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MAKAIWA HILLS
FRELIMINARY ENGINEERING REPORT
EXECUTIVE SUMMARY

The Estate of James Campbell is proposing a 2,130-unit residential subdivision and
156 acres of commercial uses in Ewa, Oahu. The development, known as Makaiwa Hills,
will occupy approximately 1,915 acres on the slopes of the Waianae mountain range west of
Makakilo City. An 18-hole golf course may be developed at the site in the future.
Preliminary engineering information pertaining to the project infrastructure requirements are
addressed in this report.

DRAINAGE

There are no existing drainage improvements within the project site. Fifteen culverts
of varying size are located adjacent to the site along Farrington Highway. The culverts
convey runoff from the 3,662-acre watershed {including the project site) under the highway to
downstream drainage facilities at Honokai Hale, Ko Olina Resort, and Campbell Industrial
Park. Existing runoff quantities were calculated for the tributary area of each culvert based
on a rainfall duration of one hour, and rainfall intensities of 1.9 and 2.3 inches for the 10-
and 50-year storms, respectively. Under existing conditions, peak runoff rates of 3,693 cfs
(10-year) and 4,474 cfs (50-year) were calculated for the watershed. Corresponding runoff
volumes of 236 acre-ft (10 year) and 288 acre-ft (50-year) were also calculated.

Asa result of the proposed improvements, the rate of peak runoff and runoff volume
are expected to increase by about 17 percent to 4,330 cfs (275 acre-ft) for the 10-year storm
and 5,243 cfs (337 acre-ft) for the 50-year storm. The peak runoff rate for the 100-year
storm based on the City and County design curve will be used in the design of drainage
improvements for drainage areas greater than 100 acres.

Impacts on developments downstream of the Makaiwa Hills site are not expected to be
adverse. The makai developments will use the peak runoff criteria of the City and County of
Honolulu, Department of Public Works. In general, the impact of increased runoff to the
highway culverts can be mitigated by constructing detention basins to dampen peak runoff
rates or additional culverts may be instailed to increase the existing culvert capacity.
Construction of additional culverts may result in short term impacts (traffic disturbances)
which can be mitigated by limiting construction hours, implementing an approved traffic

.i



control plan, and coordinating other planned construction along the highway.

IL, EROSION .

The Universal Soil Loss Equation (USLE) is used to estimate long term annual soil
losses from the project site before and after development. Under existing conditions, the
existing soil erosion potential of the site is 44,800 tons/year.

The long term soil erosion potential is expected to decrease significantly after
development due to reduction of erodible surfaces, reduction of length and slope of overland
flow, and increase in landscaped areas. Based on the proposed residential/commercial
development, the long term soil erosion potential for the site is estimated to be 6,100
tons/year--a decrease of 86 percent. Long term soil erosion potential is estimated to decrease
another 10 percent to 5,500 tons/year if a golf course is constructed on previously
undeveloped land in the future.

Calculations of short term soil erosion potential are based on grading of 80 acres/year
over a fifteen year period. Short term soil erosion potential during construction is estimated
to be 38,000 tons/year for the Makaiwa Hills development. Mitigating measures (e.g.
grassing, limiting grading to no more than 15 consecutive acres, etc.) implemented during
construction will reduce the estimated short term soil erosion potential by 17,800 tons per
year or 48 percent.

WATER

The Board of Water Supply (BWS) system provides potable water service to the
Ewa/Kapolei region. However, the BWS system does not serve the project site at present.’

Water demand estimates for the project are separated into potable and nonpotable
demand. The average daily potable water demand for the project is estimated to be 1.46
MGD (1.48 MGD with a golf course). The average daily nonpotable water demand for
irrigation purposes is estimated to be 0.32 MGD (1.06 MGD with a golf course).

Based on a preliminary analysis, two distinct potable water distribution systems are
proposed for the project due to the site topography. The eastern distribution system will
require ten reservoirs and nine booster pumping stations for the five service zones. The
western distribution system will require four reservoirs and four booster pumping stations for
the four service zones. The proposed onsite potable water system will be designed in

ii
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accordance with the BWS Water System Standards and is intended to be dedicated to the
BWS for operation and maintenance.

The proposed project and other developments in the region will impact the existing
BWS water system facilities. In an effort to reduce potable water consumption, a dual water
system is proposed. Nonpotable water will be used for irrigation in areas other than
residential land uses. The Estate of James Campbell is a member of the Ewa Plain Water
Development Corporation. Water system requirements for Makaiwa Hills have been
considered in regional water system planning.

WASTEWATER

There are no existing wastewater facilities within the project site at present. After
development, the total average wastewater flow rate from Makaiwa Hills is estimated to be
1,285 MGD (1.305 MGD upon future development of the golf course). Wastewater
generated by the development is expected to be of typical domestic composition.

Connection to the municipal sewer system for conveyance to the Honouliuli WWTP is
recommended. The onsite collection system will include gravity sewers, force mains, and
sewage pumping stations designed in accordance with City and County standards. A 2I-inch
offsite sewer will be required to convey wastewater from the project site to the existing Ko
Olina interceptor, It is intended that the onsite collection system and 21-inch offsite sewer be
dedicated to the City and County for operation and maintenance.

Capacity expansion of the Honouliuli WWTP is expected to precede development of
Makaiwa Hills; thus wastewater flows from the project are not expected to create a negative
impact on the WWTP capacity. A sewer connection application will be required by the Ciiy
prior to authorizing connection to the municipal system. Inadequacies in the municipal
collection and treatment system will be identified and participation in improving the
municipal system will be required for approval. Proposed improvements include relief
sewers for the Ko Olina and Makakilo interceptors. These sewers will be designed to
accommodate wastewater flows from the Makaiwa Hills and other projects proposed in the
region. Construction of the 21-inch offsite sewer may cause a temporary inconvenience to
motorists along Farrington Highway. Implementation of an approved traffic control plan will
mitigate this potential short term impact.

iii



SOLID WASTE

Solid waste will be generated by the project site during construction and after
development. Based on typical per capita generation rates, 17 tons/day is estimated to be
generated from the residential areas within the site, requiring 24 truck trips per week for
collection. It is anticipated that refuse from residential areas will be collected by the City and
County, while private collection companies will service the commercial and future golf course
developments.

Generation of municipal wastes will be a long term impact of development. Refuse
from the proposed Makaiwa Hills development is not expected to have a significant impact on
the Leeward Oahu solid waste disposal facilities. Combustible refuse will be disposed at the
H-POWER waste energy recovery facility, with the remaining refuse to be landfilled at the
municipal Waimanalo Gulch landfill. Generation of construction wastes as a result of
clearing and grubbing the site will be a short term impact. Most of these wastes will be

combustible, and the contractor will be responsible for removal of the wastes from the site,

POWER AND COMMUNICATIONS

Under existing conditions, Hawaiian Electric Company (HECO) 138 kv and 46 kv
transmission lines traverse the project site. The overhead transmission lines originate at the
Kahe Power Plant. In addition, HECO is currently meeting with government officials and
the Estate of James Campbell to select and approve a route for a proposed 138 kv
transmission line from the Waiau Power Plant to the Campbell Industrial Park Substation. A
portion of the route may cross the Makaiwa Hills site.

The estimated power requirement for the development is 6.5 MVA. Discussions
between the Estate of James Campbeli and HECO are ongoing. Mitigation of potential
impacts to the HECO system due to Makaiwa Hills and other projects in the Ewa/Kapolei
area are under consideration in the planning of new facilities.

iv
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PRELIMINARY ENGINEERING REPORT
FOR THE
PROPOSED MAKAIWA HILLS DEVELOPMENT

INTRODUCTION

The Estate of James Campbell is proposing a residential and commercial development
in Ewa, Oahu. The development, known as Makaiwa Hills, will occupy approximately 1,915
acres on the slopes of the Waianae mountain range west of Makakilo (TMK: 9-1-15:5,11,17;
9-1-16:Portion 9; 9-2-03:Portion 2). The project site is bordered to the south by Farrington
Highway, to the west by Waimanalo Gulch, to the north by Palehua Road, and by Makakilo
City to the east (see Figure 1).

The objectives of this preliminary engineering investigation are to present information
on infrastructure requirements for the proposed Makaiwa Hills development. Specifically,
this report will address:

1 background information on the proposed project;

2 existing conditions;

3. modifications after development; and

4 potential impacts due to development and proposed mitigative measures.

PROJECT BACKGROUND
The proposed Makaiwa Hills development will include land uses in the approximate
quantities listed in Table 1.

LAND USE AND ZONING

The majority of the project site (approximately 1,875 acres) is currently designated as
an Agricultural District by the State. The remaining 40+ acres are designated Urban, The
City and County Department of Land Utilization has zoned the majority of the project site
(approximately 1,779 acres) as AG-2 (General Agriculture). Approximately 96 acres are
zoned AG-1 (Restricted Agriculture), and the remaining 40+ acres are zoned R-5
(Residential).
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LAND USE

TABLE 1 - PROPOSED LAND USES -

ACREAGE

Residential (2,130 units) 726
Commercial 156
Park 16
School 8
Fire Station 1
Circulation/Roads 107
Preservation 901*
TOTAL 1,915

*180 acres may be considered for development of a golf course in the future |



EXISTING USES

The project site is presently undeveloped. A portion of the site is leased for ranch
lands. Cattle roam along Palehua Road at the northern boundary of the site, and horses graze
along the southeastern portion of the site near Farrington Highway.

Camp Timberline (a privately operated facility) and several private residences are
located on leased lands north of the project site. Access to Camp Timberline and the private
residences is via Palehua Road.

Abandoned military buildings are also located off of Palehua Road, north of the
project site. The buildings were associated with the former Nike Station.

LIMATE
The climate in the Ewa Plain region is relatively warm and dry. Tradewinds from the
northeast occur much of the time, with occasional Kona winds. The normal temperature
range for the region varies from the high 60’s (degrees Fahrenheit) to the low 90's. Rainfall
is light, with mean annual rainfall of about 20 inches near Farrington Highway, and about 30

inches at the northern boundary.

P A ATUR

The project site ranges in elevation from about S0 feet mean sea level (MSL) at
Farrington Highway, to an elevation of about 1,300 feet at the northern boundary.

Three major gulches and three minor unnamed gulches transect the project site from
north to south. The major gulches are Awanui Gulch, Palailai Gulch, and Makaiwa Guich |
(see Figure 2). Slopes as low as 2 percent exist in the southeastern corner of the site. '
Across the plateaus and ridges, slopes of about 10 percent are common. Slopes are steeper
within the gulches, varying from 15 to 50 percent. Vegetation is mainly characterized by tall
grasses with clumps of scattered brush or bushes and eroded patches of ground. Kiawe and
koa-haole shrubs are found in the gulch areas.
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SOILS
Soil types within the project site are identified in the U.S. Department of Agriculture,

Soil Conservation Service, Soil Survey. The major soil types are listed below and depicted
on Figure 3:

Stony steep land (rsy)

Lualualei extremely stony clay (LPE)

Helemano silty clay (HLMG)

Honouliuli clay (HxA, HxB)

Mahana-Badland complex (MBL)

Mahana silty clay loam (McC2, McD2, McE2)

Lualualei stony clay (LvB)

Ewa silty clay loam (EaB)

Molokai silty clay loam (MuC)

Ewa stony silty clay (EwC)

Rock land (RK)

DRAINAGE
EXISTING CONDITIONS

The project site occupies 1,915 acres of a 3,662-acre watershed. The lower watershed
bounda:y has been set at Farrington Highway for simplification. The watershed extends from
Makakilo City to the east, to the western ridge forming Waimanalo Gulch to the west. The
northern watershed boundary extends over 16,000 feet mauka of Farrington Highway to the
crest of the Waianae mountain range. Watershed elevations range from about 50 feet aloné
Farrington Highway to about 2,300 feet at the northern boundary.

There are no existing drainage improvements within the project site. However,
approximately fifteen culverts are located adjacent to the project site, conveying storm runoff
from the site and mauka areas under Farrington Highway (see Figure 4). The culverts are
located along a 2.5 mile stretch of Farrington Highway between Stations 6775 and
198+20.
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The area south (downstream) of the project site includes an existing residential
subdivision and several developments which are currently under construction or being planned
for future construction:

Honokai Hale. Honokai Hale is a single family residential community on the
southern side of Farrington Highway opposite of the project site,

Ko QOlina. Ko Olina is a resort development along the coast, located
downstream of Honokai Hale and the project site. The Ko Olina Golf Course
has been completed. Other phases of the resort development are currently
under construction.

Kapolei Business-Industrial Park. Kapolei Business-Industrial Park is a
proposed expansion of the existing James Campbell Industrial Park, to be
located downstream of the project site, south of the Ko Olina resort.

Flood Hazard
| The project site is designated Zone D in the Flood Insurance Rate Map, indicating
areas in which flood hazards are undetermined.

Runoff

Runoff from the offsite areas crosses the northern boundary of the project site,
combines with onsite runoff, and exits the southern boundary along Farrington Highway.
The Farrington Highway culverts convey the existing runoff quantities to the makai side of
the highway. Existing runoff quantities were calculated for the tributary area of each culvert
and are listed in Table 2. Both peak runoff rate (in cubic feet per second) and the volume of
runoff (in acre-feet) were calculated for the 10- and 50-year storms using the Soil
Conservation Service TR 20 program. Calculations were based on a rainfall duration of one
hour, and rzinfall intensity of 1.9 inches for the 10-year storm and 2.3 inches for the 50-year
storm.

The largest quantity of onsite and offsite runoff from a single drainage area is
collected in the drainage area of culvert L, which includes three gulches: Awanui, Palailai,
and an unnamed gulch. The three gulches converge in a broad plain mauka of Farrington
Highway prior to reaching culvert L at highway Station 162-+25.
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0.2
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TABLE 2 - EXISTING RUNOFF (1-HR DURATION)
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Runoff quantities from the tributary area of culvert A are second highest for the
watershed. Waimanalo Guich is the main drainage way for the tributary area. The tributary
area for culvert A is almost entirely composed of offsite areas of the watershed.

Runoff quantities from the tributary area of culvert G are the third highest for the
watershed. 1In contrast to the tributary area of culvert A, the majority of the tributary area of
culvert G is from onsite areas. Makaiwa Gulch is the main drainage way for the tributary
area,

Under existing conditions, runoff from the tributary area of culvert L contributes 37
percent of the total runoff rate and 46 percent of the total runoff volume from the watershed.
The tributary area of culvert A contributes 19 percent of the total runoff rate and volume for
the watershed, and the tributary area of culvert G contributes 14 percent of the total runoff
rate and volume. In comparison, the other tributary areas contribute from 8 percent to less

than one percent of the total runoff rate and volume from the watershed.

MODIFICATIONS AFTER DEVELOPMENT

The proposed Makaiwa Hills development will alter the character of the 1,915 acre
site. The vegetative cover currently established on the ridges and plateau areas of the site
will be replaced with pavement, buildings, and landscaped yards typical of a
residential/commercial development.

As a result of the proposed improvements, the rate of peak runoff from the onsite
areas and the volume of runoff is expected to increase. Estimated peak runoff rate and runoff
volume for 10- and 50-year storms at each of the Farrington Highway culverts is given in
Table 3. The runoff for the 100-year storm based on the peak curve of the City and
County’s Storm Drainage Standards is also shown for drainage areas larger than 100 acres.
The percent increase in runoff rate and volume between the existing and developed conditions
is listed in Table 4. Both the peak runoff rate and volume of runoff generated by the
watershed is expected to increase by about 17 percent for the 10- and 50-year storms after
development of the project.

Drainage patterns in the onsite areas proposed for development may be altered slightly
from the existing conditions due to the alignment of the proposed roads and culverts. The
acreage of tributary areas for the highway culverts may also be altered slightly, affecting

11
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Watershed* 3,662

*mauka of Farrington Hwy.

