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SUMMARY OF FINDINGS AND RECOMMENDATIONS

The field exploration encountered about 6 to 12 inches of topsoil consisting of clayey silt and
silty clays. Gravel and asphalt topsoil were also encountered in southwestern boundary of the
site. The field exploration generally encountered very stiff to hard and very hard silty clay
alluvial soils. A very dense coral formation was encountered in Boring Nos. B-1, B-3, and B-13
near the southern boundary of the property at depths of 13.5, 14, and 14.5 feet below ground
surface, respectively. The coral formation was not encountered in the remaining borings within
Study Area I. Groundwater was not encountered in any of the borings drilled.

Based on the field exploration and observations, the stiff to hard, near-surface materials
encountered at the site should provide adequate support for the proposed residential housing
development. However, laboratory tests show that the near-surface, silty clay soils exhibit
moderate shrink and swell potential when subjected to changes in moisture content. Special
attention should therefore be given to the preparation of subgrade and design of slab-on-grade
and pavements for this project. To limit the development of cracks on floor slabs, walls, and
pavements as a result of the anticipated movement of the subgrade soils, the following
alternatives or a combination thereof may be adopted:

1. Control and maintenance of the near-surface subgrade soil moisture conditions during and
after construction.

2. Design structures to withstand anticipated incremental movements of the subgrade soils i.e.
with post tensioning techniques or design the structures to allow a limited flexibility of
movement and,

3. Over excavate and replace the near-surface soils with non-expansive select borrow;

The above construction methods, special design recommendations, and grading schemes are
discussed in more detail in the text of this report.

'CONSULTANTS, LLC,
C:ADocuments and Seltings\Cassy\My Documents\Reporls\27303.10 CPE, E. Kapolci Phase [ DeviE, Xapolei Il Development, Study Area [\27303.10 CPE, East Kupolei 11 Development, Study
Area | Report Rev 6-30-09 doc




Community Planning and Engineering, Inc.
East Kapolei Phase 11, Study Areal

PSC Job No. 27303.10

June 30, 2009

Page 2

INTRODUCTION

East Kapolei IT Development is divided into 2 study areas namely; Study Area I and Study Area
11, as shown in the Project Location Map, Plate No. 1. This report is for Study Area I, and is the
first of 2 preliminary geotechnical exploration reports for the East Kapolei 11 Development.
Study Area I consists of the following parcels:

e 12-acre KROC Center;

e 4.7,8.1,and 4.1-Acre Parks;

e 20.4anda 19.7 acre Low Density Apartment (LDA) Lots;
e 153-lot subdivision parcel (Increment I1-B);

¢ 220-lot subdivision parcel (Increment 1I-A};

e 105 ft-wide access road (East-West Road); and

e Subdivision road network.

A 17-acre parcel for a middie school is within Study Area I, but is not included in our
investigation, A separate study will be done for this parcel by the Department of Education
(DOE) in the future.

Our work was performed in general accordance with our February 12, 2007 proposal to
Community Planning and Engineering, Inc. (CP&E). This report summarizes our findings and
recommendations.

PROJECT CONSIDERATIONS

The proposed East Kapolei Phase Il Development Study Area 1 consists of individual residential
lots, paved roads, 3 community parks, a 12-acre KROC Center, a 26.6 acre Ilima conservation
park, a sewer line corridor running along Mango Tree Road and 2 low-density apartment (LDA)
complexes (Plate No. 2).

For Study Area I, 22 borings were drilled and 5 test pits were hand excavated by PSC
Consultants, LLC (PSC) to examine the near surface silty clay overburden soils and to obtain
samples for CBR and index property tests.

We anticipate the future residence/structures to be I- fo 2-story homes, supported by slab-on-
grade with thickened edges and/or shallow-spread or continuous footings to be built by the
developer or individual homeowners.
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PURPOSE AND SCOPE

The purpose of our preliminary geotechnical exploration was to gather information on the nature,
distribution, and characteristics of the subsurface soils encountered within Study Area 1 and to
provide recommendations for the development of the proposed residential subdivisions within
this area. The scope of our exploration consisted of the following tasks and work efforts:

1. Scheduling and planning the investigation;
2. Project coordination and site preparation;

3. Drilling 22 borings to 15 feet below the existing ground surface and excavating 5 hand-dug
test pits and collecting bulk samples for classification and laboratory testing;

4. Providing a field engineer to monitor the drilling operations, obtain soil samples at selected
depths, and maintain field logs of the soils encountered;

5. Performing laboratory tests on selected soil samples obtained from the borings and test pits to
evaluate relevant engineering characteristics of the soils encountered;

6. Analyzing the field and laboratory data;
7. Reviewing soil information and related data on the project site and immediate vicinity; and

Preparing and submitting a written preliminary geotechnical engineering exploration report
summarizing our findings, conclusions and recommendations for grading, pavement design,
foundations and other geotechnical aspects.

