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SUMMARY
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1. PROPOSED ACTION

The City and County of Honclulu has a serious waste
disposal problem. The Kapalama and Kewaloc incinerators
did not meet Federal and State air guality requirements
and were permanently shut down in October, 1977. To reno-
vate these incinerators to meet the standards would have
been financially prohibitive. The City's major landfill
at Kapaa will be filled up in about 4 months and the smaller
existing Waianae and Kawailoa sanitary landfills will
reach their capacities in less than threse years at the
bresent rates of disposal. To meet the City's needs for
solid waste disposal, the City plans to implement major
landfills, one each on the windward and the leeward sides of
the island. The proposed action is to provide a major
sanitary landfill to accommodate solid waste generated
primarily in the Honolulu and leeward districts of Cahu.
The three leading prospective sites which have been evalu-
ated are at Makaiwa Gulch, Nanakuli, and Kaloi Gulch.
Descriptions of the sites, the proposed action and antic-
ipated impacts from the proposed project at each of these
sites are presented.

After careful evaluation of the technical, economic
and environmental data developed for the alternative sites,
the Makaiwa Gulch site was selected for landfill implemen-—
tation. In making the selection, consideration was also
given to the public input received during the consultation
and review phases in processing the environmental impact
statement and at the public informational meeting conducted
by the Department of Public Works on December 7. 1977,



2. SOLID WASTE MANAGEMENT PLAN

The City and County of Honolulu's Solid Waste Manage-~
ment Plan {1971 presented basic planning data and recom-
mendations for solid waste management for the island of
GCahu. These recommendations wetre adopted and are still
in force today. Four basic management systems for Cahu
were presented in this document:

* 3Zystem A developed around incineration in the
downtown area

* System B developed around incineration in out-
lying areas

* gSystem C developed around maximum usage of land-
fills

* System D developed around complete recovery for
reuse of materials

Systems A and B were not recommended because of citizen
opposition to incinerators, to air pollution considerations
and to the incompatibility of such systems with a resocurce
recovery program. System D is the most desirable plan,
but until recovery systems prove to be teachnically and
economically feasible, this plan is extremely costly.
Until resource recovery becomes more feasible, System C
would be a logical and flexible waste management system
which would accommodate existing refuse dispeosal needs
as well as allow for future waste recovery programs.
Although the City is seriocusly pursuing resource recovery,
present estimates indicate that an island-wide resource
recovery system cannot be in operation earlier than 1981.
At that time, landfills will still be reguired for the
disposal of all non-recoverable materials, which will be
approximately 40-50 percent of all waste by weight.

3. ENVIRONMENTAL IMPACT

During construction and operation of the landfill
dust and nolse will be generated, Dust will be controlled
by maintaining a water sprinkling schedule. Maintaining all
proper landfill procedures, including gas venting (if
required) and proper amounts of cover soil will alleviate
potential fires, litter, odor and vectors.

ii



Leachate 1is not expected to be a problem and, except
for Kaloi Gulch, a control system will not be required.
However, to confirm our expectations, a leachate monitor-
ing program will be instituted. The Kaloi site is the
only site with a potable aquifer beneath it. The develop—
ment of this site will require an impermeable membrane
to be laid down and the construction of a leachate collec—
tion system to assure protection of the aquifer.

Air quality at the Makaiwa site, as well as the Kaloi
site, should not be a problem since the prevailing winds
should sweep any dust generated or any gases produced by
the landfill in a direction that should bypass Honokai
Hale and Makakilo. Nanakuli is in a sheltered area so
gases produced by the landfill will not dissipate gquite
as readily as the other two sites. With water sprinkling
schedules to control dust and gas venting systems if
needed, air quality should not be adversely impacted by
the proposed project.

Visual impact will be lessened by the construction
cf a landscaped buffer zone and earth berms to screen
off landfill operations. This will also aid in lessening
the impact of noisge.

4, ALTERNATIVES

Alternatives can be summarized as no action, alter-
native landfill sites and alternative methods of disposal.
If the proposed project is not implemented, refuse disposal
for the leeward area will be severely impacted. Refuse
from the service area must be disposed of at the existing
Waianae and Kawailoa Sanitary landfills, which will shorten
the lives of these facilities. Aiso, refuse hauled over
a long distance to another site will increase transport
and labor costs, Portions of the solid waste collected
by the City may have tc be dispcsed of at privately owned
Palailai Landfill. The City must pay tipping fees to
use the Palailai Landfill.

In an inventory study of potential landfill sites
conducted by a consultant (Shimabukuro and Associates,
1977), several alternative sites in the lseward area
were investigated for their landfill potential according
to the following: a} refuse hauling distance, b) landfill
capacity, ¢) available utilities for the site, infra-
structure and access, d) avalilable cover material, e)
compatible existing and proposed land uses Gof the site
and surrounding areas, £f) displacement of families or
businesses, g) site acquisition, development and operaticn
costs, h) environmental compatibility of site according

iii



to climatology, geology, drainage and hydrology, 1) social
and cultural compatibility of site according to surround-
ing land uses, affect on sites of archaeoclogical or histor-
ical significance, 3}) visual intrusion, and k) accept-
ability by landowner, adjacent landowners and the com-
munity.

The optimum landfill site would produce the least
environmental and social disruption at the least economic
cost, It would be located close to major refuse generation
centers, remote from residential areas, schools and hospi-~
tals, have sufficient cover material (sclll and reguire
minimal improvements. Alternative sites, which were con-
sidered, included sites at Honouliuli, Maili, Koko Head,
Mililani, Waipio, Poamoho, Reekee, Makua, Ohikilolo, and
Waimanalo Gulch.

Alternative methods of disposal are: ~ incineration,
ocean disposal, baling, and waste utilization systems.
Actions which would not be compatible with resource re=~
covery or waste utilization programs such as incineration
or baling were rejected as inflexible and short term.
Ocean disposal is prohibitive according to EPA regulations.
Waste utilization systems comprise composting, pyrolysis,
recycling and steam energy dgeneration. These alternative
processes, however, cannot totally dispose of solid waste;
a landfill, therefore, 1is required to dispose of waste
that cannot be processed or to dispose of residues resulting
from processing. A consultant for the City recently
completed a feasibility study of resource recovery (Analysis
of the Feasibility of Resocurce Recovery for Honolulu,
MITRE 1977). This study showed that resouvrce recovery
can be economically competitive with available landfill
alternatives. Because of this study, the City is now
preparing a request for a proposal (RFP) package to solicit
private participation con a resource recovery plan on the
islandg. This RFP is expected to be issued at the end of
June 1978.

5. IRREVERS IBLE AND IRRETRIEVABLE COMMITMENT OF RESCQURCES

The resources that will be irreversibly and irretriev-
ably committed will include funds expended for the construc-
tion of the proposed facility, raw materials, and energy,
both in terms of labor and in terms of fuel and electrical
power required during the constructiocn and operation of
the proposed facility. Land will be committed to the
activities of the project for the duration of the project's
life, but can be converted to other uses upon the expiration
of this pericd.
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SECTION 1

DESCRIPTION OF THE PROPGSED ACTION

I. BACKGRCUND

The basic document for solid waste management on
Oahu is the City and County of Honolulu's Solid Waste
Management Plan (8SWMP). The plan, which was completed
in 1971 and 18 still in effect today, recommended a waste
management system based on sanitary landfill disposal.
Sanitary landfills would be the primary disposal sites
until a resource recovery or waste utilization system is
initiated for the isliand of Oahu. Although the City is
seriously pursuing resource recovery, present estimates
indicate that an island-wide resource recovery system
will not be in operation until December 1981, at the
earliest, At that time, landfills will still be required
for the dispesal of 2]1l non~-recoverable materials and
resource. recovery residue, which will amount to 40-50
percent by weight of all waste.

Currently, so0lid waste from municipal refuse collection
is incinerated at the Waipahu incinerator. Municipally
collected refuse and commercially collected solid waste
is directly landfilled at sites located at Kapaa, Kawailoa,
Palailail (privately owned) and Wailanae. The Kapaa Landfill
has been serving the Koolaulcoca and Koolaupcko solid waste
districts and portions of the Honolulu District. The
Kawailoa Landfill has been serving the Waialua and Wahiawa
areas. The Waianae Landfill serves the Walanae District
and the Palailai Landfill has been the disposal site for
a portion of the so0lid waste collected by private refuse
hauling f£irms.

Solid waste disposal in the windward and leeward
districts of Oahu is becoming a critical problem due to
growing solid waste locads and an increasing inability of
disposal facilities to accommodate sclid waste loads.
The solid waste dispesal problem has been accelerated by
the fact that: 1) the Kewalo and Kapalama incinerators
were operating without effective air pollution controls
to maintain ambient air guality standards and had to be
closed in October 1977 to comply with an Environmental
Protection Agency order and 2) all existing sanitary land-
fill sites are nearly full., The Kapaa Landfill is estimated
to have less than 4 months 0f capacity left while the
much smaller Walanae and Kawailloa landfills are estimated
to each have less than 3 years of landfill life remaining
based on current rates of disposal. New disposal sites



therefore must be found and used for waste disposal.

In order to meet the scolid waste disposal problem,
the City and County of Honolulu proposes to establish
major landfills on the windward and leeward sides of the
island. The Leeward Sanitary Landfill, together with
the Waipahu Incinerator, will fulfill most of the solid
waste disposal requirements of the Honolulu and the leeward
solid waste districts. In 1980, these areas are expected
to generate approximately 1,400 tons of refuse per day
(TPD), exclusive of agricultural wastes.

The City's engineering consultant recently completed
a study to identify all potential sanitary and demolition
iandfill sites on the island. The consultant's study
identified three sites which have potential for use as
the major leeward sanitary landfill (Shimabukuro and
Asscciates, Inventory Study of Potential Sanitary and
Demoltion Landfill Sites, 1977). As shown 1in Figure 1-1,
Fhese sites are located in the Ewa and Waianae districts:
Makaiwa Gulch, Kaloi Gulch and Nanakuli (Figure 1-1).
The Makaiwa and Nanakull sites are rated approximately
equally by the consultant and are leading candidates
for selection as the major leeward sanitary landfill site.
The Kaloi Gulch site is ranked as the third alternative
site {(Shimabukurc and Associates, 1977).

II. PURPOSE AND SCOPE OF EIS

The purpose of this report 1s to examine in detall
the environmental impacts which are anticipated as a
result of the proposed project.

III. SANITARY LANDFILL OPERATICNS

A sanitary landfill is a solid waste disposal facility
in which refuse 1is placed and compacted to the greatest
practical density for final deposition., A daily earth
cover is placed on top of all raw refuse to minimize odor,
litter and vector potential, with no open burning permitted.
Refuse 1s deposited by haulers at a specific area called
the working surface. The refuse is compacted and at the
end of a day's activities covered with a minimum 6~-inch
soil mantle. This combination of refuse and cover 1is
termed a cell. Cell construction can be accomplished
through basically three methods of operation: trench,
area, and ramp methods, the method used determined by
the topography and soil characteristics of the landfill.
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In the trench method (Figure 1-2), a long narrow
excavation is made in the earth and the excavated soil
is stockpiled. Wastes are placed at the sloped end of
the excavation. The refuse is spread in a shallow inclina-
tion and compacted. At the end of the day's activity,
the compacted layers of refuse are covered with a layer
of soil from the stockpile.

In the area method of landfilling (Figure 1-3) refuse
is placed on the ground surface. It is spread over the
ground in a uniform layver, compacted and then covered
with a soil mantle,.

The ramp method (Figure 1~4) is a combination of the
trench and the area methods and usually used in gullies
Or in areas with slope. The face of an existing slope,
is excavated and the soil is removed ang stockpiled nearby.
Refuse is placed within the cut, spread, compacted and
then covered with a soil mantle at the end of a day.
The process is repeated at the face of newly created slopes
producing a succession of slopes across the landfill site.

The completed succession of adjoining cells over the
landfill is termed a lift which is usually a maximum of
eight feet in depth. Additional lifts can be placed on
top of the original 1lift. Increments will be seeded and
landscaped as they are completed.

Iv. SANITARY LANDFILL DESIGN AND SELECTION REQU IREMENTS

The design and selection of a sanitary landfill are
dependent on several factors which must be closely evaluated
in order to prevent air and water quality alterations,
to promote efficient and economic use of the site and to
minimize disturbance to neighboring activities. These
factors include: 1) landfill capacity, 2} refuse hauling
distance, 3) access to adequate roads, 4) availability
of cover material, 5) acguisition, development, and opera-
tion costs, 6) compatibility of existing and proposed
land uses of the site with surrounding areas, 7) final
land uses of the landfill, 8) environmental compatibility
of the site in terms of geoclogy, drainage, hydrology and
effects on air and water quality, noise levels and flora
and fauna, 9) social and cultural compatibility of the
site in terms of effect on sites of archaeclogical or
historical significance and of wvisual intrusion upon
surrounding areas, and 10) acceptability by landowner,
adjacent landowners and the community. These criteria
are further discussed in Appendix A,

The above factors will, to a large extent, determine
the scope and cost of improvements that must be implemented

1-4
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Source: Sanitary Landfill Design and Operation (1972)
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to operate an efficient and envirconmentally compatible
sanitary landfill. The most favorable landfill site should
have large capacity, be close to the area of waste genera-
tion, bhe remote from residential and commercial centers,
be near a good rocad and have electrical, water and telephone
services readily available. Relative merits of each site
are discussed in Section 2.

A sanitary landfill requires the following site
improvements: 1) clearing and grubbing of the site, 2)
permanent roads from the public road system to the site,
3) a scale to record the weights of refuse, 4) cffice
building, 5) utilities (electrical, water and sanitary
services), and 6) usually peripheral and litter fences
{Brunner and Xeller, 1972).

Less favorable sites may require more site improvements
including: 1) surface drainage works to prevent contact
of surface waters with deposited refuse, 2) an impervious
shield over the site and leachate collection systems to
prevent landfill leachate from coming into contact with
groundwater supplies, 3) importing of c¢over material,
and 4) green buffer zones landscaped to screen a visually
prominent site.

With the provision of appropriate site improvements,
a properly operated sanitary landf£ill fulfills ecrucial
solid waste disposal needs efficiently, safely, and with
minimum impact on the environment or neighboring land uses
and activities. I+ is the most economical method of scolid
waste disposal and upon completion, can be used for recrea-
tional or agricultural activities for which it may formerly
have been unsuited,

V. PROPOSED LANDFILL OPERATIONS

The proposed landfill will utilize all methods of
landfilling described previcusly. Refuse collection trucks
or private individuals using the facility first will be
weighed. Commercial refuse brought to the facility will
be charged a fee based on their load weights. Vehicles
will then proceed to the landfill's area of deposition.

Vehicles will be routed to the working surface of the
landfill by 2 signalperson ({spotter), who will direct
traffic according to the type of refuse load. All wastes
will be directed to the working surface. There may also
be a special area for waste disposal during inclement
weather.



The State has contracted a consultant to survey the
hazardous waste problem in Hawaii and in American Sanoca.
The survey 1s funded by an EPA grant and should be completed
by May, 1978.

As required by the Resource Recovery Conservation Act
of 1976 the EPA is developing a list of hazardous wastes
and guidelines for their disposal. Until some guidelines
are established, present methods used for hazardous waste
disposal will be continued.

The Department of Health has been recommending that
hazardous wastés or chemicals from large operations be sent
back to the manufacturers for disposal, be used up or be
stored until a2 disposal system has been established. The
usual recommendation to a private individual for disposal of
a hazardous chemical is to send it back to the manufacturer,
to use it up or to greatly dilute the chemical and spread it
on the ground, assuring that it is not disposed of near
drains or surface waters. Some hazardous chemicals that
can be incinerated according to the Air Pollution Act
have been incinerated at a private anznerator owned by
Pacific Marine and Supply Company.

Hawaili does not have the type of large industries
that generate large amounts of hazardous wastes. The
University of Hawaii, however, has significant amounts of
hazardous compounds. Approximately 300 gallons of ligquid
solvents are burned at the Pacific Marine and Supply Company
once or twice a year. This amount is about one percent
of the hazardous wastes from the University that must be
disposed. Radioactive substances, insecticides, chlorinated
hydrocarbons, highly flammable liguids and compressed gases
make up the majority of the remaining hazardocus compounds
which must be disposed. The radicactive substances, insec-
ticides and chlorinated hydrocarbons are packed in approved
containers and shipped tc the mainland for disposal.
Cther hazardous compounds must be stored until a system
is developed for their disposal. Biclogical contaminants
from the University and hospitals are inactivated at their
sources before disposal.

The proposed landfill will not accept highly toxic
compounds., It will bury dead animals into the landfill.
Sludge cakes produced by the sewage treatment plants will
be accepted by the landfill provided the cakes have been
dewatered and digested. The proposed landfill will not
include special provisions for disposal of all types of
hazardous compounds.




Refuse vehicles will unload refuse, then exit the
iandfill. Approximately 6 municipal collection loads,
& municipal transfer loads, 40-50 commercial loads and
50 public self/haul loads are anticipated at the facility
daily.* The peak hours for refuse traffic at the landfill
are anticipated to be between 8:00 a.m. and 11:30 a.m.,
with refuse traffic tapering off in the afternoon.

Refuse unloaded at the working surface will be spread
in layers less than two feet deep. Tracked, rubber-tired or
steel-wheeled vehicles will compact the refuse by passing
over the layer two to five times. This procedure will be
repeated as required according to incoming refuse quantities

At the end of a day's activities, the compacted waste
will be covered by a six inch soil cover. The cover mate-
rial is required by Chapter 46, Public Health Regulations
of the State Department of Health, to prevent possible
vector, odor, fire and litter problems. '

A gas venting system will be installed if landfill
gas problems occur. The system may consist of a gravel-~
filled interceptor trench with an impermeable membrane
on the side away from the landfill or gas vents located
in areas of gas production (Figure 1-35).

Production of methane is not always considered a
liabpility. Recovering, purifying and marketing methane
produced in sanitary landfills is being explored. Recover-
ing methane offers a mutual benefit in controlling gas
migration, eliminating potential hazard, and using an
otherwise wasted resource. Los Angeles has been successful
in recovering methane from its landfills since 1974, The
extracted gas is used to run an internal combustion engine,
which is used to produce 200 kilowatts of electrical power
for about 350 residences. The NRG NuFuel Co., and the
sanitation districts of Los Angeles County are also trying
to recover methane from a landfill. The extracted methane
has been cleansed and 1is ready for direct insertion into
a natural gas pipeline. "The city of Mountain View, Cali-
fornia, and the Pacific Gas & Electric Co., are cooperating
with EPA in a pilot effort to define some of the parameters
involved in gas extraction and to investigate gas marketing
alternatives® {(EPA, 1876).

When the landfill has reached the designed height, a
final soil cover will be applied. The final cover will

*Based on tentative information provided by the Division of
Refuse.
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be contoured and landscaped with final depth of soil varying
from 2-1¢ feet depending on specific use of the various
portion of the site. The final cover will be graded to
prevent surface ponding and infiltration of water. Grades
will be limited between two and four Percent in flat areas
to limit cover material erosion and infilitration, The
final cover and slopes then will be seeded or sodded with
grass to prevent erosion. This will be accomplished as
each lift is completed.

The completed landfill will be maintained and any
cracks, fissures and depressions that may occur due to
settling will be repaired. The landfill sites may then
be used for either active or passive recreation, agricult-
ure or other suitable purpose.

VI, DESCRIPTION OF THE SERVICE AREA

A, General

The proposed project will serve as the primary
solid waste disposal site for all refuse collected by
the City and County of Honelulu, Division of Refuse
within the Honolulu, Ewa, Waianae, Waialua and Wahiawa
districts, located on the island of Cahu, Hawaii, as
ghown in Figure 1-8,

The service area encompassses the island's present
urban c¢ore centered around the Honolulu District.
Honclulu contains high density urban uses with large
concentrations of commercial, industrial, and resort
activities. Future urban growth is anticipated to
expand into the Ewa and Wahiawa districts which are
presently low to medium density urban in character,
with large areas devoted to agricultural use, Both
the Ewa and Wahiawa districts contain large areas
held by the military. The Waianae District is in
very low-density urban use, with incidental commerce,
scattered agriculture, and limited resort development,

B. Population

According to the revised General Plan (City and
County of Honolulu), 1977, thé estimated 1975 popu-
lation for the leeward area was 588,962, This is
assuming that the leeward area encompasses the areas
designated 1, 2, 3, 4, 7, 8§, 9, 12 and 13 (Figure
1-7 and Table 1-1). By the year 2000 the population
is estimated to increase to 888,500 in the Same area.

i-11
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Table 1-1

DISTRIBUTION OF THE RESIDENTIAL POPULATION
1975 and 2000

1975 = of 2000 % of

Location Population Total Population Total &
Qahu Total 704,403 100.0 1,039,000 100.0

Primary Urban Center 398,354 56.5 530,000 51.0 i

Honolulu {Waialae/ -
Kahala-Halawa 304,546 43.2 400,000 38.5
Afea-Pearl City 93,806 13.3 130,000 2.5

Secondary Urban Center

Ewa-Makakile 21,800 3.1 104,000 10.0
- Urban-Fringe S - 223,892 BRRNCE R 8 322,000 31.0
Aina Koa-Hawaii Kai 39,374 5.6 65,000 6.3
Kailua 40,722 5.8 49,000 4.7
Kaneche~Ahuimanu 51,394 7.3 69,000 6.6
Waipahu-Crestview 26,913 3.8 48,000 4.6
Mililani-Waipio 20,302 2.9 39,000 3.8
Wahiawa 45,185 6.4 52,000 5.0
Rural 60,361 8.6 83,000 3.0
Waimanalo 8,435 1.2 12,500 1.2
Kahaluu-Kahuku 14,850 z2.] 20,000 1.9
Nerth Shore 9,540 1.4 11,500 1.1
Wajanae Coast 27,496 3.9 39,000 3.8

NOTE: The "% of total” figures for the year 2000 state the policy contained in the
table. The figure of 1,039,000 for the year 2000 and the corresponding distributicn
of the population to the various designated areas (see map on next page) will be
revised as the State Department of Planning and Ecornomic Development revises

its population projections.

The "% of total" figures also indicate a mean or average percentage rather
than a rigid requirement. A year 2000 percentage which falls within 5% of the
indicated mean for an area would be consistent with the Plan's population~distributioni”
policy. For example, as the mean percentage for Ewa is 10.0%, an actual populaticn
within a range of 9.5% to 10.5% of Oahu’s total population at the year 2000 would
be acceptable.

Population figures may be further adjusted to accommodate housing necessary
to support resort Iindustry in various areas of the island.

Source: General Plan, City and County of Honolulu, January 18, 1577
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C. S5o0lid Waste Quantities

Solid waste guantities on Oahu are anticipated
to increase with the increase in peopulation, as shown
in Table 1-2 and Figure 1-8. For convenience, solid
waste will be addressed by weight. Voiumes of solid
waste change in various stages of storage, transport
and compaction.

Presently, the service area generates approxi-
mately 13060 TPD (7 days a week). Thnis accounts for
approximately 87 percent of all refuse generated on
Oahu. According to Division of Refuse and Collection
estimates in the service area, the City and County
of Honolulu collects about 516 TPD (6 day collection
week). Commercial refuse amounts to about 799 TPD
(6 day collection week) although a significant portion
of this tonnage is disposed of at Kapaa Landfill.
Refuse generation in the service area in future years
is expected to increase at rates shown in Figure 1-8.

o. S0lid Waste Characteristics

The following is an excerpt from Analysis of the
Feasibility of Resource Recovery for Honoluluy, {MITRE
1977).

Solid waste composition is a function of the use
of materials and varies widely among communities
and regions throughout the United States,. While a
number of studies have been performed and composition
estimates rendered on a national basis, specific
composition f£or a particular locality can be deter-
mined only through separating and weighing samples
of disposed wastes.

In 1964, a survey of residential waste composition
was performed at the XKewalo and Kapalama incinerators
on Oahu. Although the results cof this survey are
13 years o¢ld, and probably somewhat out of date dus
to the increasing use over the past decade of mate-
rials such as plastics, they are useful in comparing
the propoertional amounts of constituent materials
with national surveys. Shown on Table 1-3 are the
rasults of the Honolulu survey, as well as 1975 natiocon-
al composition estimates, and 19%9%0 projecticns.
These latter estimates have been drawn from Midwest
Research Institute's 1975 report for EPA, "Baseline
Forecasts for Resource Recovery 1972-1990". O0f par-
ticular interest is the prcoportioconally greater amount
¢f yard trimmings in Honolulu refuse, due to the
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TONS PER DAY

Figure 1-8

SOLID WASTE PROJECTIONS
FOR THE
CITY & COUNTY OF HONOQLULU
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Source: Analysis of the Feasibility of Resource Recovery

for Honolulu, April 1977
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region's uniform climate and consequently, the constant
growing season, Also of interest is the comparatively
lesser amount of food waste, metals and glass. Over-
all, the Honolulu survey indicates a greater percent-
age of combustible material.

National projections of 1990 composition indicate
increases 1in paper discards, textiles, and plastic/
rubber/leather, and slight increases in metals, and
miscellanecus organics. In contrast, yard trimmings,
garbage, and glass discards are expected to decrease.
In the absence of a current refuse sampling in Hono-~
lulu, it is impossible to predict, with any certainty,
future waste composition. Bowever, with the excep-~
tion of yard trimmings, which will undoubtedly increase
as greater portions of the island are developed, it
is expected that national trends will similarly impact
Henolulu,

One factor which could have a significant impact
upon composition is the effect of beverage container
legislation, which is being considered by state and
local legislatures throughout the United States.
One of the more popular types of legislation requires
a mandatory deposit for beverage containers. Passage
of this legislation could impact the amount cof post-
consumer steel, aluminum, and glass currently disposed.
It has been estimated by the U. 8. Envircnmental Pro-
tection Agency ({("Third Report to Congress: Resource
Recovery and Waste Reduction," September 1975, p. 58)
that reductions on the order of 15 percent for steel
cang, 30 percent for aluminum, and 35 percent for
glass c¢ould occur. The impact on glass discards on
Oahu, as an example, could result in a decrease of
some 32-36 TPD, or 10,100~11,300 TPY (assuming 1570~
1750 TPD, and 5.9 percent glass compogition),

Refuse quantity and composition within the service
area are subject to daily and seasonal variations.
Refuse collected on days following the week~end
generally have a greater amount of plant trimmings
due to week-end yard cleaning activities, while refusge
collected during the summer months show greater amounts
of organic material primarily due to disposal of
mangoes in this season.

E. Solid Waste Collection

1. Collection

Refuse collection within the service area
is done by the City and County of Honolulu,

1-1%9



private collectors, or self-hauled. The State
of Hawaii collects refuse from some of 1ts own
facilities, such as State Parks and recreation
areas, and hauls it to City and County disposal
sites while some private institutions such as
hospitals process and dispose of waste generated
by their own activities., Generally, the agri-
cultural organizations ccllect and dispose of
thelr own waste, The military collects and
disposes of part of its own waste and contracts
with private firms for collection and disposal
of the rest.

Municipal collection 1is provided 6 days
per week, with a twice-a-week pickup from each
residence. Refuse is collected by 3-man crews.
Crews generally operate with a 20 cubic vard
rear loading compactor truck. Residential refuse
with a density of approximately 150 pounds .pet
cubic yard is compacted within the collection
truck to a density of approximately 500 pounds
per cubic yard. Each truck carries 4 to 5 tons
of refuse per trip and typically makes two trips
per day.

Compactor trucks are stationed at the Honolulu
Pearl City, Wahiawa, Waialua, and Waianae hase
vards. The collection crews begin their routes
as early as 6:00 a.m. and continue until they
are completed, which is usually an average of
2 trips per day between the disposal sites and
collection peints,

Figure 1-9 shows municipal solid waste
collection districts and collection vards. Table
1-4 shows guantities collected according to
collection vards and Table 1-3 shows guantities
deposited at municipal facilities. Disposal
facilities on Oahu are shown in Figure 1-10.