TABLE 3 - FUTURE RUNOFF (1-HR DURATION)

(cfs)
697

53
133
13
210
622
367
145
51
1,626
168
204
41

4,330

130
5.6
9.0
1.1

275

fefs)
844
64
161
16
254
753
444
176
62
1,969
204

247
49

5,243

50-Yr
{acre-ft)
57
1.7
5.4
0.3
12
46
28
7.2
2.1
158
6.8
11
1.3

337

00-Yr

cfs)** acre-ft
2100 135
675

1600 95
1100 65
3800 -307
7000

** Based on the City & County 100-year peak runoff curve for drainage areas greater than 100 acres
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cfs

29
29
30

19
27

20
19
129
()27
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TABLE 4 - PERCENT INCREASE IN RUNOFF

10-Yr

(acre-ft)

0
17
19
30

2
16
28
12

0
19
14

210
(a2

17

13

{cfs)
0

2]
29
33

1
19
27

21
19
129
(-)27

17

18
27
13

20
13
214
(-M43
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runoff quantities. For example, the acreage of the tributary area for culvert O is expected to
decrease by 50 percent after development, resulting in a decrease in runoff rate and volume
through culvert D. It is anticipated that the natural slopes and vegetation of most of the areas
planned for preservation would be maintained.

IMPACTS AND MITIGATION

In general, consideration has been given to future development of the Makaiwa Hills
site in planning of downstream drainage facilities. Impacts on developments downstream of
the Makaiwa Hills site are not expected to be adverse. A drainage master plan will be
prepared and submitted to the City and County Department of Public Works for review and
approval,

Preliminary hydrologic calculations of storm runoff from the developed Makaiwa Hills
site were performed to assess the capacity of drainage structures in Honokai Hale. Based on
preliminary analysis the drainage system for Honokai Hale appears adequate to handle the
peak storm runoff expected from the future Makaiwa Hills development.

Community Planning, Inc. prepared a hydrologic study for the Ko Olina development.
The storm drain system for Ko Olina has been planned to accommodate increases in the peak
storm runoff generated from a portion of the proposed Makaiwa Hills development.

Campbell Estate is currently planning to construct a major drainage channel as part of
the Kapolei Business-Industrial Park development. Design of this channel will accommodate
peak storm runoff contributions from a portion of the proposed Makaiwa Hills development.

The Farrington Highway culverts were analyzed to determine the effect of the
Proposed Makaiwa Hills development on culvert capacity. In general, the impact of
increased runoff to the highway culverts due to development of the project site can be
mitigated by constructing detention basins to dampen the peak runoff rates or increasing
culvert capacity. The detention basins can be constructed in the areas designated for
preservation. In the event a golf course is developed on preservation land in the future, the
detention basins may be incorporated into the golf course landscape, As an alternative to
constructing detention basins, culvert capacity may be increased by enlarging existing culverts
or constructing an additional "relief" culvert parallel to the existing.
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Impacts due to the culvert improvements will be short term, related to construction,
and may include traffic disturbances, and inconveniences to motorists along the highway.
These short term impacts can be mitigated by limiting construction to off-peak traffic hours,
implementing an approved traffic control plan, and coordinating construction with any other
construction projects along Farrington Highway.

GRADING AND SOIL EROSION
GRADING

It is anticipated that grading within the project site will be limited to the ridges and
plateau areas where slopes are less steep, favoring development. The grading concept for the
residential lots will be to Provide a level pad area for the home rather than leveling of the
entire lot. The steep gulch areas will generally remain in a natural or undeveloped state.
However, some grading in the gulches may be required to support bridges and roadways
between ridges. An effort to balance the earthwork quantities of cut and fill is expected to
minimize the cost of purchasing offsite borrow material and disposing excess excavated
material at an offsite location. Grading operations will be in conformance with the applicable
ordinances of the City and County of Honolulu.

SITE CHARACTERISTICS

‘The project site is divided into nine subareas for the purpose of calculating soil
erosion potential (see Figure 5). These subareas represent sites that vary in soil erosion
potential characteristics such as terrain and/or drainage network.

Subarea A, located on the western side of the site, occupies approximately 98 acres.
This subarea is a platean formed between Waimanalo Gulch and an unnamed gulch. Runoff
from subarea A generally flows overland toward Farrington Highway. The extreme
southwest corner of the subarea has sustained steep, near-vertical cuts as part of the
Farrington Highway off-ramp/fly-over to Ko Olina. The cut area has been landscaped to
reduce erosion potential, The remaining portion of subarez A is undeveloped and
characterized by grassland with scattered trees and shrubs, and eroded areas with sparse
vegetation. After development, approximately 50 percent will be zoned residential and 50
percent will be classified as preservation and remain undeveloped. Approximately 70 percent

15



=—TOTMOQOWm>

1"=2000'

SUBAREA BOUNDARY

PROJECT BOUNDARY *

GRAPHIC SCALE

Yo,

T

0 ° 1000 2000

4000

.\__‘.'\_./*\:\u. y/’.,'_, : '\.:-_—: ...... : N

"'. '\‘mﬁ ‘J(J))j’ T[,{‘(‘:-_-. " "-‘f),

NS
! "/_: » '/’_" 3

FIGURE §
SUBAREAS FOR CALCULATION
OF SOIL EROSION POTENTIAL

PREPARED BY: ENGINEERING CONCEPTS, INC,
OATE: OCTOBER 1990

16

¥

g |

-
- —

3

-
.
—

E

wi

=»
s

gz B=Z



L

—

S [ Y B

L

.

L.

of the preservation land located in the southern portion of the subarea may be developed into
a golf course in the future.

Subarea B occupies approximately 187 acres of the drainage area of a minor, unnamed
gulch, to the east of subarea A and west of Makaiwa Gulch. The undeveloped subarea is
similar to the grassland described in subarea A above. In addition, the gulch area support
growths of kiawe trees with a subcanopy of koa-haole shrubs in some places. Approximately
50 percent of the area is planned for residential development with the remaining 50 percent
planned for preservation. Approximately 15 percent of the planned preservation land located
in the southemn portion of the subarea may be developed into a golf course in the future.

The grassland and gulch area described in subarea A and B are typical of the existing
conditions found in all the subareas. A brief characterization of each subarea is included in
Table 5.

A F SOIL. ERQSION P TAL
The U.S. Department of Agriculture, Soil Conservation Service, uses the Universal
Soil Loss Equation (USLE) to estimate long term average annual soil erosion losses from
sheet and rill erosion. It is used to estimate erosion on forest land, farm fields,
construction/development sites, and other areas. Soil losses can be estimated for present

conditions or for a future condition. The soil loss equation is--

A=RKLSCP

where: A=soil loss (tons/acre/year)
R=rainfall factor
K =s0il erodibility factor
L=slope length factor
S=slope gradient factor
C=cover and management factor
P=erosion control practice factor

The rainfall factor (R) is based on the U.S. Soil Conservation Service (SCS) Erosion
and Sediment Control Guide for Hawaii. A soil erodibility factor (K) was selected for each

17



SUBAREA

GULCH/PLATEAU
plateau

minor, unnamed
gulch

Makaiwa guich

minor, unnamed
gulch

plateau

minor, unnamed
gulch

Palailai gulch
Awanui gulch

plateau

TABLE 5 - SUBAREA CHARACTERISTICS

ACRES

98
187

i85
241

146
32

252
142
122

LAND USE AFTER DEVELOPMENT

%RESIDENTIAL

50
50

30
47

53
59

52
31
g

*Percent of preservation land considered for future golf course development
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FCOMMERCIAL ZPRESERVATION

™

0 50 (70)
0 50 (15)
0 70 (12)
0 53 (9)

0 47 (100)
5 36 (28)
4 44 (0)
23 46 (0)
81 10 (0)
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subarea after evaluating the U.S. Department of Agriculture Soil Survey and City and County
of Honolulu Soil Erosion Standards and Guidelines. The K values for the site are based on
the weighted average of all K values for soil types in each subarea., The cover and
management factor (C) is also based on a weighted average for C values within each subarea
and was recalculated accordingly to reflect conditions after development of the Makaiwa Hills
project. Both R and K factors will remain the same for the site before and after the proposed
project is constructed.,

The slope length factor (L) and slope gradient factor (S) are combined into an LS
factor for calculations. Each subarea has different factors to reflect the differences in
topography. The LS factor decreased after development, because site grading and
construction of an underground drainage system is expected to reduce the slope and length of
overland flow,

il Erosion P i
The existing soil erosion potential for the nine subareas was estimated using the USLE
(see Table 6). The total estimated soil loss under existing conditions is 44,800 tons/year.

il Erosi tial velopmen

Two conditions were considered in estimating soil erosion potential after development:
A) proposed development without golf course (preservation areas to remain undeveloped),
and B) proposed development with the lower preservation area (180 acres) converted into a
golf course, The soil erosion potential of developed conditions A and B are estimated in
Tables 7 and 8 respectively.

The total estimated soil loss for developed condition A is 6,100 tons/year and the total
estimated soil loss for condition B is 5,500 tons/year.

IMPACTS AND MITIGATION
Long Term Impacts

Based on the USLE, soil erosion potential at the project site should decrease after the
development of the proposed Makaiwa Hills project. ‘This decrease in soil erosion is
attributed to the reduction of erodibie surfaces (increase in buildings and pavement);
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TABLE 6 - ESTIMATED SOIL LOSS DUE TO STORM RUNOFF (EXISTING CONDITIONS)

R

200
200
200
200
200
200
200
200
200

K

0.28
0.28
0.29
0.27
0,27
0.27
0.28
0.28
0.30

Ls

14.14
13.51
20.70
13.74
13.05
15.41
10.43
17.37
8.73

c

0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
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A

22.17
21.18
33.62
20.77
19.73
23.30
16.35
27.24
14.67

TOTAL

ACRES  TONS/YR

98
187
395
241
146
332
252
142
122

1,915

2,200
3,900
13,300
5,000
2,900
7,700
4,100
3,500
1,800

44,800

—_—

v

1]

r
i

I

1

3

L

1773

N ek b Tadk ceh

2= 4z -z



O

-

TABLE 7 - ESTIMATED SOIL LOSS DUE TO STORM RUNOFF (DEVELOPED CONDITION A)

SUB ARE R K LS c P A ACRES JONS/YR
A 200 0.28 "3.06 0.019 1 3.26 98 300
B 200 0.28 3.06 0.019 1 3.26 187 600
c 200 0.29 3.06 0.023 1 4.08 395 1,600
D 200 0.27 3.06 0.02 1 3.30 241 800
E 200 0.27 3.06 0.017 1 2.81 146 400
F 200 0.27 3.06 0.017 1 2.81 332 900
G 200 0.28 3.06 0.018 1 3.08 252 800
H 200 0.28 3.06 0.016 1 2.74 142 400
I 200 0.30 3.06 0.012 1 2.20 122 300

TOTAL 1,915 6,100
TABLE 8 - ESTIMATED SOIL LOSS DUE TO STORM RUNOFF (DEVELOPED CONDITION B)

SUBAREA - R K Ls C P A ACRES  TONS/YR
A 200 0.28 3.06 0.013 1 2.23 98 200
B 200 0.28 3.06 0.017 1 2.91 187 500
c 200 0.29 3.06 0.021 1 3.73 305 1,500
D 200 . 0.27 3.06 0.019 1 3.14 241 800
E 200 0.27 3.06 0.01 1 1.65 146 200
F 200 0.27 3.06 0.015 1 2.48 332 800
G 200 0.28 3.06 0.018 1 3.08 252 800
H 200 0.28 3.06 0.016 1 2.74 142 400
I 200 0.30 3.06 0.012 1 2.20 122 300

TOTAL 1,915 5,500



reduction of length and slope of overland flow due to site grading and construction of a storm
drain system; and increase in landscaped area (reduction of bare ground).

The soil erosion potential for the existing conditions and developed conditions are
summarized in Table 9. The estimated erosion potential for the project under condition A
decreased by 38,700 tons/year or 86 percent and the erosion potential of condition B
decreased by 39,300 tons/year or 88 percent.

The construction of the proposed project will involve land disturbing activities that
result in soil erosion. These land disturbing activities include removal of existing vegetation
(clearing and grubbing) and leveling, removing, and replacing soil.

The USLE can be used to estimate soil erosion potential based on these short-term
construction impacts. For the purpose of calculation it is assumed that construction will be in
phases and will span a 15 year period. Based on approximately 1,200 acres to be developed,
construction of 80 acres per year was assumed for estimating short term soil erosion
potential.

In the short term, an estimated 38,000 tons per year of soil erosion may result from
the Makaiwa Hills development during the grading period.

Mitigating measures can be implemented to reduce short-term soil erosion. For
example, limiting grading to not more than 15 consecutive acres at a time and seeding half of
the area will reduce estimated erosion potential for the site by 17,800 tons per year or 48
percent.

Additional erosion control measures would lessen construction impacts even further.
These are--

1. Minimize time of construction.

2 Retain existing ground cover until the latest date before construction.

3. Early construction of drainage control features,

4 Use of temporary area sprinklers in nonactive construction areas when ground

cover is removed.

22

~

S S



TABLE 9 - SUMMARY OF SOIL EROSION POTENTIAL

H
e

(S R T N

L

I

L4 L)

l._J

B

A

L.

LJ

EXISTING AFTER DEVELOPMENT PERCENT
CONDITION (TONS/YR) DECREASE (%)
{TONS/YR)
SUB CONDITION A CONDITION B CONDITION A CONDITION B
AREA
A 2,200 300 200 86 %N
B 3,900 600 500 85 87
C 13,300 1,600 1,500 88 89
D 5,000 800 800 84 84
E 2,900 400 200 86 93
F 7,700 900 80O 88 20
G 4,100 800 800 80 BO
H 3,500 400 400 90 90
I 1,800 300 300 83 83
TOTAL 44,800 6,100 5,500 86 88

NOTE: Condition B is the lower preservation area (180 acres) converted into a golf course.
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3. Station water truck on site during construction period to provide for immediate
sprinkling, as needed, in active construction zones (weekends and holidays
included).

6. Use temporary berms and cut-off ditches, where needed, for control of
erosion.

7. Thorough watering of graded areas after construction activity has ceased for
the day and on weekends.

8. Sod or plant all cut and fill slopes immediately after grading work has been
completed.

Grading and Erosion Control Plans will be prepared in compliance with Chapter 23,

Revised Ordinances of Honolulu,

WATER
EXISTING CONDITIONS

The Board of Water Supply (BWS) system provides potable water service to the
Ewa/Kapolei region. Wells located in Waipahu, in the vicinity of the Kunia Interchange, are
the water source for the system. These wells include the Hoaeae Wells, Kunia Wells I, and
Waipahu Wells. Transmission of water from the wells to Ewa/Kapolei is via 30-inch
transmission main along Farrington Highway. The transmission main extends to the 3.0 MG,
4.0 MG and 5.0 MG Barbers Point 215 Reservoirs, located at the southeastern comer of the
project site. Transmission of potable water continues west along Farrington Highway to
Nanakuli via 24-inch transmission main and booster pumps located at the Barbers Point
Reservoirs site, The regional potable water system in the vicinity of the project site is
illustrated in Figure 6. The BWS water system does not currently serve the project site. The
private residences located north of the project site utilize private water catchment systems.

The Estate of James Campbell is a member of the Ewa Plain Water Development
Corporation, which was established to assess the water system requirements and coordinate
improvements for all developments in the Ewa Plain. Belt Collins and Associates has
identified infrastructure required to serve Ewa Plain developments in the Ewa Water Master
Plan (revised 1987). The document is currently being updated. Water system requirements
for the proposed Makaiwa Hills development will be included in the revised document.
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PROJECTED WATER DEMAND
Water demand estimates for the project are based on BWS Water System Design

Criteria for the various land uses.

Potable Water

The potable water demand for the project is summarized below:

Residential 2160 homes 500 1,065,000
Commercial 156 acres 2160 337,000
School 1000 students 42 42,000
Park 16 acres 720 12,000
1,456,000

Say 1.46 MGD

Based on an average daily demand of 1.46 MGD, a maximum daily demand of
2.19 MGD is expected. The corresponding peak hour demand will be 4.38 MGD.

Should a golf course be developed in the future, the associated increase in potable
water demand is estimated to be 20,000 gpd. The total average daily potable water demand
from the project site including an 18-hole golf course will be 1.48 MGD, with a maximum
daily demand of 2.22 MGD and peak hour demand of 4.44 MGD.

Nonpotable Water
The nonpotable water demand for the project is estimated below. Nonpotable water
will be used for irrigation purposes only. |

Commercial 156 acres 1440 225,000
School 1000 students 30 30,000
Park 16 acres 4080 _66.000
321,000
Say 0.32 MGD
26
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Should a golf course be developed in the future, the associated increase in nonpotable
water demand will be 735,000 gpd. This calculation is based on 180 acres irrigated at a rate
of 4,080 gpd/acre. The total average daily nonpotable water demand from the project site
including an 18-hole golf course will be 1.06 MGD.