REGIONAL GEOLOGY

Two basaltic shield volcanoes, Waianae and Koolau, built up the island of Oahu. The Waianae
area, which forms the west side of the island, is the older of the 2 areas and was built during the
Pliocene Epoch by the extrusion of the lavas of the Waianae Volcanic Series. As volcanic
activity in Waianae ceased, lava flows from Koolau banked against the Waianae eroded slope
forming a broad Plateau presently known as Schofield Plateau. Physical and chemical
weathering followed by erosion of this plateau generated sediments, which were transported to
the coast. In the vicinity of the project site and to the south, these sediments accumulated and
interbedded with marine sediments and coral algal reef formation to form a sedimentary wedge.
The thickness of the sedimentary wedge ranges from zero in the area of the interstate route -1
highway to over 1,000 feet in Ewa Beach. This wedge forms the Ewa plain and serves as the
confining formation over the artesian basal aquifers of southern Oahu. Deposition of sediments
has continued from earlier geologic time through the present. Agricultural developments within
the last 100 years and recent mass grading work have brought this part of Ewa Plains in
Honouliuli, East Kapolei to its present form.,
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Geology of Study Area and Vicinity

The soils within the study area and surrounding Honouliuli and Ewa plains, belong to the
Honouliuli Series (HxA) based on the Soil Survey of QOahu by the US Department of Agriculture
Soil Conservation Service, 1972. This series consists of well-drained soils in the Ewa area on
the Island of Oahu (Plate No. 3). These soils developed in alluvium derived from basic igneous
material. They are nearly level and gently sloping. Elevations range from 15 to 125 feet. The
annual rainfall in this area is from 10 to 20 inches, occurring mainly between November and
April. Honouliuli soils are geographically associated with Ewa, Lualualei, Mamala, and
Waialua.

EXISTING SITE CONDITIONS

The project site is located to the east of the existing Villages of Kapolei Development in the
district of Ewa, Oahu, Hawaii. The study area is bound by the North-South Road on the west
and by Mango Tree Road on the south. The northern and eastern boundaries of the property lie
adjacent to cultivated fields (diversified agriculture). The western portion of Study Area I,
comprising about a third of the project area, is currently uncultivated and is overgrown with
grass and scattered with occasional Koa and Keawe bushes. Evidence of previous cultivation of
sugar cane can be fraced from the still upright but decayed remains of the last crops and the
almost uniform consistency of the near-surface soils from seasons of cultivation, This unused
portion of the property is generally dry and shows extensive cracking of the near surface soils
due to dry conditions. The shrinkage cracks are about 3 to 5 inches wide at the surface and
extend down about 2.5 to 3.5 feet below the surface. The topsoil within the uncultivated parcel
contains considerable amounts of organic materials from decayed plant matter. The rest of the
project area is currently being cultivated and planted with corn and various vegetable crops.
Study Area I is generally flat with slopes estimated at less than 1 percent. Elevations range from
about 58 feet in the vicinity of Boring No. B-3 near the southern boundary to about 75 feet at
Boring No. B-19 near the northern boundary of Study Area .

SUBSURFACE EXPLORATION

The subsurface conditions in Study Area I were explored by drilling and sampling 22 borings
(Boring Nos. B-1 through B-22) to a depth of 15 feet below the existing ground surface and hand
excavating and sampling 5 test pits (Test Pit Nos. TP-1 through TP-5) to depths of about 3.5 feet
below the existing ground surface. The approximate locations of the borings and test pits are
shown in the Site Plan, Plate No. 2.

Area [ Report Rev §-30-09.doc
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SUBSURFACE CONDITIONS

The field exploration encountered about 6 to 12 inches of topsoil consisting of clayey silt and
silty clays that were observed to be gencrally dry and loose from cultivation. The topsoil within
the uncultivated parcel on the western half of Study Area I contains considerable amounts of
organic materials from decayed plant matter. Gravel and asphalt topsoil were also encountered
in southwestern boundary of the site. The underlying soils were very stiff to hard and very hard
silty clay alluvial soils. A very dense coral formation was encountered in Boring Nos. B-1, B-3,
and B-13, near the southern boundary of the property at depths of 13.5, 14, and 14.5 feet below
ground surface, respectively. The coral formation was not encountered in the rest of the 15-foot
borings within Study Area I. Groundwater was not encountered in any of the borings drilled.

Detailed descriptions of the materials encountered are shown in the Logs of Borings and Logs of
Test Pits, Plate Nos. 4 through 25 and 26 through 30, respectively.