Commercial haulers usually handle refuse
generated by some apartment, commercial, indus-
trial and resort activities. Private ccllection
in the service area occurs primarily in the
downtown Honcolulu and Waikiki areas. Collection
by private firms is on a competitive basis,
with nc specific area, route assignments or
franchise given by the City.
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Table 1-4

COLLECTIONS BY COLLECTICON YARD

1972-73 1973~74 1874-75 1875~76
Fiscal Year Fiscal Year Piscal Year Fiscal Year
% of % of % of % of
Collaction Yard Tons Total Tons Total Tons Tatal Tons Total
Honolulu 118,584 47.5 131,858 52.8 123,486 51.6 121,472 51.8
Pear] City 42,185 16.9 39,335 15.7 39,873 16.7 431,235 17.3
Xailua 49,376 23.8 47,414 1.9 42,521 17.8 41,287 17.3
Wahiawa 11,564 $.6 11,799 4.7 12,150 5.1 12,220 5.1
¥aianae 8,452 3.4 10,139 4.0 10,017 4.2 9,652 4.0
Waialua 4,148 1.7 4,675 1.9 5,385 2.5 6,959 2.8
Laie 4,996 2.0 -7 5247 2.1 5,167 2.2 - 5,259 2.2
Tatal 249,404 100% 2%0,467 99,93 239,199 100.1% 238,084 99.8%
Tabhle 1~5
DISPOSAL BY MUNICIPAL FACILITY
1372-73 1973~74 1974-75 1875~76
Fiscal Year Fiscal Year Figcal Year Fiscal Year
% of % of % of % af
Facility Tons Total Tons Total Tons Total Tons Tatal
Incinerator
Waipahu 107,302 22.0 32,727 20.8 63,005 15.3 64,181 15.3
Kawalo 58,546 12.0 51,674 11.6 46,437 11.3 43,585 10.4
Kapalama 49,141 10.0 43,905 9.9 43,958 10.7 41,147 9.8
Subtotal 215,009 44,0 188,306 42.3 153,400 37.3 148,323 35.3
Landfi11l
Kapaa 177,311 36.4 224,578 50.4 211,964 51.4 219,922 52.5
¥awailoa 10,993 2.3 20,641 4.6 21,377 5.2 19,300 4.8
Waianae 83,934 17.2 j2,082 2.7 25,557 6.2 n,o72 7.4
{Waipahu}
Subtotal 272,238 55.9 257,301 87.7 258,898 62.8 270,294 64.5
Total 487,247 99.9% 445,507 160% 412,298 | 100.1% |1 419,217 T00%
Source for both tables: Analysis of the Feasibllitv of Resource

Recovery for Honolulu, April 1877.
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2. Processing

Until recently, approximately 300 tons of
refuse collected by City crews in the Honolulu
District were processed at the Kapalama and
Kewalo incinerators, Since both incinerators,
installed in 1946, with design capacities of
200 tons per day each, were old and overburdened
and could handle only 300 tons total per day,
the remainder of unprocessed refuse had to be
trangsported to landfill sites. These incinerators
were shut down permanently in CGctober 1977
because they could not meet Federal and State
air pollution standards.

In 1975-1976, approximately 192 tons/day
collected in the Honolulu, Pearl City and Wahiawa
coliectieon districts were processed at the Waipahu
incinerator. This incinerator has been undergoing
renovations to meet air pollution standards
and to restore lost capacity and has just been
completed. The restored c¢apacity can accommodate
a major part of refuse that was disposed at the
Kapalama and Kewalo incinerators.

Waste collected by commercial haulers that
does not undergo processing is transported direct-
ly to a landfill (Kapaa, Kawailoa or privately-
owned Palailai) for disposal.

3. Disgosal

The ash and residue of incinerated waste
is disposed at the Waipahu incinerator ash
disposal site. Kapaa 8anitary Landfill receives
unprocessed refuse, Both disposal sites are
almost full and other sites are being considered
for the disposal of processed and raw refuse.
Wastes from private c¢ollectors are taken to
the privately-operated Palailai Landfill and
to the Kapaa Landfill for disposal.




unconformity at the top of the Waianae formation.

The western part of the drainage overlies a
smaller basal aguifer, having a head of about 5 feet,
in the Lower Member of the Waianae series. This
aquifer probably extends to Nanakuli Valley. The
nature of the demarcation between the two Waianae
aguifers is not categorically known, but probably
consists of either a buried rift zone or the weathered
unconformity between the Lower and Upper Members of
the Walanae sgeries.

The aquifer to the east is heavily explcited
by Cahu Sugar Company for irrigation and to a lesser
extent by the U. 8. Navy whe withdraws water from a
basal tunnel to serve some of the potable needs of
Barbers Point Naval Air Station. The Navy tunnel
iies 3 miles to the east and up the hydraulic gradient
from Makaiwa (See Figure 2~5)}. . An Qahu - Sugar Company
pumping station at Gilbert lies down gradient bput
groundwater In the vicinity is non-potable, containing
more than 500 mg/l chloride. The abandoned Palailai
Quarry, now used -as a sanitary landfill, lies between
Makaiwa and the Navy tunnel. Unpumped groundwater in
the aguifer ultimately discharges into the sedimentary
caprock of the Ewa Plain.

The small aguifer to the west of Makaiwa also
contains poor gquality water unsuitable for domestic
use. This aquifer is not being exploited at present,
although its water would be adaptable to agriculture.
Pumping rates would have to be low, however, and
therefore the extent of non-potable usage would be
highly circumscribed.

G. Flora and Fauna

The site 1is located in a dry lowland vegetation
zone dominated primarily by kiawe {Prosopis pallida)
and Xxoca haole (Leucaena leucocephala). Heavy under-
growth consists mainly of slender mimosa (Desmanthus
virgatus) and fingergrass {(Chloris sp.). 8Piny amar-
anth (Amaranthus spinosus), buffelgrass (Cenchrus
ciliaris), aprle of Peru (Nicandra physalodes), Spanish
needle (Bidens pilosa) and hi'aloz (Waltheria americana)
are commen along the bulldozed access road.

Avifauna seen on the project site include barred
dove (Geopelia striata) sparrow {Passer domesticus),
white-eye (Zosterops ijaponica) and francolin (Franco-
linus sp.). Mammalian wildlife recorded were mMoONgoose
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{Herpestes auropunctatus) and dog (Canis familiaris).
Rat (Rattus spp.), cat (Felis catus), and mouse (Mus
musculus) are probably found in the project area due £0
1ts close proximity to populated areas. No rare or
endangered species are believed to be in the project
area and all dominant species are exotic to Hawaii.

H. Archaeological Sites

No prehistoric sites were found in the reconnaig—
sance survey 8o this area is considered to have little
importance for future work {(Bordner, 1977).

I. Existing and Proposed Site Improvements

Tables 2~1 and 2-2 illustrate the estimated site
development cost.

1. Access Road

Access to the site would be from Farrington
Eighway. Improvements to Farrington Highway must
be made to provide safe access to and from the
site. These include deceleration and acceleration
lanes, stcrage lane for left turn movement from
access road onto Farrington Highway, perhaps
traffic signals, and incidental drainage and
highway signing. Approximately 1,000 feet of
an all-weather access road will be required.
A bulldozed access rocad 1is present on the site,

2. Operation and Maintenance Facilities

Permanent facilities must be constructed,
including office building, scale, maintenance
yard and fences.

3. Utilities

Electric power, telephone and water connec-
tions are available on Farrington Highway. DPower
lines also cross the upper portion of the site,
These overhead power lines at the upper portion of
the site may require relocation if the entire site
is fully utilized for landfilling. No sewage
facilities are located on~site; a sanitary sewer
line must be extended from the Honockal Hale sub-
division across the highway to the landfill site,



TABLE 2-1

ESTIMATED SITE DEVELOPMENT COST#*

Site _ Fhase Capacity (CY) Life (¥rs,) Estimated Cost
Makaiwa Gulch 1st 4,580,000 9.4 $ 2,385,000
2nd 4,484,000 9.2 1,405,000
3rd 5,168,000 12.7 1,228,000
Total 15,232,000 31.3 $ 5,018,000
Nanakuli A lst 5,278,000 16.8 2,588,000
Nanakuli B 2nd 3,855,000 7.9 1,204,000
3rd 4,263,000 8.6 871,000
Total 13,396,000 27.3 $ 4,664,000
Kaloi Guich 1st 7,631,000 15,7 316,823,500
2nd 6,414,000 13.2 9,483,000
3rd 5,390,000 11.1 9,854,500
4th 4,865,000 10.0 9,385,000
Total 24,300,000 50.0 $45,546,400

*Costs are December, 1976 prices.
Land costs not included.

Source: Shimabukuro and Associates, 1977.
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4. Drainage System

A major drainage system will be constructed
around the landfill to divert surface runoff
around the landfill area and into existing cul-
verts along Farringtcon Highway. Runoff off-site
and on-site will be c¢ollected by interceptor
ditches and collected in a siltation basin before
discharge. The design of the drainage system
will be such that the velocity of flow will be
reduced to approximate the velocity of runoff
under normal conditions. Debris barriers will
be provided at the inlets of collection pipes.
See Figure 2-6 for details.

5. Leachate Control Svstem

A leachate control system will not be re-
gulred. Leachate should not be produced due-
to low rainfall cof 20 inches per year. Caution
will be taken to utilize relatively impermeable
final scil cover and to provide a final grade
of at least 3 percent to enhance runoff. Vegeta~
tion should be selected which will enhance trans-
piration and minimize erosion. A preogram of
continued maintenance should be provided to
ansure that surface cracks created by differential
settlement are sealed, thereby minimizing poten-
tial surface water infiltration (EMCON Associates,
1977y. 1f, however, leachate were to be produced,
the pulse of leachate from a landfill in Makaiwa
would follow 2 complicated path before discharging
in highly diluted form into the caprock or to
an QOahu Sugar Company pumping station, which
ig used for irrigation purposes (Refer to Figure
2-5, page 2~14). First, it would have to traverse
an 85 foot thick unsaturated 2one and then travel
in the saturated zone at an average particile
velocity of about 8 feet per day for about three
vears before reaching a discharge sink. Ground-
water 1in the aguifer along the probable path
of the leachate is suitable only for agriculture.
The leachate could not travel against the hy=-
draulic gradient to the Navy tunnel (Bowles
and Mink, 1977). Refer back to secticn on
Hydroclogy and Drainage (page 2-12) for more
information.

6. Landscaped Buffer Zone

Since the site is readily visible from
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>ximately 1,700 feet in width with an average
of 13 percernt. The upper portion of the site
cots of three well-defined gullies totaling approxi-

/,600 feet in width with an average slope of
Tent,

m. Soilsg

The gite consists cof the following scils, accord-
irng to the U.S. Department of Agriculture, Soil Conser-
vation Service Soil Survey (1972): Stony steep land,
“ahana Badland on 3 to 1317 percent slopes, Lualualei
axtremely stony <¢lay on 30 to 90 percent slopes and
Helemano s51ilty clay {(Apperdix B).

1. Stony s8teep land consists of a mass of
boulders and stones deposited by water and gravity
on side slopes of drainagewavs. The slopes
range from gradients of 40 to 70 percent. Stones
and boulders cover 59 to 90 percent of the surface
wizh a small amount ¢f soil among the stones.
This land type is used for wildlife habitat and
recreation, Its cultivatable land productivity
rate 13 classified as "E", or poor, on a scale
of A to E (Sahara, et al., 1971).

2. Mahana Padland complex -onsists of Mahana
soils and Bad.and. Mahana soils make up 40 to 70
percent of the surface with Badland 30 to 60
percent., The HYahana scils are moderately steep to
very steep. 2unoff is medium to very rapid and
the ercsion hazard is moderate to very sfevere.
This complex i@ used for pasture and its cultivat-
able land productivity rate ig "E.T

3. Helemano silty clay occurs on the sides
of V-saaped <ulches on 30 to 30 percent slopes.
Permeability is moderately rapid, runoff is
medium to very rapid and erosicn hazard 1s severs
te very severs. This land type is used for
pasture, woodland and wildlifs habitat. Its
cultivatable land productivity rating is "E."

4. Lualua'ei extremely sStony clay occurs on
talus slopes. The siope range i 3 to 35 percent
but in most places the scil is moderately sloping
o steep. There are many stones on the surface
and within the so0il profile making it impractical
for cultivation unless the stones are ramoved.
Runoff is medium to rapid and the erosicn hazard
is moderate to severe, This soil is used for




pasture and 1ts cultivatable land productivity
rating is "E."

=. Geoclogy

At the proposed landfill site above the highway
(ground elevation greater than 100 feet) the gulch
is relatively shallow and has a moderately steep
gradient of about 10 percent. The gulch is cut into
pbedrock of the upper member of the Walianae volcanic
series but is covered By a thin layer of coarse,
bouldery alluvium (Bowlas and Mink, 1977).

The ground surface of all of M:kaiwa basin, except
for a small patch at the highway boundary, consists of
basaltic andesite that tvpically coours in thick layers
and is much more massive and dense than the thin bedded
olivine basalts of the lower and middie members of the
Walanae series. The basaltic andesite does not weather
as easily or as deeply as the nore primitive basalt,
and as a result its surface layer of residium-saprolite
is considerably thinner. Absorption of rainfall and
vertical percolation are poorer. and runoff is higher
than in the older basalts. The rock is hard and would
likely be difficult to work. The exhausted Palailai
Quarry and the new quarry at ¥akakilo were located
to exploit the massiveness, denseness and hardness
of the Walanae basaltic andesite.

P Hydrology and Drainage

The following discussion is from a hydrogzologic
and soils study conducted by Stephen P. Bowles and
John F. Mink (1977;}.

Makaiwa Stream is non-perennial and runoff occurs
infrequently. Although floods have a low probability
of happening, high rates of runcf? could be expected at
least once every several vears, Runoff from the
gulch rarely reaches the oce dispersing instead
inte the sediments of the Ewa “lain below the highway.

Makaiwa straddles two separate groundwater bodies.,
Underlying the eastern part OF the basin ig the Walanae
casalt aguifer, which has hydraulic continuity with
the great Koolau basalt aguifar of southern Oahu,
These aqguifers carry pasal lenses, with heads of
approximately 12 and 15 feat, respectively, The
lower head in the Waianae zquifer is caused by the
loss in potential as water flows from the rermeable
Koolau aguifer through the poorly permeable weathered




SECTION 2

DESCRIPTION COF THE PROPOSED SITES AND REQU IRED IMPROVEMENTS

BACKGROUND PHYSICAL DESCRIPTION OF SITES

A, Rainfall

The following discussion comprises excerpts
from a hydrogeclogical and soils study by Bowles
and Mink (1%77).

The proposed sanitary landfills lying on the
slopes of the Wailanae Mountains fall in the Leeward
Lowlands, a climatic classification marked by dry
weather except during infrequent storm periods in
the winter months of October through April. The
leeward sites have an annual average precipitation
of 20 to 235 inches.

At the leeward sites, the normal rainfall from
May through September 1is less than one 1inch in each
menth; in the winter months the average is between
2 and 4.5 inches per month. These figures, however,
are mass averages and say nothing about rainfall
intensities in real time. At the leeward sites most
of the winter rain falls during storms, of which an
average of about £five strike Cahu each vear. During
summeyr months leeward rain showers are light and
generally ineffective in penetrating deep into the
s0il,

Except in unusually wet vezrs when winter storms
are common, rainfall at the leeward sites is insuffi-
cient to saturate the soil and thereby to continuously
infiltrate to the underlying bedrock. Some probabili=-
ties of annual rainfall gquantities based on the normal
distribution, which is generally applicable to Hawaii,
at these gites are approximately as follows:

ANNUAL RAINFALL,

EQUAL TO OR GREATER THAN PRCBABIL ITY
40 inches .05 (1 year in 20 years}
35 inches 10 (1 year in 10 years)
30 inches 20 (1 year in 5 years)
20 inches . .50
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The higher than average annual rainfalls given
result from either more than the usual number of
winter storms or great rainfall amounts from indi-~
vidual storms. Although the data and the nature of
statistical inference does not permit statements of
precision to be made about the frequency of rainfalls
that are voluminous enough to saturate the soil, it
igs likely that such occurrences could be expected
at least once in 5 teo 10 years.

For engineering purposes, the intensity and
return period of individual storms for the various
regions of Oahu as computed by the U.S. Weather Service
and the Army Corps of Engineers are given by Wu (1967)
and summarized as follows:

Leeward
Storm Type Si1tes Explanation

100 year storm; 14 in. U.8. Weather Service:

rainfall per 24 hours Probability of occur-
rence one in 100
years

Probable maximum 40 in. U.S. Weather Setrvice:

24 hour rainfall Maximum rainfall that
could concelvably
occur. Probability
much less than .01

Standard Project Storm 26 in. U.8. Army Engilneers:
The hypothetical storm
that might be expected
from the most severs
flood producing rain-
£all, depth-area-
duration relationship,
an isohyetal pattern
considered character-
istic of area involved

Historical 24 hour less than Actual storm rainfall
rainfall 12 in. experienced in region

Except for historical rainfall, the above values
are hypothetical, but statistically expectable., In Honolulu,
for which the hypothetical values are at least as high as
they are for the leeward sites, the maximum 24 hour rainfall
on record is 17.4 inches. A storm capable of yielding at
jeast 10 inches of rain in 24 hours could be expected during
the lifetime of a sanitary landfill in the Leeward Lowlands.



B. Surface Runoff and Floods

The following discussion comprises excerpts from a
nydrogeological and soils study by Bowles and Mink
{1977).

At the leeward sites surface runoff is sporadic
and normally small when it does take place, but large
gtorms cause substantial overland flow,. Specific
runoff and flood data is not available for any of
the sites being considered, but maximum instantaneous
peak flow data for drainage basins relatively nearby
are given by wWu (19%967}. For the leeward locatiocns
the average of the peak flows at Honouliuli (.27
cfs/acre), which draing the southeast slope of the
Waianae Range near Kaloi, and Awanui (.90 cfs/acre),
draining the southern slopes between Makaiwa and
Kaloi, is 384 cfsg/square mile (.6 cfs/acre).

The nearest drainage in the leeward region for
which peak flow return periods have been calculated
(Wa, 1967) is Waikele, where the maximum peak flow
is .45 cfs/acre, not greatly different from the com-
puted peak flow for the leeward sites. Using the
Waikele return periods normalized on an areal basis to
these sites, the following peak flows can be expected:

Peak FPlows, cfs

Return Pericd, Runoff Makaiwa, Kalol, at Nanakuli Sites
Years Inches at Hwy. foot of range AgB at road
2 4.4 106 281 iz
3 5.5 132 351 15
5 8.7 210 560 24
19 11.7 283 752 32
Max historical 14.3 346 922 38

{(derived)

The potential destructiveness of these peak
flows to structures and terrraces associated with
sanitary landfills will have to be determined by
consideration of channel environment, slope, and
cross sactional area. The above calculations seem
to reinforce the suggestion that a severe storm could
be expected at least once in every 5 to 10 years.



The proposed sanitary landfill sites at Nanakuli,
Makaiwa and Kaloi fall within the semi-arid Leeward
Lowlands where the average annual rainfall is less
than 25 inches per year. Much of the total annual
rainfall, however, may accumulate from several storms
during the winter months. Although in a normal year
rainfall is not sufficient to saturate the soil layer,
the probability of a storm which would provide suffi-
cient rainfall to cause saturation and infiltration
and to result in flood flows is approximately .10
to .20,

At the leeward sites, infiltration f£from the
saturated surface to an aquifer would be impulsive
rather than continuous. In addition, unsaturated
flow througn the soil layer could occur, probably
as erratic impulses also. Most o©of the time signifi-
cant volumes of leachate from landfills would not trick-
le to the groundwater zone, but an occasional slug
of leachate will percolate below the soil-saprolite
into the permeable basalt.

Of the leseward sites, Nanakuli A and B are the
least likely to be potentially destructible by flood-
ing. Also, at these sites the aguifers are small,
have poor characteristics, and are not reasonably
exploitable. The aguifer underlying Makaiwa, though
poor in quality and characteristics, is better than
the Nanakuli aquifers. An exploitable agquifer, £from
which wells presently pump water, underlies Kaloi.

C. Temperature

The temperature climate at the Nanakuli, Makaiwa
and Ralol sites are largelvy affected by the semi-arid
conditions and clear skiss that are usually prevalent
at the sites, No temperature data is available for
the immediate vicinity of the sites. However, the
temperature data for Walanae, another valley on the
leeward coast of OCahu gives a fairly accurate descrip-
tion of the temperature climate throughout the area,
including the three proiject sites.

The temperature climate for Waianae 1s depicted
in Figure 2-1. Winter temperatures usually range
from the low 60°'s to the low 80°'s and summer temper-
atures from the lower 70°'s to the upper 80°'s.
All time temperature extremes range from 96° to 50°F.
The coldest month 1is January with a mean maximum
temperature of 8§l.1° F and a mean minimum of 62.5°F.
The warmest month is August with a mean maximum temper-—
ature of 89.5°F and a mean minimum temperature of
71.1°F.
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D. Wind

The Nanakuli, Makaiwa and Kaloi sites are located
around the southern end of the Waianae Range (Figure
1-1, page 1-3). The presence of this range modifies
the local wind, affecting both its direction and
its spesad. Generally, a mountain range such as the
Waianaes, exposed to the stream of air in the trade
winds, will have several aerodynamic effects on the
air f£low:

1. The streamlines of flow will tend to "wrap arcund”
the mountain barrier,.

2. The airflow will be accelerated around the corners
of the mountain range and over mountain passes.

3. The wind speed on the lee side of the range will
be reduced. _ _ _ .

Unfortunately, regular long-term wind observations
are taken at only a few locations on OQOahu, mainly
at airports. Nevertheless, some local wind data is
available, A preliminary report (Ramage, et al.,
1977) estimates the mean long-term windspeed at
Makakilo, located between the Kaloi and Makaiwa sites
to be 9.5 knots,

In a recent study (Naguchi, 1977) streamlines
cf air flow over Oahu were mapped using data based
on the tree growth deformations observed at several
nundred locations throughout the island. The stream~-
lines for the area of the Leeward Sanztary Landfill
sites under consideration are shown in Figure 2-2.

The wind rose for the nearby Barbers Point NAS
is shown in Figure 2~3. The most typical wind direc-
tion is NE, with windspeeds of 7-16 knots. Winds from
the westerly direction only occur on rare instances.

MARAIWA GULCH SITE

A. General

The Makaiwa Gulch site is recommended by the
City's engineering consultant as one of the sites that
should be evaluated as the major sanitary landfill site
for the leeward Qahu area.

The site is located in the Ewa District, directly
mauka of Farrington Highway and between Waimanalo
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Guleh on the west and Palailai Gulch on the east
as shown in Figure 2-4.

The site has a capacity of approximately 16,625,000
cubic yards with an approximate life of 31+ vyears based
on a disposal rate of 500 tons per day (TPD}*. The
site is leased from Campbell Estate by Hawali Meat
Ce. and subleased to Tongg Ranch. The present lease
extends to 1987. Tongg Ranch has applied to extend
their lease in this area to 19%6. This particular
site is not included in their lease extension plans.
The estimated cost to purchase the land is 51,690,000,
The site is approximately 18 miles from Keehi Transfer
Station (formerly known as Shafter Flats Transfer
Station), which will receive and transfer a significant
portion of Honolulu District's solid waste. Most of
the travel from the transfer station to the landfill
gite is. on a modern, high-speed highway.

B. Land Use

Refer to Section 3 for more information on land
use. The site is presently an open area used for
pasture. The site is zoned Agriculture {(Ag-l), general
planned Agriculture and the State Land Use designation
is Agriculture. It is unsuitable for crop cultiva-
rion. Adjacent land uses mauka of Farrington EHighway
are in open space, with former Army Nike Sites 5
and 6 located to the northwest of the site. Surround-
ing land use designations mauka of the highway are
Agriculture and Military. The nearest residential
areas consgsist of Honokai Hale, makai of Farrington
Highway and at the lower portion of the site, and
Makakilo City, approximately 2.8 miles east of the
site. HNanakuli town is approximately 4.2 miles north-
west of the site, and Waipahu town is approximately
8.3 miles east of the site.

C. Togograghz

The site is located to the south of Puu Manawahua
and to the northwest of Puu Palailai. The overall
length of the site is approximately 7,600 feet and
average width approximately 2,000 feet. The lower
portion of the site consists of a well-defined gully

¥ calculationg are based on wastes being compacted to 1000
pounds per cubic yard and include cover material in the
amount of 1/3 of the waste deposited.



RN e,

: ) Gk § " "
s 5 Fi Y, o e
L [ i e 5o o - A, ﬂ//, N
v \¥ e - ///ﬂ\_,,,fﬁﬁ_?uulk A WSANN
= s u;, ¥ N y ... ] \,\ - " R — RS =
o Vi ; ! g y IRy o
b » - X / i . e
= AL € G . 45 : o }
< . = - oy -, . Ty i N R . ..“..,fs../.nf
- e - T o s s P ,.| _ e RN
£ r ok - DA 0 - Ve T e - " ; N
& P V\\‘u.m.u.y\ ) -y LT ; N % “ X

-4

Figure 2

MAKAIWA GULCH SITE

I

Leeward Sanitary Landfi

Secale: "= 2000

2-319




BOLITION

&
i

TARY - AND T

8k




g

e

g

P g
;

s




J-

Farrington Highway and from Honokai Hale a land~
scaped buffer zone, approximately 200 feet in
width, will be provided to minimize wvisual
obtrusiveness. The vegetation will be selected
to visually minimize the impact of operations
from the residents.

7. Cover Material

Within the Makaiwa basin above the highway
the soil saprolite cover is thin and discontinu-~
ous, Below elevation 100 feet, which lies sea-
ward of the highway, heavy hydromorphic soils
occur but are planted in sugar cane. The bedrock
above the highway would be difficult to work
and adequacy of cover material might be a problem.
For details about the amount of cover material
required and possible areas from where cover

‘material can be imported, see Appendix C (Bowles

and Mink, 1977). The amounts ¢f cover material
may be reduced if refuse is shredded. Proponents
of shredding indicate the shredded waste can
be used as the daily cover material for refuse
not processed through the shredder. Shredding
would serve to minimize cover requirements from
daily to possibly weekly or longer intervals,
decreasing the need for cover material. I£
all refuse is shredded, the compactability
of the refuse will be increased, thereby in-
creasing the life of the landfill.

Summarz

Advantages
l. Long (31+ years) landfill life expectancy

2. Easily accessible

3. 18 miles from Keehi Transfer Station

4. Utilities available

5. Minimum measures required for groundwater
protection

6. No surface water located on or near site

7. Good topographical conditions



III.

Disadvantages

1. Near existing residential area (Honokai Hale)

2. Visually prominent if not screened or promi-
nant from a distance

3. Lacks sufficient f£ill material
4. Requires major drainage improvement system

NANAKULI SITE

A, General

The project site is located in Nanakuli approxi-~
mately 2,000 feet mauka of Nanaikapono Beach Park
as shown in Figure 2-7. The site, divided by the
Lualualei Naval Road, is approximately 611 acres in
area and is owned by Shigeru Horita, et al., The
Hawaii Corp., U.S8. Financial Inc., and Security Mort-
gage Corp. The estimated purchase cost for this
land is $4,866,000. Its capacity is estimated at
13,050,000 cubic vards with an approximate life of
27 yvears based on a disposal rate of 300 TPD.

This site was also recommended by the City's
consultant as one of the sites that should be evaluated
for use as the major leeward landfill site. The
site is considered feasible for proposed landfill
use, because the existing terrain precludes eccnomical
development for other uses. To convert the site to
residential or urban use, extensive grading and

imported £il1l would be required for the western portion.

This makes site development extremely costly. The
eastern portion of the site would reguire a new access
road and major drainage improvements.

B, Land Use

Portions of the weastern half of the site formerly
were used for quarry activities and presently sections
of this portion are victimized by unauthorized dumping
and littering. Charred areas indicate that fires
have bheen common occurrences in reacent times. Refer
to Section 3 for more information on land use. The
western half of the site is zoned Agriculture (Ag-1},
and general planned Agriculture, Residential, Apartment
and School and Park. State Land Use designation 1is
Urban. The eastern portion of the site is zoned

2~21

G
H
:
i
{
:




ey e

)

ey [Er—

i
£

-
4

LI T}

gRiend NED L
Ll 13 et

SOR
i ’ r‘_‘ = i
%, \
oy A qy;‘k N
Pacific ™.
SNy g

{ b
% - Ocean /3
W i

/:l;i

Figure 2-7

NANAKULI SITE
Leeward Sanitary Landfill

Scale: 1"= 2,000

2=-22




Planned Development Housing (PDH), Agriculture (Ag-1)
and Preservation (P-1}. This section is general
planned Agriculture, Park and Open Space. The State
Land Use designation is Conservation and Agriculture.
The land is suitable for pasture but not for crop
cultivation. Surrounding land uses consist of resi-
dential developments to the west and south, vacant
lands to the east, a cement plant to the north and
regsidences to the northwest. The distances of urban
areas other than Nanakuli are: Maile, 2 miles,
Waianae, 4.7 miles, Makaha, 7 miles, and Waipahu,
12 miles.

C. Topography

The site 1s located bhetween Puu Heleakala on the
east and Puu o Hulu Oka on the west. The land west of
Lualualei Naval Road contains depressions of approxi-

mately 40 feet with mounds of 30 feet existing on the -

southern 60 percent of the site. These mounds and
depressions are the result of abandoned quarry activi-
ties, The northern 40 percent of the site is in its
natural state with two defined shallow gullies meeting
Ulehawa Stream. The slope in this area varies from 2
percent to 10 percent. The land east of Lualualei
Naval Road is relatively flat in the lower reaches
along the road, gradually sloping upward toward the
ridge line of Puu Heleakala.

D. Soils

Soils of the site, according to the Soil Conser-
vation Service, consist of the following: Lualualei
extremely stony clay on 3 to 35 percent slopes, Mamala
stony silty clay loam on § to 12 percent slopes, Pulehu
very stony clay loam on 0 to 12 percent slopes, and
rock land (Appendix B).

1. Lualualei extremely stony clay occurs on
talus slopes. The slope rvange 1is 3 to 35 percent
but in most places the soil is moderately sloping
to steep. There are many sStones on the surface
and within the soil profile making it impractical
to cultivate this soil unless the stones are
ramoved, Runoff is medium to rapid and the
erosion hazard is moderate to severe. Thisg
soil is used for pasture and 1ts cultivatable
land productivity rating is "E" (Sahara, et
al., 1971y.

2. Mamala stony silty clay loam hasgs a slope
range ©f U to 12 percent but in most places, the
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slope does not exceed 6 percent. Stones, mostly
coral rock fragments are common on the surface and
in the profile. Permeability is moderate, runoff
is very slow to medium and the erosion hazard is
slight to moderate. The cultivatable land produc-
tivity rating is "E".