P D W, R

The proposed Makaiwa Hills development will create additional water demands on the
BWS system. Potable water demands will include service to the proposed residential
developments, and nonirrigation water service only to the areas proposed for commercial
development.

It is intended that a private, nonpotable water system will service the proposed
commercial development to meet the irrigation demand of this area, Sources of nonpotable
water are currently under investigation.

In the event a golf course is developed in the future, potable water will serve the
clubhouse to meet the nonirrigation related demand. Irrigation water for the golf course will
be provided by the nonpotable water system.

A preliminary hydraulic analysis has been conducted for the proposed Makaiwa Hills
development based on available data for the existing BWS system in the vicinity of the site.
Preliminary indications suggest servicing the proposed development with separate water
distribution systems to prevent transmission mains from crossing the gullies except at
proposed road crossings. Water service zones within each distribution system were based on
the existing Makakilo system service zones, site topography, and the BWS Water System
Standards, .

The proposed eastern water distribution system, adjacent to Makakilo, will provide
approximately 80 percent of the water demand required for the project (see Figure 7). Draw
off from the BWS system is proposed off a 24-inch main from the Barbers Point Reservoirs,
provided that the additional storage and transmission facilities proposed in the Ewa Water
Master Plan are built. Onsite requirements include ten reservoirs and nine booster pumping
stations for the five service zones of the proposed eastern water distribution system.

The proposed western water distribution system, located between Waimanalo Gulch
and Makaiwa Gulch, will service the proposed residential development to be located on a
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single ridge line. Connection to the BWS system is proposed at the 24-inch transmission
main along Farrington Highway which fronts the project site. Four reservoirs and four
booster pumping stations will be required onsite for the four service zones of the proposed

western water distribution system.

IMPACTS AND MITIGATION

Makaiwa Hills is one of the proposed developments in the Ewa/Kapolei area which
will impact the existing regional water system by increasing the demand for potable water.
In an effort to reduce the potable water requirements of the project, a dual water system is
proposed. Nonpotable water is planned for use to irrigate the proposed commercial areas,
school and park. If a golf course is developed in the future, nonpotable water would also be
used for irrigation.

A well field is in the process of being developed in upper Honouliuli that will satisfy
some of the potable water requirements for proposed developments in the Ewa/Kapolei area.
Currently, six wells have been developed and are in the process of being dedicated to BWS.
Approximately 6.7 million gallons of potable water will be supplied by these six wells, a
portion of which will be allocated to Campbell Estate. The Estate of James Campbell is
participating with the State of Hawaii Department of Land and Natural Resources in the
development of a desalinization plant. The pilot project will initially provide 1 MGD of
desalinated water which will be added to the potable water system. The plant can be
expanded to provide as much as 10 mgd of desalinated water which would be added to the
potable water supply. The Estate, along with Hawaiian Electric Co., is also investigating the
use of water from the Waiau shaft to supplement existing potable water sources. Additional
sources of potable water are being investigated to meet the demands of the developments in
the Ewa/Kapolei region.

The proposed development will also impact the existing potable water storage and
transmission facilities. The Ewa Water Master Plan indicates that a parallel main in
Farrington Highway from the Honouliuli booster station near the Kunia Interchange to the
Barbers Point reservoirs will eventually be required. The Master Plan also identifies other
improvements such as storage tanks and additional pump requirements which will eventually
be required. Implementation of the improvements will be governed by development

29



schedules of the proposed projects in the Ewa/Kapolei region and will be coordinated by the
Ewa Plain Water Development Corporation.

The proposed onsite potable water system (including reservoirs, booster pumps, and
distribution mains) will be designed in accordance with the BWS Water System Standards and
is anticipated to be dedicated to the BWS for operation and maintenance. A water master
plan will be prepared and submitted to BWS for their review and approval. Short term
impacts due to the proposed water system will be construction related and may include dust,
noise and traffic disturbances along Farrington Highway. Mitigation of these potential short
term impacts can be achieved by limiting construction to off-peak traffic hours, use of wind
breaks or watering to reduce dust, and the implementation of approved traffic control plans.

WASTEWATER
EXISTING CONDITIONS

Developments in the Ewa/Kapolei region use individual wastewater systems (septic
tanks, cesspools) or are served by the City znd County collection system with wastewater
treatment at Honouliuli Wastewater Treatment Plant (WWTP).

The Honouliuli WWTP is Jocated approximately four miles east of the project site.
The WWTP presently operates as a primary treatment facility with design capacity of 25
million gallons per day (MGD). Although the WWTP is not operating at full capacity, the
remaining treatment capacity has been committed to other developments. 'An expansion of
the plant to 38 MGD is being designed and is tentatively scheduled for completion by 1994.
The development of Makaiwa Hills is not anticipated to precede completion of the Honouliuli
WWTP expansion. '

The closest municipal sewer in the vicinity of the project site is the Ko Olina
interceptor located south of the project along the O. R. & L. Railroad right-of-way. The Ko
Olina interceptor is a force main/gravity sewer extending from the Ko Olina Resort along the
railroad right-of-way to Fort Barrette Road. At Fort Barrette Road, the Ko Olina interceptor
connects to the Makakilo interceptor, a 30-inch sewer which extends from Makakilo along
Fort Barrette Road and Renton Road to the Honouliuli WWTP on Geiger Road. The
connection between the Ko Olina interceptor and Makakilo interceptor is temporary, and
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takes advantage of excess capacity in the Makakilo interceptor. The regional wastewater
collection system, including proposed improvements is illustrated in Figure 8.

PROJECTED WASTEWATER FLOWS

Wastewater will be generated from the various facilities within the proposed Makaiwa
Hills development. The estimated average wastewater design flow is based on estimated
water use calculations and the City and County Sewer Standards. Contributions expected
from the proposed facilities within the project are listed below:

v Wastewater Flow Rate

Residential (2130 units) 682,000
Commercial 500,000
School 25,000
Infiltration _78.000

1,285,000
Golf Course* —20,000
TOTAL 1,305,000

*possible future development

For planning purposes, the total average wastewater flow rate for the project is 1.285
MGD. If the lower preservation area is developed into a golf course in the future, the total
average wastewater flow rate will be 1.305 MGD. Wastewater generated at the project sitélis |
expected to be of typical domestic composition. .

DEV
The proposed wastewater collection system for the project is illustrated on Figure 9
and includes:
1. Construction of onsite gravity sewers, sewage pumping stations (SPS) and

force mains to serve the areas proposed for development; and
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2. Construction of a 21-inch offsite sewer to convey wastewater flow from the
project site to the existing Ko Olina interceptor, located south of Farrington

Highway.

It is proposed that wastewater from the project site be conveyed to the Honouliuli
WWTP for treatment. Implementation of proposed collection system capacity expansion
projects may be required prior to sewer connection application approval. Specifically,
construction of a relief sewer parallel to the Ko Olina interceptor will be necessary to
accommodate wastewater generated by the proposed developments of Makaiwa Hills and
Kapolei Business-Industrial Park. In addition, construction of the Kapolei Interceptor, is
proposed to convey wastewater from Makaiwa Hills and other developments in the Kapolei
area to Honouliuli WWTP. The proposed Kapolei interceptor will follow a route parallel to

the Makakilo interceptor (see Figure 8).
It is intended that the onsite wastewater collection system and 21-inch offsite sewer be

dedicated to the City and County for operation and maintenance. Design and construction of
the system will be in accordance with City and County standards.

Implementation of the propesed improvements is subject to approval from the City and
County of Honolulu Division of Wastewater Management (DWM). A sewer master plan and
an Application for Sewer Connection will be submitted, at which time the DWM will
evaluate the capacity of the municipal sewerage system and treatment facility to handle the

expected wastewater flow from the project site.

IMPACTS AND MITIGATION

Wastewater impacts related to the proposed development may include the following:

1. Traffic disturbance on Farrington Highway. Construction of the 21-inch
offsite sewer across Farrington Highway may cause a temporary inconvenience
to motorists. Construction impacts are short term, and can be minimized by
implementing an approved traffic control plan. Other mitigative measures are
limiting construction to off-peak traffic hours and coordination of construction
with any other improvements planned for Farrington Highway.
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I i wastewater collection an
facilities. Under existing conditions, the additional 1.3 MGD average
wastewater flow from the project site may have a significant affect on the
capacity of the Honouliuli WWTP, However, the proposed Makaiwa Hills
development is not expected to preceed the planned capacity expansion of
Honouliuli WWTP. We understand from discussions with the DWM that
connection to Honouliuli is not guaranteed, even with the expansion of the
treatment plant. The application for sewer connection will still need to be filed
with and reviewed by DWM. Wastewater requirements will continue to be
coordinated with DWM. The existing wastewater collection system will also
be affected by the estimated flows from the project site. The existing Ko Olina
interceptor will not have available capacity for future wastewater flows from
Makaiwa Hills. A relief sewer parallel to the Ko Olina interceptor, between
Kalaeloa Boulevard and Fort Barrette Road, is proposed to provide additional
capacity. The relief sewer will be designed to convey wastewater from
Makaiwa Hills and Kapolei Business-Industrial Park to the Makakilo
interceptor/Kapolei interceptor at Fort Barrette Road.
The Makakilo intercepter will not have available capacity to accommodate
wastewater generated from the proposed Makaiwa Hills and other
developments. Consequently, construction of the Kapolei Interceptor sewer
will be necessary to accommodate the additional flows conveyed by the Ko
Olina Interceptor and relief sewers. The Kapolei Interceptor sewer is currently
in the design process and is expected to be completed prior to the developmént
of Makaiwa Hills. The design flows for the Kapolei Interceptor has included
the estimated flows for both the Makaiwa Hills and Kapolei Business-Industrial
Park projects. The Kapolei interceptor will parallel the Makakilo interceptor
between Fort Barrette Road and the Honouliuli WWTP, An Application for
Sewer Connection should identify inadequacies in the municipal collection and
treatment system. Participation in improving the system to increase capacity is
the proposed mitigation.
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SOLID WASTE
EXISTING CONDITIONS
A refuse collection service does not presently serve the project site. Currently, the

site is undeveloped and does not generate solid wastes.

ROJECTED SQLID WA ENERATI ND CHARA RISTI

The proposed project will generate solid waste during construction and after
development.

The construction wastes will primarily be made up of vegetation, rocks, and debris
resulting from clearing the site prior to construction. Most of these wastes will be
combustible.

The typical range of per capita solid waste generation from a municipal source
(residential and commercial) is 2.0 to 5.0 pounds per capita per day (lb/capita/day).

Solid waste generation from the residential areas was estimated to be 17 tons/day
based on an average per capita generation rate of 4.0 Ib/capita/day. The solid waste
composition is expected to be typical for a municipal source.

MODIFICATIONS AFTER DEVELOPMENT

It is anticipated that refuse generated by the proposed Makaiwa Hills residential
development will be collected by the City and County refuse collection service. It is
estimated that residential refuse collection from the site will necessitate 24 truck trips per
week. The number of truck trips is based on a manually loaded, 20 cubic yard compactor
truck capable of achieving a typical compaction density of 500 pounds per cubic yard.

Refuse from the proposed commercial area will be serviced by a private refuse
collection company. Should a golf course be developed in the future, it is anticipated that a

private refuse collection company would also serve the facility.

IMPACTS AND MITIGATION

The proposed development will be a new generator of solid waste. Generation of
construction wastes due to clearing of the site will be a short term impact. The contractor
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will be required to remove all debris from the project site to mitigate the environmental
impact.

The City and County is currently operating a landfill site in Waimanalo Gulch and the
H-POWER waste energy recovery facility on the leeward side of Oahu. ‘Landfill capacity on
the leeward side of Oahu is not a problem at present since most of the combustible refuse is
disposed at the H-POWER facility. The H-POWER facility is eventually expected to
accommodate most of Qahu’s solid waste. Refuse from the proposed Makaiwa Hills
development is not expected to have a significant impact on the leeward Oahu solid waste
disposal facilities.

POWER AND COMMUNICATIONS
EXISTING CONDITIONS

Hawaiian Electric Company (HECO) maintains two parallel 100-foot wide easements
crossing the northwest portion of the project site in a northeast direction. The easements
serve 138 kv and 46 kv overhead transmission lines originating from the Kahe Power Plant
(see Figure 10). Another 138 kv pair originating from the Kahe Power Plant traverses the
project site in a southeast direction on route to the Campbell Industrial Park Substation,
located to the south of the project site.

Hawaiian Electric Company is currently meeting with government officials and the
Estate of James Campbell to select and approve a route for a proposed 138 kv transmission
line from the Waiau Power Plant to the Campbell Industrial Park Substation. Two
alignments are under consideration. The "H-1 Mauka Alignment” will cross the Makaiwa
Hills site in the vicinity of the existing Farrington Highway interchange at the southeast
corner of the site. Should this alignment be selected, a portion of the area planned for
commercial development may be affected,

MODIFICATIONS AFTER DEVELOPMENT

It is anticipated that HECO and Hawaiian Telephone Company (HTCO) will provide
the necessary electrical and telephone service to the project site. Electrical power
requirements for residential units may be conservatively estimated at 5 KVA per unit. Power
requirements for the entire development are estimated to be 6.5 MVA. Power is planned to
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be supplied to the site via existing substations at Kahe Point and Makakilo, and the future
Kapolei B Substation.
The possibility of relocating the HECO overhead transmission lines underground,

within the right-of-way of the proposed development roads, is under consideration.

MP ND MITIGAT

The proposed Makaiwa Hills development will place additional demands on the utility
systems. Discussions between the Estate of James Campbell and HECO are ongoing.
Mitigation of potential impacts to the HECO system due to Makaiwa Hills and other projects
in the Ewa/Kapolei area are under consideration in the planning of new facilities, Hawaiian
Electric has indicate that it has plans for future expansion of its Kahe facility to increase its
power generation capabilities. It is also anticipated that the development will consider
implementation of energy efficiency design guidelines as recommended by the Energy
Division of the State of Hawaii Department of Business, Economic Development and

Tourism, in an effort to minimize energy consumption.

PHASING PLAN . |

The project has been segregated .into eight construction phases as shown in Figure 11.
In general, the phases proceed from the eastern side of the site to the north and to the west.
Approximate land uses within each phase are listed in Table 10.
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TABLE 10 - CONSTRUCTION PHASING

PHASE ACRES LAND USE
1 63 acres Residential
8 acres School
16 acres Park
2 92 acres Residential
156 acres Commercial
3 100 acres Residential
4 136 acres Residential
1 acre Fire Station
180 acres Golf Course *
5 105 acres Residential
6 | 122 acres Residential
7 94 acres Residential
8 14 acres Residential

*Conversion of 180 acres of preservation land to a golf course may be undertaken in the future.
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Water Systems
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M&E Pacific, Inc., Honolulu, Hawaii, Project Engineer

Hawaiian Dredging & Construction Co., Honolulu, Hawaii, Cost
Engineer

Walter Lum Associates, Honolulu, Hawaii, Laboratory
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estimates for various site improvements such as roads, grading, drainage systems,
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involved in the.coordination, review, and approval processes required by government
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Specific Project Experience:

Mr. Arakaki has been responsible for the development of construction plans,
specifications, and cost estimates for various commercial, residential, resort, and
industrial developments.

Design of the residential subdivision and the water booster pump station
and reservoir for the Waialae-lki V subdivision.

Design of site improvements for Kaiser Medical Clinic.

Design of site work, including utility and drainage improvements, for
Waterfront Row, a shopping/restaurant complex.

Design of site improvements for two proposed hotels on Lanai.

Design of site improvements for Haleakala Gardens and Village, a
residential development on the island of Maui.

Design of site improvements for Mililani Town Center, a 50-acre shopping
complex.

Design of site improvements for Intelect Building on the Dole Iwilei Cannery
property.

Preliminary engineering during the planning phase for a proposed 1,000-
acre Ewa Marina development, including the preparation of water,
drainage, and grading master plans.

He assisted in the development of construction plans, spéciﬁcations, and cost estimates
on various projects for the U.S. Navy in Hawaii, Guam, and Diego Garcia, BIOT.