DISCUSSIONS AND RECOMMENDATIONS

Our field exploration generally encountered alluvium materials consisting of very stiff to hard
brown silty clays. A very dense coral formation was encountered in Boring Nos. B-1, B-3, and
B-13, near the southern boundary of the property at depths of 13.5, 14, and 14.5 feet below
ground surface, respectively. Stiff to very stiff brown silty clay was encountered in Test Pit Nos.
TP-1 through TP-5 to 3.5 feet deep. Laboratory tests indicate that these silty clay alluvial soils
have a low to moderate expansion potential (ranging about 3 to 8 percent) when subjected to
increases in moisture content, as shown in the CBR expansion tests (Plate Nos. 38 through 42)
and one-dimensional swell tests (Plate No. 43). Our site observations also indicate that these
soils have the potential to shrink and swell, and develop relatively deep surface cracks when left
unattended for extended periods of time.

Site Preparation

At the onset of earthwork, the area within the contract grading limits should be cleared of trees,
vegetation, debris, rubbish, and other deleterious materials. These materials should be removed
and properly disposed of off-site.

After the clearing and removal of unsuitable surface materials, the area should be proof-rolled to
locate soft and yielding spots. Soft or yielding areas encountered should be over-excavated to
expose firm soil surface and stabilized by backfilling with select material placed in 8-inch thick,
loose lifts, moisture-conditioned to at least 2 to 3 percent above the optimum moisture content
and compacted to 90 percent relative compaction. In areas to receive fill, the ground surface
should be scarified to a depth of 6 inches, moisture-conditioned to at least 2 to 3 percent above
the optimum moisture content, and compacted to a minimum of 90 percent relative compaction.
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Relative compaction refers to the in-place dry density of soil expressed as percentage of the
maximum dry density of the same soil established in accordance with ASTM Test designation D
1557-91. The optimum moisture content is the moisture content corresponding to the maximum
compacted dry density.

Site preparation and grading operation should be observed by a representative of PSC. It is
important that a representative from our office observe the site preparation and to perform field
density tests to evaluate whether any undesirable materials are encountered during the excavation
and scarification process and whether the exposed soil conditions are similar to those anticipated
in our engineering analysis.

Fill Material and Placement

Fill Material - Proper site preparation and compaction of new fills and bonding of new fills to
existing ground are required to provide a stable fill mass. Except for the parks, materials used for
general subdivision site embankment filling should be non-expansive select material, generally
less than 3 inches in maximum dimension; should have a plasticity index not exceeding 15, as
determined in accordance with ASTM Test Method D 4318-84; and should have maximum 20
percent of particles passing the No. 200 sieve. Offsite borrow materials should be tested by PSC
Consultants, LLC to evaluate its suitability for use as select fill prior to its delivery to the project
site.

Open Space, Park, and Non-Structural Areas - If desired, the top soil from adjacent areas may be
stockpiled and used as fill within parks and open spaces, provided no structures will be
constructed over these fills. Future changes in land use in the park fill areas will need a detailed
soil investigation, particularly when buildings are planned.

Placement - Fill materials in the subdivision area should be placed in level lifts with a maximum
loose thickness of 8 inches, moisture conditioned to at least 2 percent above optimum, and
compacted to a minimum of 90 percent relative compaction. In roadway areas, the minimum
degree of compaction within the upper 2 feet of the subgrade should be 95 percent. Each layer
should be spread uniformly and blade-mixed to attain uniformity of the material and water
content. Additional fill material should not be placed on any fill layer that has not been properly
compacted.

Select Borrow Fill Thickness

Select non-expansive borrow fill at housepads should be 2}4-feet thick, placed over properly
prepared subgrade as described in the Site Preparation portion of this report.

At driveway aprons and curb ramps, the select non-expansive borrow fill should be 2-feet thick
over properly prepared subgrade and borrow extends 4-feet onto planter and sidewalk areas.
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At sidewalks, the select non-expansive borrow should be 8-inches thick and transitions to 2-feet
(on a grade of 3:1), where it joins with the extended select borrow at driveway aprons and curb
ramps. It is imperative to maintain the subgrade 3% above optimum moisture during and after
sidewalk construction to limit movement to tolerable limits.

Slopes
Slope Construction - In cases where sloping fills are required, such as at the edge of fill

embankments, these may be designed at 2H:1V or flatter. Fill slopes should be constructed by
overfilling 2 to 3 feet, then cutting back to the design slope to expose a well-compacted face.

Slope Erosion Protection - Water should be diverted away from the slopes by diversion ditches at
the tops and surface drains on slope surface and sub drains may be used to provide adequate
drainage. Slope planting should be utilized to reduce erosion potential.

Foundations

Information on the proposed residential structures was not available at the time this report was
prepared. We anticipate that 1- to 2-story buildings with relatively light loadings will be
constructed. Thickened-edge slab-on-grade foundations bearing on the properly compacted
granular select materials may be used to support the proposed residential and other light
structures.