3. Pulehu very stony clay loam oc¢curs on 0 to
12 percent slopes with as much as 3 percent of the
surface covered with stones, Runoff is slow
to medium and the erosion hazard is slight to
medium. Its cultivatable land productivity rating
is "E." This soil is used for pasture and wild~
l1ife habitat.

4. Rock land is comprised of areas where exposed
rock occurs on 25 to %0 percent of the surface.
The rock outcrops and very shallow soils are
the main characteristics of this land type.
Rock land is used for pasture, wildlife habitat,
water supply and urban development. It has
high shrink~swell potential. Its cultivatable
land productivity rating is "E".

Geology
1. Site_A (Figure 2~7)

The abandoned quarry was dug in agrillaceous
limestone lying near the lateral limit of valley
fill sediments. The limestone is heterogeneous,
containing corals, shells and sand, and apparently
was laid down under lagoonal conditions. Its
thickness is not determinable from field observa-
tions. Boreholes will be needed to establish
the vertical and horizontal boundaries of the
formation. The probable geclogic sequence of
the site, starting at the surface, is limestone
above and mixed with non-~calcareous valley fill
to a thickness of several hundred feet, overlying
basement vrock consisting of basaltic lava of
the Lower member of the Wailanae volcanic series.
The surface limestone is very porous and perme-
able (Bowles and Mink, 1977).

2. Bite B (Figure 2-7)

The talus embankment consists of recently
deposited nonw-calcareous bouldery alluvium over-
lying older material of the same sort. Although
borings will be necessary to accurately establish
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the thickness of the sediments, the slope wash
is not likely to extend downward more than 100
feet. Below the talus a thin zone of older,
more compacted alluvium may directly overlie
the basement rock of basalt of the lower member
of the Waianae volcanic series. Where the ground
elevation is less than 1006 feet, layers of calcar-
eous sediments may occur along with the older
alluvium {Bowles and Mink, 1977).

Hydrology/Drainage

The discussion is from a hydrogeologic and soils

study conducted by Stephen H. Bowles and John F. Mink
(1877).

1. Site A (Figure 2-7)

~ Normal rainfall at the site is less than 25

inches per year, most of which falls during
winter storms. In the immediate vicinity surface
runoff is negligible because of the small drainage
area and the high infiltrability of the limestone,
Nevertheless, on rare occasions concentrated
runoff from Heleakala Ridge could wash over
Lualualei Naval road onto the site.

3 sedimentary aguifer containing very poor
gquality water underlies the site. Groundwater
sccurs as a basal lens in limestone and valley
fill alluvium and discharges to the Ulehawa
drainage canal and at the c¢oast. The aquifer
is moderately permeable but the volume £flow of
water through it is relatively small. The head
of the lens is about two feet and therefore
between the ground surface at 50 feet and the
water table lies an unsaturated zone nearly 50
feet thick. The hydraulic gradient in the aguifer
is about 2 feet per 2500 feet, and if a moderate
nhydraulic conductivity of 500 feet per day and
a porecsity of .20 is assumed, the particle veloc-
ity of the groundwater is 2 feet per day (Refer
to Figure 2-5, page 2-14;}.

The gquality of the water in the sedimentary
aguifer is very poor. The static, unpumped
water at the top of the lens has a chloride
content exceeding 500 mg/l; pumped water would
exceed 1000 mg/l, and its guality would progres-
sively worsen with magnitude and time of pumping.
The natural groundwater is neither potable nor
aceceptable for most agriculture.

!
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2. Site B (Figure 2-7)

The sediments of the talus slope at the
base of Heleakala Ridge are very heterogeneous
in size and shape, ranging from clay particles
to boulders. They are highly permeable to ver-
tical infiltration and thus only a rudimentary
drainage pattern has evolved on the slope.
Storm runoff from the steep basalt palis that
form the Beleakala Ridge disperses over many
small drainage pathways.

Percolating water in the talus moves both
downward into the basalt agquifer and laterally
into the valley fill sedimentary agquifer. Both
aquifers are intimately connected and carry
similar poor gquality groundwater. Heads are
less than 5 feet and therefore the minimum un-
saturated section between the lowest part of
the talus slope and the water table is greater
than 30 fzet. Infreguent impulse leaching of
a landfill wouldé behave in the same manner as
at Site A except that solutes that reached the
basalt aguifer would not be intercepted by the
Ulehawa drain. Ag in the case of Site A, travel
time to the coast would be in the neighborhood
of 3 years, and dispersion of a pulse would
greatly dilute its concentration,

Groundwater at Site B is poor in both guality
and exploitability and is not likely to be worth
considering either for domestic or agricultural
usage. Flow wolume in the aguifer is low, and
under pumping stress the chloride content of
the water would sxceed 1000 my/1.

G. Flora and Fauna

The coastal location of the site is evidenced by
the dominance of coral where the surface soil has been
removed for gquarrying in the western porticn of the
site, _Vegetation in this portion includes kiawe
(Prosopis pallida), koa haole (Leucaena leucocephala),
slender mimosa (Desmanthus virgatus) and fingergrass
{Chloris sp.). Additional common spescies include
Australian salt bush (Atriplex semibaccata), hi'aloca
(Waltheria americana), tree tobacco (Nicotiana glauca),
scarlet-fruited passion flower (Passiflora foetida),
golden crown-beard (Verbesina encelicides), castor bean
(Ricinus communis) and pluchea (Pluchea odorata). The
eastern portion of the site is relatively undisturbed




and dominant vegetation includes kiawe, koa haole and
fingergrass.

Avifauna recorded during the site survey include
sparrow {(Passer domesticus), barred dove {(Gecpelia
striata), lace-necked dove (Streptopelia chinesis),
white~eye (Zosterops Jjaponica), cardinal (Richmondena

cardinalis} and common mynah (Acridotheres tristis).
The presence of refuse on portions cof the site account-
ed for the large number of birds on the site. Mammal-
ian wildlife surveyed include dog (Canisg familiaris),
mongcose (Herpestes auropunctatus) and cat (Felis
catusj, The presence of refuse and birds indicates the
presence of mouse {Mus musculus) and rat (Rattus

SPP. ).

H. Archaeology

The area ofkthe proposed.iéﬂdfill shoﬁed no vigi~
ble signs of any cultural remains (Bordner, 1977).

The area enclosed in landfill Site "A" has been
modified through quarrying activities, which have
greatly disturbed the surrounding area. Areas not
directly involved in guarry operations had been bull-
dozed several t{imes.

Landfill Site "B" has only been bulldozed in the
lower sections, the upper portions being unmodified.
However, no area showed any signs of archaeological
remains (Rordner, 1877).

I. Existing and Proposed Site Improvements

Tableg 2-1 and 2-2, pp.2-16 and 2-17 illustrate
the estimated site development cost.

1. Access

Access to the project site is from Lualualei
Naval Road. The Navy, which controls the road,
has been receptive to transferring the roadway
over to the City if this site 1is selected for
landfilling activities. The road will require
widening and portions may require realignment.
Safe and unlimited access to Naval facilities
and cement plant mauka of the landfill will be
required,

2. Operaticon and Maintenance Facilities
Permanent facilities must be constructed,
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including office building, scales, maintenance
vard and fence.

3. Utilities

Electric power, telephone and water connec-
tions are available at the adjacent Lualualei
Homestead Lots. A cesspool must be constructed
for sewage disposal.

4. Drainage System

A drainage system will be constructed around
the landfill to divert surface runcff around
the landfill arvea. Runoff off-site and on-site
will be collected by interceptor ditches and
collected in siltation basins before discharge.
The design of the drainage system will reduce
the velocity of flow to approximate the velocity
cf runoff under normal c¢cocnditions. Debris
barriers will be provided at the inlets of
collection pipes. {See Figures 2-8 and 2-9
details). :

5. Leachate Control System

A leachate control system is not required.
Leachate will probably not be produced at the
Nanakuli Landfiil because the rainfall is not
sufficient to generate net infiltration arnd,
hence, leachate. Nevertheless, caution should
be taken to utilize relatively impermeable soil
cover to provide a final grade of at least 3
percent to enhance runoff during periods of
major storms. Vegetation should be selected
to enhance transpiraticn and minimize erosion.
A program of continuing maintenance should be
provided to ensure that surface cracks created
by differential settlement are sealed, thereby
minimizing the potential of surface water infil-
tration (EMCON and Associates, 1977).

The particle velocity of the groundwater is 2
feet per dav. If leachate were produced it
would be two years before reaching Ulehawa canal
and three vyears before discharging into coastal
waters (Refer tc Figure 2-5, p. 2~14}. In the
meantime dispersion would greatly reduce the
concentration of the pulse {Bowles and Mink,
1977).
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6. Cover Material

At site A, so0il cover that may have been
naturally formed has been scraped away. Cover
material for the landfill would have to be
brought in from outside the immediate area.
The nearest source 1is the talus slope at the
foot of Puu Heleakala, where the proposed HNana-
kuli B site is located. Excavation for cover
material at the B site would enhance 1its poten-
tial for landfill operations. See Appendix
¢ for details about how much cover material is
required and possible areas from where such
material c¢an be imported (Bowles and Mink,
1977,

The surface at Site B is rough and bouldery
but could be excavated and shaped with moderate
effort. The excavated sediments could be used
as cover material at both sites A and B, although
boulders would present a handl lng and perhaps
disposal problem.

7. Landscaping

A landscaped buffer area, approximately 200
feet in width, will be provided around the makail
and Puu o Hulu Uka sides of the site and along
both sides of Lualualei Naval Road to minimize
visual obtrusiveness. The vegetation will be
selected tc visually minimize operations from
the residences.

Summarg

Advantages
1. Long (27 years) landfill life expectancy

2. gtilities available

3. Minimum measures required for groundwater
protection

4. Good topographical conditions as portions
of the site are abandoned quarry areas

Disadvantages

1. Surrounded by existing and proposed residen-
tial developments



Iv.

2. Access road must be improved

3. Moderate drainage improvement system reguired
4. Furthest distance from Keehi Transfer Station
5. Lacks sufficient £ill material

6. May be visually obtrusive

KALOI GULCH SITE

A, General

The project site 1is located in the £foothills
of the Walanae Mountain Range. Access to the site
is from Farrington Eighway and Palshua Road, approxi-
mately 2,500 feet northwest of the #H~1 highway {(Figure
2-10}. The site, approximately 400 acres, is owned
by the James Campbell Trust Estate. The cost of
this parcel is estimated at $2,000,000. The site
has an estimated landfill capacity of 24,300,000
cubic vyards or 50 years based on a disposal rate of
500 TPD. The site is considered desirable for landfill
use because of its large landfill capacity and because
it is remote from residential centers and 1s not
easily visible. However, site development costs
may be prohibitive,

B. Land Use

Lands surrounding the project site are predomi-
nantly in sugarcane production. A residential commun-—
ity, Makakilo City, 1is located approximately 1.5
miles south of the project site. ¥No other residential
areas are located nearby.

Refer to Section 3 for more information on land
use. The project site is currently open space with
a portion of the site leased to the Tongg Ranch for
grazing. The site is designated as Agriculture by
the State Land Use Commission. Portions of the project
gite are general planned Agriculture and Residential,
but the entire site 1is =zoned Agriculture {(Ag-1).
It 1= not suitable for cultivation or crop production
because of its uneven terrain features.

C. Topography

The site is located between two mountain peaks,
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Puu Makakilo and Puu Kapuai,. Longitudinal slopes
within the gulch vary from 5 percent at the entrance
to 13 percent at the western boundary of the project
site. The floor o©f the gulch 1is characterized by
flatlands and hilly terrain which give way to steep
slopes further intoc the gulch. The typical depth
of the gulch is approximately 175 feet.

D. Soils

The proiec¢t area generally consists of the follow-
ing soil series according to the Soil Conservation
Service Scil Surveyv: Rock Land, Kawaihapai stony clay
lcam on 2 £0 6 percent slopes, Molcokal silty clay loam
on 15 to 25 percent slopes, Mahana~Badland complex and
Helemano silty clay on 30 to %0 percent slopes (Appen—
dix Bj.

i, Rock land is made of areas where exposed rock
ocours on 25 to 90 percent of the surface. The
rock outcrops and very shallow soils are the main
characteristics of this land type. Rock land is
ugsed for pasture, wildlife hablitat, water supply
and urban development, It has high shrink-swell
potential. Its cultivatable land productivity
rating is "BE".

2. Kawalhapai stony clay locam, 2 to 6 percent
slopes, has stones on the surface and in the
profile. Runoff is slow and erosion hazard is
slight. This scil is used for sugarcane, truck
crops and pasture.

3. Molokai silty clay loam, 1% to 25 percent
slepes, has medium runcff and severe erosion
hazards. This soil is used for sugarcane and
pineapple.

4, Helemano silty clay occours on the gides of
Y-shaped gulches on 306 to 90 percent slopes.
Permeability is moderately rapid, runcff is
medium to very rapid and erosion hazard is severe,
This land type 1is used for pasture, woodland
and wildlife habitat. Its cultivatable land
productivity rating is "E".

E. Geology

Kaloi Gulch rests on the southern slope of the
Waianae Range and empties onto the sediments of
the Ewa Plain. At the proposed landfill site above

i
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the highway, the stream channel at a gradient of 5
percent 1is gentle over the first mile, then steepens.
Ground elevation where the gulch meets the highway
is greater than 200 feet (Bowles and Mink, 1377).

The upper member of the Waianae volcanic series
covers the entire drainage basin above the highway
except for a tongue of alluvium that reachss a short
distance up the guich. Two cinder cones, Puu Makakilo
and Puu Kapuai, lie in the basin but are composed
principally of lava. As in Makaiwa, the basaltic
andesite of the upper member 1is dense and massive;
its weathered horizon of residium and saprolite is
thinner than in the olivine basalt of the Koolau
series that lies a short distance east of the gulch.
The stream channel 1is covered with shallow bouldery
alluvium. Marine sediments and compacted colder allu-
vium are absent because the elevation of the basin
is considerably above 100 feet, the highest recogniz-
able fossil sea level (Bowles and Mink, 1977).

7. Hydrology/Drainage

The following discussion is from a hvdrogeoclogic
and soils study conducted by Stephen P. Bowles and John
F. Mink (1977).

Xaloi Stream 1is not perennial and only infre-
guently carries measurable flow. Floods are even
less Efrequent but may ocecur during the 5 to 10 vear
storms. Runoff dissipates on the permeable sediments
of the Ewa Plain. The gulch overlies the same large
Waianae aqguifer as does Makaiwa but is separated
from it by an unsaturated zone more than 2006 feet
thick. The Navy water development tunnel and pumping
stations of Oahu Sugar Company lie down gradient of
the propesed landfill, and the Honolulu Board of
Water Supply 1s debating the placement of a major
water supply station upgradient. The guality of
the groundwater near the gulch 1is marginally potable
{Refer to Figure 2~3, p. 2-14).

The groundwater undevlving the lower RKaloi drain~
age and in the vicinity of the Navy Shaft contains
between 200 and 300 mg/l chlcride, substantially
more saline than the groundwater served to the public
elsewhere on QOahu.

As at Makaiwa, groundwater particle velocity
in the aquifer is about 8 feet per day, and therefore
a pulse of leachate would reach the Navy Tunnel in



about 2 years, though in highly diluted form. Undevel-
oped groundwater seeps into the Ewa Plain sediments.
This undeveloped groundwater, however, is explcitable g
for both domestic and agricultural needs. Consequently, i
a landfill in Kaloi would have to bhe carefully designed,
constructed, and managed in order to prevent ground-
water pollution.

G. Flora and Fauna

The project site consists of dry shrubland and £
a mixed shrub/forest. The predominant shrub found
at the project site is koa haole (Leucaena leucocephala
which often reaches tree size, particularly along
Kaloi Stream. Kiawe {Prosopis pallida) 1is the most
common tree and 1s scattered throughout the area.
Endemic species include wiliwili (Ervthrina sandwi-
censis), hi'aloa (Waltheria americana) and '1lima (5ida
fallax). S B :

Wildlife in the project area includes dog (Canis
familiaris), cat (Felis catus) and mongoose (Herpestes
agropunctatus . Rat (Rattus spp.), mouse {HMus mus-
culus} and pig (Sus scrofa) are also probably found
here. Two reptiles, the fox gecko (Hemidactylus
garnottii) and the snake-eyed skink {Ablepharus
boutoni} are found here with the mourning gecko
(Lepidodactyius lugubris) probably present also.
Avifauna consists of iacenecked dove (Streptopelia
chinesis), barred dove (Gecpelia striata), Japanese N
white-eye (Zosterops Jjaponica), American cardinal %
{(Richmondena cardinalis), house finch {Carpodacus 2
mexicanus frontalis) and ricebird (Lonchura punct-
ulata). Brazilian cardinal (Paroaria coronata),
black~headed mannikin (Lonchura mallacca), cattle
egret (Bubulcus ibis) and mocking bird (Mimus poly-
glottos) are also prevalent in the area.

H, Archaeclogical Sites

An archaeological reconnaissance survey of Kaloi
Gulch revealed that the only sites of possible pre-
historic nature were located in the upper reaches
of the study area. The lower section of the gulch
has been cleared for quarry operations and further
damaged by cattle~grazing and ercsion. As such,
it showed no visible signs of cultural activity other
than the remains of the quarry operation (Bordner,
1977y,
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The upper section of the gulch, above the quarry,
has only been damaged by the passage of cattle. How-
ever, the limited area of the gulch floor and the
lack of available water year-round greatly hampered
utilization of the gulch. The sites found in the
upper reaches were either of recent origin or anony=-
mous in terms of dating or classifying by purpocse
{(Bordner, 1977).

None of the sites found in Kaloi Gulch during the
reconnaissance were thought to be of major signifi-
cance. As such, all were recommended for a MARGINAL
status 1in the State Register of Historic Places
{Bordner, 1977).

On the basis of this reconnaissance, no further
archaeclogical work is needed in the section of Kalo'i
Gulch covered in this survey (Eordner, 1977).

I. Existing and Proposed Site Improvements

Refer to Tables 2«1 and 2-2 (pp. 2-16 and 2-17)
for estimated site development cost,.

1. Access

Access to the prodect area 1s via Palehua
Road, a black-topped cane-haul roadway used by
Cahu Sugar Company. Portions of Palehua Road
must be upgraded and realigned for increased
traffic, and a new bridge and approximately
2,200 feet of new access reoad into the site
must Dbe constructed. Approximately one acre
of cane must be removed f£or road realignment.

A traffic light will be installad and devices
provided to the cane-~haul truck drivers so that
they can change the light to give them the right-
of-way as they approcach the intersection. The
cane~haul vehicles will have the right~of-way
at all times,

2. Operation and Maintenance Facilities

Permanent facilities must be constructed,
including office buillding, scale, maintenance
vard and fence.

3. Utilities

A 4-inch waterline owned by Oahu Sugar
Company, an inverted water siphon and an irriga-
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tion ditch are located within the project site.
Existing water, irrigation and power lines cross-
ing the site must be relocated. Power is avail-
able. Water and telephone service must be brought
to the site and sanitary waste facilities must
be installed.

4. Drainage System

A drainage system will be constructed arcund
and under the landfill to divert surface runoff
arcund and through the landfill area. Runoff
off~site and on-site will be collected by inter-
ceptor ditches and collected in siltation basins
before discharge. The design of the drainage
system will be such that the velocity of flow
will be reduced toc approximate the velocity of
runoff under normal conditions. Debris barriers
will be provided at the inlets of collection
pipes. (See Figure 2-11 for details).

5. Leachate Control System

An impervious shield and a leachate collec-
tion and treatment system should be provided
to protect groundwater resources, Although
leachate probably would not be produced at the
Kalol Landfill because the rainfall is 25 inches
or less, caution will be taken to utilize a rela-
tively impermeable final soil cover and to provide
a final grade of at least 3 percent to enhance
runcf f. Vegetation sheould be selected which
will enhance transpiration and minimize erosion.
A program of continued maintenance should be
provided to ensure that surface ¢cracks created
by differential settlement are sealed, thereby
minimizing potential surface water infiltration
{EMCON and Associates, 1977).

If leachate were to be produced, there are
some factors that should be consgidered, The
following is from a report by Bowles and Mink
{1977).

In the Pearl Harbor basal agquifer, which
underlies Kaloi, experience has shown that infil-
trate such as return irrigation water tends to
remain near the top of the fresh water lans,
Leachate vreaching the water table would also
likely follow a flow path along the upper part
of the lens, which would minimize the opportuni-
ties for complete mixing and therefore thorough
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dilution {(Refer to Figure 2-5, p. 2-14). Never-
theless, the flux of groundwater in the aquifer
is very great, amounting to approximately 5
gallons per square foot per davy. Even if the
leachate stayed on the top of the lens, substan~
tial mixing and dilution would taks place {(Bowles
and Mink, 1977).

6. Cover Material

Some potentiasl cover material occurs in the
basin but insufficient to satisfy landfill re-~
guirements. An abundant supply o<f soil could
be obtained from the alluvial sediments that
cover much of southern Cahu below slevation
100 feet but which are, for the most part, planted
in sugar cane. Appendix ¢ contains information
concerning the amount of cover material required
and from which possible areas such material
can be imported (Bowles and Mink, 1977).

Sammarz

Advantages

1. Largest landfill capacity and longest land-
£ill life expectancy (50 vears)

2. Minimum impact on surrounding land uses
as surrounded by vacant lands in agri-
cultural use

3. Not visually obtrusive

4, Low anticipated cost

5. Excellent topographical conditions for
landfill

6. Nearest distance (15 miles) to Keehi Trang-
fer Station

Disadvantages

1. Poor access to adeguate roads and major
access improvement reguired

2. Lack of utility facilities

3. Maximum measures required for protectiocn
of groundwater

2-40



Lack of sufficient cover material

Maximum measures required for on and ocff-gite
drainage improvement

Traffic conflict with cane haul trucks
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SECTION 3

RELATIONSHIP OF THE PROPOSED ACTION TO LAND USE
PLANG, POLICIES AND CONTROLS FOR THE ARBA

I. MAKAIWA GULCH SITE

The land use controls for the project site and sur-
rounding area are shown in Figures 3-1 to 3-3. They are
as follows:

Site Land Use

State Land Use Classification: Agriculture.

General Plan: Agriculture.

Zoning: Agriculture (Ag-lj.

Surrcunding Land. Use

State Land Use Classificaticn: Agriculture to
the west, north, east; Urban to the south (Honcokail
Hale).

General Plan: Agriculture to the west, north
and easgt; Residential to the south (Honokali
Hale).

Zoning: Agriculture (Ag-~1l) to the west, north,
and east; Residential (R-6) to the scuth {(Honokal
Hale).

The proposed project is a permitted use according to
County Zoning Controls. However, a2 8tate Special Use Permit
must be obtained through the Department of Land Utilization.
The County Planning Commission will hold the reguired public
hearing and has the final decision in case of a denial. If
approved by the Planning Commission, the petition for the
permit and the Planning Commission's decision will be for~
warded to the State Land Use Commission for its review and
final acticon. The Planning Commission must recelive concur-
rencge of the State Land Use Commission in case of an
approval.

The project is compatible with surrounding land
usges which are anticipated to remain open space o©or as
agricultural. There are nc plans for future use of Army
Nike Sites 5 and & by the Army. The nearest residential
development 1is Honokal Hale, which is located across
Farrington Highway at the lower portion cf the site.

3-1
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IT. NANAKULI SITE

The land use controls for the project site and sur=-
rounding areas are shown in Figures 3-4 to 3-6. They
are as follows:

Site Land Use

State Land Use Classification: The westearn
portion of the sgite is classified as Urban. The
@astern portion as Agriculture to the 200 foot
contour and Conservation above.

General Plan: The western portion of the site
is designated as Agriculture, School and Park,
Residential, and Apartment. The eastern porticn
is designated as Agriculture, Residential, Park
and Open Space. BrsdakUlE, BESLU el LIS

Zoning: Agriculture (Ag-l); Preservation (P-=1);
Planned Development Housing (PDH)

Surrounding Land Use

State Land Use Classification: Urban to the south
west, southeast; Agriculture to the north; Conser-
vation to the east,

General Plan: Agriculture to the west, north,
open space to the east, and Residential to the
south,

Zoning: PDH, R-6 and B-2 to the south, Ag-2,
PDH, and D-1 to the west, Ag-1 and I-2 to the
north, and P~1 and Ag-l to the east.

The propeosed landfill is permitted according to County
zoning controls if necessary approvals are obtained. A
State Special Use Permit must be obtained through the
Department of Land Ctilization. The County Planning
Commission will hold the required public hearing and has
the final decision in case of denial. If approved by the
Planning Commission, the petition and the Planning Commis-
sion's decision will be sent to the State Land Use Commis-
sion for its review and final action. A Conservation
District Use Application (CDUA) must be approved by the
Department of Land and Natural Resources (DLNR) if landfill
activity will encroach into State Land Use Conservation
District areas.
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The project is not in total conformance with existing
General Plan designations which propose higher density
urban uses for the western two-thirds of the site. Most of
the site 1s designated for residential development, with
small portions classified for agricultural use at the north-
western and the southwestern tips of the site. Apartment
use is designated in a small parcel of land to the west
of Lualualei Naval Road, and a golf course to the east
of the road in the middle of the site.

The eastern portion of the site will require major
drainage improvements and the western porticn of the site
requires extensive fill to convert the site for urban use.
Considering these extensive site preparations, it is antici~
pated that this area will remain in its present state,
vacant and unused, until development becomes feasible.

III. RALOI GULCH SITE

The land use controls for the project site and sur-
rounding areas are shown in Figures 3-~7 to 3-9, They
are as follows:

Site Land Use

State Land Use District: Agriculture.

General Plan: Agricultural and Residential.
Zoning: Agriculture (Ag-l).

Surrounding Land Use District

State Land Use District: Agriculture to the
north, west, east; Urban to the south.

General Plan: Agriculture to the north, west,
east; Residential and open space to the scuth.

Zoning: Agriculture (Ag-1l) to the north, west,
east, scoutheast; Residential (R-6) to the south-
west,

In order tc develop the proposed proiect on land
designated and zoned as Agriculture, a State Special Use
Permit must be obtained. The County Planning Commission
has the final decision in case of denial, but upon approval
at the County level the petition and the Planning Commis~
sion's decision will be sent tc the State Land Use Commis-
sion for its review and final action.
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The proposed project is compatible with all existing
and proposed land uses to the north, west and east of
the site. Areas to the south and scuthwest of the site,
however, may be developed for residential use if the Makakilo
community, located approximately 1.5 miles to the south
of the site, continues to expand. Residential development,
if it occurs, may be located on the border of the proposed
landfill.






SECTION 4

ANTICIPATED ENVIRONMENTAL IMPACTS AND MITIGATIVE
MEASURES TAKEN TO MINIMIZE ADVERSE IMPACTS

IMPACTS DURING CONSTRUCTION

A. Landform Alteration

Portions of land to be landfilled initially will
be cleared and grubbed of vegetation. The site will
then be excavated, filled and graded. These activities
will comply with the County Grading Ordinance relating
to grubbing, grading and dirt stockpiling. The extent
of such activities within the landfill area are shown
in Figures 2-4 (pg.2-10), 2-7 (pg. 2-22), and 2~10
fpg.2-33).

1. Makaiwa Gulch Site

Landform alteration will not be extensive
during site development activities,

2. Nanakuli Site

Site development alterations will not be
extensive; however, the access road will require
improvements and portions may be realigned and
drainage works must be constructed.

3. Raloi Gulch Site

It 1s expected that extensive site develop-
ment activities may be reguired at this site
including the installation of: 1} an impervious
barrier over the areas to be landfilled, 2) leach-
ate control system, 3) surface drainage works,
4) access road and bridge and 5) relocation of
existing improvements, Approximately one acrs
of sugarcane will he removed from production
on the project site for the life of the project.

B. Alr Quality

Dust will be raised during site excavating,
filling, grading and general construction activities.
Dust levels will be controlled by using sprinkling
and/cr waterwagon systems during all activities that
generate dust.

4-1



Exhaust emissions from construction eguipment
will be discharged into the atmosphere but the amounts
generated are not expected to cause a significant
adverse impact.

All activities will be conducted to minimize
dust and will comply with the Air Pollution Control
Regulations {(Chapter 43) of the State Department of
Health.

1. Makaiwa Gulech Site

Alr quality impacts are not anticipated
to affect adjacent lands as they are open space.
However, dust levels in the Honokal Hale reziden-
tial development may increase, depending upon
wind and weather conditions. Water-sprinkling
during site development activities will alleviate
potential dust problems that may be experienced
by Honokal Hale residents. Data on prevailing
wind conditions indicate that dust generated
during constructicn probably will bypass Honokai
Hale most of the time (Figure 4-1).

2. Nanakuli Site

Residential areas border the site on two
sides, Impacts to these areas during site devel-
opment activities will be mitigated by the use
of extensive water sprinkling to control dust
levels.

3. Kaloi Gulch Site

Alr guality impacts are not anticipated
to seriously affect surrounding areas as they
are in agricultural or open space use. Figure
4-1 illustrates the direction of the prevailing
winds in the area. However, water sprinkling
will be utilized to control dust levels.

c. Water Quality

The first phase for site development will bpe
to construct drainage channels, interceptor ditches,
siltation basins and debris racks. This should alle~
viate drainage and erosion problems as the site is
cevelcoped.

The siltation basins are designed to remove
most of the suspended particles from the drainage
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warer before 1t is rszlesased into the surface water.
j debris racks should retain most of the debris
che drairazge water,

D. Noise Lavels

Noise will be generated oy construction equipment
#d wvehicles during site development, Conventional
structicn equipment will be used and the noise
1s generated by such equipment are shown in Figure
No piledriving will be conducted and no blasting

s anticipated.