He was responsible for the comparison of the Board of Water Supply’s (BWS) Hydraulic
Computer Model software program with the WADSY Computer Model Program.
Computer models were developed for the Wahiawa and Waipahu water systems for
comparison. Work included identifying inadequacies and recommending possible
improvements to the BWS program.,
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Projects:

Residential Development
Mililani Town Subdivision (Oahu, Hawaii)

Ahikoe Subdivision (Oahu, Hawaii)
Waialae-lki Unit V Subdivision (Oahu, Hawaii)
Koele Subdivision (Lanai, Hawaii)

Ewa Marina Community {Oahu, Hawaii)
Kona 44 Subdivision (Hawaii)

Haleakala Gardens and Village (Hawaii)

Commercial/industrial Centers

Kaiser Medical Clinic, Hawaii Kai (Oahu, Hawaii)
Mililani Town Center (Oahu, Hawaii)

Dole Vehicle Maintenance Facility (Oahu, Hawaii)
Intelect Building (Oahu, Hawaii)

Waterfront Row (Kailua-Kona, Hawaii)

Kapolei Shopping Center (Oahu, Hawaii)

James Campbell Industrial Park (Oahu, Hawaii)

Resort Development
Turtle Bay Hilton Hotel (Oahu, Hawaii)

Manele and Koele Hotsls (Lanai, Hawaii)

Federal Government
Diego Garcia Multidiscipline Projects
Navy Public Works Center Miscellaneous Projects (Guam)
Erosion Protection, Kaneohe MCAS {Oahu, Hawaii)
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EXECUTIVE SUMMARY

Pacific Planning & Engineering, Inc. (PPE) was engaged to undertake a
traffic impact study to identify and assess future traffic impacts caused by
the proposed Makaiwa Hills Residential-Commercial Project. This Report
identifies and evaluates the probable impacts of traffic generated by the
proposed development in the year 2010 when the project is expected to be
completed and fully occupied, ’

Project Description

The Estate of James Campbell is proposing the Makaiwa Hills
residential and commercial development. ' The project is approximately
1,915 acres in size and is located on the Waianae Mountain Range west of
Makakilo in Ewa, QOahu. Figure 1 shows the location and roadway network
in the vicinity of the project. |

The project consists of approximately 2,130 residential units , a regional
shopping center nearly 800,000 square feet in size, an elementary school,
fire station, and a 16 acre park. Of the 2,130 residential units, about 555 will
be townhouses and 1575 single family units. An 18-hole, 180 acre golf
course is a future land use alternative being considered for the project and

has been included in this study. The project is expected to be completed and
fully occupied by the year 2010.

Access to and from the project will be via the H-1 Freeway and
Farrington Highway. Two connections to Farrington Highway will be
constructed to provide access to the project, with the Palailai Interchange
serving as a third access to and from the project.



Methodology

Analysis was conducted to determine the relative impact of the proposed
project on the local roadway system. The following highway facilities were
studied:

* Segments of the H-1 Freeway and Farrington Highway in the vicinity of
the project.

* Existing Ramps at the Palailai Interchange impacted by the project,

* Proposed Ramps at Farrington Highway and project Access "A".

* Proposed Ramps at Farrington Highway and project Access "B".

The following assumptions and information were used to forecast

morning and afterncon peak hour traffic volumes for the year 2010:

* The 2005 forecasts from HALI 2005 Island-Wide Study for Oahu.

¢ Forecasts for the year 2010 were derived from the 2005 forecasts using a
modified Fratar Method. The State M-K forecasts of 2010 land use were
used as the base for forecasting.

* Traffic from the Ko Olina Resort and Kapolei Business-Industrial Park
developments were forecast based on their traffic studies.

* Peak hour traffic from other proposed developments in the Ewa area
were estimated using standard trip generation, distribution, and
assignment procedures.

* The proposed Kapolei Parkway and North-South Road as shown in
Figure 3 would be completed by 2010.

The Report assesses the impact on freeway and the interchanges by
determining the level-of-service (LOS) for existing, 2010 forecast without
the project, and 2010 forecast with the project traffic conditions.

(I
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Conclusions & Recommendations

The proposed Makaiwa Hills project will impact traffic conditions on
Farrington Highway and H-1 Freeway when completed in 2010.

Even without the project, the H-1 Freeway and Farrington Highway will
operate at LOS D or LOS E in 2010 due to islandwide growth as well as the
development of the Ewa region. Practically all of the secondary urban
center will be developed by 2010. Thus, the traffic growth due to other
developments in the area will be substantial. The Palailai Interchange will
experience LOS D to F at the study ramps due to extensive development in
the area, which includes Ko Olina, Kapolei City, Barbers Point Harbor, and
Kapolei Business-Industrial Park.

In order to accommodate the projected traffic even without the project,

some or all of the following types of improvements area may be necessary:

* Major improvements to the Palailai Interchange, such as additional
ramps.

* Relocation or deletion of the connection of Farrington Highway to
Kalaeloa Boulevard.

* Increased capacity of Farrington Highway.

* Increased capacity of H-1 Freeway.

With the project in 2010, traffic volumes and delays will increase. The
LOS along Farrington Highway and H-1 Freeway will worsen at certain
segments from LOS D to LOS E. The LOS for ramps at the Palailai
Interchange will also worsen.



The Palailai Interchange will need major modifications to allow the
ramps to operate at LOS D and the Farrington Highway-Kalaeloa Boulevard

intersection to operate under capacity.

The preliminary configurations for Interchanges "A" and "B", shown
in Figure 7 on page 18, will require changes to allow the interchanges to
operate at LOS D or better. The LOS for Interchange "A" will operate at
LOS D or better, except for the Honolulu bound on-ramp which will operate
at LOS F. Analysis of an at-grade left turn from Farrington Highway into
the project site indicated that it will operate at LOS F. A ramp for this

movement would operate at LOS B.

The Waianae bound off-ramp and Honolulu bound on-ramp of
Interchange "B" will operate at LOS E and LOS F, respectively. The other
ramps will operatg at LOS D or better.

wa Region Highway M r Plan

The ongoing Ewa Region Highway Master Plan will determine roadway
needs along Farrington Highway, H-1 Freeway, and the Palailai
Interchange. Due to the major developments planned for the Ewa region,
the State Department of Transportation has formed a Working Group
which includes the City Department of Transportation Services, major
developers of the Ewa region, and other State and City Planning agencies.
The Developer Working Group is funding the Ewa Region Highway Master
Plan. The purpose of the Master Plan is to forecast future traffic in the
region, identify a roadway improvements to accommodate forecasted
traffic, and distribution of fair share costs to implement the required

improvements for the Ewa region.
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We recommend that improvements to Farrington Highway, H-1
Freeway, and Palailai Interchange, including rights-of-way, be identified
and implemented under the Master Plan. In addition, the configuration of
Interchanges "A" and "B" be determined after completion of the Master

Plan because:

1) The Estate of James Campbell is participating in the Ewa Region
Highway Master Plan and funding improvements to the highway system

that are attributable to its projects; and,

2) Substantial improvements would be required in 2010 for developments

other than Makaiwa Hills.

3) The layout of Interchanges "A" and "B" will depend on the
improvements identified for Farrington Highway and access routes to the

Ko Olina Resort.



PROJECT DESCRIPTION

The Estate of James Campbell is proposing the Makaiwa Hills
residential and commercial development. The project is approximately
1,915 acres in size and is located on the Waianae Mountain Range west of
Makakilo in Ewa, Oahu. Figure 1 shows the location and roadway network
in the vicinity of the project.

The project site is currently undeveloped. A portion of the site is leased

as grazing land for cattle and horses.

The project consists of approximately 2,130 residential units on 726
acres, a regional shopping center nearly 800,000 square feet in size on 156
acres, a 500 student elementary school, fire station, and a 16 acre park. Of
the 2,130 residential units, about 555 will be townhouses and 1575 single
family units. An 18-hole, 180 acre golf course is a future land use
alternative being considered for the project and has been included in this
study. The project is expected to be completed and fully occupied by the year
2010. Figure 2 shows the project site plan.

Access to and from the project will be via the H-1 Freeway and
Farrington Highway. Two grade separated connections (Access "A" and
"B") to Farrington Highway will be constructed to provide access to the
project. The third access to the project will be from the Palailai

Interchange.
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EXISTING CONDITIONS

An inventory of existing conditions was conducted to better understand
the traffic impact of the proposed project. The review included the land
uses in the area, roadway facilities, and existing traffic conditions.

Land Uses

The project is located in a relatively undeveloped area of Oahu. Existing
land uses near the project include residential, resort, industrial, military,
and agricultural uses. The following land uses are in the immediate area:

* Honokai Hale / Nanakai Gardens (500 homes),
* Makakilo (about 2,500 homes completed to date),

* Kapolei Villages (about 150 homes completed to date),
* Ko Olina Resort (Paradise Cove and Ko Olina Golf Course completed),

* Barbers Point Harbor (Piers under construction),

* Campbell Industrial Park (CIP),
* Barbers Point Naval Air Station (BPNAS), and

* Sugar Cane cultivation.

Roadway Facilities

The H-1 Freeway and Farrington Highway are the main roads serving
the Ewa area. Kalaeloa Boulevard, Fort Barrette Road, and Fort Weaver
Road provide access to CIP, BPNAS, and Ewa Beach, respectively. Figure 3

shows the roadway network in the area.
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The H-1 Freeway begins at the Palailai Interchange and is a six-lane
divided State freeway with three lanes in each direction. The posted speed

limit is 565 miles per hour (mph).

Farrington Highway is owned and maintained by both the State and City
& County of Honolulu. The posted speed limit is 35 mph on the two-lane
section from Waipahu to the Palailai Interchange and 45 mph on the four-

lane section from the Palailai Interchange to Nanakuli.

Kalaeloa Boulevard is a State maintained four-lane roadway. The posted
speed limit is 35 mph. Kalaeloa connects to the H-1 Freeway and
Farrington Highway at the Palailai Interchange. Figure 4 shows the
Palailai Interchange details,

Traffic Conditions

State Department of Transportation traffic count data for 1989 was
reviewed for Farrington Highway and the H-1 Freeway in the project
vicinity. Generally, the weekday commuter peak times along H-1 Freeway
and Farrington Highway occur between 6:15-7:30 in the morning and 3:15-
4:30 in the afternoon.

Manual traffic counts were taken at the Palailai Interchange and
Farrington Highway. Figures 5 and 6 shows the present volumes and
movements of traffic at the study intersections for the observed peak hours.
Manual counts and observations were taken of passenger cars, trucks,
buses, bicycles, motorcycles and pedestrians by turning movements and

approaches,

-11-
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The following observations were made during the field survey:

(1) During the morning peak hour, several mauka bound vehicles on
Kalaeloa Boulevard were observed using the mauka leg of the
Farrington Highway-Kalaeloa Boulevard intersection to make a U-turn
and travel back to CIP.

(2) Makai bound vehicles on Kalaeloa Boulevard need to cross over to the
makai side of H-1 Freeway make a U-turn on Kalaeloa Boulevard in
order to be able to use the Honolulu bound on-ramp to H-1 Freeway.

(3) A few of the larger trucks had difficulty negotiating the left turn from
Farrington Highway onto Kalaeloa Boulevard.



FUTURE CONDITIONS

Research of approved planned developments and improvements to
transportation facilities was conducted to estimate future traffic conditions

at the study intersections.

Land Uses

The following developments are planned to be built or expanded in the

immediate area and are shown in Figure 3:

» Estate of James Campbell - Kapolei City
| Office, commercial, retail, residential, and other land uses on 570
acres of land.
5 * West Beach Estates - Ko Olina Resort
" Hotels, residential units, commercial areas and golf courses on 1000
acres of land.
o Estate of James Campbell - Kapolei Business-Industrial Park,
Industrial and commercial land uses on 930 acres of land.
* Finance Realty - Makakilo
2000 additional homes.
¢ State of Hawaii - Kapolei Villages
4000 additional homes.
e State of Hawaii - Barbers Point Harbor

i Industrial land uses on 260 acres of land.

-16-
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Roadway Facilities

Presently, there are no major roadway improvements planned by the
State Department of Transportation in the Ewa area. The Ewa Region
Highway Master Plan is being developed to identify roadway system
improvements necessary to accommodate forecasted future traffic and

allocate the cost for improvements to the developers in the region.

Based on current developer plans in the region, highway improvements
such as a North-South Road and Kapolei Parkway were assumed to be built
by the year 2010. Figure 3 shows the future roadways in the Ewa region
that were assumed to be built by 2010,

Two new interchanges would be built with the project to provide access.

A preliminary layout of these interchanges is shown in Figure 7.

-17-
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PROJECTED TRAFFIC CONDITIONS

Future traffic was forecasted for the without project and with project
conditions. Traffic forecasts were made for the year 2010 when the project

is expected to be completed,
Future Traffic Without Project

Future traffic without project for the year 2010 was forecasted based on
the following:

1. Forecasts from the HALI 2005 study for Oahu were increased to forecast
2010 traffic using a modified Fratar Methodl, which uses zonal growth
factors to increase trip volumes between different areas. The State M-K

forecasts of 2010 land use were used as the basis for increasing traffic.

2. Traffic from the Ko Olina Resort and Kapolei Business-Industrial Park

developments were forecast based on their traffic studies.

3. The standard three-step procedure of trip generation, trip distribution
and traffic assignment was used to estimate peak hour traffic from
other proposed developments in the the Ewa area. The trip generation
step estimates the number of trips which would be generated by the land
uses in the Ewa region including existing and future land uses listed in

the Chapter titled "Future Conditions”. The number of trips was

estimated from the Trip Generation Report2. The trip distribution step

‘mmmmmjnmmwmmmmwm Paquette, Ashford,

Wright, 1982,

%Q_G_an_gmﬁmmgm, by the Institute Transportation Engineers, Fourth Edition, 1987.



assigns trips to their expected origins and destinations. Trips were
distributed to different areas of the island based on the amount of
population and employment in each area. Trip tables of vehicle trips for
the morning and afternoon peak hours were the result,

. Forecasted traffic was assigned to the roadway network assumed to be

completed by 2010, as shown in Figure 3. The traffic assignment step
assigns trips to a specific route on the roadway network that will take
the driver from origin to destination. Traffic was assigned using a
computer model to determine specific travel routes based on the

estimated shortest path or travel time from origins to destinations.

The resultant forecast traffic with project are shown in Figures 8 and 9

for the morning and afternoon peak hours.
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Future Traffic With Project

Future traffic with project was forecasted by adding the "without project
traffic" to the traffic generated by the proposed project. The three step

procedure of trip generation, trip distribution,

used to estimate peak hour traffic from the proposed project.

The number of trips from the project was estimated based on the

proposed project land uses and data from the Trip Generation Report.

Table 1 shows the number of trips generated. The trip generation equations

are shown in Appendix A.

and traffic assignment was

Land Use Quantity
Townhouse 554
Single Family 1576
Golf Course 180
Park 16
Elem School 500
Fire Station 1
Commercial 800
TOTAL

Units

units
units
acres
acres
Students
acres
1000 Sq. Ft

Morning Peak Hour

Enter

33
268

Table 1. Trip Generation for Makaiwa Hills

Exit

176
724
10
19
60

k
{="]
W N

|

1180

Afternoon Ifeak Hour

Enter

177
915

Exit

87
537
64
27

N &

Y
N
O
1°a]

2020

The trip distribution step assigns trips to their expected origins and

destinations. Trip distribution for the project was based on the distribution

.23.



of population and employment on Oahu. The trips were generally
distributed as follows:

To/From: Morning Afternoon
West (Waianae/Ko Olina) 10% 15%
East (Honolulu} 45% 30%
North (Makakilo/Makaiwa Shopping Center) 15% 25%
South (Campbell Industrial Park/Kapolei City) 30% 30%

The traffic assignment step assign trips to a specific route on the
roadway network that will take the driver from origin to destination.
Traffic was assigned using a computer model to determine specific travel
routes based on the estimated shortest path or travel time from origins to

destinations.

The resultant forecast traffic witk project are shown in Figures 10 and

11 for the morning and afternoon peak hours.
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TRAFFIC IMPACTS

The existing, 2010 forecast without project, and 2010 forecast with project
traffic conditions were studied for the morning and afternoon peak hours to
determine the relative impact of the proposed project on the local roadway

system. The following roadway sections and intersections were analyzed:

1) Segments of the H-1 Freeway and Farrington Highway adjacent to
the project site;

2) Ramps for Palailai Interchange and Interchanges "A" and "B"; and,

3) Intersection of Kalaeloa Boulevard and Farrington Highway.