An allowable bearing pressure of 2,500 psf for dead plus live loads may be used for footings
bearing on the undisturbed very stiff to hard natural soils and on properly compacted non-
expansive granular select borrow fills over properly prepared and compacted subgrade. The
allowable bearing pressure may be increased by 1/3 for transient loadings, such as wind or
seismic forces.

We estimate the maximum tota}l footing settlements should not exceed 1 inch with maximum
differential settlement of 1/2 inches for the above foundation schemes.

Where footings are located adjacent to or on slopes, the footings should be embedded deep
enough to provide a minimum horizontal set-back distance of at least 6 feet measured from the
outbound edge of the footing to the face of the slope. Where footings are to be located adjacent
to below-grade structures or utilities, the footings should extend to a depth below an imaginary
45-degree plane, projected upward from the bottom of the below-grade structure or utility. This
requirement is necessary to avoid surcharging adjacent below-grade structures with additional
structural loads and to reduce the potential of foundation settlement.

Lateral loads acting on the structure may be resisted by frictional resistance between the base of
the footings and the bearing materials and by passive earth pressure developed against the
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footings. A coefficient of 0.25 may be used to compute the frictional resistance and the passive
pressure may be calculated using an equivalent fluid pressure of 250 pounds per square foot per
foot of depth (pcf). These values assume that the concrete for footings is poured directly against
the footing excavations. Unless covered by pavements or slabs, the passive resistance in the
upper 12 inches below finished grade should be neglected in the computation of the passive
pressure,

Excavation

Natural soils may be excavated utilizing conventional equipment. The very stiff to hard
subsurface silty clay or coral formation should be excavated using heavy-duty equipment.
Contractors, especially those digging utilities, should satisfy themselves as to the hardness of
deposits and select the most appropriate type of equipment required.

For temporary unsurcharged construction excavations, the excavations should be sloped or
shored. Slopes should not be steeper than 1H:1V in granular soils, and 1/2H:1V in fine-grained
soils. If there is insufficient space for sloped excavations, shoring should be used. Traffic and
surcharge loads should be kept back at least 10 feet from the top of the excavations. Slopes
should be inspected during construction/excavation to determine if they need to be flattened
based on exposed conditions. Exposed slopes should be kept moist (but not saturated) during
construction.

Slabs-On-Grade

We anticipate that concrete slab-on-grade floors will be used for the proposed residential
buildings. We recommend that a 4-inch cushion layer of No. 3B fine gravel (ASTM C 33, No.
67 gradation) be used below the slabs. To reduce future moisture infiltration and subsequent
damage to floor coverings, vapor membrane should be incorporated on top of the 3B fine gravel
cushion layer to reduce potential damage to moisture sensitive floor coverings by infiltration of
moisture. To provide protection to the moisture barrier, a 2-inch layer of moist sand is
recommended on top of the moisture barrier/geomembrane. This layer of sand will protect the
geomembrane and also aid in the curing of the concrete slab.

Site Drainage

Subdrains should be provided where there is a possibility that runoff or irrigation could saturate
the subsurface soils.

Exposed surface soils should be protected from erosive runoff by providing surface drains,
diversion berms, and other flood control devices. The finished lot grade should be shaped to
shed water away from foundations and to avoid ponding conditions. In addition, it is advised
that each residence and building be equipped with a gutter and downspout system and the water
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diverted as far away as possible from the house foundations and driveway. Collected water
should be drained into an approved drainage system, and not allowed to flow freely on the site.
Excessive landscape watering near foundations should be avoided.

Pavements
The pavement sections are based on medium subdivision traffic. In areas with heavier traffic,
such as main collector roads, the section should be thickened with an additional 1/2-inch
asphaltic concrete to provide adequate support for the increased traffic loading.
The minimum pavement section is as follows:
For the subdivision roads with 48- to 66-feet rights of way (ROW):

2-Inches Agphalt Concrete

6-Inches Asphalt Treated Base

12-Inches Subbase
20-Inches Total Pavement Thickness

For collector road with 78-feet ROW:

2'%-Inches Asphalt Concrete
6-Inches Asphalt Treated Base
12-Inches Subbase
20¥4-Inches Total Pavement Thickness

The subbase will consist of a minimum 12 inches of compacted select borrow granular fill
materials or aggregate subbase with a minimum CBR value of 25 and compacted to 95% relative
compaction.

Coral or non-expansive select granular borrow material consisting of crusher run waste, mud-
rock, sand, or cinders may be used as subbase for the road pavement as described in the Standard
Specifications for Public Works Construction (1986).

CBR and density test and/or field observations should be performed on the actual subgrade used
for the roadway subgrade construction to confirm the adequacy of the above pavement sections.
The recommended section assumes that adequate drainage will be provided in the paved areas.

Paved arcas should be sloped and drainage gradients maintained to carry all surface water off the
site. Surface water ponding should not be allowed anywhere on the site during or after
construction.
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