General construction noise c¢an be better mitigated
by limiting the hours of construction, In addition,
the contractor will ensure that all mufflers on con-
struction eguipment are functional and properly main-
tained.

As sound waves move uniformly in all directions,
the amplitude decreases as thsy move from the source
of the scund. In air when the distance doubles the
amplitude drops by nalf, which is a drop of 6 dB.
Therefore, if one moves one meter from the source
to two meters from the scurce the sound pressure
level will drop by 6 dB. If you move to four meters
it will drop by 12 dB, eight meters by 18 4B, etc.
(8&K Instruments, Inc. Handbook).

Given the noise levels presented in Figure 4-2
and assuming that piledriving will not be used during
construction of the sites, the theoretical level of
ncise created by the next loudest eguipment (jack-
hammer) that would exist at 2 given distance from
the source is provided in the following table:

Distance {feet)

b
e

o

54 33
1690 332
200 36
400 30
800 72

1600 65

It should be noted that thess particular estimates
cnly would be true when there are no reflecting or
blocking obijects in the scund path. These 1ideal
conditions would be termed free~fiesld conditions.
with an obstacle in the path, part ¢f the sound will

I
}
i =



Figure 4-2

CONSTRUCTION EQUIPMENT NOISE RANGES
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be reflected, part absorbed and the remainder trans-
mitted through the obstacle. The amount or degree
of sound that is reflected, absorbed or transmitted
depends upon the absorbing properties of the obstacle,
its size and the wave length of the sound (B&K Instru-
ments, Inc. Handbook).

During construction, noise may have an impact
on wiidlife. Studies reported by the Environmental
Protection Agency are discussed later in this section
under Noise Levels (page 4-18).

1. Makaiwa Gulch Site

Existing noise levels were taken at the
project site and from Honokai Hale, across from
the site (See Appendix D for recording stations
and results). Station 1 is at the project site at
Farrington Highway. Readings ranged between
58 dBA with no traffic to 82 dBA with a passing
truck. Stations 2 and 3 are within the proposed
site, Station 3 being the furthest away from
the highway. At Station 2 the ambient level
ranged between 42 - 46 dBA and about 45 - 4§
dBA with a bird call. Station 3 re=ad 35 d4BA
with a bird in the far background.

Station 4 was at Honokai Hale and the
readings ranged from 52 - 58 dBA with heavy
equipment noise in the background.

Noise levels generated by landfill construc-
tion activities are not anticipated toc be a prob-
lem for adjacent lands as they are open space
or in agricultural use. The closest working
face of the landfill to Honokai Hale would be
approximately 750 feet away. Assuming site
development to commence in this general area
the loudest equipment that could possgibly be
used would be a jackhammer. At that distance
the theoretical dB reading would probably be
less than 80 dB. This would represent the extreme
and the overall construction noise heard at
Honokal Hale should be lower than the thecoretical
figures represented (Refer to Figure 4-2),



2. Nanakuli Site

Noise levels were taken at the proposed site.
The locations and results of the readings are
contained in Appendix D. Both stations Al and Bl
read the same so their readings are combined.
Readings ranged from 44 dBA with birds in the
background to 70 dBA with a passing truck.
Station B2 ranged from 34 ~ 40 &BA with wind
blowing through trees and with birds to 65 =-
76 dBA with a passing car.

Noise levels generated by landfill construc-
tion would be audible above the low ambient
sound level from adjacent residences. There
will also be additiocnal noise from increased
truck traffic on Lualualei Naval Road.

3. RKaloi Gulch Site

Noise readings were taken at four different
stations at the proposed site {(See Appendix D
for station locations and reading results)y.
Levels ranged from 41 dBA with ambient noise
to 64 dBA with a plane flying overhead.

Continucus traffic noise is audible from
Interstate Highway H-1, about one mile away.
Wind rustling leaves and grass was the predominant
natural sound with occasicnal bird calls.

Noise levels generated by landfill construc-
tion will increase appraciably over the existing
ambient conditions. Because of the extent of
Site preparation required this increase will
probably be of longer duration than at the other
two sites. However, noise impacts are anticipated
to be negligible as surrounding areas are open
space or in agricultural use and the nearest
residential area, Makakilo, is about 1 mile
away.

E. . Flora and Fauna

During site development, vegetation will be
removed on the proposed landfill site. The bicta of
all the considered landfill sites are composed of plant
and animal species found elsewhere on Qahu and through-
out the State. Few native species occur and those that
do are relatively common. Fiora and fauna are most
abundant at the Kaloil Gulch and the Makaiwa Gulch



sites, which have been relatively undisturbed. It is
anticipated that wildlife inhabiting the proposed pro-
ject site will relocate to open space areas surround-
ing the site during site development activities if
carrying capacity for the species has nct yet been
reached. If it has, there may be attrition c¢f any
over~crowded species,

1. Makaiwa Gulch Site

The vegetation that will be removed consists
primarily of scrub brush and kiawe. No native,
rare or endangered speclies will be affected.

2. Nanakuli Site

There are no native, rare or endangered
species.

3. Kaloi Gulch Site

There are three native species present on
the site that will be affected during c¢learing
and grubbing activities. These species, the
wiliwili, wuhaloa and 1ilima, however, are common
to other areas of the island.

F. Archaeological—-Historical Sites

Though a literature search found no archaeclogical
sites on the three sites, reconnaissance by an archaso-~
logist revealed some sites. The remaining discussion
containsg excerpts from results cof the archaeological
reconnaissance conducted by Richard Bordner (1977).

1. Makaliwa Gulch Site

The absence of sites precludes any adverse
impacts.

2. Nanakuli Site

At the upper end of Lualualel Valley is
Nioliula Heiau, Site 149, This heiau ig reputed
to be very ancient, originally belonging to
the chief Kaku'ihewa, a ruling chief of O'ahu.

There are also units of house sites and
possible terraces located in the upper reaches
of the valleys. However, there remains no indica-
tion of the earlier uses of the lower portion
of the valley.



No archaeological sites were found in the
study area.

Although most of the study area was located
on a portion of the valley floor that has been
extensively modified through bulldozing and
quarry operations, the paucity of sites found
does not indicate a lack of possible prehistoric
habitation,

The early historic accounte describe an
area lacking in intensive utilization at least
near the shoreline. This lack of utilization,
in general due to the dry nature of the area and
the poor so0il helps to explain the lack of activ-
ity in the peried of initial Eurcopean contacts.

The areas not affected by the bulldozing
and guarrying operations within the study area
were found to show no signs of cultural activity.
This supports the supposition that the area was
not considered suitable for freguent human utili-
zation.

As no archaeological remains were found
at this site, it is considered to have little
archaeoclogical value.

On the basis of these findings, it is felt
that, at present, no further archaeological
Wwork is needed in this area.

3. Kalol Gulch_

The only archaeological remains found in
the lower part of the study area were the remains
of historic structures. The first of these
consisted of the remains of the old guarry at
the 225.55 meter elevation.

Apove the guarry, at approximately 152.00
m, the valley narrows considerably, forming a
gorge for almost 16.00 meters. On a natural
snelf against the north side of the gorge, a
pathway retained by a wall has been built to
extend and reinforce the ledge. This pathway
is at present being used by cattle to galn access
to the upper sections of the gulch, Ags portions
of this feature show stone set in mortar, this
feature is considered of recent ¢construction,
There iz a possibility, however, that the recent
modifications were constructed on an older trail.



The other sites located during the recon-
naissance survey of Kaloi Gulch were in the
upper reaches of the gulch, above the 365.76 n
elevation.

The first of the upper sites was a wall
of poorly stacked pahoehoe, approximately 7.62
m long. The wall was low, only .61 m high.
This wall had been set on top of a small knoll
jutting out from the slope. The wall extenged
for 6.10 m along the knoll before turning towards
the slope for 1.50 m, abutting against a boulder.
The presence of a small cairn containing tin
cans below the wall indicates that it was buillt
recently.

The second site was located 24.40 m upstream
of Site 2600 on the same side of the stream
bed. This site is a wall built on the stream
terrace cut by the present channel. This wall
follows the course of the stream, and is con-
structed of stacked pahoehoe. It has a total
length of 67.70 m, and incorporates existing
boulders where possible into the wall. The
wall has an average height of .91 m.

The wall appears to be placed so as to
protect the stream terrace from possible erosion.
This terrace contained no visible midden or
other cultural remains.

The last site was 235.60 m to the north of
the end of Site 2601, This site was a wall of
stacked pahoehoe, free-standing, that nhas the
appearance of being a boundary wall.

None of the sites found in Raloi Gulch during
this reconnaissance were thought to be of major
significance. &s such, all were recommended
for a marginal status in the State Register of
Historic Places.

Cn the basis of this reconnaissance, Lt
is felt that no further archasological work is
needed in the section covered in this survey.
This finding has been reaffirmed by the State
Historic Preservation Officer.

Ecconomic

The estimated cost for site development of Makaiwa
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II.

is $3,939,500, of Nanakuli is $3,924,700, and of Kaloi
is $19,912,000 (based on 20 years of life). Details on
cost are presented in Section 2 Tables 2-1 and 2-2
{pages 2~16 and 2~17), and considerations on the eco=~
nomicg of operation of the landfill are presented
later in this section under Economic {page 4-30).

IMPACTS DURING OPERATION

A, Air Quality

Data on mean local wind direction help identify
areas downwind of the landfill site whose air quality
nmight be adversely affected. The strength of local
wind speeds can give an idea of the rate of air pollu-
tant dispersal that can be expected. With the help
of these streamlines (shown in Figure 4-1, page 4~3)
the areas directly downwind (for the prevailing winds)
of the three sites within one mile of the landfill
boundaries have been indicated. These areas would
be more Jlikely to experience any adverse impact
on air gquality that might result from landfill acti-
vities.

Air quality may be altered by dust raised during
landfilling activities and the escape of gases fron
refuse deccomposition within the landfill. A water
wagon will be provided at the site to control dust
as 1t is generated from landfill operations. Once
the dust problem is assessed, a schedule for sprinkling
will be developed to best minimize the amount of
dust produced so that it will comply with the Air
Pollution Control Regulations (Chapter 43) of the
State Department of Health.

During operation of the landfill the anticipated
daily traffic associated with the landfill will be
about 12 municipal vehicle trips, about 530 commercial
vehicle trips, and 60 homeowner vehicle trips. Equip-
ment assocciated with the landfill will be approximately
two landfill dozers, one compactor, one water truck,
one pick~up and one scraper.

The amount of emissions that will be generated
vy vehicles should be insignificant and should not
increase over what is being generated now.

The following discussion on landfill gases are
excerpts from a report by EMCON Asscciates, 1977.

The majcr constituents of landfill decomposition
gas are carbon dioxide and methane; lesser amounts



of nitrogen, and occasionally a trace of hydrogen
sulfide. Composition of some typical landfill gas
samples is shown in Table 4-1.

The composition of landfill gas evolves as the
waste goes through aerobic and then anaerobic condi-
tions. This evolution develops in four phases (Fig-
ure 4-3).

The first phase lasts from several days to weeks.
Oxygen present at the time of waste placement aides
decomposition. Carbon dioxide is produced during
this stage. During the second phase, anaerobic condi-
tions occur since free oxygen has been depleted.
At the onset of anaerobic decomposition, significant
amounts of carbon dioxide and some nitrogen and hydro-
gen are produced. The third phase is characterized
by the first formation of methane, a reduction in
carbon dioxide production, and the depletion of hvdro-
gen. The fourth phase differs from the third in
that gas production and composition approach steady
state conditions. At this stage the percentage of
methane in the gas may range from 50 to 70 percent:
carbon dioxide, from 30 toc 50 percent.

Carbon dioxide is a colorless, odorless, non-
combustible gas and is highly soluble in water at
atmospheric pressures. At one atmosphere of partial
pressure, pure water will absorb 1688 mg/l1 of COs.
This can increase the acidity, corrosivity, and hard-
ness of the water. Carbon dioxide in excess of 20
ppm attacks iron, steel, and concrete,

Relatively little c¢oncern is addressed to the
adverse impact of CO; on groundwater or surface
water, This lack of concern is undoubtedly due to
the almost total lack of water quality degradation
attributable to COp gas.

Methane 1s generated by the action of methane-~
producing bacteria on the organic components of refuse,
Methane, an odorless hydrocarbon, 1s the principal
constituent of natural gas, with an average heat
content of 1000 Btu's per standard cubic foot,. Since
only about 50 percent of the landfill gas compositions
is methane, the heat content produced by a landfill
is about 5300 Btu's per scf of landfill gas.

Methane is highly combustible 1in concentratiocons

between 5 and 15 percent by volume in air, a character-
istic which can be an asset or a liability. As an
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TABLE 4-1

TYPICAL LANDFILL GAS COMPOSITION

Methane

b4

k6.0

45.0

4.0

52.6

40.5

46.0

Carbon Nitrogen Oxvgen Other
Dioxide

4 4 4 z
50.0 - - -
50.0 - - -
40.0 7 7 7
55.0 - - -
34,2 20.8 1.0 -
43.5 2.9 0.3 0.7
50.8 7.0 1.7 -
45.0 T T -
55.0 - - -
53.0 0.5 0.1 0.4

Scurce: Leachate Study, Landfill Inventory Study,

EMCON Associates, 1977
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GAS COMPOSITION

by Volume
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asset, methane c¢an, in certain situations, be an
economically recoverable energy resource. As a lia-
bility, uncontrolled release of methane may produce
such hazards as fire or explosions in confined areas.

The migration of gas te the landfill edge and
into surrounding soils, or overlying structures,
occurs by two basic processes: convection (movement
in response to pressure gradients) and diffusion
(movement from area of high gas concentration to
areas of lower gas concentration). Gas flow is greater
in materials with large pore spaces and high permeabil-
ity {(i.e., sands, gravels) and lower in materials
of lower permeability (i.e., clays). Generally,
therefore, there is greater vertical and lateral
movement of gases in a sand-gravel environment than
in a clay envircnment, Gas movement is limited
by methane's insolubility in water, $0 the presence
of groundwater may limit migration of methane.

Methane is lighter than air so it tends to rise
and to exit through landfill cover which is suffici-
ently permeable. A cover of clay is relatively imper-
meable and will restrict gas loss.

Sufficient rain can render any type of soil
less permeable, encouraging lateral migration of
gas. The precipitation can also infiltrate the refuse,
increase 1ts moisture and stimulate the rate of
waste decomposition and gas production. Decreased
permeability of the cover and increased gas production
may cause a significant increase in lateral gas migra-
tion during the rainy season, Typically most of
the gas (+ 80%) will exit through the soil cover.

Methods to control landfill gas migration include
one or a combination of the following:

1. Placement of impervious liner materials to
block the flow of gas.

2. Belective placement of granular materials
for gas venting and/or collection,

3. Evacuation and venting of gas from the land-
£ill itself.

The necessity for a gas control system and the

design of the system wilil be determined during the
design phase of the landfill. Specific considerations
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of the gas situation for each site are as follows:

1. Makaiwa Gulcech Site

Carbon dioxide and methane gas will undoubt-
edly be generated within the landfill. Moreover,
because of the moderately permeable nature of
the underlying bedrock materials there is a
high probability of migration of ‘these gases
from the landfill. However, since the landfill
is in a relatively isoclated canvon area, it
may not be necessary to provide lateral control
of migration, except at the canyon mouth.

If lateral gas control is regquired, then
it will be necessary to install a migration con-
trol barrier. The barrier may consist of imported
relatively impervious clay or synthetic membrane
material. This barrier should be installed
beneath the 500 foot strip of the perimeter of
the landfill.

Gas monitoring probes should be installed
at the canyon mouth and adjacent to the perimeter
of the landfill to monitor the effectivenass
of the gas control system. The canyon mouth
is not believed to be a hazardous area since
relatively impervious clay soils cover the valley
floor.

Gas wvents in the landfill should not be
required, as the site should vent naturally. If
any structures are to be placed above refuse,
they should be designed for safety from migrating
gas.

The prevailing winds should promptly dilute
all gases emitted by the landfill. The area
one mile downwind from the landfill is mostly
open., Dust levels will be controlled by water
sprinkling so no significant impact on air quality
is anticipated,

2. Nanakuli Site

Carbon diocxide and methane gases will be
generated within the landfill; furthermore,
because of the moderately permeable nature of
the surrounding subsocils there is a high probabil-
ity of lateral migration of these gases. To con-
tain lateral migration, a barrier of clay or syn-
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thetic liners should be used around the perimeter
where migration control is required. This barrier
should underlie the perimeter strip of the landg-
fill. The barrier system is preferred to vertical
wells with induced vacuum exhaust because the
former is permanent and does not reguire continued
maintenance or operational costs.

Gas wvents in the landfill should not be
required, as the site should wvent naturally.
If any structures are to be placed above refuse,
they should be designed for safety from migrating
gas. Gas probes should be installed just beyond
the perimeter boundaries of the landfill to moni-
tor the effectiveness of the gas control system.

The residential area of Nanakuli is located
downwind of the proposed project. This community
is sheltered from the prevailing winds by the
surrounding mountains, resulting in lowered
average windspeeds which directly affect the
overall dispersal rates. Atmospineric dispersal,
therefore, cannot be relied on %0 dilute and
disperse air pollutants constantly. Thus it
will be imperative to minimize the production
cf air pollutants.

The low rainfall and lowered average wind-
speed of the site will help to prevent major
air quality problems. The low rainfall will
minimize the generation of carbon dicxide, methane
and odoriferous compounds during refuse decomposi-
ticn. The low average windspeed should curtail
the migration of the dust generated during normal
activities into the residential area.

Furthermore, a properly operated sanitary
landfill should not produce undesirable odors
nor should it produce excessive dust during
normal activities.

3. Kaloi Site

Gas vents in the landfill should not be re-
gquired, as the site should vent naturally. If
any structures are to be placed above refuse,
they should be designed for safety from migrating
gas. Gas probes should be installed just beyond
the perimeter boundaries ¢f the landfill to
monitor the effectiveness of the gas control
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B.

system, 1f such a system is determined necessary
during the design phase of the proposed project.

Carbon dioxide and methane gas will be gener—
ated within the landfill. Moreover, because cof
the moderately permeable nature of the underlying
bedrock materials, there is a high probability of
migration of these gases from the landfill.
However, since the landfill is in a relatively
isclated canyon area, it may not be necessary
to provide lateral control of migration, except
at the c¢anyon mouth.

If lateral gas c¢ontrel is reguired, then
it will be necessary to install a migration
contrel barrier. The barrier should consist of
imported relatively impervious clay or synthetic
membrane material. This barrier should be in-
stalled beneath the 500 foot strip <f the peri-
meter landfill.

Prevailing winds should rapidly dilute gases
emitted by the landfill.  The c¢losest rvesidential
area to this site is Makakilo, which is over
one mile away. Dust levels will be controlled
by water sprinkling.

Noise Levels

Noise readings were %taken at the Kapaa Sanitary

Landfill at various distances from the working surface.
These indicate the noise levels that can be expected at
the proposed Leeward Sanitary Landfill. They are
as follows:

Distance from the Working Average Nolise Level
Surface in Feet (3BA)

50 74 - 83
100 72 -~ 78
200 64 ~ 70
300 60 - 66
400 58 - 64
500 54 - 60
600 52 -~ 58
700 52 - 58
800 51 - 56

The loudest egquipment in use at the Landfill are

three steel-~tracked bulldozer spreaders which operate
at least 50 percent of the time. The loudest sound
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is their back-up alert signals. Comparative noise
levels of different activities and locaticns are
presented in Figure 4-4 and Table 4-2.

The number of vehicles going to the landfill
can affect the level of noise that will be generated
during landfill operations. Initial municipal ccllec~
tion traffic is anticipated to average 6 visits by
collection trucks and 6 visits by transfer trucks
per day. Homeowner traffic should be less than &0
vehicles per day. The City will encourage hcomeowners
to use the facility to cut down illegal dumping of
refuse in leeward areas.

The Waianae Landfill traffic is approximately
44 vehicles per day. These vehicles comprise City
and homeowner types since commercial refuse is not
accepted at the Waianae Landgfill. Once the Waianae
Landfill has reached its capacity (less than 3 years),
this amount of traffic can be expected at the proposed
landfill.

Along the rcadside a refuse truck generates a
noise level of about 80 dB (A) at a distance of 16
feet. The theoretical noise levels at given distances
would be:

Distance (feet) db (A)

10 80

20 74

40 72

80 a6

160 62

320 56

640 50
1280 44

Thege particular estimates, however, would only
be true when there are no reflecting or blocking
objects in the sound path. With an obstacle in the
sound path part of the sound will be reflected, part
absorbed and the remainder transmitted through the
object. The degree to which it is reflected, absorhed
or tansmitted depends upon the absorbing properties
of the obiect, its size and the wave length of the
sound, Frequency of occurrence will be low because
of the small amount of refuse bearing traffic.
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Community Nolse Equivalent Level In dB

Figure 4-4
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UNDER FLIGHT PATH AT MAJOR AIRPORT, 0.5 TO 1 MILE
r FROM RUNWAY
/—DOWNTOWN IN MAJOR METROPCLIS
80 i PR
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/ TRAFFIC
URBAN AREA
70 |- /
&0 -
50 - SUBURBAN AND LOW DENSITY UHBANJ
SMALL TOWN AND QUIET SUBURBAN—/
40 -
RURAL*/
30
TYPICAL RANGE QF QUTDOOR COMMUNITY
GRAPH 3 NCISE EXPOSURE LEVELS

Spource: Bolt, Beranek, and Newman, Inc., 1974,
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Table 4-2

SOUND LEVELS OF COMMON SOUNDS

Relative

Sound Level Loudness
Sound dB(A) (Approximate)
Jet Plane, 100 Feet 130 128
Rock Music with Amplifier 120 &4
Thunder, Danger of Permanent 110 32
Hearing Loss
Botler Shop, Power Mower 100 16
Orchestral Crescendo at 25 90 8
Feet, Noisy Kitchen
Busy Street 50 4
Interior of Deportment Store | 70 2
Ordinary Conversction, 3 Feet away 60 1
Quiet Automobile at Low Speed 50 1/2
Average Office 40 1/4
Clty Residence 30 1/8
Quiet Country Resldence 20 1/16
Rustle of Leaves 10 1/32
Threshold of Hearing 0 1/64

Source: Bolt, Beranek and Newman, Inc., 1974



l. Makaiwa Gulch Site

Since the working surface would be about
750 feet from Honokal Hale, incremental noise
increase to the 58 to 82 dBA average noise of
Farrington Highway traffic will be ingignificant.
Provisicon of a 200 foot landscaped buffer zone
between the working face of the landfill and
the residential area will alsoc contribute to
some attenuation of the noise produced by the
operations. Landscaping completed increments
will add buffer to alleviate effects by nociszse
as well as alleviate visual impact.

2. Nanakuli Site

Because of the low 44 to 46 dBA ambient
level, noise will be audible but should not be
obtrusive at a distance of 800 feet from the
working surface. The nearest residential area
to the working face will be from 200 to 300
feet away because ©of a propcsed buffer zone.

By providing this landscapsed buffer area,
some of the noise generated by landfilling
operations should be attenuated. A noise barrier
wall may be provided along the makai perimeter
cf the landfill between the working face of
the landfill and the residential area should
noise problems persist. Development of a park
and landscaping completed increments will add
buffer to alleviate effects by noise as well
as alleviate visual impact.

3. Kaloi Gulch Site

The ambient level is 44 to 32 4B&: therefore,
noise will be audible but not obtrusive at
a distance of 800 feet from the working surface,.

Due to the geographical location of Kaloil
Gulch, somewhat removed £rom residential aresas,
noise is not anticipated to have significant
impact,

As background, a brief discussicn of studies
done o¢n the effects of noise on wildlife will be
presented, but much of what has been done lacks speci-
fic information on noise intensity, spectrum, and
duration of exposure (EPA, 1971b}. However, possible
effects can be inferred from information dealing with:



{l) direct effects of noise that have been demon-
strated in laboratory or domestic animals and (2)
incidental observations of responses to noise in
wild animals (EPA, 1971b).

It is unlikely that wild animals will be subijected
to noises intense enough or of gufficient duration
to produce hearing losses. It is possible, however,
that moderate noise levels could produce some hearing
loss or influence hormonally regulated processes
because of noise~induced stress. But until studies
are done to separate these stresses from stresses
resulting from capture, handling, or other kinds of
interference, these answers will be unknown (EPA,
1971b;.

Some studies on birds indicate that birds can
adapt to certain sounds. Birds were most effectively
repelled by high-intensity (not defined) recordings
of the species' own distress calls (Lanowski, Wight,
and Jacobson, 1969; Messersmith, 1970; Wight, 1971).
The same investigators reported that if the specific
distress calls were presented continuously, rapid
adaptation ocurred (EPA, 1971b). Block (1966) used
tape~recorded distress calls to disperse roosting
starlings. The number of starlings were reduced
but the roosts were subsequently reinfested by a
majority of the former resident population (EPA,
1971by.

The final report of a committee on the Problen
of Noise (1963) reported that to scare birds a noise
level of about 85 dB at the bird's ear was reguired.
The noise consisted of loud bangs and birds' distress
calls, Birds adapted quickly to the nocise (EPA,
1971b).

A U. 8. Department of Interior report on Environ-
mental Impact of the Big Cypress Swamp Jetport (19%69)
discussed the effects of B-720s flying over two sites
in a park. Chservers reported that no birds were
flushed and nc disturbances were seen. Noise levels
ranged from 75 dB (plane at 3,000 ft.) to 96.5 dB
(plane at 500 ft.)} {EPA, 1971b).

Bird calls convey many types of information
such as distress, danger or alarm, warnings about
territorial boundaries, recognition of mate or of
young, and presence of food. If background noises
mask these signals, then they can potentially influ-
ence such processes as spacing to obtain cptimum
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population densities in an area, nesting and care
of young, and detection of prey or of a predator
[(Thorpe, 1969), EPA, 1971b].

Potash (in press) reported that male Japanese
guail, isolated from their mates, increased the
frequency of their "separation calls" when ambient
noise levels increased from 30 dBA to 63 dBA. This
increase in frequency of calls can make detection
and recognition of the call and localization of the
caller more likely. The ultimate significance of
this is whether the mate or a predator finds the
caller first (EPA, 1971b}.

Shaw (1970) reported that adult condors were
very sSensitive to necise and abandoned their nest
when disturbed by blasting, sonic booms cr traffic
noise. Bell (1970) described only minimal reactions
to sonic booms among domestic animals, ranch mink,
and wild animals. The typical reaction he reported
was a startle response. The only clearly detrimental
effect he discussed was the Dry Tortugas sooty terns'
hatching failure (EPA, 1971b).

The direct effects of noise on laboratory animals
is of lesser concern here, since it 1s unlikely that
wild animals will ever be subjected to the intensity
or duration of noises imposed on laboratory animals.

Studies evaluating the effects of noise con labora-
tory animals generally exposed the subjects to sound
pressure levels ranging from 100 to 106 dB, with a
duration ranging from a few seconds to continuous
24 hour exposure over a period of several months.
These studies have produced results suggestive of
significant effects of noise on sexual £function,
auditory function and blocd chemistry, among others
(EPA, 1871b).

A bioclogical recconnaissance of all the proposed
sites did not reveal the presence of any endangerad
species. It is quite probable that animal species
will displace 1into adjacent areas, away from the
sound source.

C. Traffic

Landfilling activities are anticipated to generate
daily traffic in the following amounts: 6 municipal
transfer trailer trips, 6 municipal collector truck
trips, approximately 50 commercial refuse vehicle



trips, and 60 homeowner vehicle trips. The extent
of impact of refuse vehicle traffic on the access
roads to the proposed landfill sites will be dependent
upon existing traffic conditions and the conditions
of the accesg roads.

Most of the refuse traffic that will be going to
the landfill is anticipated to occur after the morning
peak hour traffic and will taper off before the after-
noon peak hour traffic. Since refuse traffic to
the landfill will generally be going in the opposite
direction of the peak hour traffic, impact on existing
traffic patterns at either of the proposed sites is
expected to be insignificant.

1. Makaiwa Gulch Site

The site 1is accessible from PFarrington
Highway. Existing trazffic counts in the vicinity
of the site, along Farrington Highway, between
Nanakuli Bridge and Palailai Interchange of H~-1
are as follows:

Average Daily Traffic (1973) 18,5485
Peak Hour A.M. 1,591
{two way)
Peak Hour P.M,. 1,925
{two way}

Vehicle traffic associated with landfill
operation will not substantially increase exist-—
ing traffic counts.

2. Nanakuli Site

The gite is easily accessible from Farrington
Highway by way of Lualualei Naval Road. Traffic
counts have been estimated as follows for these
thoroughfares:

Farrington Highway
{between Lualualei

Naval Road and Nana- Lualualei

kuli Bridge) Naval Road
ADT (1973) 20,320 5,892
Peak Hour A.M. 1,748 737
Peak Hour P.M. 2,113 860
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Refuse vehicle traffic should neot substanti-
ally increase vehicular traffic on either of
the above routes.