Forecast traffic volumes on Farrington Highway, H-1 Freeway, and the
Palailai Interchange were analyzed based on the existing roadway
geometrics. Interchanges "A" and "B" were analyzed using the

preliminary configurations shown in Figure 7.
Analysis Methodology

The freeway segments, freeway ramps, and study intersection, were

analyzed'using procedures contained in the Highway Capacity Manual3

(HCM). Sections of Farrington Highway and H-1 Freeway next to the
prdject site were analyzed as freeway segments. The ramps were analyzed
using the HCM procedures for ramps and ramp junctions. The Farrington
Highway-Kalaeloa Boulevard intersection was analyzed using procedures

for unsignalized and signalized intersections,

%WMMM Transportation Research Board,

1985,

7.



The HCM analysis uses level-of-service (LOS) to measure traffic
operational conditions. LOS is divided into six categories ranging from
little delays (LOS A) to extremely long delays (LOS F). LOS for unsignalized
intersections, freeway ramps, and freeway segments are based on different
analytical assumptions and therefore are not directly comparable. The LOS
definitions for each type of analysis are given in Appendix A.

Analysis Results

The analysis results for the morning and afternoon peak hours

generally show that:

* Farrington Highway and the H-1 Freeway will be operating at LOS D
or LOS E in the direction of peak hour traffic without or with the
project.

* The Palailai Interchange ramps will be near capacity (LOS D) to over
capacity (LOS F).

* At Interchange "A", an unsignalized at-grade left turn from
Farrington Highway into the project site will operate with extremely
long delays (LOS F). A grade separated ramp for this movement
would operate at LOS B. The Honolulu bound on-ramp will operate at
LOSF.

* At Interchange "B", the Waianae bound off-ramp and Honolulu
bound on-ramp will operate at LOS E or LOS F with the current
highway laneage and single lane ramps.

* Several turning movements at the intersection of Farrington Highway
at Kalaeloa Boulevard currently operate with extremely long delays

(LOS F). As a signalized intersection, it will be over capacity.
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The results are summarized in Tables 2 to 6 and discussed on the

following paragraphs.
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Table 2. H-1 Freeway and Farrington Highway Capacity Analysis

Existing Without With
Traffic Project Project
Turning Movement 1990 2010 2010
Morning Peak Hour
Farrington Highway: West of Interchange "A"
Waianae Bound B D
Honolulu Bound C c

Farrington Highway: Between Interchanges "A" and "B"
Waianae Bound B D
Honolulu Bound C E

Farrington Highway: Between Interchange "B" and Palailai Interchange
Waianae Bound B D
Honolulu Bound Cc D

H.1 Freeway: East of Palailai Interchange
Waianae Bound B D
Honolulu Bound A ' C

Afternoon Peak Hour

Farrington Highway: West of Interchange "A"
Waianae Bound C E
Honolulu Bound B C

Farrington Highway: Between Interchanges "A" and "B"
Waianae Bound C E
Honolulu Bound B E

Farrington Highway: Between Interchange "B" and Palailai Interchange
Waianae Bound B E
Honolulu Bound B D

H-1 Freeway: East of Palailai Interchange
Waianae Bound A B
Honolulu Bound B
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Table 3. Palailai Interchange Freeway Ramp Level

T;grning Mgvgmgng
Morning Peak Hour

Waianae Bound Off-Ramp
Freeway
Diverge Lane

Waianae Bound On-Ramp
Freeway
Merge Lane

Honolulu Bound Off-Ramp
Freeway
Diverge Lane

Afternoon Peak Hour

Waianae Bound Off-Ramp
Freeway
Diverge Lane

Waianae Bound On-Ramp
Freeway
Merge Lane

Honolulu Bound Off-Ramp
Freeway
Diverge Lane

Existing
Traffic
1990

o >

>

-of-Service Analysis

Without
Project

2010

With
Project
20190

= an aan

— e

M U, A e
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Table 4. Interchange "A" Freeway Ramp Level-of-Service Analysis

Turning Movement
Moarning Peak Hour

Waianae Bound Off-Ramp
Freeway
Diverge Lane

Waianae Bound On-Ramp
Freeway
Merge Lane

Honolulu Bound Off-Ramp
Freeway
Diverge Lane
Unsignalized Intersection

Honolulu Bound On-Ramp
Freeway
Merge Lane

Afternoon Peak Hour

Waianae Bound Off-Ramp
Freeway
Diverge Lane

Waianae Bound On-Ramp
Freeway
Merge Lane

Honolulu Bound Off-Ramp
Freeway
Merge Lane
Unsignalized Intersection

Honolulu Bound On-Ramp
Freeway
Merge Lane

Existing
Traffic
1990

n/a
n/a

n/a
n/a

n/a
nfa
n/a

n/a
n/a

n/a
n/a

nfa
n/a

n/a
n/a
n/a

n/a
n/a

Without
Project

2010

n/a
n/a

nfa
n/a

n/a
n/a
nfa

n/a
n/a

n/a
n/a

n/a
nfa

n/a
n/a
n/a

nfa
nfa

With
Project

2010
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Table 5. Interchange “B* Freeway Ramp Level-of-Service Analysis

Turning Movement

Morning Peak Hour

Waianae Bound Off-Ramp
Freeway
Diverge Lane

Waianae Bound On-Ramp
Freeway
Merge Lane

Honolulu Bound Off-Ramp
Freeway
Diverge Lane

Honolulu Bound On-Ramp

Freeway
Merge Lane

Afternoon Peak Hour

Waianae Bound Off-Ramp
Freeway
Diverge Lane

Waianae Bound On.Ramp
Freeway
Merge Lane

Honolulu Bound Off-Ramp
Freeway
Diverge Lane

Honolulu Bound On-Ramp
Freeway
Merge Lane

Existing
Traffic
1990

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
nfa

n/a
n/a

n/a
nfa

n/a
n/a

Without
Project

2010

nfa
n/a

n/a
nfa

n/a
n/a

n/a
n/fa

nfa
n/a

n/a
nfa

n/a
nfa

n/fa
n/a

With
Project

2010

— e —— e e et e



Table 6. Level-of-Service for Farrington Highway at Kalaeloa Boulevard

Existing Without
Traffic Project
Turning Movement 1990 2010
Morning Peak Hour
Farrington Highway
Waianae bound - LT F F
Honolulu bound - LT A A
Kalaeloa 8oulevard
Mauka bound - LT/TH F F
Mauka bound -RT A C
Makai bound - LT/TH/RT F F
PLANNING ANALYSIS over over
Affernoon Peak Hour
Farringlon Highway
Waianae bound - LT A A
Henolulu bound - LT A A
Kalaeloa Boulevard
Mauka bound - LT/TH E F
Mauka bound -RT A A
Makai bound - LT/TH/RT A D
PLANNING ANALYSIS under over
-34-
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* Presently, Farrington Highway and H-1 Freeway operate at LOS C or
better in the morning and afternoon peak hours.

* By 2010 without project, the LOS for Farrington Highway near the project
will decrease to LOS D and E during the morning and afterncon
peak hours. H-1 Freeway will operate at LOS D or better.

* By 2010 with project, the LOS will decrease to LOS E for the Honolulu

- bound portion of Farrington Highway between Interchange "B"
and -Palailai Interchange in the morning and afternoon peak
hours. The LOS is not expected to change for the other segments
of Farrington Highway. The LOS for H-1 Freeway will decrease
one LOS for each movement. In the peak directions (i.e., Waianae
bound in the morning and Honolulu bound in the afternoon) the
level decreases to LOSE.

Palailai Interchange

* Presently, the freeway merge/diverge sections and ramps operate at LOS
C or better during the morning and afternoon peak hours.

* By 2010 without project, the Waianae bound off-ramp is forecast to
operate at LOS F during the morning peak hour and the Waianae
bound on-ramp is forecast to operate at LOS F during the
afternoon peak hour. The other ramps will operate at LOS D or
better

* By 2010 with project, the Honolulu bound off-ramp will decrease to LOS E
in the'rnorning peak hour. The Waianae bound off-ramp and on-
ramp will remain at LOS F during the time periods noted above.

Al] other ramps will remain at LOS D or better.

-35-
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* By 2010 with project, the ramps would operate at LOS D or better, except

the Honolulu bound on-ramp. Due to the merging of the project
traffic with vehicles exiting Ko Olina Resort, the ramp would
operate at LOS F during the afternoon peak hour. Analysis of the
at-grade left turn movement from Farrington Highway into the
project shows that the movement would operate at LOS E and F
during the morning and afternoon peak hours, respectively. A

grade separated ramp for this movement will operate at LOS B.

* By 2010 with project, using the existing laneage and single lane ramps,

the Waianae bound off-ramp and Honolulu bound on-ramp
operate at LOS E and LOS F, respectively, during the afternoon
peak hour with the merge and diverge areas for these ramps

operating at LOS F.

ichw ] B \'4

* Presently, the several turning movements operate at LOS F during the

morning peak hour. The planning analysis shows that the the
existing intersection would be over capacity even with

signalization.

* By 2010 without project, turning movements in both the morning and

afternoon peak hours operate at LOS F.

* By 2010 with project, the morning and afternoon peak hours continue to

operate over capacity for a signalized intersection with several

movements operating at LOS F,
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CONCLUSIONS AND RECOMMENDATIONS

The proposed Makaiwa Hills project will impact traffic conditions on

Farrington Highway and H-1 Freeway when completed in 2010.

Even without the project, the H-1 Freeway and Farrington Highway will
operate at LOS D or LOS E in 2010 due to islandwide growth as well as the
development of the Ewa region. Practically all of the secondary urban
center will be developed by 2010. Thus, the traffic growth due to other
developments in the area will be substantial. The Palailai Interchange will
experience LOS D to F at the study ramps due to extensive development in
the area, which includes Ko Olina, Kapolei City, Barbers Point Harbor, and
Kapolei Business-Industrial Park.

In order to accommodate the projected traffic even without the project,

some or all of the following types of improvements area may be necessary:

» Major improvements to the Palailai Interchange, such as additional
ramps.

e Relocation or deletion of the connection of Farrington Highway to
Kalaeloa Boulevard.

* Increased capacity of Farrington Highway.

* Increased capacity of H-1 Freeway.

With the project in 2010, traffic volumes and delays will increase. The
LOS along Farrington Highway and H-1 Freeway will worsen at certain
segments from LOS D to LOS E. The LOS for ramps at the Palailai

Interchange will also worsen.



The Palailai Interchange will need major modifications to allow the
ramps to operate at LOS D and the Farrington Highway-Kalaeloa Boulevard

intersection to operate under capacity.

The preliminary configurations for Interchanges "A" and "B", shown
in Figure 7 on page 18, will require changes to allow the interchanges to
operate at LOS D or better, The LOS for Interchange "A" will operate at
LOS D or better, except for the Honolulu bound on-ramp which will operate
at LOS F. Analysis of an at-grade left turn from Farrington Highway into
the project site indicated that it will operate at LOS F. A ramp for this
movement would operate at LOS B.

The Waianae bound off-ramp and Honolulu bound on-ramp of
Interchange "B" will operate at LOS E and LOS F, respectively. The other

ramps will operate at LOS D or better.

Ewa Region Highway Master Plan

The ongoing Ewa Region Highway Master Plan will determine roadway
needs along Farrington Highway, H-1 Freeway, and the Palailaj
Interchange. Due to the major developments planned for the Ewa region,
the State Department of Transportation has formed a Working Group
which includes the City Department of Transportation Services, major
developers of the Ewa region, and other State and City Planning agencies.
The Developer Working Group is funding the Ewa Region Highway Master
Plan. The purpose of the Master Plan is to forecast future traffic in the
region, identify a roadway improvements to accommodate forecasted
traffic, and distribution of fair share costs to implement the required

improvements for the Ewa region.
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We recommend that improvements to Farrington Highway, H-1
Freeway, and Palailai Interchange, including rights-of-way, be identified
and implemented under the Master Plan. In addition, the configuration of
Interchanges "A" and "B" be determined after completion of the Master

Plan because:

1) The Estate of James Campbell is participating in the Ewa Region
Highway Master Plan and funding improvements to the highway system
that are attributable to its projects; and,

2) Substantial improvements would be required in 2010 for developments
other than Makaiwa Hills.

3) The layout of Interchanges "A" and "B" will depend on the

improvements identified for Farrington Highway and access routes to the
Ko Olina Resort.
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TRIP GENERATION EQUATIONS

Ind
Land Use Var

Townhouse units

Single Family  units

Golf Course acres

Park acres

Elem School  Students

Commercial 1000 Sq. Ft

T = Total number of trips

A = Quantity of independent variable

AM
PM

AM
PM

AM
PM

AM
PM

AM
PM

AM
PM

Total Number of Trips

T = exp(0.8xIn(A)+0.29)
T = exp(0.84xIn(A)+0.27)

T = exp(0.91xIn(A)+0.2)
T = exp(0.94xIn(A)+0.36)

T =0.266xA
T =0.386xA

T=2.431xA
T =3.370xA

T = exp(0.6xIn(A)+2.4)
T = 2.58xA+381

T = 0.22xA+90
T =0.15xA

16%
67%

27%
63%

80%
8%

50%
50%

70%
47%

60%
50%

84%
33%

73%
37%

20%
92%

50%
50%

30%
53%

40%
50%
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LEVEL-OF-SERVICE DEFINITIONS
FOR
UNSIGNALIZED INTERSECTIONS
FREEWAY RAMPS
FREEWAY SEGMENTS



DEFINITION OF LEVEL-OF-SERVICE

FOR
UNSIGNALIZED INTERSECTION S

For unsignalized intersections, the traffic most impacted will be the
minor or cross-street with the stop or yield control, The major roadway will
have the right-of-way. The level-of-service is the amount of delay expected
for the average vehicle desiring to cross or enter the major road. The
following gives a general description of the measure,

The concept of levels of service is defined as a qualitative measure
describing operational conditions within a traffic stream, and their
perception by motorists and/or bassengers. A level of service definition
generally describes these conditions in terms of such factors as speed and
travel time, freedom to maneuver, traffic interruptions, comfort and
convenience, and safety.

Six levels of service are defined for each type of facility for which
analysis procedures are available. They are given letter designai:ions, from
A to F, with level-of-service A representing the best operating conditions
and level-of-service F the worst,

Level-of-Service definitions--In general, the various levels of service are
defined as follows for uninterrupted flow facilities:

Level-of-service A represents free flow. Individual users are virtually
unaffected by the presence of others in the traffic stream. Freedom to select
desired speeds and to maneuver within the traffic stream is extremely
high. The general level of comfort and convenience provided to the
motorist, passenger, or pedestrian is excellent,

vel-of- i is in the range of stable flow, but the presence of other
users in the traffic stream begins to be noticeable, Freedom to select desired
speeds is relatively unaffected, but there is slight decline in the freedom to
maneuver within the traffic stream from LOS A. The level of comfort and
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convenience provided is somewhat less than at LOS A, because the
presence of others in the traffic stream begins to affect individual behavior.,

Level-of-service C isin the range of stable flow, but marks the beginning
of the range of flow in which the operation of individual users becomes

significantly affected by interactions with others in the traffic stream. The
selection of speed is now affected by the presence of others, and
maneuvering within the traffic stream requires substantial vigilance on
the part of the user. The general level of comfort and convenience declines
noticeably at this level.

vel-of- i represents high-density, but stable, flow. Speed and
freedom to maneuver are severely restricted, and the driver or pedestrian
experiences a generally poor level of comfort and convenience. Small
increases in traffic flow will generally cause operational problems at this
level.

Level-of-service E represents operating conditions at or near the capacity
level. All speeds are reduced to a low, but relatively uniform value.

Freedom to maneuver within the traffic stream is extremely difficult, and it
is generally accomplished by forcing a vehicle or pedestrian to "give way" to
accommodate such maneuver. Comfort and convenience levels are
extremely poor, and driver or pedestrian frustration is generally high.
Operations at this level are usually unstable, because small increases in
flow or minor perturbations within the traffic stream will cause
breakdowns.

Level-of-service F is used to define forced or breakdown flow. This
condition exists wherever the amount of traffic approaching a point exceeds
the amount which can traverse the point. Queues form behind such
locations. Operations within the queue are characterized by stop-and-go
wave, and they are extremely unstable. Vehicles may progress at
reasonable speeds for several hundred feet or more, then be required to stop
in a cyclic fashion. Level-of-service F is used to describe the operating
conditions within the queue, as well as the point of the breakdown. It
should be noted, however, that in many cases operating conditions of the
vehicles or pedestrians discharged from the queue may be quite good.




