickness of construction. Stokes also indicated

that Kamalae Heiou was at the "foot of the median ridge” with Site -895 being on. top of

the ridge or bluff.

In conclusion it is felt that Site .895 does not represent the remains of Kamalae
Heiqu "said to have been for human sacrifice” (Stokes 1909). Based on the presgent level
of research Site -895 is functionally interpreted to be an early 90th century constructed
work shed area, probably associated with the adjacent housing as seen on the 1924 map

(Figure 9).

State Site #

- Site Type:
. Function:

Total Features:
Dimensions:
Location:
Elevation:

Description:

' 50-60-03-896

State Site 50-60-03-896 (

CSH Site: 2
Wall

Cattle Exclusion

1

250" long

Kaunakakai Town

30 ft. AMS.L.

ranges in height and width from .8 to 1.5 m. The boulders utilized are relatively large
subangular basalt rock that naturally cccur within the area. It runs roughly parallel to
the proposed drainage corridor at approximately 300° TN. This portion of the wall

separates a recently bul

ldozed construction baseyard on the southern side of the wall

(outside the project area) from non-bulldozed land (in the project area) on the north side.

The wall section appears to represent a part of a complex of walls around and
within Kaunakakai Town that functioned as an exclosure from roaming cattle. The
section abutting the project area is presently one of the more intact sections observed
behind (mauka) of Kaunakakai Town. Historic maps, 1886 and 1924, clearly show a wall
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system surrounding Kaunakakai Town. In fact, the walls shown on the 1924 map
(Figures 8 and 9) are essentially the same configuration as seen today though some
sections have been bulldozed. Based on the map review, it appears that wall -896 as
defined in the present survey was built sometime between the 1886 Monsarrat map and

the 1924 map.
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SUMMARY

The inventory survey of System A - a portion of the proposed Kaunakakai
Drainage Improvement Project - included review of previous archaeological and historic
literature, surface survey, and limited sub-surface testing. The literature review indicated
no recent archaeological research and no numbered Hawaii State archaeological sites
within the project area. However, research conducted in 1909 by J.F.G. Stokes relates
that within close proximity to the project area was Kamalae Heiau which had been
“entirely destroyed” (Stokes 1909). Inspection of Stokes’ field notes at the Bishop Museum
failed to uncover any new information. Historic background research indicated that .
Kaunakakai was well known as a stop-over locale for canoe travelers among the islands.
Additionally, at certain periods large encampments of warriors and their chiefs utilized
Kaunakakai as a stop-over in preparation for battle elsewhere. Historicﬁlly, the harbor of
Kaunakakai remained important as the main import and export center for all Moloka'i.
The project was not part of any major activity area historically, as it is situated behind
(mauka of) Kaunakakai and away from major historical alterations specific to Kaunakakai
Town and the wharf area. _

The surface survey resulted in the location and description of two sites 50-60-03-
895 and -896. Site -895, an enclosure and associated paved area, appears to represent
historic - early 1900s - period construction, functionally interpreted as a work shed. Site -
896, a stacked boulder wall, is also, based on map and other references, presumed to be
historic - late 1800s to early 1900s - in construction, functioning to exclude cattle from
Kaunakakai Town. During the survey it became apparent that the majority of the project
area has been bulldozed and further modified in modern times (post 1950). There is
active corn cultivation, as well as flood levees, housing-associated grading, and utility

infrastructure associated with power lines and underground water lines within different




portions of the project area.

During the survey, an adjoining bulldozed parcel containing a relatively abundant
surface scatter of midden and artifacts (indigenous and historic) was briefly inspected.
This was done because informants indicated the possible presence of a small cemetery.
No evidence of human burials was observed, in the at-least twice bulldozed lot, which is
outside the proposed drainage corridor.