3. Kaloi Gulch Site

The site is accessible from the Interstate
Highway H~1 via Ewa Exit, old two-lane Farrington
Highway and Palehua Road. Traffic ccunts on the
highways have been estimated as follows:

Interstate Highway Farrington
H-1, between Kunia Highway
Road and Makakilo Ewa of Ft.
Drive Weaver Road

{June 1976
24 hour count

ADT (1973) 22,002 Honolulu Bound 2,015
Peak Hour A.M. 1,848 Ewa Bound 2,669
Peak Hour P.M. 2,200

Refuse wvehicle traffic will not substantizlly
increase traffic on any of the above rocutes.
A traffic light or other traffic arrangement
will be provided cn Palehua Road to give cane-haul
trucks the right-of-way at zll times. It is
therefore not anticipated that refuse traffic
will significatly impact cane-haul traffic.
The drivers of the cane-haul vehicles will be
allowed to change the light or given priority
as they apprcach the intersection toe give thenm
the right-cf-way.

D. Pire

Fires are a potential hazard within the proposed
landfill if proper sanitary landfilling procedures
are not followed. Burning of wastes 1is not permitted
at a sanitary landfill but fires occasicnally ocgur
due to (1) careless handling of open flames, {(2)
handling of hot wastes or (3} spontansous combustion
of materials in the presence of appropriate gases.
To reduce fire hazard, smoking materials or use o¢f
open flames will not be permitted within the area of
refuse deposition and hot wastes will not be accepted
for disposal. It is, however, difficult to segregate
volatile or combustible materials from other wastes
within a landfill. Fires may still occur despite

4-26



the precautions listed above but proper amounts of
daily cover should prevent fire 1in a refuse cell
from spreading laterally into other cells. Proper
‘cell construction would limit the extent of burning
until the fire has burned itself ocut. In shallow
cells fire can be controlled by removing burning
refuse or by adding more cover. The gas venting
system, 1f installed, will allow venting of decomposi-
tion gases, reducing explosive or fire potential
within the landfill. Because of the nature of the
vegetation surrounding the sites, the potential for
brush fires exists. However, as explained above,
with proper landfill practices, including proper cover
and cell construction, 1t is not anticipated that
the landfill will be a contributing source to brush
fires.

Aill landfill compacting egquipment will be equipped
with fire extinguishers and a water sprinkling truck
will be on~site during all hours of landfill operation.

1. Makaiwa Gulch &ite

The site is iscolated on all sides and the
only road access to the site is from Farrington
Highway. The entrance to the landfill will be
secured to prevent vandalism or other illegal
activities which may lead to fire hazard.

2. Nanakuli Site

Fire hazard will be more significant here
as the site is easily accessible and residential
developments are located nearby. Children from
nearby residences may gain access to the site
if the gite ig not surrounded by protective
fences,

3. Kaloi Guleh Site

The site is isolated from residential devel-
opments and is easily accessible from only one
point, which will be the entrance to the landfill,
The entrance will be secured to prevent unauthor-
ized entering, thereby reducing fire hazard.
Security or protective fencing will be provided
at all sites,

on
i

27



E. Litter

Proposed landfill activities may generate litter
around the area of landfill deposition. However,
careful maintenance operations and the use of a daily o
inch soil cover will minimize blowing litter. Portable
litter fences will be installed to confine windblown
litter around the working face of the landfill. The
entrance to the landfill will be secured to prevent
unauthorized dumping after hours.

F. Odor

Odor will be generated in various levels accord-
ing to refuse composition, moisture content and the
length of time refuse remains uncovered prior to final
compaction and cover. Odors from existing landfills on
the island are not detectable past the sites' borders,
and generally are not strong within the sites them-
selves. Proper amounts of daily cover over refuse
will reduce cdors. If odor becomes severe at any
time, more cover material will be added, refuse will
pe covered faster, or chemical masking agents, if
available, will be used to alleviate the problem.

1. Makaiwa Gulch Site

Cdor may present a short-term nuisance to
residents of Honokai Hale during landfill activi-
ties if a combination of highly organic refuse,
warm weather and wind conditions occurs. Pre-
vailing winds tend to by-pass the Honokai Hale
development. Proper landfill procedures should
minimize the odor problem. If odor levels are
still discernible at the residential development,
chemical masking agents can be used, as required,
+o mitigate odor nuisance.

2. Nanakuli Site

Odor may present a short-term nuisance to
residents of surrounding developments 1if a com-
bination of highly organic refuse and warm weather
QOCCurs. Under such conditions prevailing winds
would carry odor into residential areas. Proper
1andfill procedures will minimize odors. Odor
nuisance can be mitigated by the use of chemical
masking agents, if available, as required.



3. Kalol Gulch Site

Odor 1is not anticipated to be a proklem
as surrounding areas are used for agriculture
and open space. Nevertheless, proper landfill
procedures will minimize odors and, if necessary,
chemical masking agents will be used.

G. Vectors

Landfills may attract rats, flies, birds, and
other disease vectors 1f not properly operated.
Disease vectors c¢an be successfully controlled by
daily cover on the refuse and proper landfill proced-
ures, If rats become a nuisance at the landfill, a
pest control program consisting of a baiting program
£o control the rats will ke implemented and supervised
by an experienced exterminator. Signs to indicate
baiting stations will inform the public of the program.
Generally, such programs last two to three weeks
and are an effective short-term control in reducing
numbers of rats. However, rats have not beern a problem
at the existing landfill and are not expected to be
a problem at the proposed landfill. Proper daily
soil cover reduces £ly contact with refuse.

If refuse 1is shredded it may be left uncovered.
The Department of Health will determine the need
for daily cover. Rodents are not attracted to nor
can they survive on a diet of shredded refuse. Studies
of f£lies have indicated that 1) shredding kills nearly
100 percent of maggots present in incoming refuse;
2) the necessary conditions for freshly shredded
refuse to support the f£ly reproduction cycle are
rarely obtained in a landf£ill; 3} after shredded
refuse is aged several months, the ability to support
the fly cycle iz destroved; 4) flies are more attracted
to uncovered shredded refuse than covered non-shredded
refuse (Pavoni and Heer, 1875},

1. Makaiwa Gulch Site

Vectore are not anticipated to bes a problem
with the implementaticon of the above control
measures. Vector control measures will be imple=~
mented, 1f necessary.



2. Nanakuli Site

Vectors are not anticipated to be a problem
but vector control measures will be implemented,
if reguired.

3. XKaloi Gulch Site

Vectors should not be a problem but vector
control measures will be implemented, if neces-
sary.

H. Economic

The proposed landfill will be the most cost-
effective method for refuse disposal until a resource
recovery system is initiated for the Island of Qsahu.
The City may utilize Federal funds (e.g. Community
Development Block Grants) to construct this landfill.
Disposal costs are estimated tc be $5.22/ton for
Makaiwa, $4.47/ton for Nanakuli and $12.85/ton for
Kaloi, based on a rate of 500 tons/day, 365 day/year.*
These cost figures include cost of development, equip-
ment and maintenance (Refer to Table 2-1 and 2-2,
pp. 2=16 and 2-17). Using Xalci as the base, it
costs $.06/ton more to haul to Makaiwa and $.50/ton
more to haul to Nanakuli. Difference in hauling cost
between Makalwa and Nanakuli is $.44/ton. Presently,
the cost for incineration is approximately $16.00/ton.
The Kewalo and Kapalama incinerators were closed in
October, 1977, because they did not meet the Environ-
mental Protection Agency's air guality standards.
Renovations of these incinerators to meet EPA speci-~
fications was not economically feasible.

Although the volume ¢f waste will be reduced
once a recovery system is implemented, a landfill
will still be required to dispose of non-recoverable
waste and resource recovery residues including sewage
sludge.

*Shimabukxure and Associates, 1977.



I. Water Quality

Possible adverse impacts on ithe water quality of
the groundwater and surface waters below and surround-~
ing the proposed landfill would be due to the presence
of leachate in those waters. "The production of leach-~
ate from refuse is dependent upcn the presence of
excess water. Water can be introduced into a landfill
by infiltration through the soil cover or through
subsurface seepage. When the net water infiltration
into a landfill exceeds the absorptive and/ocr retention
ability of the refuse, leachate will be produced."
(EMCON Associates, 1977).

Leachate is made up of beth organic and inorganic
matter, suspended and dissolved. Table 4~3 illustrates
typical ranges cof leachate one can expect from a
sanitary landfill., Studies for the basis cf this table
are contained in Appendix E. {EMCON Associates,
1977},

The following discussion is an excerpt from a
leachate study done by EMCCN Associates, 1977:

The operating phase of most landfills may be a
period of non-steady state leachate production if there
is a high rainfall (30 inches or more) and the soil
cover and grades are insufficient to shed surface
water. The refuse, on initial placement, has a tremen-
dous capacity to absorb molsture before leachate is
produced. If the refuse 1lifts are covered daily
with moderately impermeable soil and interim drainage
provisions protect against heavy infiltration, then
leachate should not be produced during the operational
phase. If, however, the cover soil 1is pervious, the
1ifts are not sloped to drain, or heavy infiltration of
surface or groundwater is permitted, significant leach-
ate genevation can occur during the operaticonal phase.
Because the rainfall at Dahu occurs predominantly dur-~
ing major storms, there is every reason to helieve
the landfills can shed the bulk of this watsr by
runocff, thereby virtually eliminating leachate pro-
duction. The landfills of this project can be filled
in a manner that prevents heavy infiltration and
assures that the absorptive capacitvy is not exceedsd
during construction.

Post—constructicon leachate generation is dependent
upen infiltration of rainfall through the final soil
cover and/or groundwater infiltration. Groundwater
infiltration at the landfills should be non-existent as

s
$

31



cagnyas wy woTuehio sraysodmxsep ATTorel

30 sbeaumoxad g1y o1 anp 23TWOPAT YeRaF YR ul wnxioads 3O pua UHIY I G PINGHS SPITOS TR pue popusdsns pUT SpOR RTTIRT0A PUT OO0 *Z
CERIPMS PTATE PR ATOTeIoaE] 0 woTIROEITIUee] 2ol g atpusddy ot weiael o) awyay 1 1veunm
16T TIRITLOOSEY NOOWH D RIDOS

-1 4 B ] 49770 oS00 HEA RS Y
e,
ono I-0an’t  ODO'ZT-0BD'E B8N/ AT-000° 6T TEPTIY BTTINTOA
008° 1-0¢ PIOY DTIBTHA
000" S-000" 1 i
o046’ 1008 Wb pue utuwel
006~007 008001 onE-051 HoE-52 40L-%¢ L B 059007 OEL-61 areyding
nog Az -onnt ot a113IRTOA ‘EpIIOR
papuadsng
0na’ GZ-pon’s fEpriog
PRATOSS T
0007 ZT-000'Y  OOOTOE-DON'L  OONTH-00077 L onn f1-097 SPTIOS
aon HE-000°S D08 DS-0007 8T eIl "SpEIos
000’ T-009 (56001 B06-08 (1o i3 A1 4 DEL-L9 ODR'£-007 o7 1-008 500’ 1-59 wmIpog
LTI ANTUETG
00 SO0 7 proy oruordoid
Bog -0y Boe—of 006-007 o6~ L) i) CET-FF D057 E-004 0987 1-97 TS50 O
o1 oy-1 <1~ 0 {50 e 110§ 001 oft-1 i £ tFA 67-310 aymydaoeyd
97 9-5F ES-¥ Y T5-STE STR-5TG 1L BLOL-S0°9 L] RS S A4 79175 9975 1
S 0001 fokdy saproTivag
araehin
00601 OG-0y oI5 [ A a5 1-0% o8y -8 800" 1007 05542 Suatnry N
SARITEN
£-1°0 6-1°0 -1¢ S i-1o 86 fapboai iy
CTUCIRR
VeE-00t 008-007 0L 0¥ STRET a57 07 a0’ T-00€ ORI 0 Sunfony i
LR A4 500t Q067 7N 1oL *uaboIy I
6 0-10°0 I3 IH
99" 500 agauniuey
oL -00E 080" 1-00% onT' 1-009 GoE-5T [R5 %1 H0r-601 aTy-¥9 wry sauley
o z-f0"0 8 0-1"0 #1170 £ 0570 prry
oE-Z9 0L-007 GO 1008 S0 0 1070 DoEE-Z0T0 oy -ent N1 Lor-¢t¢ TR0, vy
0 -0 £6-0°L shORIBY Tuoxy
o5e- SPEOG MUK
5T0-I0 g £ ez 3
{~oomy e}
00 gL-00t g SLT 1608 oB0TS-0n0 T A00°S-000°T  NRO'ZI-000°S 071'8-069 TR SRR
6870500 apranold
Yl 0-500°0 apruel)
SET3-¥0°0 9°0-Z0°9 Lo-51°0 500 L3 2 | aaxicery
006 8E-000°T  0OB‘0F-000°F  000S5-000'5Y a00° 0501 onn’eT-000"% 08 0r-008" T w0
TT0-50°0 HRTHR N
op8'T-000°T  000°Z-002 gon’ 2-00s o0s 1-52 6% S98-IL 05E-00% 00 700 000" 7-005 05€ 7796 APLIOTUD
009 T-005 004 {-06¥ 00%° 7-005 ong-001 SSE-79 00 €004 867 51T nTIe)
S0°0 B TUIDET)
005 2-0n% pray o1aiang
Z1-1'0 BOTUE 1Y
ooe LE-nay 2007 BZ-A007Y  DONTEE-DODTZE 00’ 0505 55-3°0 ori-0v 00e’ o -008' 6 CO0TEE-TR L]
e watyA1ag
ST8-8170 us AR
£°93-170 FIUSRIY
5070 WEEE TR Y
oO0TR-H00'T B0Y'Z-000 Y 005’ 9~-000° T o0 oT-001 [2.04 SET'{-G57 mMOSTI-on0'Y fosR-oe0’n 005" 6-0FL Aytur ey
DO E-005 T 008 £-60% £31pIov
200’ 8000 PIOY 213309
(NS 3 1193 ¥ 1173 SIOGTTI]  Eio¥ed ‘g eraxojrie)  cgoal eihiown FaXA K] wiuThits "M PILHHT [ (D030 S9TMIAR0
sgayun 1 /Faa}
IS STRE Eefteitt e ge] £ FITMS  REIHHOTT HREFUEE

SHALBAVE. BT SODRIYA B0d 839

£~V

TEHARL 30 DIAGING

CRIS1=NN

4-~32



refuse will be placed well above groundwater levels,
and no groundwater seeps are reported at any of the
landfills, If seeps are found during construction,
however, they can be intercepted and isolated from
the refuse.

Infiltration of rainfall through the soil cover
is the principal potential mode of leachate generation
after the landfill has been constructed. The majority
of this precipitation will be shed from a relatively
impervious soil cover as surface water runoff. The
precipitation that doces not exit the site as surface
runoff will be partiazlly removed by the processes
of evaporation transpiration, and soil absorption.
Any amount in excess of that accounted for in the
above processes would enter the refuse as "net" infil-
tration, The "net" infiltration rate will estabish
the maximum post-construction rate of leachate pro=-
duction. Areas receiving 20 to 30 inchesg or less
of annual precipitation generate little or no leachate
if operated as true sanitary landfills. Where precipi-
tation approaches 50 inches per vear on Oahu, however,
a percentage of the annual precipitation in excess
of 30 inches may infiltrate the cover. The percentage
figure will vary depending on final cover soil, final
slope, vegetative growth, etc. We estimate that
the percentage figure will range from 10 percent
for relatively steep slopes, to 20 percent for slopes
flatter than 10 percent.

We estimate the design magnitude of post-construce
tion leachate generation for the landfills of this
project, based on the above discussion, as follows:

Site Annual Site Leachate Generation,
Rainfall in/yr. per acre
In./¥Yr,
Nanakuli, AsiB 25 0
Makaiwa 20 Q
Kaloi 25 0

Leachate should not be produced at any of the pro-
posed landfill sites due to low rainfall of lesgs
than 30 inches per year. Nevertheless, cauticon will be
taken to utilize relatively impermeable soil cover
and to provide a final grade of at least 3 percent
to enhance runoff, Vegetation should be selected
which will enhance transpiration and minimize erosion.
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A program of continued maintenance will be provided
to ensure that surface cracks created by differential
settlement are sealed, thereby minimizing potential
surface water infiltration (EMCON and Associates,
1977). The drainage system to be coanstructed around
the landfill also will prevent surface runoff from
contacting refuse,

The following discussion includes excerpts from
a hydrogeologic and scils study conducted by Stephen
p. Bowles and John F, Mink (1977). This discussiocn is
offered to add information about what can be expected
should leachate be produced.

i. Makaiwa Gulch Site

A pulse of leachate from a landfill in
Makaiwa would follow a complicated path before
discharging in highly diluted form into the
caprock or to an Oahu Sugar Company pumping
station, which is used for irrigation purposes.
rirst it would have to traverse an 835 foot
thick unsaturated zone and then travel in the
saturated zone at an average particle velocity
of about 8 feet per day for about three years
hefore reaching a discharge sink. Groundwater
in the aquifer along the probable path of the
ijeachate is suitable only for agriculture.
mhe leachate could not travel against the hy-
draulic gradient to the Navy tunnel {Bowies
and Mink, 1977).

2. Nanakuli Site

The following are excerpts from Bowles
and Mink (1977).

The hydraulic gradient in the aquifer is
about 2 feet per 2500 feet. The particle velocity
of the groundwater is 2 feet per day. If a
pulse of leachate were to reach the water table,
approximately 3 years would pass before it dis-
charged at the coast and about 2 years before
it discharged at Ulehawa canal. Meanwhile,
dispersion would greatly reduce the concentration
of the pulse.

The guality of the water in the sedimentary
agquifer under Site A is very poOOYX. The static,
unpumped water at the top of the lens has a
chloride content exceeding 500 mg/l; pumped
water would exceed 1000 mg/l, and its quality
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would progressively worsen with magnitude and time
of pumping. The natural groundwater is neither
potable nor acceptable for most agriculture.

Groundwater at Site B is poor in both guality
and exploitability and is not likely to be worth
considering either for domestic or agricultural
usage. Flow volume in the aquifer is low, and
under pumping stress the chloride content of
the water would exceed 1000 mg/l.

3. Kaloi Site

The gulch overlies the same large Waianae
aquifer as does Makaiwa but is separated from
it by an unsaturated zone more than 200 feat
thick. The Navy water development tunnel and
pumping stations of Cahu Sugar Company lie
down-gradient of this site, and the Honolulu
Board of Water Supply is considering the placement
cf a major water supply station upgradient.
The quality of the groundwater near the gulch
is marginally potable (Bowles and Mink, 1977).

As at Makaiwa, groundwater particle velocity
in the aquifer 1s about 8 feet per day, and
therefore a pulse of leachate would reach the
Navy Tunnel in about 2 years, though in highly
diluted form. Undeveloped groundwater seeps
into the Ewa Plain sediments. This undeveloped
groundwater, however, is exploitable for both
domestic and agricultural needs. According to
the Board of Water Supply a landfill at Kaloi
would have to be carefully designed, constructed
and adequate measures taken to protect against
groundwater pocllution. To accomplish this a
major drainage system would have to be installed
and a lining and leachate collection system
installed to prevent any possible leachate from
entering the groundwater. A discussion on some
of the types of linings available is provided
in Appendix F (Bowles and Mink, 1977).

Drainage

The construction of a drainage system around the

landfill will alter the existing drainage patterns of
the proposed site areas. The system will be designed,
however, to minimize the amount of debris and sediment
that flows out of the drainage system by use of debris



racks and basins. The velocity of the outflow will
approximate that of normal surface runoff velocity
for that particular site.

K. W¥isual

The Kalol Gulch Site will be the least visible,
while Makaiwa Gulch Site will be readily visible
from Farrington Highway. The Nanakuli Site will
not be visible toc most motorists but will be surrounded
and visible to existing and proposed residential
areas.

In order to mitigate wvisual impact, the Makaiwa
Gulch Site will be heavily landscaped at 1its entrance
and a green buffer zone of approximately 6 acres 1is
proposed.

The Nanakuli Site will be extensively landscaped
in a buffer area bordering residential areas to screen
landfilling activities from them. The Kalol Gulch
Site is remote and located in an agricultural area
and should not be visually cobtrusive.

The extensive landscaping will alsco help screen
the fugitive dust that may occur.

The landfilled porticns of the proposed site
will be landscaped in increments as each landfill
arga is completed. This will create green open spaces
that can be used for either active or passive recrea-
tional purposes or agriculture.

Figures 4-5, 4-6 and 4-7 illustrate the existing
appearance of the proposed sites. Figqure 4-8, 4-9
and 4-10 show the location of the "view stations”
for figures 4-5 thru 4«7 {aerial views). Figures
4-11, 4-12 and 4-13 illustrate how the landfill will
appear during operaticn and Figures 4-14, 4-15 and
4-16 after completion.

During landfilling the exposed scil will contrast
with the surrounding vegetation. To reduce this
vigsual impact increments will be grassed as they
are completed s0 that completed secticns will blend
with the surrounding environment.

The original landforms will be altered during
landf£illing. During landfilling a series of terraces
will be formed, a method used to control erosion.
After the landfill is completed, scoil will be added



Figure 4-5

Makaiwa Existing Condition

4-37



Figure 4-6
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Manakuli Existing Condition
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Figure 4-7

Ralecl Existing Condition
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Figure 4-8

VIZUAL ANALYSIS VIEW STATION

Makaiwa Sanitary Landfill
Scale: 1l"=2,000"
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Figure 4-9

VISUAL ANALYSIS VIEW STATION
¥Nanakuli Sanitarv Landfill

Scale:r 1"=2,000°
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Figure 4-10
YISUAL ANALYSIS VIEW STATION
RKaloi Sanitary Landfill

Scale: 1"=2,000°




Figure 4-11

Makaiwa During Landfill



Figure 4=-12

Nanakull During Landfill



Figure 4-13

Raleoi During Lanfill



Figure 4-14

Makaiwa Completed Landfill



Figure 4-15%
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Nanakuli Completed Landfill
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Figure 4-~16
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to the terraces so that the area can be contoured
to a more natural appearance and can be better suited
for recreaticnal activities. Figure 4~17, 4-18 and
4-19 show schematic land use plans for the proposed
park which can be established at the site,.

III. IMPACTS AFTER COMPLETION

If structures are to be built on the landfill, they
should be designed for safety from migrating gas. Heavy
structures should not be built because of possible uneven
settiing of the landfill. The future use of the site will
be restricted to recreation, agriculture or open space.
The City and County plans to purchase the land in fee
(lease is possible if the City doces not have adeguate funds
to purchase the site).

The City and County will maintain the landfill after
its completion. Any cracks caused by settlement or erosion
will be repaired.

The drainage system during operation will be kept
functioning to mitigate water quality impacts. The com-
pleted landfill will be graded, seeded or sodded and land-
scaped to blend with the natural environment, This open
area will have the potential of being developed as a park,
either for passive or for active recreation.

Agricultural potential of the sites will be limited.
Deep tilling and crops with extensive root systems will
not be feasible unless a deep final cover is provided
to avold the risk of opening up waste cells. Grazing
will be an acceptable agricultural use for the sites.

A, Makaiwa Gulch Sits

A water supply will be provided to the site
during project construction so the site can be devel-
oped as a park or used for crep cultivation. It
can revert to use for grazing and open space and
will probably be recolonized by the same species of
flora and fauna as will have been displaced.

B. Nanakuli Site

Department of Parks and Recreation plans envision
a2 regional park in Nanakuli. The completed landfill
would be an appropriate location for it. Facilities
for active recreation such as baseball, tennis, basket-
ball and golf could be accommodated. The Nanakuli
community will have these facilities, which residents
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must now travel to, close at hand. Increased community
involvement and increased property values may be a
result,

C. Kaloi Gulch Site

The completed site would be a good site for a
park because of its attractive view across the Central
Plain and Pearl Harbor to the Koolau Range, Honolulu
and the ocean. Figure 4~19 shows a conceptual schem=~
atic layout for a park. This site would be an ideal
site for a passive mountain recreation park. A well
can tap groundwater supplies for water.






SECTION 5

PROBABLE ADVERSE ENVIRONMENTAL EFFECTS
WHICH CANNOT BE AVOIDED

Leachate

Since rainfall is insufficient to generate net infil-
tration, leachate should not be a problem at either the
Nanakuli, Makaiwa or Kaloi sites. However, if the Kaloi
site 1is used as a landfill, maximum measures including a
lining and a leachate collection system would have to be
employed. In any case, caution will be taken tc use a
relatively impermeable final soil cover and to provide a
final grade of at least 3 percent to enhance runoff during
periods of major storms. A leachate monitoring program
will be implemented as a safety measure.

Vigual

Removing vegetation during construction and operation
of the landfill will expose soil which will be contrasting
to the surrounding arsa. Proceeding 1in increments, only
the amount of land needed for a particular phase of land=-
filling will be disturbed. As each increment is completed,
it will be contoured and grassed to reduce the wvisual
impact of the soil against the surrounding background of
vegetation.

The landfill operations will be buffered from resgi-
dential areas by providing a landscaped screen along
borders adjacent to housing areas at the Nanakuli site and
along the landfill entrance at the Makaiwa site to screen
visual impact to Honokal Hale residents. In addition,
earth berms may be provided to hide 1andfill operations.

Filling the existing guliches and area with rafuse
will alter the existing landforms,. The new landforms
created by landfilling, however, can be more usable for
some type of recreation or agriculture.

Erosion

The drainage system will be built to minimize the
effects of erosion during initial construction of the
sites. During construction of the drainage system, however,
soil may wash off the site into the surrounding areas, but
the amount of erosion during this phase of constructicn
is not anticipated to be significant,



Noise

Noise created during construction and during operation
of a landfill is unavoidable. At the Nanakuli site the
amblent noise ranges between 35 dBA and 46 dBA. Passing
vehicles range up to 70 dBA to 76 dBA. From noise readings
at the existing Kapaa Sanitary Landfill it 1is anticipated
that the level of noise heard at the residential area
nearest the working face of the landfill, about 200 feet
away, would be approximately 60-70 JdBA. To minimize
any 1impact a landscaped buffer zone and possibly a noise
barrier fence are proposed along the perimeter of the
landfill site between the working areas of the landfill
and the regidential area. The number of municipal collect-
ion and transfer loads expected at the landfill will be
about 12 per day. Approximately 50 commercial loads and
about 60 homeowner loads are anticipated per day. This
will be additional traffic to existing patterns.

The closest working face of the Makaiwa landfill
will be approximately 750 feet away from Honckai Hale.
At this distance and from data taken at the existing
Kapaa Sanitary Landfill, it is estimated that the noise
will be about 52-538 dBA,. Providing earth berms and a
landscaped buffer area of 200 feet in width should result
in levels lower than the anticipated 52-58 d4dBA. Passing
traffic along Farrington Highway registers about 72 dBA.
The highway 1is already heavily traveled so the addition
of refuse collecticn and transfer trucks should not sgignifi-
cantly add to noise in the area.

Since the Kaloi site is not in close proximity to
residential areas, it 1s not anticipated that landfill
operation noise will have an inmpact. Noise and activity
of the landfill will displace wildlife from the immediate
site and may displace wildlife from areas directly adjacent
to landfill activity. Since it is not known exactly what
type of effect noise may have on wildlife, it is not possi-
ble at this time to speculatse what effects noise will
have.

Alr Quality

Periodically, when c¢limatic conditions are warm and
moist, odors may be generated. Odors can bhe contrelled
by adherence to proper landfill procedures and the use
of chemical masking agents, if necessary.



SECTION §

ALTERNATIVES TO THE PROPOSED ACTICN

I. NO ACTION

If the proposed project is not implemented, the City
faces serious refuse disposal problems. The Kapaa Sanitary
Landfill will soon be filled to capacity. The Kewalo
and Kapalama incinerators were permanently closed in
October, 1977. This, combined with the increase in future
refuse gquantities, drastically shortens the lives of the
smaller Waianae and Kawailoca landfills which have remaining
lives of less than three vyears, based on existing rates
of disposal.

This will result in the City having to dispose of more
refuse at Palailai, a private landfill. The result will
be added expenses for municipal refuse disposal as disposal
fees will be charged to the City. In addition, Palailai
has a limited capacity and its landfill 1ife will also
be used up quickly. It is estimated that Palailai Landfill
will be filled in 1980 if no new disposal facilities
are implemented.

The City may have to limit refuse disposal at existing
City disposal sites to municipally collected refuse only,
Private haulers may be required to use private landfills,
an action which will result in increased costs and charges
to their customers.

II. ALTERNATIVE SITES

There are several difficulties in selecting and
developing landfill sites on Oahu (Shimabukuro and Associ-
ates, 1977):

1. A small island having limited land space.

2. Restrictions imposed by the Board of Water Supply
in the groundwater supply areas.

3. Low cost, undeveloped suitable lands are scarce,
4. Large volumes of solid waste generated.
5. Community cbjections to landfill.

Potential landfill sites are located in inland areas,
away from population centers, but these sites are often

6~1



situated over the groundwater aquifers which supply potable
water to the population or are potential sources of water

supply.

In Shimabukuro and Asscclates' recently completed
inventory study of potential landfills on Oahu, several
other alternative sites in the leeward area were investi-
gated for their landfill potential. These include sites in
Honouliuli, Maili, Roko Crater, Mililani, Waipio, Poamcho,
Keekee, Makua, Ohikilolo, and Waimanalo Gulch ({see Figure
§-1). These sites were evaluated according to specific
environmental, social and/or economic criteria.

The most desirable landfill site would produce the
jeast environmental and social disruption at the least
cost. 1t would be located close to major refuse generation
centers, remote from residential areas, schools and hospi=~
tals, have sufficient cover material (soil) and regquire
minimal improvements.