Nevertheless, it is the point at which arrival flow exceeds discharge flow
which causes the queue to form, and level-of-service F is an appropriate
designation for such points.

These definitions are general and conceptual in nature, and they apply
primarily to uninterrupted flow. Levels of service for interrupted flow
facilities vary widely in terms of both the user's perception of service quality
and the operational variables used to describe them.
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DEFINITION OF LEVEL-OF-SERVICE
FOR
FREEWAY RAMPS

Level of service for on and off-ramps is defined in terms of flow rates.

Level-of service A represents unrestricted operation. Merging and
diverging vehicles have little effect on other freeway flows.

Level-of-service B merging vehicles have to adjust their speed slightly to
fill lane 1 gaps; diverging vehicles still do not experience any significant
turbulence. Flow may be described generally as smooth and stable,

Level-of-service_C Both lane 1 and on-ramp vehicles must adjust their
speed to accomplish smooth merging, and under heavy on-ramp flows,
minor ramp queuing may occur. Some slowing may also occur in diverge
areas. Overall speed and density of freeway vehicles are not expected to be
seriously deteriorated.

Level-of-service D Smooth merging becomes difﬁcu‘lt to achieve. Both
lane 1 and on-ramp vehicles must frequently adjust their speed to avoid

conflicts in the merge area. Slowing in the vicinity of diverge areas is also
significant. At heavily used on-ramps, ramp queues may become a
disruptive factor.

Level-of-service E Represents capacity operation. On-ramp queues may
be significant. Diverge movements are significantly slowed, and some

queuing may occur in the diverge area. All vehicles are affected by
turbulence on freeway.

Level-of-service F All merging is on a stop-and-go basis, and ramp
queues and lane 1 breakdowns are extensive. Much turbulence is created
as vehicles attempt to change lanes to avoid merge and diverge areas.
Considerable delay is encountered in the vicinity of the ramp terminal, and
conditions may vary widely, from minute to minute, as unstable conditions
create "waves" of alternatively good and forced flow.




DEFINITION OF LEVEL-OF-SERVICE
FOR
FREEWAY SEGMENTS

Level of service for multi-lane highways is defined in terms of density.

Level-of service A describes completely free-flow conditions. Maximum
density is 12 passenger cars per mile per lane (pcpmpl) and the ability to
maneuver within the traffic stream is high,

Level-of-service B is also indicative of free flow. The maximum density
is 20 pcpmpl. Minor disruptions to flow are still easily absorbed at this
level.

Level-of-service C represents a range in which the influence of traffic
density on operations becomes marked. The ability to maneuver within the
traffic stream, and to select an operating speed, is now clearly affected by
the presence of other vehicles. The maximum density is 30 pepmpl,

Level-of-service D borders on unstable flow. Speeds and ability to
maneuver are severely restricted because of traffic congestion. The
maximum density is 42 pcpmpl.

Level-of-service E represents operations at or near capacity,and is quite
unstable. The maximum density is 67 pcpmpl. This is the minimum

spacing at which uniform flow can be maintained, and effectively defined a
traffic stream with no usable gaps.

Level-of-service F represents forced or breakdown flow. It occurs at a
point where vehicles arrive either at a rate greater than that at which they
are discharged or at a point on a planned facility where forecasted demand
exceeds the computed capacity. Densities are higher than 67 pcpmpl.
Queues form behind the breakdowns and are highly unstable.

REFERENCE: Highway Capacity Manual (Special Report 209, 1985)
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PACIFIC PFLANNING & ENGINEERING, INC.

We provide planning and consultancy services to;

- Public Works Agencies

- Housing Agencies

- Transportation Departments

- Private Development Groups

- Major Facility Owners (Golf Courses, Major Resorts)
- Airports

- Airline Interests

We work closely with our clients to gain an understanding and appreciation of their
needs beyond the bound report or design sheet. Qur sensitivity to client needs
arises from our experience in managing large public works departments. Our
awareness of the pressures and nuances of management decision-making enavles
us to provide perspectives beyond the norm. Our understanding and working
knowledge of agencies in planning and governance enable us to serve beyond the
technical area.

Management Services

- Management Information Assistance
- Rapid, Highly Focused Evaluations
- Financial Analysis
- Feasibility Studies
- Organizational Assessments
- Planning and Design Team Management
- Construction Management
- Lease Negotiations
- Property Management Evaluations

Planning and Engineering Consultancy

- Assistance with Government Requirements
- Altematives Analysis

- Traffic Impact Studies

- Traffic Engineering and Roadway Design

- Ground Transportation System Evaluations
- Facilities Planning



PACTFIC PLANNING & ENCGINEERING, INC.

Personnel

The Principals of PPE, Inc. are Dr. Jonathan Shimada and Mr. Howard Abe. They
have decades of experience and training in management and technical fields.

In managing the Hawaii Airports System for seven years, Dr. Jonathan Shimada has
experience in:

-airport system management
-transportation planning consultancy
~traffic engineering and safety

-airport finance and budgeting

-lease and property management
-airline and retail concession operations
-ground transportation

-program planning and evaluation
-engineering administration

-media and public relations
-management and technical Workshops
-contract negotiations

He has a wide range of experience by having managed a large public works agency
with a $120 million annual operating budget and over 800 employees. He has
dealt with print and television reporters, small and large airport operators, State
Legislature and County Governments, major retail businesses, protocol personnel,
airlines, small businesses, ground transportation operators, special interest groups,
and attorneys. This provides a strong and effective base for assisting those needing
people and solutions who can deal effectively with technical problems,
government agencies, and private enterprise. Dr. Shimada is well-known and
respected in the world-wide system of airports, and particularly in the Pacific Basin.

Mr. Howard Abe's professional experience has been notable in its ever increasing
management responsibilities. His management experiences, technical knowledge
and field experience over three decades provide a strong and practical base. He is
widely respected by the agencies he has served, and most significantly by
government, media, private and community groups with whom he has worked. His
awards and recognition are even more noteworthy when one considers they were
given in the public service field of highways. He has received awards and
recognition from such respected and diverse groups as:

~Maui Chamber of Commerce

-State Government

-Maui County

-Newspaper editors

-State legislators, mayors, and private citizens

His past achievements in his work represent abilities and knowledge which he will
bring to bear in the most demanding and difficult planning/engineering situations.
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PACLEFIC PLANNING & ENGINEZRING, INC.

PPE, Inc.-- N

Department of Housing and Community Development, City and County of Honolulu

Castle & Cooke

Queens' Development Corporation

Airport Operators Council International

The Estate of jJames Campbell

Hawaii Finance and Development Corporation, State of Hawaii
Princeville Development Corporation

Aloha Airlines

Japan Travel Bureau international

Department of Business and Economic Development, State of Hawaii
Department of Accounting and General Services, State of Hawaii
Signal Puako Corporation

R. M. Towill, Inc.

DHM, Inc,

Engineering Concepts, Inc.

Transcontinental Development Company

Department of Transportation

Aloha Tower Development Corporation

SAMPLING OF PROIJECTS BY PPE, INC.

West Loch Estates

Kapolei Town Center

Signal Puako

Maui Palisades

Honoapiilani Apartments

UH Hilo Expansion

Queens' Medical Center

Waikiki Landmark

Lanai Airport Planning

Lanai Highway Planning

Princeville Airport

Waikiki Convention Center

Honolulu Waterfront Development Project
Lanai City Traffic Circulation

Waikoloa Expansion Project

State Filming Facility

Lihue/Puhi District Project

Ewa Regional Long-Range Transportation Plan
Aloha Stadium Master Plan Upﬁe

Honolulu International Airpont Intra-Airport Transportation System
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ABSTRACT

Cultural Surveys Hawaii was requested by William E. Wanket Inc.,
Land Use Consultant for the Estate of James Campbell to undertake
an archaeological site inventory survey for the approximately
1,915 acre proposed Makaiwa Hills development project (TMK 9-1-
15: 5, 11, 17; 9-1-16: Portion 9; 9-2-03: Portion 2) located in
the ahupua’a of Honouliuli, 'Ewa, Island of 0’ahu.

The survey and limited testing were conducted between September
24 and late October, 1990. During the fieldwork, 34 sites were
located, including habitation structures (permanent and
temporary), agricultural features (terrace and mounds), rock
shelters, a possible rock shelter quarry, petroglyphs, ahu(s) and
various other structures associated with sugarcane cultivation
attributable to the Ewa Plantation Company.

Eighteen of the 34 recorded sites are considered "likely to
yield information important to prehistory and history". Of these
17 sites, four are also evaluated as an excellent example of a
site types. Thus, it is recommended that all of the 17 sites
that are considered significant be subjected to a program of
subsurface testing followed by intensive excavation of selected
sites to address scientific/informational significance preceding
developmental impact and removal of sites. Tt is additionally
recommended that the four sites evaluated as excellent site types
be considered for preservation pending results of subsurface
testing.

Site 50-80-12-2893 has been the subject of previous research
and as a result has already been recommended for preservation.
Based on the present condition of this site, it is strongly urged
that the necessary preservation plans be carried out forthwith to
avoid any future damage to the site.

Of the 34 sites, sixteen, including structures associated
with the Ewa Plantation Company, historic cattle walls and
various other amorphous and disturbed mounds and ahu(s), are
considered to be no longer significant and are not recommended
for further work. Detailed Data Recovery and Preservation Plans
should be prepared and submitted to the State Historic
Preservation Office (DLNR) for review and approval.
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I. INTRODUCTION

At the request of William E. Wanket Inc., Land Use
Consultant for the Estate of James Campbell, Cultural Surveys
Hawaii (CSH) conducted an archaeological inventory survey of the
approximately 1,915 acre proposed Makaiwa Hills development,
located in the ahupua‘’a of Honouliuli, ‘Ewa, Island of 0’ahu
(Figures 1-3).

The objective of this survey was to locate, inventory and
evaluate the significance of and recommended treatment for the
cultural resources in the project area. Limited testing was
conducted at two of the sites to determine more accurately the
nature and age of site cultural deposits and natural stratigraphy
in the area.

Fieldwork was conducted over a period of four weeks between
September 24 and late October, 1990 by a crew of 4-5 persons.
Upon completion of the fieldwork, Ms. Carol Kawachi of.the State
Historic Preservatidn Office (S.H.P.0.) accompanied Dr. Hallett
Hammatt and Jennifer Robins during a finél field check of the
project area.

The project area (TMK 9-1-15: 5, 11, 17; 9-1~16: Portion 9;
9-2-03: Portion 2) is located between the town of Makakilo and
Waimanalo Gulch, on the southeast tip of the Wai’anae Range; it
is bounded to the south by Farrington Highway and to the north by
Palehua Road (Figures 4 and 5). The western boundary of the
project area is roughly defined by the east ridge edge of

Waimanalo Gulch, extending to the north along the northeast side
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of the Nike-Hercules Missile Complex. The eastern project
boundary approximately borders the northern portion of Palailai
Gulch and the southern portion of Awanui Gulch.

As a result of the survey, 34 sites of varied archaeological

significance were identified within the Project area (Figure 6).

A. Scope and Methods

The scope of this project consisted of inventory survey
including description and mapping of archaeological sites
identified within the project area and limited subsurface
testing for cultural deposits, as discussed pPreviously.
Significance andg recommended treatment of the recorded sites were
determined on the basis of site complexity, configuration ang
apparent function (Table 1).

Access to the Property was gained from Palehua Road at the
north boundary ang Farrington Highway and the old Farrington
Highway segment at the south boundary. A crew of four to five
archaeologists Systematically Surveyed the property by pedestrian
Sweeps spaced at intervals, depending on the openness of the
terrain, each person typically 15.2 n. (50 ft.) apart. Given the
steep topography of the Project area, the survey sweeps usually
across the contours in a north-south direction. Extremely dense
vegetation exXisting specifically along.the stream channel of
upper Makalwa Gulch, often hindered ground Visibility and in some

cases made a small portion of this area inaccessible for survey.
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No sites occur here because it is jin active flood zone, In these
instances and in general, specific attention was directed towards
the upper sides of the gulches which are known to include rock
shelters. .

The survey was completed over a period of 25 days. A total
of 125 person days were expended. fThe field crew (listed in the
acknowledgements) under the direction ©of Ms. Jennifer Robins
Covered the project area in approximately 60 sweeps, each sweep

averaging around o m. (200’) wide. Survey sweep boundaries were

used to mark sites).

In general, Survey conditions were good in terms of
Visibility as it was conducted during the dry season. Ground
cover, low grass and shrub especially along the ridges, was
minimal. The major impediment to visibility was kiawe trees,
Slope angles ang boulder-strsyn terrain in the gullies. For this
reason and because eof the Possibility of rock shelters and
Petroglyphs the gulches were covered at closer Survey sweep
intervals than the even ridge land. Typically, one surveyor
followed the base of the gulch with one or two surveyors on each

side walking around boulder outcrops.

for thinly vegetated leeward environments. The entire 1,915
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acres was covered by survey. Concerning the occurrence of
apparent thicker density of sites in the lower, recently burned
area, visibility was in fact excellent here. However, at similar
elevations to the east and west where a comparable density would
be expected, the ground has been heavily impacted by bulldozing.
To the west are areas that we completely grubbed. At a minimum
the terrain (except for the burned area) at this elevation has
been criss-crossed by bulldozed roads angd disrupted by massive
rock collecting. 1In short, it is not survey visibility which
appears to account for this greater density of sites but
comparative lack of disturbance 'in relation of adjacent land.
All sites were recorded by formal category and temporary site
number. Field work at each site included triangulating and
mapping its location onto a project map at a scale of 1 in.=400
ft.; an interpretation of the site’s nature,'extent, and probable
function; and searching for the presence of surface artifacts.
Site maps were drawh on a scale of 1 inch = 1.5 n (5’) or 1 inch
= 3 m. (10’) depending on site size. All of the sites were
mapped - using a compass and tape - and photographed. Selected
examples of maps are included in this report. Sites were flagged
with heavy yellow construction tape and edges of sweeps were
marked with pink or red flagging tape.

Limited subsurface testing was conducted at two habitation
sites including a rock shelter and an enclosure structure.
Controlled excavation was extended to bedrock or sterile soil

layers with contents Screened through 1/8 inch mesh sScreens.
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The few artifacts recovered from the testing were analyzed,
cataloged, and processed at Cultural Surveys Hawaii.

Subseguent to the field work all sites were given state site
numbers and a few sites were combined into one state number after
determining that they represent separate portions of a wall
extending across the property. Two sites that were originally
given temporary site numbers were later determined to be non-

cultural. Consequently, gaps exist in the temporary site number

list,
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II. PROJECT AREA DESCRIPTION

The area of the present study is situated on the
southernmost slope of the Wai’anae Range, approximately 3 miles
north of Barbers Point. The pProject area ranges in elevation
from roughly 15.2 m. (50 ft.) a.m.s.l. at Farrington Highway to
396.3 m. (1300 ft.) a.m.s.l. at the northern boundary along
Palehua Road.

Topography over the majority of the project area is
characterized by three major gulches including Makaiwa Gulch,
Palailai Gulch and Awanui Gulch and three unnamed minor gulches,
all dissecting the project area from north to south. These
gulches represent an early stage of erosional development and
lack a well-defined pattern of drainage evidenced for the most
part by deep intermittent stream channels coupled by small
subsidiary channels transecting the typically wide valley floors.
The deeper erosional channels appear to be only seasonally active
during the winter ménths as a result of intense flash-flooding
and constant rainfall. Apparently, the stream channels are
typically dry during the summer and fall seasons, as was observed
at the time of the survey. Although the gulches stand out in the
topography as the major geomorphic features, the vast majority of
the land is composed of evenly sloping smooth ridges. Because
the drainage pattern is parallel, these ridges take on an even,
relatively undissected appearance in relief with even contours.
These ridges are the most feasible routes for mauka/makai

traversing. Some low outcrops are present but the land is
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generally composed of gently dipping, even lava flows with highly
weathered crust.