Limited sub-surface testing was conducted at Site -895 involving the excavation of

two tést units. The test units were placed within the enclosure (TU1) and the adjoining

paved area (TU2). There were very sparse faunal remains and only a few historic-era
(mainly metal can fragments) artifacts observed and recovered. The excavations also
revealed a shallow depth of construction of the paved area as well as a shallow deposit
within the enclosure. Though recovered material (midden and artifacts) was sparse, Site -
895 represents a considerable expenditure of time and energy. The site may have been
regularly utilized from the early to mid 1900s, possibly as a permanent storage shed for
agricultural tools. However, the only clearly identifiable can was an opened (2 puncture
holes) evaporated milk can that was extremely rusty, suggesting the enclosure probably
served multiple purposes as a peripheral feature to the permanent residences just makai
(i.e., Kaunakakai Homestead Lot 6 and/or Teachers’ Cottages). Further evidence for the
site not being permanently occt}pied is the location mauka or outside the protective (i.e.,
cattle exclusion) wall (Site -896) that surrounded Kaunakakai Town, including the

Kaunakakai Homestead Lots 2 to 17.
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SIGNIFICANCE AND RECOMMENDATIONS

The significance assessments of sites are based on the National Register criteria
which, with the inclusion of an additional State Criterion E, have been accepted under the
Draft Rules and Regulations of the Historic Sites Section, Department of Land and
National Resources (May 1989).

Based on the present information derived from literature review and inventory
survey work, we do not think that Site -895 represents the remains of Kamalae Heiau.
Thus, based on presumed historic-era construction and use and apparent limited
excavation potential, we recommend that the site be assessed solely under Criterion D,
"Site is likely to yield information important to history or prehistory."

There is a large kiawe tree growing out of the interior of the enclosure which has
affected the interior floor area, uprooting and destroying some 60% of the approximately 6
square meters of interior space, and destabilizing the makai enclosure wall. Clearly, the
tree limits the excavation potential and will eventually, if left to grow unchecked, further.
collapse the walls of the enclosure. Therefore it is recommended that data recovery work
take place at Site -895 prior to any construction.

Data Recovery should include further excavations, interviews with local
informants, and further background (historical) research. The excavations should be
conducted at the enclosure (Feature A), paved areas (Feature B), and planting areas
{Feature C). [t is further recommended that excavations at the enclosure include 2 trench
through the wall to better ascertain construction sequences and attempt to recover
datable material to firmly affix a chronology to the enclosure construction.

Informant interviews for other Moloka‘il research {(e.g., Tomonari-Tuggle 1990) have
been fruitful and a great aide in understanding historic period activities and associated

sites. Similar results can be expected concerning the project area. Expanded background
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literature research would enhance specifics on such matters as the development of the
"Kaunakakai Homesteads,” further correlations to regional studies for south central
Moloka'i, and Island-wide settlement pattern ‘implications.

Site -8986, stacked boulder wall, is also recommended to be assessed solely under
Criterion D. Presently, only the section of wall within and adjacent to the project area is
described as Site -896. However, it is clear Erom historic maps that a complex of walls
were built surrounding and dividing portions of Kaunakakai Town and that Site -896
represents a remaining part of that complex.

It is further recommended that Data Recovery work also be conducted specific to
Site -896. This should include excavations, placed to ascertain stratigraphic sequence of
wall construction, as well as associated oral interviews with questions specifically
addressing wall construction chronology. Additionally, a light surface scatter of midden
and artifacts, abutting the wall and within the project area should also be tested. Though
only a modern trash component was observed a few varieties of marine shell fragments
were also present, thus warranting further inspection.

Though Data Recovery work specific to Site -896 is deemed warranted, it is also
recornmended. that the wall be preserved "as is". This should be possible as for the most
part the wall section only abuts the proposed drainage corridor. The wall was constructed

to provide a clear separation of residential and agricultural activities and as such defined

the limits of Kaunakakai Town. This same “separation” can still be achieved, with historic

character, by retaining the wall.
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