A1l sites selected for potential sanitary landfills
were evaluated according to criteria listed in Appendix
D. Some evaluations were made subjectively. With these
evaluations a ranking was established and the results
are shown in Table 8-1 (Shimabukurc and Associates). The
Makaiwa and Nanakuli sites were rated the most desirable
sites for selaction as the major sanitary landfill site
for the Leeward Oahu area. The Kaloi site was ranked next
hecause of its exceptionally large capacity.

The Honouliuli site could be added tc the already
planned Kaukonahua site as a demdlition landfill site,
and may be used in conjunction with the Leeward District
Sanitary Landfill site. The Waipahu site 1s planned as
an extension of the ash disposal site for the Waipahu
incinerator.

The Makaiwa site has a capacity of approximately
15,232,000 cubic yards and 31+ years of life at 500 Tons/
Day.

The Nanakui site was also considered a good potential
site. I+ offers almost the same major features as the
Makaiwa site except:

a. Capacity 1s approximately 27 years.

b. Approximately 4 miles farther from the propocsed
Keehi Transfer Station.

<. Immediately adjacent to a residential area.

B
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This site has the potential of generating its own
daily cover material.

The Nanakuli site has great potential for use as an
active type park or golf course after its life as a land~
£il1l.

The Kaloi Gulch site offers great capacity, but this
alternative has three maijor drawbacks:

a. Need for cover material even with shredding.

b. Requirements for lining to protect the groundwater
supply.

Ce POOr access.

The Kaloil Gulch site is ranked as the third alter=~
native site for Leeward Oahu. It offers a landfill capacity
of approximately 50 years and is removed from residential
areas. The James Campbell Trust Estate has reacted favor-
ably to discussions about the City's possible use of this
gulch for landfilling.

The following alternative landfill sites were deter~
mined to have far less potential than the Makaiwa, Kaloi
and Nanakuli sites,

Honouliuli Site

The site is a relatively small gully surrounded by
sugar cane fields and located in Honouliuli, approximately
1,200 feet off Ft. Weaver Road and 3,000 feet from Farring=-
ton Highway. About four acres of sugar cane are under
cultivation in the bottom of the gully. The site is about
22 acres in area with a landfill capacity of approximately
1,650,000 cubic yards and an estimated life of 3.4 YeArs
based on 500 TPD disposal rate. It is owned by the James
Campbell Trust Estate, Immediately below the site iz a
plantation-~owned domestic water well,

The nearest urban centers to the site are the Honouli-~
uli residential and commercial area located approximately
1,700 feet to the southeast, the Waipahu business district
2.3 miles to the northeast, Fernandez Village 1.4 miles
to the socuth and Makakilo City 2.7 miles to the west~south-
west,



Advantages

1. Cover material available on site
2. Not situated over a potable groundwater supply
3. Moderate site preparation costs

Disadvantages

i. Limited capacity (3.4 years) =-- toO small for
sanitary landfill use but adequate as demolition
disposal site

2. No utilities available on site; connections
must be made at Ft, Weaver Road

3. 1,200 feet of access road must be constructed
4. visually prominent site
5. Near residential and commercial area
5. Drainage system required
Maili Site

The site is located in Maili, approximately 1,200
feet from Farrington Highway. It is owned by the Permanente
Cement Company. It contains approximately 200 acres and
is presently being used as a quarry with an expected quarry
1ife of 25 years remaining.

mhe site has an approximate landfill capacity of
9,200,000 cubic yards and life of 18.9 vyears. This site
nas potential as a future gsanitary landfill. It is not
recommended for development at this time because there
are more desirable sites.

Advantages

1. Located outside of Board of Water Supply Ground
Water Zone

2. Long landfill life

3. Located in light industrial use zone

4. Moderate site development costs including land-
scaping, operation and maintenance facilities,

drainage system, upgrading of access road and
utilities



Disadvantages

1. Long distance (approximately 25 miles) from Keehi
{formerly Xnown as Shafter Flats} Transfer Station

2. Quarry still in use and not presently available
for landfill purposes

Roko Head Crater Site

The site is located in the southeast portion of Oahu,
contains about 75 acres of usable landfill area and is
an open area owned by the City and County of Honolulu.
Access 1s available through an existing paved road from
both the windward and leeward sides of the island.

The capacity 1s approximately 4,337,500 cubic vyards
and estimated life is 12.4 vyears. This site should be
considered as a future sanitary landfill only after deple~
tion of other sites since it is removed from refuse gener-
ation centers and hauling costs would be high. This site

was deeded over to the City on condition that the City
use it as a park.

Advantages

1. Located outside Board of Water Supply Ground
Water Zone

2. Nominal site preparation costs
3. No land acquisition required

4, Well buffered from urbanized areas on all sides
except at entrance

5. Moderate {12.4 years) landfill life
6. No displacement by project

Disadvantages

1. Main route to site 1s on heavily traveled and
congested traffic corridor (Kalanianaole Highway)

2. Located in area that is proposed for future
urbanization

3. Utilities not available on site

4. Land deeded to City with restrictions to park
use only



Mililani Site

The site is one of the major gullies connected to
Panakauahi Gulch. It is adjacent to Mililani Memorial
park and pineapple fields, 1.5 miles from Ramehameha High-
way, 4.6 miles from Waipahu, 3.2 miles from Pearl City
and 2.0 miles from Mililani Town. The total and usable
area of the site is 34 acres, with a capacity of approxi-
mately 2,200,000 cubic yards and with an estimated life
of 4.5 years. It is owned by Castle & Cooke, Inc. (B85+%)
and B.P. Bishop Estate (153+%). This site is not recommended
for a demolition or a sanitary landfill site.

Advantages
1. Site not currently in use
2. Remote from residential areas

Disadvantages

1, - Groundwater supply present; impermeable lining
and leachate collection, treatment and/or disposal
gsystem reguired

2. Substantial site development costs, including
groundwater protection system, drainage system,
upgrading of access road, and utilities

3. Short landfill life

Waipio Site

The entire lower Waipio Peninsula is a U. 5. Naval
Reservation, leased to Oahu Sugar Company for agricultural
purposes. The site is being used by Oahu Sugar Company
as their disposal site for cane wash water and bagasse.
As long as cultivation of sugar cane and operation of
sugar mills continue, an area for mill waste disposal 1is
necessary. Should the City decide to acquire this land
for demelition and/or sanitary landfill, the sugar company
must find another area for mill waste disposal. Therefore,
+he consultant has recommended that the existing Oahu
Sugar Company bagasse and wash water disposal site remain
as is and that the City and County of Honoclulu consider
other alternative sites for landfill use.

pPoamoho Landfill Site

The site is located off Kamehameha Highway, adjacent
to cane and pineapple fields, 2.6 miles north of Wahiawa.



Characteristics o©of this site are: short landfill
life of about 1.5 years, upgrading reguired for exlisting
1,200 feet of cane haul dirt road, leachate control system
must be provided, telephone and water service not available
nearby, a 1,500 foot drainage channel must be built to
accommodate a 5 x 20 foot box culvert crossing under Kame-
hameha Highway and a cesspool must be constructed. This
site, therefore, is not recommended for landfill develop~
ment., .

Keekee Landfill Site

The site is located in the western end of Cahu between
Kaena Point and Waialua, adjacent to the west of Dillingham
Alr Force Base and east of Camps Erdman and Kaena.

The site is outside the Board of Water Supply ground
water zone. The land is stony and most of the cover mater-
ial must be imported. Refuse generation centers of Waialua
and Haleiwa urban areas are 6.7 miles awav. Site c¢an be
used for local landfill areas. This site is not recommended
for landfill development.

Makua Landfill Site

Makua Valley is a Military Reservation used for mili-
tary exercises. This site is a practice range for military
weapons and the possibility of existing duds makes this
site very dangerous and undesirable. This site is not
recommended for landfill development,

Chikilolo Landfill Site

The site is located north of Makaha vallev. It is
remote from refuse generation centers which would result
in high haul costs, It 1s not reccmmended for landfill
development,

Waimanalo Gulch Site

The site is located between the Hawaiian Electric
Company Kahe Power Plant and the Makaiwa Landfill Site.
Pregently this site 1is Dbeing planned as a Disneyland~type
park so land acquisition costs would be high. This site
is not recommended for landfill development.

III. PURCHASE OF PRIVATELY COWNED PALAILAI LANDFILL

The Palailai Landfill is currently privately operated
and accommodates refuse collected by private operators,
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This facility is comparatively small in size and is esti-
mated to have a remaining capacity of less than 2.7 million
cubic vards. At a 500 ton per day disposal rate this
facility will be £illed up in less than six years, It will
pe very costly to acquire this privately owned facility.
Since this site is already in landfill use and is contribut-
ing to the refuse disposal needs for the island, there
is no special need for the City to purchase this facility.

IV. ALTERNATIVE DISPOSAL/PROCESSING METHODS

Disposal of refuse can occur either on land or at
sed. However, ocean disposal of solid waste is currently
prohibitive according to the U. S. Environmental Protec-~
tion Agency.

Methods to process waste include: 1) shredding, 2)
incineration, 3) baling and 4) waste utilization, including
composting, pyrolysis, recycling and steam and energy
generation. These alternative processes, however, cannot
totally dispose of solid waste; a landfill, therefore,
is stiil reguired to dispose of waste that cannot be pro-
cessed or to dispose of residues resulting from processing.
Of the alternatives, incineration is the only method with
extensive data on operation, efficiency and cost.

The newest concept of soclid waste management 1is
resource recovery. Although it is attractive from an
environmental viewpoint, the economics of resource recovery
depend on many factors, among which are alternative disposal
costs, markets for energy products, financing, climate,
availability and control of wastes, and citizen acceptance.
In cother parts of the country pilot programs are currently
being studied and will provide much information necessary to
completely evaluate these recovery processes.

Since success of any resource recovery program 1is
dependent on market demand for products generated, the
feasibility of these programs on Oahu is evaluated 1in
this section in terms of existing or potential markets
for recovered materials, soil conditioner and energy, 4as
well as in terms of environmental impact.

A, Shredding

The source for the following discussion is from
Decision~Makers Guide in Solid Waste Management (U. S.
EPA, 1976},

Shredding reduces the volume ©f solid waste
and turns it into a relatively homogeneous material.



There are many basic types of size reduction equip-
ment commercially available. The most common kind
of size reduction used is the hammermill.

The size 0f the particles produced is quite
important to the effectiveness of the steps following
shredding, whether it is energy recovery, disposal,
or a combination. The shredding system must be capable
of meeting the particular size requirements. Until
regently, shredding was used to prepare solid waste
for immediate disposal, but it is now considerad a
beneficial first step to other processing methods,

Advantages of Shredding:

- Reduces the wvolume 0f sclid wastes signifi-
cantly, with bulky waste being reduced
around 90%

-~ Shredded waste does not attract vectors,

support combustion, have an objecticnable
odor, or lead to littering

- When compacted in a landfill, shredded
waste has fewer wvoids than unprocessed
wagste; the density is 25% to 60% greater
depending on whether daily coverage reguired

- Produces a more uniform fuel for inciner-
ation; the problem of agitation of the
fuel to prevent uneven £firebeds is minimized

- Essential to process solid wastes for sffic-
ient mechanical separation

- Produces uniform material so it is a common
prerequisite for composting

- Shredded waste 1s easily compacted and can
extend the life of the landfill

- Bec¢ausge shreéedding reduces the volume of
bulky waste, it provides an advantage in
hauling, handling during any process, and
landfilling

- Public acceptance to shredding facilities
has been relatively good compared to accept-~
ance of more conventional solid waste pro-
cessing or disposal facilities
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- Compared to other reduction processes, cost
for the initial investment and operation for
shredding is relatively low

- A large portion of the total solid waste load
can be shredded

Disadvantages of Shredding:

- Some waste cannot be put through a shredder
because of size or density or because it is
hazardous, has a high moisture content,
or has other gualities that normally c¢all
for specialized handling in any system

- Jamming of the shredder and uneven feeding
can significantly reduce the output of the
mill

- Municipal solid waste has a high percentage
of flammable materials which have caused fires
in the shredder

- There 1s a potential for explosicn within a
shredder due to explosive materials that may
enter the facility

- Shredders are noilsy and produce dust sc the
entire operation must be enclosed and dust
collectors must be installed

The decisions to be made as to whether a shredding
operation should be installed need to consider the
total benefits of shredding versus the cost of the
operation. For projects in which EPA has been involved,
cost per ton range from $8.60 up to $10.60. Cne opera=~
tion in Madison, Wisconsin (1974) reported $8.60 T2D,
based on a processing rate of 180 TPD, including
hauling and disposal cost. Another operation in New
York indicated a cost of $10.60 per ton including dis-
posal with an average annual output of 284 TrD. Cne
county in Georgia has been shredding waste since 1973.
Their two installations have shown lower cperating
costs. One installation showed a cost of $4.80 per ton
at a 534 TPD facility and $4.35 per ton for their 400
TPD facility. In 1974 a recent operation in South
Carolina estimated a $4.10C per ton cost including
hauling and disposal. This facility processes 1,000
TPD. The City has deferred any plans for shredding
until the need for shredding is established in the
resource recovery program. If resource recovery 1is



not feasible, shredding will be considered again if
proven economical,

B. Incineration

Incineration is defined as controlled combustion
that reduces solid, liguid, or gaseous combustible
wastes primarily to carbon dioxide, other gases,
and to a relatively noncombustible residue. The
gases are released into the atmosphere and the residue
is usually deposited in a landfill (Pavoni, et al.,
1975). Reductions of 80 to 90 percent of the total
volume of municipal solid waste and 98 to 99 percent
by weight of the combustible portion are possible
through incineration (EPA, 1976).

Although incineration reduces refuse guickly
and efficiently, it is one of the most costly methods
of refuse processing. On Cahu there is one inciner-
ator functioning at the present time at Waipahu.
The incinerators at Kapalama and Kewalo were outdated
and had to be closed in QOctober of 1977 to comply
with air pollution standards. Costs to modify the
incinerators were prohibitive. The incinerator at
Waipahu has been undergoing renovation to meet air
pollution standards and these renovations have just
been completed. The incinerator will continue in
operation unntil such time when a resource recovery
facility is built which is of sufficient capacity
to handle all of the island's existing and near-term
projected tonnages. With the renovations that are
to be made it has been estimated that the unit cost
of operation for the Waipahu incinerator, with renova-
tions, will be $12.85 per ton.

Advantages of Incineration: (EPA, 1976)

- Solid waste is reduced in weight and volune,
and this extends the useful 1life of the
available land disposal facilities

- Where waste must be hauled long distances
to a landfill, incineration may be econom~
ically advantageous if closed-in locations
can be found for the incinerator

- Incineration is adaptable to energy recovery

processes such as steam generation and to
recovery of minerals frem the residue
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Disadvantages of Incineration: (EPA, 1976}

- The process requires large capital expendi-
tures and high operating costs

- Skilled labor is required to properly operate
and maintain the facility

- Improper operations can result in air,
water and land pollution

- Residents may object to having an inciner-
ator built in their neighborhood

C. Baling
Baling 1is a method used to reduce the volume
of refuse. It potentially can achieve <cost savings

if transfer and long haul are necessary priocr to
disposal, and when land disposal space is at a premium.
It alsc can potentially make waste easier to handle
and transport. The decision as to whether baling
should be implemented would have to take into consider-
ation the economic and environmental basis for that
particular community (EPA, 1976).

The cost for establishing baling operations can
range anywhere from about two-million dollars to
four-million dollars. Baling proiects which the
EPA has been involvad range from $6.38 per ton for
a 425 TPD processing facility to $9.20 per ton for
a 78 TPD processing facility.

Advantages of Baling:
{EPA, 1976)

- Baling nearly doubles the life of the land
disposal site and reduces the number of
times a city government must go through
the difficult process of acguiring a new
disposal site, Densities vary from 1,000
to more than 1,700 pounds of cubilic vards,
depending on the tvpe of baler used

- Balers can handle most types of wastes
- Cost is comparable to cost of cother forms of
s0lid waste processing; bulk reduction makes

long hauls more economical

- Bales are easier to handle and transport
than unprocessed waste; they are therefore



more convenient for operation such as rail
hauling

- Baling should permit more immediate use of
the disposal site upon completion since
minimal settling is anticipated

- In shredding/baling coperations, ferrous metal
can be recovered from recycling via magnetic
separation of the shredding. Also corrugated
containers and white goods can be hand-picked
and baled separately and socld.

Disadvantages of Baling:

- Baling involves a greater initial investment
than a conventional transfer station handling
the same tonnage

- Baling precludes resource recovery once the
bale is formed

- There is incomplete knowledge about the econ-
omics of baling and effects of baling on
decomposition in landfills, gas and leachate
formation, and settling

- Baling 1s not a final disposal process;
bales must be disposed of in a landfill
situation

Wagste Utilization

i. Composting

Composting i3 a volume-rsaducing process in
which organic solid wastes, after separation from
inorganic fraction, are bioclogically decomposed at
a rapid rate {(15-~21 days) in open windrows or
within confined tanks. The end product is a
humus-like substance that primarily is used to
condition soil (Pavoni, et al., 1875).

In the United States, composting has been
extremely costly, cost limiting the number of
markets for the compost materials, C(onsegquently,
composting as a process is slowly being phased
out.
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Advantages of Composting:

- Reduces volume and weight of refuse

- Can be used as soil conditioner to improve
s0il characteristics, thereby recycling solid
wastes back to the soil

- Can proleong use of sanitary landfill

Disadvantages of Composting:

- Municipal refuse does not contain sufficient
nitrogen to ensure proper digestion so most
compost media must be supplemented with
additional nitrogen

- Reguires large land areas for process

- Attracts flies and rodents

- Generates odor

- Regquires separation of non-~compostable
material so does not account for total waste
disposal

- High cost of application to land has made it
uneconomical for large-scale use

- Dependent on market conditions

The following 1is an excerpt from Handbook of Solid
Waste Disposal (Pavoni, et al., 19735)

Despite considerable investment and technical
know~how, not one large-scale composting plant
has operated econcmically long encugh in the
United States to indicate that the process
is feasible. As of 1972, there had been 18
attempts at composting in the United States
and of those 18 only one or two were operating,
and they existed under special circumstances.
Compesting has failed in the United States for
four main reasons: {1) no steady market for
the end product has been found, (2) initial
investment and operating costs are generally
high compared to other disposal methods, (3)
a high quality end product usually cannot be
derived from refuse in the United States without
excessive expense, and (4) the separaticn of



noncompostables requires a secondary method of
disposal.

Many composting plants have been operated
by private contractors who in turn charge the
city an amount that defrays operating costs.
Profits for the contractor are helped to be
realized from the sale of the end product.
Operators usually charge the city from $51.00
te $5.00 (1967) per ton, while the costs for
composting refuse usually range from $5.00 to
$10.086 per ton. The operators must make up
the balance of the costs and any profits from
the sale of the compost. To date this has not
been possible.

2. Resource Recovery by Pyrolysis

"Pyrolysis is the thermal decomposition
of materials in the absence and near absence
of oxygen. The high temperature and the ‘starved-
air' situation causes a breakdown of the materials
into three parts: (1) a gas consisting primarily
of hydrogen, methane, and carbon monoxide; (2)
a liguid fuel that includes organic chemicals
such as acetic acid, acetone and methanol; (3)
a char consisting of almost pure carbon, plus
any glass, metal, or rock that may have been
processed." Pyrolysis is under development by
many private and public organizations. The
ultimate goal of this system is to convert solid
waste into a storable, transportable fuel, either
liguid or gas (EPA, 1976).

There are basically two types of pyrolysis
processes, one 1s a gas pyrolysis process and
the other oil pyrolysis. There are different
types of gas pyrolysis but the principle is
essentially the same: as refuse moves through
the pyrolysis reactor, it is exposed to succes-
gively higher temperatures and is destructively
distilled. In some procgesses, the amount of
recovered fuels is sufficient to be used as
auxiliary fuels in fossil fuel boilers {(medium
Btu gas systems). In other systems the gas is
of low Btu value and cannot be transported off
site; thus, it must be used as a fuel in a waste
heat boiler to produce steam or electric power
{MITRE, 1977). 01l pyrolysis differs from gas
pyrolysis by the temperatures to which the refuse
is disposed.
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According to a study by MITRE (1977) cost
estimates for a gas pyrolysis system range from
$33.90 per ton for a thousand TPD facility to
$25.44 per ton for a 2,000 TPD facility. MITRE's
cost estimates for an oil pyrolysis system range
from $30.64 per ton for a 500 TPD facility to
$23.16 per ton for a 2,000 TPD facility.

Advantages of Pyrolysis:

- Reduces refuse volume and weight to facili-
tate solid waste handling

- Prolongs life of landfill site

- Processing is not affected by weather condi-
tions

- Processing can produce fuel in the form of
gas and oil

Disadvantages of Pyrolvsis:
- Requires skilled operators

- Requires prior shredding and separating if
fuels are to be produced efficiently

- Can preduce operational impacts of noise,
dust, thermal discharge into the atmosphere
and contaminated wastewater

- Cost for the process is high

3. Reczcling

The following discussion of recycling was
obtained from Decision-Makers Guide in Solid Waste

Management {EPA, 1976).

Certain types of materials can be recovered
from solid waste. These materials can be recov-
ered in one of two phases. The first phase is
when materials can be recovered before it is
placed in a collection vehicle. The second
type of recovery is the recovery of marketable
materials from mixed municipal refuse.

Examples of materials that can be recovered
from refuse through "source separation" are
paper, glass and metal containers. These can



be separated at their point of generation, be
it at the home office or other place of business.
This separation is made prior to collection by
collection wvehicles. Once these materials have
been separated out they can be transported to
a2 secondary materials dealer or directly to a
manufacturer.

This type of source separation has been
used widely for recovery of waste paper. Recovery
of glass and cans by this method has been used
only in a few communities; the economic balance
of these systems have been poor to date. The
following table (Table 6-2) gives a breakdown
of the estimated percentage that paper, glass,
ferrous metals, etc., make up of the total
municipal solid refuse.

Recovery of materials by source separation
on a regular basis has been practiced only in
a few instances until 1870. Since then this
method has grown rapidly as a means of recovering
paper, primarily newsprint, from municipal refuse.

Recovery of marketable materials from mixed
municipal refuse fall into three basic approaches
for implementation,. The first approach is to
add shredding and ferrous metal recovery systems
to landfill operations. Shredding can improve
landfill operations and reduce requirements for
landfill volume. Shredding can also be an
important first step in liberating various compo-
nents from each other, such that ferrous metals
can then be magnetically extracted. The second
approach would be to recover non-combustible
materials either before or after energy recovery
takes place and the third approach would be to
recover as many of the components of the waste
as are economically feasible.

The advantage for recovering material would
be: (1} conservation of resources; (2) reducing
the quantity of refuse to be disposed, thus
lengthening the life of a landfill; (3) lower
disposal cost for the sale of recovered material;
and (4) with the citizen concern about resources
of the environment, siting for rescurce recovery
facilities would be less of a problem than for
conventional disposal facilities.

6-19

[



Table &-2
COMPOSITION OF MUNICIPAL SOLID WASTE, AS DISCARDED,

UNITED STATES, 19731.,2

Amount
Component (millions of tons) Percent of total
Paper 44.2 32.8
Newspaper 8.0 6.0
Corrugated 11.8 9.0
Office paper 5.4 4.0
Other 19.0 14.1
Glass 13.2 9.5
Ferrous metals 11.0 8.2
Nonferrous metals 1.4 1.0
Food waste 22.4 1.6
Yard waste 25.0 18.5
Other 17.2 i2.8
Total 134.8 190.0

1SMITH, F.A,, U.8. Environmental Protection Agency.
Unpublished data.

2Includes wastes generated in households, commercial and
business establishments, and institutions {schocols, hos-
pitals, etc.); excluded are industrial pDrocess wastes,
agricultural and animal wastes, construction and demolition
wastes, mining wastes, abandoned automobiles, ashes,

street sweepings, and sewage sludge. Wastes now being
recycled are also excluded.

Source: EPA, 1876



There are still disadvantages and risks
associated with recyecling of materials. The
degree of risk varies with the complexity of
the system, but in general the methods used to
recover marketable materials are still in stages
of development. Because of the newness of the
field, cost and performance information on com-
mercially available equipment is not well doc-
umented. Estimates on the economic feasibility
are primarily based on projected maintenance
costs, the separation systems of recovery rate
and an assumed value for the product. There
are also marketing problems since the feasibility
of a recovery system would depend upon the sale,
at a reascnable price, of the extracted materials.

Even with full use of mechanical separating
equipment and with full reuse of all separated
materials, recycling can never remove 100 percent
0f 80lid wastes. There will always be materials
lost to the recycling system which must be dis-—
posed of through other means because of contamina-
tion of some materials and because of inefficien-
cies in the separation of others. For example,
paper contaminated with grease or oil cannot
be reprocessed into a new paper product and
must be disposed of by incineration, landfill
or composting.

Market Conditions in Hawaii. Hawaii 1is
not a major manufacturing center so little local
demand for secondary materials has occurred.
Markets in the Orilent and on the Mainland for
recycled materials exist but the cost of shipping
added to the cost of separation has not made
the recycling of most waste materials economic-
ally feasible. Market potential appears toc be
greatest at this time for the following materials:

Ferrous Metals: The recovery of metal cans from
solid waste appears to be promising as there is a
Mainland market for steel. Befcre metal cans can
be used for their steel content, however, the
tin in the metal must be removed. Detinning
of cans from Hawali presently occurs in Seattle.
No detinning operations are planned for Oahu
and it is uncertain whether such an operation
would be economically feazasible here. The two
major operators of detinning plants for the
recovery ©of tin and ferrous metals in the United
States are M & T Chemicals and Vulcan Materials




Company. Both firms have expressed an interest
in securing ferrous materials recovered from
sclid waste. There are, however, a number of
restrictions imposed by both Vulcan Materials
Company and M & T Chemicals which must be con-
sidered prior to entering an agreement with
either of these firms. Each of the firms reguires
the following:

A, Metal shall be relatively free o0f trash,
paper, plastics and other £foreign contami-
nants.

b. Iron content of the material is to be approxi-
mately 95 percent.

C. Cans cannoct be balled or nuggetized but must
be shredded in a manner to provide maximum
surface ares.

d. A price penalty will apply to scrap that has
not been subject to air cleanup operation for
removal of loose materials.

Locally, recycling of ferrous metals is accomp-
lished by Flynn~Learner and Hawalian Western
Steel. Both of these firms do not accept metal
cans due to the tin content.

The Dole Company bales old defective cans
and sells them to mainland concerns as scrap.
Any cans to be recycled are sent locally to
the Recycling Group.

Aluminum: Recycling Group, Inc. receives aluminum
and pays $0.17/pound. They take in about 60,000~
70,000 pounds per month and send the aluminum
to Reynolds Aluminum. There are also branches
on Mauil and on Kauai that ship aluminum to the
Oahu office. This particular group alsc accepts
metal cans ($0.901/ pound), compacts them and ships
them to M and T Chemicals (Division of American
Can Company). Primo and S8Schlitz bottles are
accepted {$0.60/case) and returned to the brewery.
Newspaper {(30.01/ pound) is shipped to the Far
East at an average rate of 60-70 tons/week.

"Castle & Cooke, Inc. plans to build Hawaii's
first aluminum can manufacturing plant on part
of the company's Dole cannery property in Iwilei,



The facility will be operated by a new company
known as Hawaiian Container Corporation which
will bhe 50 percent owned by Castle & Cooke and
50 percent owned by Ball Corporation of Muncie,
Indiana." (Bank of Hawaiil, 1977).

Rags: The demand for cotton rags on Oahu 1is
substantial. The largest Hawaill distributor
sells more than 16,000 pounds of rags a week,
most of which are used for wiping purposes in
variocus isliland industries. Cloth rags must
be sgalvaged at the point of refuse generation
{home) sgince there 1is no way of salvaging cloth
after it has entered the waste stream.

4. STEAM AND PCWER GENERATION

Steam and power generation from solid waste
can be achieved by the use of a waterwall inciner=
ator. Waste heat from the burning cf sclid
waste is captured by boiler systems incorporated
as waterfilled tubes in the lining of the furn-
aces. Steam 1is generated and piped toc users
and sold or converted to electrical energy by
steam turbines.

Waste may be burnt in bulk or processed
before firing. Refuse processing would consist of
shredding, drying and air separation to remove
the combustible fraction of refuse, with possible
metals recovery. The combustible fraction would
then be incinerated and the thermal energy so
produced used to generate steam which would
then be converted to electrical power.

Costs for such a system are high and must
include a refuse processing plant to prepare
the rvefuse as an acceptable fuel and a power
generation plant, Initrial capital costs for
waterwall incineration plants are estimated at
$100 million for a 2000 ton per day plant.

Advantages of Steam and Power Generation:

~ Reduces refuse volume and weight
- Prolongs use of landfill site

- Provides energy alternative and reduces
dependency on conventional fuel while
gimultanecously disposing of large
guantities of sclid waste



- Can incorporate resource recovery system

Disadvantages of Steam and Power Generation:

- Reguires skilled operators

- Requires large amount of land and access
to large guantities of water for pro-
cessing

- Requires prior shredding, drying and

separation -~ cannot utilize all waste,
g0 other forms of refuse disposal
necessary

- Dependent on large guantities of combust-
ible refuse and may require convention=-
ally fired support systems as back-~up
facilities when refuse Qquantities
are insufficient

- Adverse operational impacts include
possible &dir pollution by thermal,
gas and particulate matter discharges,
water pollution from contaminated
waste water discharges, noise, dust
and traffic generation

Summarz

MITRE Corp., technical consultants to the City and
County have recently completed a study on the feasibility
of comnstructing a resource recovery facility on the island.
This report, published in April, 1977, concluded that
all the ingredients necessary £for a sucessful rescurce
recovery project were available on Oahu. This included
adequate amounts of waste, existing markets for recovered
enerqgy and their willingness tc¢ enter into long term con-
tracts for the purchase of such energy. Representatives
from private industry were anxious to bid on Honolulu's
proiect. More important, the consultant concluded that
the cost of resource recovery c¢an be competitive with
the cost of available landfill alternatives.