The major soil types and their distribution in the project
area are as follows (Foote et al. 1972):

-Stony steep land (rsy) (ridges - majority of project
area)
~Lualualei extremely stony clay (LPE) (lower
gulches)
—Helemano silty clay (HLMG) (ridge crests)
—Honouliuli clay (Hxa, HxB) (lowlands to
southeast)
-Mahana-Badland complex (MBL) (heavily eroded
mauka lands)
—Lualualei stony clay (LVB) (low lands to
southeast)
—~Ewa silty clay loanm (EaB) (lowlands to southeast)
-Molokai silty clay loam (MuC) (lowlands to
southeast)
~Ewa stony silty clay (EwC} (lowlands to
southeast)
~Rock land (rRX) (steep land above Waimanalo
Gulch)
—~Mahana silty clay loam (MC) (higher soil covered
ridges)

The vast majority of the project area (70-80%) is classifieq
as stony steep landg (rsy). The soil cover is generally thin
with heavily weathered boulder - cobble rubble. Only in the
upper elevations do small, level, non-rocky natural alluvial
terraces occur in shallow drainages where soil cover is evenly

distributed (MC). These soil areas of mauka elevations may have

a relationship to the mauka increase of site density in allowing
some limited planting but rainfall here is still below 30 inches
per year. The coolness, however, would decrease evapo-
transpiration, especially in winter months.

The present vegetation in the project area is predominantly
exotic species introduced since 1790 (Frierson, 1972). fThese

15



species commonly include kiawe (Proscpis pallida), koa haole

(Leucaena glauca), klu (Acacia farnesiana), indigo (Indigofera

suffruticosa), lantana (Lantana camara), cactus (Opuntia

megacantha), Christmas berry (Scinus terebinthifolius), ‘uhaloa
(Waltheria indica) with a few trees of java plum (Syzygium
cuminii), silk oak (Grevillia robusta) and Eucalyptus species
located within the northern limits of the project area. Various
other grasses and xerophytic shrubs are also a common ground
cover. Cotton (Gossypium tomentosum) and cuts of dry sugar cane

(Saccharum officinarum) among grass fields and scattered koa

haole were found specifically along the lowlands of the property
where sugar cane was once cultivated.

Vegetation type and density varies according to the
topographical environment and erosional effects within the
project area. The vegetation adjacent to the deeply eroded
stream channels (within the flood zones) was extremely thick and
lush with tall grasées predominating, often reaching a height of
2 m. This growth did not hinder survey because it was confined
to the high energy flood channels, which because of their
continuous seasonal flooding, would not contain archaeological
remains. The upper valley slopes are characterized by clusters
of trees and low shrubs and grasses surrounded by pockets of
denuded ground surface.

Frierson suggests that - prior to the introduction of exotic
vegetation in 1790 - the slopes of the Wai’anae Range extending

down to about 152, 4 m. (500 ft.) a.m.s.l. supported a dry forest

16
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of native trees and shrubs between an upper ohia wet forest and
lower grassy savannah area (Frierson, 1872). Frierson (Ibid.:4)
summarizes the following patterns suggested by J.F. Rock (1513)
for the indigenous vegetation in the area prior to 1778:

a) Lowland zone - open grassland on the
leeward side

b) Lower Forest - beginning about 1000 feet
and richer in species than the rainforest;
kukui, ohia ai, koa, kalia, sandalwood, chia
lehua, hau, ti, ape, pia, banana, ginger,
birdnest fern and honohono, as well as
grasses and cyperaceous plants.

c) Specifically leeward lower forest - ohe,
wiliwili, maile, halapepe and alani, with
almost no undergrowth.

Historical accounts presented by Frierson (Ibid.:5-6)
describe these lower forest species as extending to 500 feet,
with the presence of sandalwocod observed down to as low as 300
feet. The lower forest then is hypothesized to have covered at
least the upper one-third of the project area. The higher site
density may correlate to the lower fringes of this forest.
Viewing the heavily eroded and fairly open landscape today one is
impressed by the dramatic effects of herbivore grazing in the
last 150 years in terms of vegetation changes and erosion. This

was always a rain shadow slope and we may more accurately

envisage a park land community rather than a thick forest.
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IIYI. LAND USE

A. Prehistory and Early History

Although no specific documentation of prehistoric or early
historic land use is known for the project area, various Hawaiian
legends and early historical accounts indicate that the
surrounding area of Honouliuli ahupua’a was once widely inhabited
by prehistoric pPopulations, including the Hawaiian ali’i., fThis
would be attributable for the most part to the plentiful marine
resources available at the coast, along which several sites
interpreted as permanent habitations ang fishing shrines are
located. oOther attractive subsistence-related features of the
area include the irrigated lowland suitable for wet land taro
cultivation (Hammatt and Shideler, 1590), as well as perhaps the
lower forest area of the mountain slopes (presumed to have
Covered most of the project area) to procure forest goods.

Exploitation of the forest resources along the slopes of the
Wai’anae Range - as'suggested by E.S. and E.G. Handy - probably
acted as a viable subsistence alternative during times of famine:

-..The length or depth of the valleys and the gradual slope

of the ridges made the inhabited lowlands much more distant

from the ‘wao, or upland jungle, than was the case on the

windward coast. Yet the ‘waoc here was more extensive, giving
greater opportunity to forage for wild foods during famine

time.
(Handy and Handy, 1972:469-470)
These upper valley slopes may have also been a significant
resource for sporadic quarrying of basalt for the manufacturing
of stone tools. This is evidenced in part by the existence of a

probable guarrying site (50-80-12-4322) located in the present

18




study area at 152 m. (500 ft.) a.m.s.l. Many other fine-grain
basalt outcrops were observed within the project area.

The Hawaiian ali’i were also attracted to the region, in
which existed many places referred to in myth. An extensive
summary of various legends and historical accounts of Honouliuli
can be found in Sterling and Summers (1978:31-44). One historical
account of particular interest refers to an ali’i residing in
Ko’olina, an area located immediately south of the project area:

Ko’olina is in Waimanalo near the boundary of ’Ewa and

Wai‘anae. This was a vacationing place for chief

Kakuhihewa and the priest Napuaikamao was the caretaker

of the place. Remember reader, this Ko’olina is not

situated in the Waimanalo on the Ko’oclau side of the

island but the Waimanalo in Ewa. It is a lovely and

delightful place and the chief, Kakuhihewa loved this

home of his (Sterling and Summers, 1978:41).

John Papa I’i describes a network of Leeward Ofahu trails
(Figure 7) which in later historic times encircled and crossed
the Wai’anae Range, allowing passage from West Loch to the
Honouliuli lowlands’ past Pu’u Kapolei and Waimanalo Gulch to the
Wai’anae coast and onward circumscribing the shoreline of 0’ahu
(I’i, 1973:96~98). Following I’i’s description, a portion of
this trail network would have passed along the southern boundary
of the project area, roughly running along the presently existing
Farrington Highway.

Other early historical accounts of the general region
typically refer to the more populated areas of the ‘Ewa district,

where missions and schools were established and subsistence

resources were perceived to be greater. However, the presence of
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archaeological sites along the barren coral plains and coast of
southwest Honouliuli ahupua’a, as well as those identified within
the present study area along the slopes of the Wai’anae Range,
indicate that prehistoric and early historic populations also
adapted to these less inviting areas, despite the environmental
hardships. -

Subsequent to western contact in the area after ca. 1790,
the landscape of the ‘Ewa plains and Wai’anae slopes was
adversely affected by the removal of the sandalwood forest, and
the introduction of domesticated animals and new vegetation
species. Domesticated animals including goats, sheep and cattle
were brought to the Hawaiian Islands by Vancouver in the early
1790s, and allowed to graze freely about the land for some time
after. It is unclear when the domesticated animals were brought
to O’ahu; however, L.A. Henke reports the existence of a longhorn
ranch in Wai’anae by at least 1840 (in Frierson, 1972;10).

During this same tine, perhaps as early as 1790, exotic
vegetation species were introduced to the area. These typically
included vegetation best suited to a terrain disturbed by the
dwindling sandalwood forest and erosional effects of animal
grazing. The following dates of specific vegetation introduced !
to Hawai’i are given by R. Smith and outlined by Frierson |
(1872:10-11) :

1l) Yearly", c. 1790:
Prickly pear cactus, Opuntia tuna

Haole koa, Leucaena glauca
Guava, Psidium guasava

2) 1835-1840

21



Burmuda [sic] grass, Cynodon dactylon
Wire grass, Eleusine indica

3) Lantana, Lantana camara
The kiawe tree was also introduced during this period, either in
1828 or 1837 (Ibid.:11).

Intensive sandalwood harvesting, according to H. St. John
(in Frierson, 1972:7) occurred in the islands between 1815-1830.
As it is likely that sandalwood forests once occupied the lower,
dry slopes of the Wai’anae Range, the present study area was
probably extensively impacted by the cutting and burning of these
forests,
B. Mid to late 19th Century

During the Great Mahele of 1848, 99 individual land claims
in the ahupua‘’a of Honouliuli were registered and immediately
awarded by King Kamehameha III. The present study area appears
to have been included in the largest award (Royal Patent 6071,
LCA 11216, Apana 8), granted in Honouliuli ahupua’a to Miriam
Ke‘’ahi-Kuni Kekau’onohi on January 1848 (Native Register).
Kekau’onohi acquired a deed to all unclaimed land within the
ahupua’a, including a total of 43,250 acres.

Kamaukau relates the following about Kekau’onohi as a child:

‘Kamehameha’s granddaughter, Ke-ahi-Kuni Kekau-

‘onohi...was also a tabu chiefess in whose presence the

other chiefesses had to prostrate and uncover

themselves, and Kamehameha would lie face upward while

she sat on his chest.’

(in Hammatt and Shideler, 1990:19-20).

Kekau’onohi was cone of Liholiho’s (Kamehameha II’s) wives, and

after his death, she lived with her half-brother, Luanu‘u

22
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Kahala’i’a, who was governor of Kaua’j (Ibid.:20). Subsequently,
Kekau‘onohi ran away with Queen Ka’ahumanu’s stepson, Kelifi-
ahonui, and then became the wife of Chief Levi Ha’alelea. Upon
her death on June 2, 1851, all her property was passed on to her
husband and his heirs. When Levi Ha’alelea died the property
went to his surviving wife, who in turn leased it to James
Dowsett and John Meek in 1871 for stock running and grazing.

In 1877 James Campbell purchased most of Honouliuli
ahupua‘a - including the present study area - for a total of
$95,000. He then drove off 32,347 head of cattle belonging to
Dowsett, Meek and James Robinson and constructed a fence around
the outer boundary of his property (Bordner and Silva, 1983:C-
12). By 1881 the Campbell property of Honouliuli prospered as a
cattle ranch with "abundant pasturage of various kinds" (Briggs
in Haun and Kelly, 1984:45).

In 1889 Campbell leased his property to Benjamin Dillingham,
who subsequently formed the O’ahu Railway and Land Company in ;
1890. To attract business to his new railroad system, Dillingham i
subleased all land below 200 feet to William Castle who in turn
sublet the area to the Ewa Plantation Company for sugar cane
cultivation (Frieréon, 15972:15). Throughout this time and
continuing into modern times, cattle ranching continued in the
area, and Honouliuli Ranch - established by Dillingham was ~ the
"fattening" area for the other ranches (Ibid.).

Ewa Plantation Co. grew quickly and continued in full

operation up into modern times. As a means to generate soil
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deposition on the coral plain and increase arable land in the
lowlands, the Ewa Plantation co. installed ditches running from
the lower slopes of the mountain range to the lowlands and then
pPlowed the slopes vertically just before the rainy season to
induce erosion (Ibid.:17). Two ditches which were likely used
for this procedure are still present along the southern boundary

of the project area (See Description of Site 50-80-12-4341).

C. Modern Land Use

Sometime after 1959, the United states Army purchased or
exchanged land with the Campbell Estate for the construction of
the Nike-Hercules anti-aircraft missile base located at the head
of Waimanalo Gulch, at the outer edge of the northwest project
boundary. The presence of this facility suggests that military
activities of some sort may have occurred within the project area
as well. Although no clear evidence of military activity in the
study area was obsefved during the survey, a few suspiciously
modern stone structures identified along the lower portions of
the project area may be associated with some type of training
exercise.

Presently, the majority of the subject property is being
used for cattle grazing. An active water trough and cattle pen
are situated just south of Palehua Road and an extensive wire
fence including stone wall sections cross cuts the slope at
approximately the 600 ft. contour, retaining the majority of the

cattle within this northern enclosure.
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Other modern activities in the present study area include
rock-mining; this is most notably visible along the southern base
of Makaiwa Gulch and evidenced by extensive boulder plows and

bulldozed roadways.

D. Honouliuli Settlement Patterns
The Physical Layout

The ahupua’a of Honouliuli is the largest traditional unit
on the island of 0‘ahu. Although there has been a noteworthy
history of archaeological research within this ahu uwa’a, the
authors can find no ahupua’a-wide perspective on traditional land
use and settlement. Such a comprehensive task is not attempted
here. However, a broad ahupua’a sketch is needed to place the
Makaiwa project area into the time and space of Hawaiian
settlement.

Honouliuli (Fig. 7A) includes all the land from the western
boundary of Pearl HArbor (West Loch) westward to the ’‘Ewa
Wai‘anae District Boundary with the exception of the west side of
the harbor entrance which is in the ahupua’a of Pu’uloa (the ’‘Ewa
Beach/Iroquois Point area). This comprises approximately 12
miles of open coastline from Oneula westward to Pili O Kahe. The

ahupua’a extends mauka (almost pie-shaped) from West Loch nearly

to Schofield Barracks and the western boundary is the Wai’anae

Mountain crest running makai to the east ridge of Nanakuli

Valley.
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Not only is there a long coastline fronting the normally
calm waters of leeward Ofahu but there are four miles of water
front along the west side of West Loch. The land immediately
mauka of the Pacific coast consists of a flat karstic raised
limestone reef forming a level nearly featureless "desert" plain
marked in prehistoric times (previous to illuviation caused by
sugar cultivation) by thin or non-existent soil mantle. The
microtopography is notable in containing countless sinkholes
caused by chemical weathering (dissolution) of the limestone

shelf. Proceeding mauka from this limestone plain, this shelf is

overlain by alluvium deposited through a series of gulches
draining the Wai’anae Mountains. The largest of these is
Honouliuli Gulch towards the east side of the plain which drains
into West Loch. To the west are fairly steep gradient gulches f
forming a more linear than dendritic drainage pattern. The major
gulches are, from east to west: Awanui, Palailai, Makaiwa,
Waimanalo and Lumaloa. These gqulches are steep-sided in the
uplands and generally of a high gradient until they emerge onto
the flat ’Ewa plain. The alluvium they have carried has spread
out in delta fashion over the mauka portions of the plain, which
comprises a dramatic depositional environment at the stream
gradient change. These gulches are generally dry, but seasonal
Kona storms carry immense quantities of runoff onto the plain and
into the ocean. As typical drainages in arid slopes they are
either raging uncontrollably, or are dry and as such do not form

stable water sources for traditional agriculture in their upper
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reaches. The Honouliuli gulches, in contrast to those draining
into Pearl Harbor to the east, do not have valleys suitable for
extensive irrigated agriculture. However, this lack is more than
compensated by the rich watered lowlands of the base of
Honouliuli Gulch (the ’ili of Honoulijuli).

Honouliuli Ahupua‘a, as a traditional land unit had
tremendous and varied resources available for exploitation by
early Hawaiians. The "karstic desert" and marginal
characterization of the limestone plain — which is the most
readily visible terrain — does not do justice to the ahupua’a as
a whole. The richness of this land unit is marked by the
following available resources:

1. 12 miles of coastline with continuous shallow fringing

reef which offered rich marine resources.

2. Four miles of frontage on the waters of West Loch which
offered extensive fisheries ~ including mullet, awa,
and shellfish - as well as frontage suitable for
development of fishponds (for example, Laulaunui).

3. The lower potion of Honouliuli Valley in the ’Ewa plain
offered rich level alluvial soils with plentiful water
for irrigation from the stream as well as abundant
springs. This irrigable land would have stretched well
up the valley.

4. A broad limestone plain which, because of innumerable

limestone sinkholes, offered a nesting home for a large
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population of avifauna. This resource may have been
one of the early attractions to human settlement.

5. An extensive upland forest zone extending as much as 12
miles inland from the edge of the coastal plain. Aas
Handy and Handy have pointed out, the forest was much
more distant from the lowlands here than on the
windward coast, but it was much more extensive
(1972:469). Much of the upper reaches of the ahupua’a
would have had species-diverse forest with kukui, ohia,
sandalwood, hau, ti, banana, etc.