For Cahu, resource recovery alternatives, when compared
with available processing methods are shown in Figure 6-2.
Commercially available resource recovery technologies
include incineration with steam/zlectric power generation,
pyrolysis to produce either a synthetic fuel gas or oil,
and preparation of shredded solid fuel for use as supple-
mental fuel in boilers, Incinevation for steam or electric

6—24
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Figure 6-2

SANITARY LANDFILL & WAIPAHU INCINERATOR VS,
RESOURCE RECOVERY (0&M COST AND ENERGY REVENUES

INFLATED @ 5%/YEAR)
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Soljd Waste Disposal Cost Projections

Socurce: Analysis of the Teagidiliny of Resource Recovery
Tor Honeluly, ®ITRE Corperation, Jedford, Massachusetts

April 1377
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powar production and gas pyrolvsis has been recommended for
Oahu, given the market situation (MITRE, 1977). Hawaiian
Electric Company, Inc., is a potential market of steam,
pyrolytic gas and electric power, Amfac, Inc., for electric
power, and Pacific Resource Inc., for pyrolytic gas. Cf
various sites evaluated, ones at Pearl City Peninsula
and at Campbell Industrial Park are the most promising
as potential processing sites (MITRE, 1977).

The City 1¢ now pursuing resource recovery seriously
and is preparing a request for proposal (RFP) package to
solicit private industry participation in constructing a
resource recovery plant on the island. It is estimated
that the RFP will be issued at the end of June 1978, If
viable proposals are received by the City, it 1is conceiv-~
able that a resource recovery plant will be constructed
and operating by December of 1981.



SECTION 7

IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESQURCES

City and County funds, construction and operating
equipment, human labor and materials (building materials,
fuel and soil for cover) will be committed to the con-
struction and operation of the Leeward Sanitary Landfill.
However, sanitary landfilling of refuse is less expensive
than other processing methods. Therefore, until an econ-
omical resource recovery system is implemented, less net
capital will be used for refuse processing and disposal.

Using the land as a landfill will make it unavailable
for other uses during the life of the landfill and tempo-
rarily will remove its present use as wildlife habitat
and as open space; however, the proposed sites do not
represent c¢ritical wildlife habitats. Uneven settlement
and gas generation by the landfill may preclude develop-
ing some of the land for uses cther than recreation, open
space, or agriculture. Upon completion of the landfill,
the land can return to use as a wildlife habitat, open
space, recreational area, or for restricted agriculture
and grazing. The following is a comparison of funds which
is estimated would be necessary to develop the three sites
{(a cost breakdown for each site is provided in Section
4.

‘ Development

Site Lost
Makaiwa Gulch $ 3,939,500
Nanakuli 3,924,700
Kaloi Gulch 18,912,000

The high cost for the Kaloi site, is due to site
development measures necessary to protect groundwater
from possible leachate contamination. Distance to haul
refuse from Keehi Transfer Station to the proposed sani-
tary landfill is also a factor. The distance from Keehi
Transfer Station to the three sites is: Makaiwa Gulch -~
18 miles, Nanakuli ~- 22, Kaloi Gulch - 15. From Raloi
it costs $0.06/ton more to haul to Makaiwa and $0.50 more
to haul to Nanakuli. The difference in hauling cost between
Makaiwa and Nanakuli is $.44/ton (Shimabukuro & Associates,
1977).



Makaiwa Gulch

The existing gulch will be partially filled with
refuse and will, therefore, alter the existing land form.
Upon completion of the landfill, soil will be added and
the terrain contoured to form a more natural appearing
gslope.

Nanakuli

There is considerable difference in the presgent state
of Sites A and B. Site B has been relatively undisturbed,
apparently formerly used as pasture. Site A has been
guarried and the part adjacent to Lualualei Naval Road
is being victimized by unauthorized dumping by the public.
Both sites could be used for residential and other urban
development although extensive grading of Site B would
he reguired. They are general planned for such develop-
ment but use for a sanitary landfill would preclude such
development.

¥aloi Gulch

Underlying the site 1s a potable grocundwater rescurce
which supplies water to the Barbers Point Naval installation
andé water for irrigating the surrounding sugar cane fields.
An impervious shield to contain leachate may be reguired
to protect this aquifer. This largely accounts for the
high development cost for this site.

Part of the site, perhaps 20 percent has been quarried,
altering the natural appearance of its landform. The land-
£ill weould cover up these scars. The view from the site
takes in all of Henolulu, Diamond Head, the Koolau Range,
Pearl Harbor and the Central Plain covered with sugar
cane, making it a good site for a park upon completion
of the landfill cperatiocon.



Sgnogsis

l.

Land area to be committed for landfill at each site:

a. Makaiwa Gulch Site - 338+ acres, of which approxi-
mately 254+ acres will be
used for £ill

. Nanakuli Site—-ﬁlli acres, of which 288¢ acres
will be used for fill

¢. Kaloi Gulch Bite -~ 400+ acres, of which 265i acres
will he used for fill

Estimated life of each site in vears, based on 500 TPD
disposal rate:

a. Makaiwa Gulch Site - 31+ years

b. Nanakuli Site - 27.3+ vears

¢. Kaloi Gulch Site - 50+ years

Estimated percent of fill area filled per year compared
against life of site, and how this might be altered

by resource recovery (based on 500 TPD):

% Area Resource Recovery by
Per Year Waterwall Incineration

d&. Makaiwa Gulch Site 3.2 .64
. Nanakuli Site 3.7 Iy
c. Kaloi Gulch Site 2 4

Site ownership and estimated land value:
a. Makaiwa Gulch Site:

(1) Owner: J. Campbell Trust Estate, Hawaii Meat
Co. lessee, Tongg Ranch, sublessee

(2) Estimated land cost: 81,690,000



b Nanakuli Site:

(1) OCwner: ghigeru Horita, et al; The EHawali
Corp.: U.S. Financial, Inc.; S8ecurity
Pacific Mortgage Corporation

{2} Estimated land cost: Site A -~ §2,
Site B = $2:

¢. Kalei Gulch Site:
(1) Owner: James Campbell Trust Estate (Oahu
Sugar Co. and Hawaii Meat Co. legsee,
Tongg Ranch, sublessee)
{2} Estimated land cost: $2,000,000
Need for cover material:
a. Makaiwa Gulch Site ~ very limited amount available
on site; cover material to be

purchased

b. Nanakuli Site & - on sgite cover material available
Nanakuli Site B - on site cover material available

. Kaloi Gulch Site - some cover material available
on site, must purchase remainder



SECTION 8

THE RELATIONSHIP BETWEEN_LOCALMSHORTHTERM USES QF
MAN'S ENVIRONMENT AND THE MAINTENANCE AND
ENEANCEMENT OF LONG-TERM PRODUCT 1V ITY

Man will continually produce solid waste and the
quantities produced will increase as the population in-
creases. A safe and efficient means to dispose of waste
products must be developed. A properly operated iandfill
is a safe method for waste disposal. It can be odoriliess,
free of vector problems and the dust problem can be mini-
mized. Presently, sanitary landfills are the most effic-
ient and economic means for solid waste disposal until
resource recovery is implemented.

Although the landfill will be committed to only that
purpose during the 1ife of the landfill, once completed
the landfill can be compatible for outdoor recreaation or
limited agricultural uses, such as grazing. There is
a compatibility between its short-term use as a sanitary
landfill and its long-term use, after completion of the
sanitary landfill, for active recreation, grazing and
some types of crop cultivation. A sanitary landfill
can convert land which is unsuitable for these uses into
land suitable for such purposss. It also secures land
for open space.

g-1
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SECTION 9

AN INDICATION OF WHAT OTHER INTERESTS AND CONSIDERATIONS OF
GOVERNMENTAL PCLICIES ARE THOUGHT TO OFFSET THE ADVERSE
ENVIKONMENTAL EFFECTS OF THE PROPOSED ACTION

Since so0lid waste will continue to be generated, a
pPlace is essential to dispose and to maintain operations
for solid waste disposal. Increased urbanization and
development on the island of COahu has resulted in limited
areas being remote from urbanized cores. Conseguently,
it is difficult to find an area for solid waste disposal
that is remote from urban cores yet close encugh to make
the economic factors for transfer and hauling of disposal
toe these aresas reasonable. A site is needed to dispose
of solid waste and toc operate proper sanitary landfill
procedures.

Ecological considerations make ocean disposal undesir-
able. Since ocean disposal is prohibitive according to
EPA regulations, discussion of this possibility is pre-—
cluded. Shredding and baling extends landfill life but
it does not eliminate the need for a landfill. Incinera~
tion is more costly than landfilling and in the end result
a landfill would be required for the residue of incinera-
tion, Rescurce recovery is currently being investigated.
Until recently, resource recovery has been uneconomical,
but if deemed feasible, resource recovery could not be
implemented for this island until December 1981, at the
egarliest. Until that time, landfill disposal would still
be the most economical means for waste disposal. At such
time when resource recovery is implemented approximately
50 percent of all waste by weight would be non-recoverable
materials and residue from resource recovery and would
still have to be landfilled.

A landfill does not eliminate the possgibility of
other uses for that area. Plans have been initiated with
the Department of Parks and Recreation to develop a park
as increments of the landfill are completed.

There will be landform alterations. Depressions
in the existing landform will be partially filled by refuse
and soil. This altertion of landform, however, can be
more conducive to the aforementioned park concept.






STATE

SECTION 10

LIST OF NECESSARY APPROVALS

1.

CITY

Special Use Permit from the State Land Use Commission
and the Honolulu Planning Commission (Kaloi, Makaiwa
and Nanakuli sites).

Conservation District Use Permit for required sites
will be requested from the Department of Land and
Natural Resources, under Regulation 4 after the comple-
ticn of the EIS.

Certificate of Compliance and Solid Waste Management
Permit from the Department of Health.

An application for a Conditional Use Permit for Con-
struction Activities under Chapter 44B, Community
Noise Control for Oahu of the Public Health Regula-
tions. The contractor will obtain said permit from
the Department of Health.

AND COUNTY

A permit for grading, excavation and fill will be
required pursuant to ordinance No. 3968 {(1972).
The contractor will obtain said permit from the Depart-
ment of Public Works, Division of Engineering.

10~1






SECTION 11

OQRGANIZATIONS AND PERSONS CONSULTED

The following list includes those agencies
and organizations who commented on the
Preparation Notice. Their comments and
the corresponding response follow the
list in the order presented in the list.

Federal Government

Kisuk Cheung, Chief, Engineering Division, Department
of the Army

Colonel Carl P. Rodolph, Director of Facilities
Engineering, Department of the Army

Jack P. Kanalz, State Conservationist, UO. S. Department
of Agriculture

Captain R. P. Nystedt, District Civil Engineer,
U. 8. Navy

State of Bawaii

John Farias, Jr., Chairman, Board of Agriculture,
Department of Agriculture

Hideto Kono, Director, Department of Planning and
Economic Development

Dr. James S. Kumagai, Deputy Director for Environmental
Health, Department of Health

Gordon Soh, Program Planning Coordinator, Department
0f Land and Natural Resources

E. Alvey Wright, Director, Department of Transportation

Mrs. Billie Beamer, Chairman, Department of Hawaiian
Home Lands

Ms. Jane L. Silverman, Historic Preservation Cfficer,
Department of Land and Natural Rescurces

11-1



City and County of Honolulu

Edward Y. Hirata, Manager and Chief Engineer, Board of
Water Supply

Young Suk Ko, Director, Department of Parks and
Recreation

George S. Moriguchi, Director, Department of Land
Jtilization

Robert R. Way, Chief Planning Officer, Department
of General Planning

Kazu Havashida, Director, Department of
Trangportation Services

D. W. Ballie, President, Oahu Sugar Company, Ltd.

pavid A. Ferguson, President, Ferguson Management
Corporation

Diane M. Akau, President, Waipahu Community
Association

wally Inouye, President, Makakilo Community
Association

11-2



N

9,. *
¥ &
el o
5, &
Ay
1
zebuthuy FaTyd pue Iolo8iiqg
. CATH @u WM
2\43\2 ,\w\m u,:\._\% \\w
faandk Arnay Xaa
NOT TG m?ﬁsw&ﬂ Fuy fojup
aorjon 3oslgns sy3 01 wsuodsel anok 303 nok yueyg af ay
AIELON HOILIVUYaInd \
IRAWALYLS ROVAHT TYINTWNON TANT
TITAANYT REVLINYS OMYMAET 1 10¥0409
‘srnod Lpaxasuyy
rhunay)  cxp Iwsg
Trusmnaop eYyy Jo aveyd vopieasdsad ug papniony aq o3 £37veiisdde ayy
BGSSE  OOSTOURII URE 04V
xa3jeys "33 ‘Htz hpig I0F nOL NURYY I0q Tsmy) STY1 3P IaYyie 03 EI09MOD 09 B LT
sxveurbuy 3o sdiop ’ REN RH - CTTIgReey
‘AVTAISTQ DENIOUCH Aamapuws promsor 3oy sayjon uetieandes ELETERE o
‘Amay syy o jusugIvdeg 4 ATAR oL jeansmnatany
uotstaTy Hurassurbuz oty U PIRRTAIE Bamq wa T7re7 Axenuep g1 o A93321 anod wy pajeanbaa &
Bunsiy YnsSTH 3N 4
sRxmmlIH A aeeg
£1836 TTemeg “apnjouay
32233y Bayy gInoy g9
Binjonay 3o Aywnop puw £11n
ERI0H DTIGNG 30 Jusmreduey
LL6Y ST oTvTAde - IpenTFUY FOFY) puUB Jo3onIEg
ZBZ-LL A = WE0JTIY § HOHLATFIED RIPUSAIN C5 @sulres tan
I5A43Y 40 ROISIY
T T A rewe e eas o Mo HY -5 0 pfoig
d - R0y

v l\N; 1L 0 22 N RN 03AM3038

Ethos HvsvH AN TIONOH U e \_ ) BEEIE DVEIIHYM S NYS Cdv
i !\)V\mh.ﬂ M*M_Q; ”— . Tu hn-.\‘r HHALAVIE L CWT R
MIYIONGOM 40 ALMNIIOD CNY ALID : BRENFDNT 20 sanoD LS nTITONOH

SHHOM D18Nd 40 LINFRLEVIRG AWMY BHL 40 ANBW LMY 4RO

908 paly



R,
- “Fy
%

A
M

L NTER,

e b
kol )
gy

ninyouny go fruno)d pue £330 faolei
{30y5) Suiuvueld 1wasusn o ydeg

) CUTHYALR 309
Jmémm r g \ M\&g , La0
hw Fuyaesurduyg wor1ITIioNn

FsFhvhug JWTUD puT JOToLI TG

d JO J030nX1dg
‘

tganok Kynxy Kxa T3 CIFVOLOF
R0 Jd v
i St

o ‘\.,M‘,\\
2 g

[2

Sjusmagwely 3ovduy IEIUSEMUATITAUT AYY UT PEpNTOUT Bq TTTH
=178 PATRNRK 24Ul Buture{pe 9 pue § seltg @IN AWXy TdmIoT
IO 8SN BININIG I sueTd OU BAV HADYY IPYY UOTITMIGIUT ANOXK

raoTyoN Anelaqnes oyl oy esuocdsax anok xoy noX yueugy feanod L{sasourg

HOTLON BOTILVYYERR4
EHFIWALYES LOVAWI TULHEWNOE TARA
TTETACNYT XMVLINYS 0gvmadaT LNACENs

TIMANMIOD Ayl aatasx 01 Ajpunjaodde syl J0l nod jyueql

resunpyviade {Yiipuri pesodord sy3 o3 uoiiosslao ou

VARG @8 POY STIITATIOE AWy JI07 S91TS A69UL JO 8EN 2InINY a0y
surid ou eXv BIayl  ceapadwutr Ariussaid aaw HATUK G PUR ¢ Se1g
PRIN AWXY aowmaoy swtof{pr 9118 TIvIpuwl esTeye)l pasodoad oyl

rudropoy PIUOTOD Ivag

86596 OOSIOURIZ URE OJY

TTEMP) fpusswol 3aoddng
Ay soyeys paytun sxsjrenbpeen
Aaxy oyz Jo uewavdsg
Butresurbuy Sor3Tiiond JO JON08I10
ydtopod 4 TERD THIOTOD

THLGY AeqwRted g pRITD TITIPUR] ATIVITUEG pIRessT J0) ao7ion
vorivredady jusweleis youwdu] [VIUSWIOITAUY 01 SpER ST SOUSIaIDy

CAEREO ] R

—HH@ " vIans TTRRAYH ny :Mnugcﬂa

SSnaay LMD Tearyg FuTY uIBOR 0eh

LL8T ‘sz Trady , Y R AINIOUOH 30 Aqunon pue 411D
2o b Helider L oormy sxT08 OTTANG jo adegq

68L-LL ¥

ERAWIEHE 43iud any meadEuin [

FMIRYAIN ATEIIVE

Woave
Wl A MmTMA

AA-HA-AZIY

L ;,%m&mmmmm -J,fr\\ww.

34

2
LLehd m g GZwr

FARRE HYHRYH 10 RN OR - : : .
damas SuLTR o e Wv_ drenyn SHUERETRE GOy s o
AN TONOH 40 ALNMOD AnNy ALLD SR P T gy WU SHIVES 31N S8 0
caf AWNY THL 20 INAW LY

SHHOM THIRMG S0 LHINIEV DD P



Iapurhbuy a1yl pue F03D83ITd
YHIHYATIW %ﬁmmuuﬁz

/\,\J\»N\N ﬁ\m xNQ Y \ WP
' ‘s105X ATnan Kxop,

“aorioN 3oalaqrs By 03 esuodsex anok 303 nok yowyg

ADIION HOTIVHYATEL
ENTHALYILS LOVAWI THENAWMNOEIANE
TITAONWT AEVLINYS gueMIdT  1IDIrans

ipivUey ‘IW aeed
E18%6 1TPMRH “BINTOUOH
burpying HUNOX ILBPUENSITY OFY

srmatnotiby go juswmzedsg c5 'n
ZIRURY " d IR AW

LL6T "5z Trady

SRE-LL W

MEANINAL SFind caw WOEITRIS

VMIHYAE BTN v

TLERE HYMYM RITIONOH
A RTHAG DHIM M ROY 068

NTINTTONOH A0 AINAOD ANY ALLD

SMMOM THIEAY A0 ENBWHLIHVYLDA

ISTUOLIVAIORUDY) 8I1v3g
ZYRURY ‘4 you[

@u&. A‘Q&.\\%Qﬁ}iﬁw\
Ayorasurn
TIMMIDGP SIHL MOTASI 031 Artunizoddo 841 103 nod ey

TIGFFO 02 SPNMEEOD ol
BARY pue adiiow woryeredasd g1y paunyivsw-sacge RYL POROTASI SATY oy

TIIIPUR] AXRATURR pIemssy Joy uamaaeln 3vedu) peiuswnotTAur  ianslone

cRITHRAEN CaW Jwen

WEDa515
mm%&nw%m%wwwwﬁ H:Emm I ‘nraisuoy
Ve IanIIE BuUty yanog pg9
hh. In nRIouof 3o Lunoy pue 31
5 S m« @ﬁ. ENAOM DTIgng 30 juamidedayg

raautfug yatyn pue I0TIBETG
BUIYRATN 'S SUR{LeN ‘an

!:;am&mumm Jed%

eMMJy MW .
e 4261 *FY b.m:uawmwgw}tay

; oRd 11 Biobd )l 2erpring Suon aepumxsry gpy

BEUGM Tadl 40 Led0 HDIAHES NOLLYANASNGD 105

IHNLADEEY 40 INFWINYJIRG STIVLS OILING

i



£¥8%6 IH ‘nintoucy

oTYE ¥OH "G "4

Atddng ae3eM 10 parog
rewuthuy JRTHD pup Iabeusy
FARATH PIEMDI " IW

108486 Iy ‘nynyouoy
ALLE ¥og "0 "4
ATERE 3O Fudaryavdadg
TIearl 3o Blelg
HITRIH JO IOWDBITY
Jrouang ebiown IR

ANVONVHROD 3HL 40 NOLLDIMA A"
HIFNDND UAID ADNILGIT

N&M 030 R LvD

kﬁuwm>2,a k)

£ER%6 IH Uin{oucy
fi31) A

35 PTEADENBIRH 05§

' YITEETUAIOD

L pTend) TeluswIoXTAY

FATexanuts

TausmwoD pue

METARY X0OJ PURLWOD FINI 01 PRIITWGNS g §IF TRUTF Syl Jo0
Rdoo w eyl puw spuosunstd eange 9¥l burtursouoo panInsuon 8q
puruop STY3 fpeardoad €1.gry Byl weus 1wyl passenbar st 31

08z A9S
LE=GERTE & 3

oy Adop

sgaaodand TrTIpuer Areltums

I03 PLIBPISUOLD DY IOW HOINSH TOTEN J¥YL pIpusmuonsy st 31

THIOIVIFYL CIUTOL SIVGARH HYH WoIy Taunosxed teunTiersdo

pite SIJURPIESI BYY JO UGTIPNORAS S5mi Uesd pirod puw

BEAISILARIIT $T SNOOO UDTIRUTHRINOD PInOYs rejespuncih

IESRG BUY O3 BUop 89 Ued 3yl abewep oy} ‘suoTIwiado

TTTIpuUnT 2u3 &g pojvuTwesuon B J0U pInoM zsjespuncil eseq

B3 eyl uoaath eq uwrn asjueaenh ou ‘pasodord saw spangeow

TOIIUOD PILUDEIT TAL-IYI~TO-IIRIE IDADIRYM TVUT 31T

BT 37 *avhib ag proomM Rwred sIsdqieg THoTIeas 2TY TeARN

sa1TddnE YoTym ADFEMPUNOIH TeRedq BU JO UOTREUTWeRNes

30 xeburp Byl ST yorng Toled Ul worivrado 1iippuvy
AIRITUTS ® 03 sioaiqo Aaen 4L CULTHH TOTER TZ

shesmpeol auyn JO SdURMRUTe PENUTIHOD pue
syuswpaczduy xoy Arvrrqgrevodsss furadesor A3TD SUT UILA
FRIT BYF OF asan (Araybry uodbulideg 02 eIURIIUR UTEWM
rarenTeny ‘aurzebwr earN Syl wodj) Aespeol ayy fuyzTey
~HURIY O PATIdeDeI 8T AAEN SUL RIS TTTIPUST TIMIvUEN
FYI JO WYTEW SSTITIIOVI IRARN AT 03 SSH00% paliwiiun puw
Kaysgen nansew 0 Spew &g O PASU (ITMA PROY SSID0Y [RARH
TeTMTeny Byl o3 sjuswoaacadwt  C93YS TTNYRWURN Y

1ERITS TITIPUET UDTns ITOTEN pus TIO¥wuel dU3 0 UOTINA{eAD
By U VOTIVIBPTIFUON FOF PIIXTUGNS IR SIUSOD HUTADTTO]
VYT PUR PBMBTADI UDDY BRY [ET TPT Azenurp 3o Gf-fL W
297391 anod A popresaoy TTIIpuwl ATeiTung pIresss) @il
Aoz 20TION vorivivdory auveweieiy Ioevdwy TeIHABUOITAUT @yl

sexeedtn Caw xeeq

£I§96 TTEMBH 'NINIOUOR

3eaxly HUIN YINOS DY

winjouoy o Ajuncd puw A3TH

gMAGH PTTANG Jo Fuawriredan

Taeuthey JOTYD puUw 0T8T

WS04S10 € HOIL3FTI0P PATURATH ©§ PORIIRM AW
ISRAIY 49 HBISIAP

ILKE-19 0fsy
EEYERER

Trran= o1
SEWI YT QP

1w st & By

0E WHIEY LTITHR RE WIREE DIFIIUVEL HYE 081
0N

- S0 auand 49 1T L aniainos
u._ﬂm %&&w M MV NDGYEH
PEOVL L 1w G 03

Cg3AEOR




pﬁsﬂmﬁmumdguvcﬂ woucﬁhﬂn
./( ) W VHIHYZATH ADWTIYM
._Jw ¥

N‘_u_.@wm 9]

m?“\
o K Kynaz Kxo

‘s1

TPRISINDET ST JUSMOD pUe moTABI anok any §I13
A3eEp eyl gyo Adoo v nok puss o3 paseatd agq TTIH oM

TRITS HOIRH TOTRY AUy Inogqe nok 35uivon TTTR s3uR3ITHSUOD
N puw uwaywgaspun Hufeq SY s82ts syl 1iv 3o Apnis BYRYONBY
pur Aboroapiynesh Butobno ay TITRIBD WY PRIBPISULD By
TITM “3u70d SX9qIPg ‘UOTIPIE ITY [RARg By o3 seyrddns Tejem
Buiinazis worjvuimeiuon 1sspmpiancih aparssod 3o ssnwoog

FITS UDIND [OTYR OY3 JO asn o3 usiavalqo anoy

*{g1H)

FuSWAIeIE oeduy TeluswuorTAUE Byl Uy PRSSNOSTP Bq [TIM

TINNBUEY 30 PROY S8000Y TRASN [STRATEN] O siusuwon JNOE
TEDTION 3onlgns ) o3 ssuodest Inok 203 nod yueyg,

FBOLLON NOLIVHYVJITHA
EEFRILVLS LOVAWT TYLNIRNOY TANT
TILAGHYE XUYSLINYS MIYMIAET  fa0urans

13pesAN uwreide) xesqg

01996 OOBIDULIZ ULS OdF

Tl xog

IVTAISTG TPARN YIuRelInog sisjzvnbpeag

IIDUTHUY [TATD FOTAISTO
PessAN “g "y uiwvaden

LL6Y 57 tyady
SLE~LL W

FTIMII U AU v EmATT I
FMIHTAIN AEY TiIva

LT
HYR d whvwa

1PN MY MYH N IONON
AAARES ONIM HANDS 055

MIMIONOH 20 ALNMOD GNY ALD
SHHOM TN 40 SHENINYIAG




FERANR S35+ OF MR O LS i
e T n

“£2aNTER} UIBIERT UAASUR BT C3 &P uoisonposd dosn oo
BETIRATIIND A0] ATaUYINR 30U B wean Ay ceangsnd 07 53 (soawd syy 3o @
uansid {1 Ty} RamyyropdBe ponon eY valw AITIUS SuY ng TIETIUEDESIY jue
aanyranyade pavnsyd ywaensd oy oqys joafoad Eyy I6 U0IACg CUSTRTIRRGD
e Bywye myy A sangrnota®e pegrudresp o7 E370 SYL -~ IR 10Y

THALE SN

IO anoT gegan pus SRIRY SYY Qanrgaq ADct I9)1ng JUSTISIXS Uw 23Ra3d [Tl
(¢ rue y) m.u‘:H S JO DGTUDRIaE  TAIBASE O SBIIDPOT ST PIVZEY UOTBCLE
pue fpides o wepen 1 pgouny  <dedns o) Foydoys Kpsamsapow €1 [I16F
seowpd gsom U fqusoaad ¢f ©3 £ os1 oBwea wdoys - E&)oer ESY TIOE TSTTI
—cat anwIgas Sueds SiEa Sat o3 snp urtaea1dinn dean Joi asw ang sanased
J0J a(qErIns on PIRCA BXTR SIWY,  C@anjynolidy PRt Goligasssus) ST uoln
~wufimep asn puwl savih eyl cAowds vado pow txawd farrnorafte peuuerd
Tuasusd my veyaoss sy, t{1-d) voiamazesesd puww {1 m:mu 2IngTRoTEEE
*{naa) Forency juakdoisam) pruuwy] BaNCT £3 () woygeod vIsasme Y

'an0k ATnay Kiop

TuRgIf ST UGTARUPIEAD Pen puwy F3vde Caaed pUR (OOUDE puw quann snde

Tauwwmyesg gowdwy frsgyvaptear faangjinotzis phuuepd pessuesd Ty By paocy uctlacd wopus
1E3usmHOITATY BUTHOOUIX0T BUY MY PSENIOUT @ {{1M BIna{noyibw qmebEs w1 {Y) 9215 WIFIERA SyL TR PUR ¥ - SUGIIDES 0K €381 PERTAIR ST
JI0F EAVTR PIXYI oy jo Arrrgesine eys 3noqge :Omumﬁhauma Ino3, ayte powy  c Liyenb pucqsanil pendprmae 3o AQTULOTA ~ @3TE TINMRURN TR

‘eoTI08 Foalgne By
? T 13 03 asuodsax anok a0y 0ok sueyr caORIING 243 Fo jusodsd OF 63 0% TRAGD slapIneg

pue seaene (T10S J0 juTeimw TTEEET w oep saenl  Caveadsd o) oo on s¥oug

FDILON ROTLVIvaTHd adotg  "peuene pUR SIeTINGG ooEm Jo puel daess Aucig - 6s e adAn yicg

LHEWEINLS JOVAWI TLNIRNOU TANY "1 pamyruoya®e peucz st opue aangyobiafe By woieu¥IsIp esp opuey anene
FEIZANYT XUVLTNYS {HYMIST L LOSrEns Tua1iRAININD 4ol 20 FTARIING 30U ¥Y pue santswd Jog paTn FY puBy

sy, csezodand TIIIPUUT A5) UOTIENTRAS IPDUD fe3lE AUl Yo Aursieeld

. wom oy $n A31n Sl Aq DAPULTmOOBI UaBg B S3TE WMTEREN SYL 7
. tewrIeg CaW TEod 4 w3 310 sun Kq pap oG sey w1

Sypnseusy pus CYoyey TURTnF o esTENER DSRO13

vig96e  Trwmwg ‘ninyouoy ~BIp REUNIEM FUR RAY U1 DIGRO0T 4% 540Tg CTTIIFVR] SIEiiued pARRSs] sofem
Jeerly BUrY 'S gIET ot sw oEn aod Triauedcd aary Hobus F29Y8 2olwa Sargy SRIIINMEDY a0l eyl
' exnyoTaby 3o jusinaedag
NN BANGTNOTIBY 30 pIRog ‘ynuiieyn o TEIIpuey ATvaruEg pressst oy gIf svelang
TAL O C'ERTIRE uyop cx "
RS ' or TR Fr s TETY sapepouey 3o Ajunen pun K310 fesdoy oryand Jo anscgredag
! 2 . GeAuTEY J9TUS pUR A6408370 ‘araeliil 8 SouTTRE T 13,
GIADay o
Liey ‘g KAew - [
oozl
FOE-LL B o ” LiEy ' Asenauaz

PrAEE HY MY H HIATOMEN
WNIEIREE AFIHT v wOAIRwIH

VEIMVALY RIYTIVR

EEBERL IR ALY

AT AWEMLE ORI OO ATHT

A % MmYRS . - - . P
, Heiid ot 7 i ARES A NIV 0 LNINIHYSRO
EEW MV M A5 ALV AR
&1 o2
L1896 HYKVH N TONOM CM.ﬂWUWWm x_w m Hd muu.
LAFHIE DNIH HLNOE 08T W g e .”@u&?«”‘wﬁﬂwﬁ
vy weis
MINIONOH J0 ALNAOD anNy ALID s v e peman
SHHOR JIMBND 40 LHINLYYIIA WYY RIOE FAECATHY W BTHORN

&Qk#@nh



3

[EREaaS
- e w
(.