Within this natural setting archaeological and traditional

sources show a general pattern of three main areas of settlement

within the ahupua‘a:.

The Coastal Zone -~ Kalaeloa (Barbers Point), Ko’olina (West
Beach), and Oneula (’Ewa Marina)
' Kalaeloa (Barbers Point)

Archaeological research at Barbers Point has focused on the
areas in and around the newly constructed Deep Draft Harbor
(Barrera, 1979; Davis and Griffin, 1978; Hammatt and Folk, 1981).
Many small clustered shelters, enclosures and platforms show
limited but recurrent use at the shoreline zone for marine
oriented exploitation. This settlement covers much of the
shoreline with more concentrated features around small marshes

and wet sinks. Immediately behind the shoreline under a linear
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dune deposit is a buried cultural layer believed to contain some
of the earliest habitation evidence in the area.

The attraction of the area to early Hawaijians was the
plentiful and easily exploited bird population. Particular
evidence for taking of petrel occurs at Site 2763 (Hammatt and
Folk, 1981:107,213). Initial heavy exploitatién of nesting
seabirds and other species in conjunction with habitat
destruction probably led to early extinction.

There is some indication of limited agriculture in mulched
sinkholes and limited soil areas. Considering rainfall, this
activity would have been limited, but probably inveolved tree
Crops and roots (sweet potatoes). The archaeological content of
the sites indicates a major focus on marine resources.

Davis and Griffin (1978} distinguish functional classes of
sites, based on surface area size and argue that the Barbers
Point settlement consists of functionally integrated multi-
household residence'groups. Density contours of midden (by
weight) and artifacts (by numbers) plotted for residence sites by
Hammatt and Folk (1981) generally indicate narrowly defined
spatial foci of discard, possibly indicating continuous use ; Or
at least with no refurbishing or additions to the structures
through time (Hammatt and Folk, 1981). The focus is small
habitation sites, typically lacking the full range of features
found in large permanent residence complexes such as high
platforms, complex enclosures and ceremonial sites. Seasonal

camping on a recurrent basis is postulated. It iz of interest
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that Berthell Davis, in his Ph.D. dissertation, in discussing the
marine environment along the west coast of O’ahu introduces an
element of seasonality:

I suggest the west coast of O0’ahu, including

the area off Barbers Point, (a) probably

became a well established fishery at least by

AD 1000, perhaps much earlier; (b) the

initial settlement at Barbers Point also

began around this time or possibly earlier;

and (c) the settlement initially involved

task-specific groups exploiting the adjacent

fishery on a seasonal round, probably during

the winter months. (Davis, 1990:135).
Davis also points out the Seasonality of nesting of various
species of birds which is of relevance to the pattern of human
habitation of the Honouliuili limestone plain (Ibid.:136),

Ko’olina (West Beach)

There are three recent available studies on the Ko’olina
project area which lies directly makai of the Makaiwa project
area (Davis et al, l986a; Davis et al., 1986b; and Davis and
Haun, 1987). ,

Davis documents approximately 180 component features at 48
sites and site complexes consisting of habitation sites,
gardening areas, and human burials. Chronelogically the
occupation covers the entire Span of Hawaiian settlement in what
Davis and Haun describe as "one of the longest local seguences in
Hawaiian Prehistory" (Davis and Haun, 1987:37). The earliest
part of the sequence relates to the discovery of an inland marsh
and early dates were also obtained for the beach front site ang

an inland rock shelter.
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Of particular interest to settlement patterns is his

division of the Ko’olina project area into 5 écozones summarized

with archaeological content as follows (Davis and Haun, 1987):

Ecozone I -

Ecozone II -

Ecozone III -

the entire beach front dune and backshore
marsh with seven archaeological sites. These
are single feature sites which include
cultural deposits without surface structures,
one of which dates to ap 420-620 and is thus
one of the earliest sites on the leeward
coast.

is the marsh periphery adjacent to the
coastal marshlands. It is of limited extent
and contains no archaeological sites.

called the "high groung" and consists of both
exposed coral flats as well as alluvial
mantle covering the vast majority of the
'project area.

This zone contained 23 sites which
consist of cave shelters, innumerable
modified sinkholes and mounds (many of which
are interpreted as garden features),
habitation layers, burials in sinkholes,
shelters, etc. Notable are two rectangular
enclosures, the largest of which covers 35
Square meters. These enclosures represent

the most formal habitation structures in the
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Ecozone 1V -

Ecozone v -

Project area, but are small in comparison to
examples in other major shoreline habitation
areas elsewhere in Hawaii.

consists of former cane lands, mauka of the
exXposed limestone shelrf. Sites are found
associated with limestone escarpments and
with a marsh underlying the cane alluvium.
Four sites consist of burial cultural layers
and rock shelters. Radiocarbon dates
stretching back to initial Hawaiian
colonization were obtained. fThese sites are
associated with buried small wetland valleys f
which were fileg before European contact. ;
consists of the volcanic upland which covers j
only a narrow strip of land fronting
Farrington Highway. Eleven sites are
.

identified here, Major sites are a fishing
shrine (which is less than 200 feet from the
coast) and other coastal sites in the
northwestern shoreline of the project area.
The only inlang site which is directly

adjacent to the Makaiwa project area is
located on a lava outcrop adjacent to
Farrington Highway (Site 2893) which consists
of rock shelters, Platforms, midden deposits,

and pPetroglyphs. one rock shelter (28983-1)
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has deposits which are C14 dated to AD 1400-
1665. This rock shelter is within the
Makaiwa Hills project and is below a series
of approximately 50 petroglyphs of
prehistoric form. Other associated sites
makai of 2893:1-2 include platforms, a
"cairn", midden scatters, and a small rock
shelter. These sites are clustered here by
virtue of being adjacent to a leeward 0O’ahu

trail described by Papa Ii.

Oneula (’Ewa Marina)

There is currently no information available on excavations
in the ’Ewa Marina project area and conclusions regarding
settlement there must be based on survey data alone (Davis, 1979;
Jordane, 1979). The archaeological perimeters appear to be
similar to those dofumented in the other areas of the coastal
limestone plain with clusters of small habitation sites (mostly
shelters), modified sinkholes with presumed agricultural use,
shallow wells, and burials in sinkholes. The same human
relationship with extinct avifauna would exist here as well. The
only site which does not appear to fit the normal pattern is a
large platform of possible burial or ceremonial function (Davis,

1979) .
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Honouliuli Taro Lands

Centered around the west side of Pearl Harbor at Honouliuli
Stream and its broad outlet into the West ILoch are the rich
irrigated lands of the ‘ili of Honouliuli which give the ahupua’a
its name. The major archaeological reference to this area is
Dicks, Haun and Rosendahl (1987) who documented remnants of a

once-widespread wetland system (lo’i and fishponds) as well as

dryland cultivation of the adjacent slopes.

Carol silva has conducted "Historic Research Relative to the
Land of Honouliuli" (Appendix A, Dicks et al., 1987) and the
reader is referred to this work for an overview of the history of
Honouliuli.

This area bordering West Loch was clearly a major focus of
population within the Haﬁaiian Islands and this was a logical
response to the abundance of fish and shellfish resources in
close proximity to a wide expanse of well irrigated bottom land
suitable for wet laﬁd taro cultivation. The earliest detailed
map (Malden, 1825) shows all the roads of southwest 0’ahu
coalescing and descending the pali within the project area as
they funnel into the locality which gave the district of
Honouliuli its name. Dicks et al. (1987:78-79) conclude, on the
basis of 19 carbon isotope dates and 3 volcanic glass dates, that
"agricultural use of the area spans over 1,000 years."
Undoubtedly, Honouliuli was a locus of habitation for thousands
of Hawaiians. Prehistoric population estimates are a matter of

some debate but it is worth pointing out that in the earliest

35



mission census of 1831-1832, the land (‘3ina) of Honouliuli
contained 1026 men, women, and children (Schmitt, 1973:19). It
is not clear whether this population relates to Honouliuli
Village or district but the village probably contained the vast
majority of the district’s population. The nature of the
reported population structure for Honouliuli (less than 20%
children under 12 years of age) and the fact that the population
decreased more than 15% in the next 4 years (Ibid,:22) suggests
that the prehistoric population of Honouliuli Village may well
have been significantly greater than it was in 1831-1832. A
conservative estimate would be that tens of thousands of Hawai-

ians lived and died at Honouliuli Village.

Pu’uku‘ua: Inland Settlement

Documentation of inland settlement in Honouliuli ahupua’a is
more problematic in that there is no clear archaeological
sources. However, it is probable that the area around Pu’uku’ua,
on the east side of the Wai’anae Ridge seven miles inland of the
coast, was a Hawaiian place of some importance.

An 1895 Hawaiian Newspaper "Ka Lo ea Kalaiaina" relates a
story of Pu‘uku‘ua as "a place where chiefs lived in ancient
times" and a "battle field...thickly populated.” The article
summarizes:

1) This place was entirely deserted and left
uninhabited and it seems that this happened before
the coming of righteousness to Hawai’i Nei. Not
an inhabitant is left. 2) The descendants of
the people of this place were so mixed that they

were all of one class. Here the gods became tired
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and returned to Kahiki (Sterling and Summers,
1978:33).

McAllister recorded three sites in this area — 2 heiau (134,
137) — Pu’u Kuina and Pu’uku‘ua (both destroyed) and most
interesting, a series of enclosures in Kukuilua which he calls
"kuleana sites" (McAllister, 1933). There is no direct
archaeological evidence available to the authors’ knowledge that
Hawaiian settlement occurred here but it is considered as a place
of high probability, based on the above indications.
Geographically, the area is well-watered and would have had

abundant locally available forest resources.

Mr. Thomas Riley, in a letter of July 9,1990 to DLNR, nakes
mention of the E Kaha Nui Complex--site 1176 located in E Kaha

Nui Gulch in upland Honouliuli.

E. Summary

Based on the above summary of areas of Honouliuli settlement
the following general considerations are made to place the
Makalwa Hills area in the context of the ahupua’a pattern:

1. There are three areas of Hawaiian settlement in the

ahupua’a; 2 are well-documented and one is problematic:

a. the extensive limestone plain with recurrent use
habitations for fishermen and gatherers and
sometime gardeners;

b. the rich cultivated lands of Honouliuli ’ili for

extensive wetland taro and clearly the ahupua’a

population center;

c. the uplands around Pu‘uku’ua for presently
uncertain reasons but probably agriculture and
forest resource utilization.
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2. Honouliuli is designed as a unit to contain all the
geographic elements of a typical Hawaiian valley ahupua‘a,
except they are arranged geomorphically in an atypical
relationship. The ahupua’a is not organized around a single
drainage network but shares the west portions of Waikele
drainage in its upper reaches. A typical and highly
advantageous characteristics for human subsistence is
included in a vast coastline and fringing reef, an extensive
limestone plain which would support only limited agriculture

but would be excellent for bird catching in early times -

and perhaps most importantly for the Makaiwa Hills Project —

a huge expanse of sloping forest land. The richest forest
land for foraging for wood, birds, feathers, etc. would have
been the east slope of the Wai’anae Range. The mauka/makai
route would have been up Honouliuli Gulch or up tbe Makakilo
ridge, paralleling the coast from Honouliuli Gulch to Kahe.
The Makaiwa slope forms a kind of "side pocket" or dead
space in both the mauka/makai and east/west orientation of
trails in the ahupua’a (See Fig. 7). For example, the most

convenient route to mauka lands, even from the western end

of the coast (Ko’‘olina) would have been mauka only to the

base of the hills and then either up the Makakilo Ridge or
northeast to a trail to Pu’uku‘ua. The makal slope is the
dry side of the ridge line. Here streams would respond to
rainfall quickly but drain gquickly leaving little available

water for even short-term use. Bordner’s survey at
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Waimanalo Gulch to the west of the Makalwa project but still
in Honouliuli indicated no evidence of Hawaiian occupation
but the gulch has been impacted in modern times (Bordner and
Silva, 1983).

3. The Makaiwa Slope as evidenced by the present survey,
was not a major thoroughfare. We can see some very limitead
evidence of part-time agriculture in and around gulches and
2 foci of sparse habitation. The first is limited to makai
portions of gulches and lava flats. This habitation is
considered a mauka component or continuation of the Ko’olina
coastal settlement rather than an independent focus. The
second focus, separated from the first by a barren zone, is
generally above the 800 foot elevation. This mauka
habitation which could have been supported by seasonal
dryland planting and forest foraging may be the lower
portion of a thinly scattered, but widespread zone of
settlement whith stretches eastward and northeast along the
east Wai’anae Range slopes and may increase in intensity
along the more watered lands forming the mauvka western
boundary of Honouliuli.

4. There is to date no evidence of high status residence
in Honouliuli. Large residential structures are not present
along the Pacific shoreline where they would be expected.
The late prehistoric occurrence of chiefs’ houses is not
apparent, perhaps because the ocean shoreline, although rich

in marine resources, is uninviting for Sport and unsuitable
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for fishponds. The chiefly focus of ’Ewa District was
Waipi’o. Whatever activities of this class occurred in
Honouliuli would have occurred in Honouliuli would have been
in or near the rich lands fronting West Loch (the ili of
Honouliuli) but to date there is no direct archaeological
evidence of this. Concerning status associations with
Honouliuli, it is interesting to note the connection of the
Pu’uku‘ua settlement with slaves (kauwd), the lowest class
of Hawaiians (Sterling and Summers, 1978:33).
5. The central place of the ahupua’a of Honouliuli in
terms of population, as well as cultivated foods, was the
Jili of Honouliuli. There is good reason to assume, given
the lack of intensive agricultural resources in other
settlement areas of the ahupua’a that at least by late
prehistoric times, all other habitation zones were
economically and socially co-dependent.

What the Makaiwa slope had to offer to this picture was
the following:

a. habitation in good shelter caves and open air

sites defining the mauka limit of the coastal

settlement zone;

b. localized quantities of adz basalt;

c. limited agricultural potential in the gulches for
tree crops and roots;

d. upland zone settlement with limited agriculture

and access to forest resources.
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IV. PREVIOUS ARCHAEOLOGICAL RESEARCH

The earliest attempt to record archaeological remains in the
area was made by Thrum (in Hammatt and Shideler, 1989:7). He
reports the existence of a heiau located on Pu’u Kapolei, roughly
1 mile southeast of the present study area. According to legend
Pu’u Kapolei was the location on which Kamapua‘’a, the pig-god,
resided with his grandmother, Kamaunuahihio (McAllister,
1933:108). McAllister reports that the site had been dismantled
and its stones used to construct a fence or crushed for building
material,

In 1930, J. Gilbert McAllister recorded the locations of
many archaeological sites, with most being situated at Pearl
Harbor or on the uppermost ridges of the Wai’anae Range. The
"Ewa coral plain and Barbers Point area is listed under his site
146. In a general description of site 146 he reports the presence
of old stone walls - most being associated with the ranching
period around the late 19th century - and suggests that the holes
and pits in the coral were used as a shelter or for cultivation
by Hawéiian populations (McAllister, 1933:109).

The coral plains of ’Ewa have been the focus of more than 40
archaeological studies over the last two decades, largely as the
result of required compliance with county, state and federal
legislation. However, very 1little research has been conducted
along the southern slopes of the Wai’anae Range, with the

exception of the following few.
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Previous archaeological research conducted within the
boundary of the project area includes: a survey of the proposed
Makaiwa Gulch Landfill site (Bordner, 1977); survey and intensive
survey and test excavations of the West Beach Resort development
(Barrera, 1985; Davis and Haun, 1987) and a preliminary survey of
the proposed Ewa Town Center/Secondary Urban Center development
(Haun, 1986).

As part of the West Beach Resort project area which
encompassed most of the terrain extending southwest from
Farrington Highway to the ocean, a small portion of the southwest
corner of the present study area was surveyed and subsequently
tested. 1In this area one site was identified as a habitation
complex with associated petroglyphs (site 50-80-12-2893).

This site complex was originally reported by Neller
subsequent to Barrera’s reconnaissance survey of the West Beach
Resort project area and given the site number 50-80-12-2893. In
Barrera’s survey report (1985) he redesignated the site as 50-80-
12-1448. During the intensive survey and test excavations of the
West Beach Resort project Davis and Haun once again designated
the site with its original number: 50-