A Tyarsoute

‘adbpien wonvredary gyg
ST o Juoumos pue matAsl o3 Atmsiodds sy eyvisesdde ay

TPRSSNISTD D1 PIROUS SAFOAUT
TIIn wotzoe pesodord eyl yzTys s3usunimes ures . Suoy oy ¢

THYATR _ AL IO suorIeasia eyl 91 o peInpUoD B Amu YDTYym

J» w%ﬁﬁnm IaTYD puw Ioansaig [IEITALN 00 rno AITTIQISTA aTaum a11s
PV
i S P 1Y BRTITALIDY 00 WOEITyRr ur uwirodm Apyeisedsa 51 s
M\.wijw\mw\d\ PHATID ©) Walieqnr ur ruedsodey Appeisedsa ST osngg
ol

TPATTINS 2Y PINOUS BRLE ABIING ST FO JUSIXS R COSTY
SHurdesspuet pesadoad v ye axtds Ut ‘eaiv [RIiueprsal
‘sanok Ainaa Xaep e LemyfTy ou3 woLY ATOTSIA 80 TIM SATITALIDR FUTi{TipUE]
BT YDTUM O3 JUSINE By $TOSTH o3 eavradoadde agq pmas
31 AemyTry vorPitaang pur AITUTBEIOD [RIIUIPISSE 3TER

TwsEiy . oy g o .
woxy 3nduy 3ab pue saritTUnuMOs pRiseIze o3 1oeferd pesodoxd Tespion Mh e “umwo,,chm, T o Mo sy o1 .
UL UTR1dX3 0} pouurid ST JUSWPATOANT A} TUrtunron snp worIeniTAn yEnoisy suuvised jowder [PRSTA Jo veie oyl vy
TPAGTIORRD B4 Os{T TTTA Buidesspurl AariebTITW “3wedtodit aq Aew wrioy

STID DEILY ANLS SDUTPIONIY UL SPEY 99 PINOYS FUDTIENTTAS
WU [BBY BA TUOTIHT pesolodd S JO ATULSTA Syl U sie
A11 OTTHUNEN PHE SR TENCIN JO SHTITUMMOD B BOUTG
T Amnmes s A9 Qrriaridesor,, {0y pur ‘.- -asn puey
Frpunorang wo £108339 T0 zorng HT $11% 853 70 A3THEG
S1Tanded [ramne pe peroees, (1) r5rmony BuisoT1oy Eli)
01 UOIIPas Us UOTIENTRAD OU TUTI pInod am 'drrestyrsedg

F0 sssuLATIOAIIe oyl uoTysldwos IRagw pur uvorzvaado
buyrng ‘sy sv w315 jowloxd ayr 30 wmouvawaddn ayy Durgrass
—|p uLMelrspun 9q fITA strAteue jowdwt ensTA ¥

“PRIOU USDg 2Ry
IuswaRlg Joeduy TeljummuoItand butmosyizogy eyl uy VOTSSENDE TP
puz uoysenyess ybioxoyy srom 10j pessardis nod sursouon ayg

) W UOTIDATAG R URTEAE [Y13pUw] 1B iUES, POTITING Jusunaop
sotyon oslgns siya oy ssuodsar Inok 107 nok jyuwyg S _30 (1 UOTIDAG UL peruasaad TILa31ID AT51aeds S 30 e
R} ET T T 03 BUIpionon padenteas A1Tn3 su pinoys uottoe pesodoxd anp -y
SNTEEIYLE TOVAWL TULNTHNOWL AN o , . .
W T EiL o 13 - 1T A ) gt .
TITAONYT EMVLINYS (UYMIAT 3090468 ST AT snimmon BUpsel10) o 10330 o)

WETH pue adtioy uotieaedsid <3n 10(gns sy PAMITADX SABY oy
rouey CIW ava

N TTLITIE Lvitues pimsast Jof
yasse ,.a,.nMMMM xwwdwwcmw #ataoR unrInindorg qustmyere aoeduy TRIUSaMILAty  110aigng
TIRMEl JO Ajelg o .
Juandopeasg DTWOUGCOHY TRITYRAT Ty Xweg
pur Buinweld 10 jusmixedsg .
x . $06  TresEN CoInjouoy
IAIVBIEITQ FOUOE OILPTHR CIW Non115 BTy wanon pon
nynjouny 30 Lunog pur L1190
Ay OETia 30 puwewrredag
ansur ey JaTyy puv 2cannrig
ryedip * TeM
LL6T %2 Trady REtYRALY G eoETTRM Cuy
INEOS50 ¥ RDIEATTIDD
DERATY 3 NEITIAY

8T-LL ¥ i _.tgm)m..m,
o e HLeHd-s 7 oy

A ra i L

cwnffy G3N353

EEBUISNA SU WD e MEEIBMIQ
YHINYLIY KDV I Vv

woswe
YEWA M Mnvna

1696 HyRyH 1InIoN0H 2267 ‘18 Arenuep

LIS DAIN HIODE 05F ‘ <o) v%.i.xr\% T
MINTONOH 40 ALNNOD anNv AL T votal ictmest ot G070 64 wer Ryt Qi . N NP S ——— Mﬂ% - //
NHOR DING A0 ANIWLNYARO RENNPp S HLOHY 18 BNBUGOTHAICT DIWNONODT ONY i3
e YN NV L , e
azcswo._ g .mxzolcoh :u.m_uvy“‘ﬁ.?u ¥ sw& ;mﬁuw Pzwmz mw.; muﬂw
EIARREE]

e

BISTADIY W JTHRTD

SK900l2



YITES THIUHRO0I TATY
203 I0laaxyg Anndag
TOMHA CTVOVRAA ‘S SEMVE

tdrazwanre

THBTABL 3Ty SUYLII0 STYY U3 PRIITOgeSs oaw gueyd
TEBIF awia oyl ar poafoxd 243 e FROTIVTITERY YRIDBIMGITAGD Baning weodyi o3
BT BUL BAAPEII CDAOJAIBYY ‘AN TUOLEEROETP Jo BRanos Aot syl Bdisq enoyd
Aawoymygord 03 anp simivy uy TeIaual DI SIUAWDINIS YT VYD SITTENN DY

LIET "OT Lrvnagay ~Z- TATYRATH § enEITEH IR

TERATIVGABI(E [I¥ 30 Bunsiivduod 38ov oyl wss oy Rujiasiadul oq praas

11 cEdTid UL BIW SRTIF{IONY T1¥ B0UIR 3usRs3d 39U UOTATLAP ST4UBOEBD )

BIOW DY B 0] FARSE FPYL  CApnriE poyIRIap diow ooayl w prooys
nIintouor 3o Lyoaesy 9 L11) Auz Ag wosaraedo Joy peyyIRIed jo eswgoand ayy vy

TBITS-N0 FRIITE UIEIRL O SATWB oB1E savung
frRerrr 3unsaxd o papianid sq saouel TTIR 9

$Burdunp pur BuyBusavss

presmdoyaanp Ianax fr41 3o agfyy uar aodaz ayy vy paucTivesn

uRAd xnageys 1v Bugpporus 8y Ly cawverd £3840093 9ninosol pesodaxd

Ul 3F owyd wppy FETppoIis 1YL ATGRAYIESP Y FT MDUpE swyl STyl
TV DIVMII AMEIET S FIwrg reageqs ae Fatppeays 3o Layriqpseod aup g

LETTIPUR] Aaunny % £33 #uys J8aus 03 peroyre sy ojrand
Rt TTTH  GSTITYpUEy om3 anrog DUOELRX DY WED FIDTTEIRS I E%0d
30 woppvasde Burleixo wyl asedwy yryipusy posodoxd W TIEM MR vk

TEIETIRIYY FiL) peadodwy doj salimgo
Kinapysp o 30edw] saey LTYA syaae BOXING WYY JO RADUVISIP PYF eIV
TLIIpuRf yswa o1 3oadesal Yaym sesde moling safiiadsord T BAY BABYM
TINFINIEY IDAGD JUBYDTIIOE AN FRALE poADSTIN DT TR INYT smews 3y £

CIRIEIRIVE 1SA03 JO RSN JusINIFIv opuw L£37sunp BATIvwdmon

ardozd 2ansuy o) pazpebal ag 01 wawy [TiA ToxInes Axyiwnb I03 STERE ¥ ov7

Lperpued aq satsem jo swlddy ssaya Tym
NORE TRIREA SnopawZEy Jo Juews@eOve BYI BERIPPT 108 ssop 1aedal bup  tp

THOTITIBPIFNCS Inok 103 sjvammor RulsoTiol wUl ITRGNS o4 - GIH
pasodeird 3oRfqne Y3 U0 auswmod pue ABTASY 03 Bn Fuimoyre 103 nok yueyy

TIEIpuey Law31ues preansy a0y {81%)
TusmEIvis averday Teivsmeoliavy posodoll uo sywsmwon ey 1senboy rxanfgng

1RATYRATR XK 2weg

. £iRg4  TiwaRy “aiajovop

"1y Burd 5 059

ninjonoy o £3unony v L3710

Y204 231qng 3o aveuiaedag

asaayiag yeiyy pur avaealg

TEEQSGIG R HOLIIITIOD FATHCLIR S eveiTes CId
ENERS I HR LB

et LLiHyes g L M0y taennqns

o sapns wepmid Kt 1

e 10 rosonney rving OQAAIT T o s mrosos
A TG el g sousky ey Rt vy D
it 5 ponmay KeiSey HUTWHH 0 LN ATE0

WPy ueetieoy) N b:azill-l.l.).l.?lzl.!rlilf SIVRYH S0 2IVLS
i ena VI AN 04

TP TR A R
HILTYIM 50 31 v Mmu xw 0 m N M&m
NI T ¥ ITHORD $¥ion 9

PV FUT EORRTRALYEY
- BISEERIY M TTMEIR
{iuitg 4g-
HiArzgg” 4930

%\N rOLL



Anouthug IaTuyn puv n5u0$hwm
YHIHYAEH AQ@

ey m o é

gy Kynxy Kxop
“juawpieiy aovduy Pejusn
UG TAUR |Y3 WY VIS TyYsEy Su3 jv muvoriwisdo Duippsayw o
aosfgus B2yl 3THO 0 PIpToIp sawy on ‘paasabbns 5w favssnog
"u1T1 TitIpuwy Buruesyibuer Ag tesodsip TIT3puel PIe DPInOo
BUIppaIys ‘9318 (1913 IHJRYS BR 03 poaxioyax A1Teuibiic)
tyss AT 3w Hurppenys uo gquwvauos anod BPuipavbey

CjusaEaeys Jordul [EIUSUNCITAUYN SU3 UT PYSENDETP 99 [TIM
1TTspuny TRiteieq gyo osevyoind pue Huynuejy Ayjanoss ‘T1E3
~pugl 23 3o wsn oyviged pur {(@eDd Burpnioutl) sssn jusoseipe
uo FIPEdET TRTINIEN 29A0D JI0F SeRIw moxang fAirsusp satiowd
~won rsdoid BUTInsur ‘@38eM SNORITICY INOGE SUEINDUCD I
anisod avelang sy o1 esutdesa Anoh doy wok yueyy

HDTION NOLILYIvARAd
LNAWILYLE IOWART "IWILMEHNROYTANE
TRIAGNYT REVIINYE QEVMAAT  233Erens

stubouny - ag Swvog

10896 IH ‘miniouoy

BLEL Xod "0 4

ITemEl JO 23RIg

HATReR 30 Juswizvdag
YITROH TR UBLNOX TAUT

any Aogoerrg Ayndog

Tefeamy "9 sAwRe g

LLet ‘47 Trady
CHE~LL o

HETHAINK 49 fwd mww wmrDREIR

Hhsw
WHERYAINE WOV S

YR A ¥MYRE

FERFE HYMYY TOTINTTONGS
ABAVLE DHIN HANDT 05F

MTINTONOH 40 AANDNDOD aNw ALED
SHHOM IS 40 ANBRIYYSE0



BB1TS OTIOISTH
oures 3 USTE

u\:&dw@ﬁm FRTHD pue IOIDDITG TIEMOQ 0D

\» DAL
VY 455, - s AyruTproan Putuue s weabonrg
HOS HOUHOD
wanph Ayday Aas
~ a3 iMWYM“WA\ )
TPAEphIouY

B osle {1ta ssinsvou aaTionjord lrvsssasw Aue 3o syiiesod ‘wanod Xpnagy Lisp

Tauvpwsn ey jowday [ejuemuoxyaug Putwooyzrc Byl UT popnyouy

Bg TTEH PUR uayelIspun BUTBg ST BAITS DATIPUINITE DoIyy

ayy jo Apuys ejwyowa| pue ABoyoipdgosb v ‘udiiowjord iaszem

~punoih puw drvurerp so0vIIng ange jusswod . rnoX Burpiwboy
*aoT30oN 3selqns Byl 01 sRucdsex anol a0y nod jyueyl

TEaInswen sarioatord sweysr Burysyiduosor oy

SITRIRD VAOW BAS 0 YT PINOA BN jIoM TRUOTI

~T1ppe posu worsnejorxd xejespunoxh puw shentelp
DREFINE YT DUTTRED SIUBUDIPIE ’ ISARMON

ADLLON NOTLVEVYIINd reyrvubape pur DavINDOY YI0Y
SNANIIVILE LOWAHT TYLEIWNOEIANT 219 BITIPTIM pur ysTI burprehsiy sjuswmieas

TILAONYT AUVIIRYS QUUMETT  1LDEACAGNS

TTTTIpUe Areytues pIeasa} aiy 10y
ryon o zesd anr3ou uotirxedoad 1 B PIMSTARI SAwY AM

60896  TTEMRH "UIN[OVOR

T3 ®og 'O "4

1TIEMPH JO wleag

BHDANORYY TRINIRN pue puwy Jo tusmiavdag
aoawruyprooy butuneya weiboxg

YOS vOpACH AW

IR xead

£I896 Iy ‘nyniouoq

“ug Buty o8 ps9

ERI0M DTTgNg go Cadeg
PITURATI "G @DRE{eM STQRIOSUOY

1KY WSO4SG ¥ WDHIFTIOD
- ISRIIY A wOITIRT

Ay
{ ‘vmﬂmim.h.x 3 0o} 4 £, rwu 2t

SRR
P b RAE S
LLET '5T Trady 7 e arne Al aenigeg
hinkiattadattolL il AVRAWH OCIVORLN
GIAITTZRY T o
FA: AT A AR Fmrs qu wni e
EFIMTLEANDD BATHNDETE ThROLLYN ORY DN S0 SRTR I YA
DAL .
Varmiber arws ame kerdrHIs wouwe ijf{jlf;hﬁgez AC ALYLS
- a
YNHTEIN RV M TEYa T4 www Mehavus Ba1 O Mafaio mwmhxﬁlm vl

VR W WRaY hm. Ciy
HY 9t m m” 11 fa:{
BADNACEIE UTRALYN W IR S0 DAFOR f, "
£1536 HYRYH TIINTIONOR HYHMIEHT CUEOD RaksorsS N B oM
1BRELS BRI HANOS 0%

Gty cozmary 4 Ean
:mhumu.wm: EEET
MINTONOH A0 ALNNMOD Gy ALID

SHEOM DSMG 40 INIWIMVIRG \\Qhﬁw\



TpbuTBuy FBTYD pur Io3s0lig
VAIHYAIW FOETIIM

v&&ﬁ“\%@@;&
T igreok ..::.wu FEETN
TEJNBIUOD

IO BTYEI ¥ UTWINOD TTTA JUMISIRYE 30wdul TRIUSHUOITALY oyl
- renrzoN sosfqns eyl o3 asucdsel ruok 2oy nok yuewyy

e

ADLLON HOILVEVATHI

LHAWAIYLS LOVAWI TYINTHRONEANT
TITAGHVYT AMVLINYS IvsMadT  :I0arens

SRYb LM IR aweg

ET896 Yiemep ‘nynjoucy
ARHIE TROqQUDENG 699

freaep jo a3jeag
soTividodauriy yo jusuzzedsa
ro3oeaig ‘aubram Asaty g IR

LE6T 62 Trady

S0ieT8 418

DL HASIH Ltaiu mt

yaI-LL |

WRAXIBNI SRIKT Mer wOEIFWIR
FRILTAIN ADY TIV e

NUaw
Y 4 Cd wmvuR
HOSKYMSE D S31MVHD
DLOWYHYS ‘B SWInAOG
RN YD - N0AY
IOV ANV TV

£1LO76 HVMEH "N CIONH
AHBaM1Y OhRIN H1RO9 gel

MIMNTONGOH =0 AINAMACD any
SXBUM DIEND 40 LNINIHYSED

LTI EERE T

ALLD

EETEE
EHIDIHM ATATIY N

Lrdoyy

oy

NLEEEEIT
mﬂ.n.; BRI A3ATY 3
«q o

_gﬁsféd_w

RS ENE LTI

)2

4BRI0 01 SPUMBIGT OU DAVH M IRYT LWL JHYRQ  CJOpYSd Syl pi® 03 s1u93
~HOD 40 BIGEY € WiRIUOD PINOYS TUSWNOOD DY}
2uy mapand 03 LArjumdacddo ayy st Bupsalso LT

TIUBENIOD DRUCLRded-Bhogqe
o Akaa nof yuoy)

{1i3pyey Azegiueg paemas

204 MUAATRYE Jovde]  [PIUBHMOILANT  130Bfqng

tRALYRALY Cig dwag

E[896  11BARH “nin{oucy
Isaa1g BuLy Yinos 09
SHHON JLigng 40 Jueugeedag
JamHBUT 481Y) pUT dogsadig
RALGRALY G B0e)tEn A

WSBISIY ¥ NDILITTING
IEAIHY J6 wOISIT

WeHd-ng 950y
£16L ‘0L Atenagay
—wuwm thtron EAR il s ST
\t\a ué‘.mm.w [T mehuﬂwawx””wt“m:.“ﬂwmﬂﬂ HYAEG
iy s2g 9] fiJYMYH 40 H1vis

mzzukﬁ&:mkc ;
danzozy Y

[ITZ

woonasmn
HISOAIMY M 30H0AG




zoeadThuz FSTYD pUT I0GDRIT(
WHIHYAEW mU&uWME\

Ny v\ww 73 w%z ? \Q 7/ a

fganok Kynag Axoa

: sanpaon woryerwdesid PUx UT
peyiodal §¥ SAI0v £ J0U puR 230w $00f ST AL "9ILE enTEYER 24l
30 abpsine syl uy 101xs ue 1oy oxrbojode o1 USTA 88

rpusrayely A0pdey TRPIUMITOITAUR PUYY WY PRpRiouT
5g TTIM 9S9YL "9pRW Usaqg SARY SIS 9aIYl SYY 203 udtireynd
—oe puef burpnTour Fusmdo(oAnp JO 3S00 2Y} 03 SIIVWIICY
-moraor Aselagns syl o3 aguoidsor Innk Io03 NoA Huvuy
TITL0R NOILHvaEd
IRAWHLYES LOVAWT TVLNIWNOHIANZ
TTTJANET XHYIINVS ONYARET  3OE0EDRS

raxauwoyg TBIW 3IVR]

SORUE. TIeavH "DNTOUOH

6L8T Xed "C¢ "4

TTEMRH JO 23835

spuwy BUEOH ueITEswy JO Jusmzaedsn
et YD ‘asuwal 91ITTIH CSIW

Li61 ‘57 1vady

ftHI-LL &

HERRIERS AUIHT Huv wardaesd

v
VainWAtN DY M v

TIROE HYRYH TR IGHOH
AFHHIS ORIX HINOS 068

MAIOTONOH 40 ALNMAOD ONV ALED
SMHOM DTN HO LNINIHVLHG

FOG 1V ey
T RER D o
AIHAD tw ey

AT YNOIORT ¥ N300 hﬁ
EL e R T

Traw v g

rrros e e TS RS20 2 RBIEIZTIOY 02,505 4y

B0 LW M

EE Bk

HVIEIYRD "HIWYIR FITITE - oaw)

i & 4

{sanod fygwnyg ‘we T3
‘e, pYR, T DY AW OU BiEM0

Sauewwod 031 ArTunidoddo eyl 1oy ook yueyy

‘YBIZ-BYY wuoudaisy ‘{{epsieig
we i TTM I0v3uod wseatd fuotasend Toyaang o srayl praoysg

THRQINn pETITsseTs 81 uoinred aueorzTubis v uyoiua o

SBIDW TI9 EBATOAUT UYnTia 231 Tioqeuey 2431 o3 pasaddo se sing
~1natabe pRIIISsRs puwy 3o seadw L1 ATUO S3Aloauy uoritsinhoe
BABUS FITS CATEERE Gy 203 aved oyl uayzbuaias Avi 31 Sw fapew
aq pINoYs uostredwod SINL  CRUTS I0IPY BYY 03 DOUDININI Jetaq
Borey wdsods wpre 51 aso0 vortarsTodoy puey Jo vestivduns of

CTHOT] RPUSIANT AT
5,VEITNSUOD BYL YITA SINDU0n fpajuasaad vorivelogjur eyl uo
paseie ‘puw 201308 untaRIRdeld SIY anod paseTani seyq gusmyledan
BYY TLL6T YT Adenuwp parep 283387 IN0A UM @OURPIDDDE UY

T Trpueq
AreaTuesg piesmssi 301 3usmsiess joedwl (EIUSNUGITAUR 3040808

PRITHRATH " IW EIRB(

L 11896 TIwarE ‘nynyouoy
. IBOXIE BUTY YINog g49
SRIOM DTN 3o udwiIredog
niniouoy 3o Ajunod pue 31D
TRHUTHUY FRTUy) pue J0328x7(
CATURATH "% UDBETTIOM ~JW

LEART "¥E Krenuep

SR TEMTH (R IORON
TR ROBR O 4
BOMY ST YHEMAYH J0 INIW ARy

f 5 DTN 9 A Y e
B onpe m.:«z,&*&c BIVLS —
,5&9& T

WA VIS YT

TR KA SR e

FE0% gip NOTSIA Fa3y
m.w- xw 15 m mw —ME..
AR LN
T i 2 o = RE

STUKE D
R R




x m:wb:m FOTYD pur A0IDBIATH
IHTATH A0V ITye
Y J@Na I

tgatok Ktaxy Kxe,

ssasrnosal Teorbhojosegnie uo jneige Aug SUIHIBIBE O

noX e Aresoin buriiom @g TITA JURlInsucs Teorhoyoswiolwr

Sy pUT 3PS NG Causweapds aoedwly teiuvsuuoriaum bupnon

~YIEOY BYF UT Passnostp w9 PITM pue udyeijiopun usag sey

SB3IS SATIVUISYL® 22Ig3 TI¥ Jo Aoaxns (eorbojvsvyoaw ue

FREDINDERI TROTHOIOREROIR 23Ul INOGE sjuswwon ynok o3 asuvodsaly oy
“aaTioN 3o8byns oyl o3 gsvodssr anoek xor nok yueys

801330 Burtuueig
S@3IN0sty TRrINIwN pue puwy Jo -jdan
YOG HpIod

a
1
o

TIReMRR JO aely

ABITFI0 VOTIBAIDEDAE DII0ISTH

WRUIBATIS ¢t Due

N e

‘sanod Atoxasuis

TEVAVIE UCLIDRIIFUOD BI0FAY paleTdmos puv pelvIITUL g usyl

FILLOH ROTLHY4IEEd
LHARALYLS IOVAWIL TYLRIWNOS TARS

TITAANYT RUVEINYS GUYMIEAT T LOELENS

pInoys poqoalie A(esisape 4q TTTH IRyl Senrnossy yeoiboioseyois
Iy sarnseas aatiehryme snvyadordde fpoasbTes oats oyy puw
poidenoy uasg SRy STH DY I0uIy CAIBUTPIODDE POISENOSTD pue sIF
DU UT PAPNIHUT Bg VLYl PIRoyuYs APAINS STUl JO SUODTIRTDUSTUODSL

TURWIBATIS TER JI¥IQ

pue STERS9x Sy

“E31E TItrpuvt ArwiTuws yorD X0y pRlonpucs sg

Shanans TEoTLOTOERYDIY SATSUIIUT J¥Y3 pPOPUSMMIODIST 5T 3]

£0895 Tremey ‘ainpoucy

TE9 xo0g " "4

IteseR JO 23015

sSTOINOEPY [TANIBE pur purl 3o jusuiawdsg
IBDTI IO UOTITAIBESII DIITOISTH

URHIBATTE Y1 BURD " BH 3

P B T (.
s BANE riet e WEAY
G mivee
PR oiiont
AWAE S
wrev <o s
e s
EROIELAIG

LLEY ‘sz ortady

BaT-LL W

HERTHAND #IEHD BYY EBLINRIG Weaym
vuIH E .
HIHFAIR FIV I YL b uhwsa RRMEIVHD BHE DA AIHn

ARWHVIE ¥ MWD

RYTHOLUAN TVEDIVA ¥ DUV 4D DNvOR
NYHHIVHD CEROD HIHACETINND

A FFMIT OHNIN W INOS 059

OTHYITONOH A0 ALNNMOOD Gy ALID
SHHOM DIHANG A0 ENIWLMYLI0

AL ogls

PURTET

nyeg CYTIIpuRT Arentuwg paemoasy
a0z K3unod pur A3 Cewrom origod Fo
“ydeg Ag eorion worariwdaig §IW

1qoalqng
ER 5 B 3V P8 1 B s NI § -2 2% ]

RTOTOUCH 0 Astmon pug Ao
HUTUURTE TEXauUs) JOo Juswixedsq
Asaurhuyg 397y} puv Joyd@IIq
BITURATH DURTIEN

50450 ¥ ROLEIFTI0N
SHRAIY AV OISR

w.xmmmﬂhnw~ By Xrenageg

mwyﬁwuwﬁmm VMK AHEYONON

1Te ¥oa o d

SRDIMOAOEIY IWHOLYM DAY ONYT 20 EMFNLH Y40

s

m A

Trmve ifn WongkADe
BrROATHY T EORGED



Buy gatyn puw IORBDATG

-~ =

TUANRI B2Q 03 Dary
PINOA Jeyy Eoansesm oATaRBTITE oYy puw seoInosnI FIFEMpUNOIH

Uo BALY PINOM YDTRYS toOfwRy 3e TTIT3pury Aaeavurs e s3neyge o1

SEOAPPT (TIM JUsWoyeys jowdwy TRIuawucITALy  BuTnooyt 203 ayg

Te3IIoN Rowiqns oyl o3 esuodssy rnol TNI N0k yueyt,

FOTION HOTLYVHYAMId LNIRFLVLIE BEOYAWTE TVLRIWNOE TANT
TITJONVT AYYEIRYS CUYMIT

HIFNIONT AFIHD ONV BOID98IG VEINYATH BOVTTYM

ATAADE WILYM J0 guvog
HAANIONE FAIHD ONY UADYNYW ' VILVHTH TR auvmMaa

LL6T ‘6z Tyxdy

BLT-LL A

EIBEIB RS SXTUD OAY EBLDIWIG
FHIHYAIN BB ETE R

TABYE HYBYH AIATIORON
FRIHLE DHIN MIALE 008

FADERCAENS

B HWOH A

s [3AS

(3]

MIMNTONOKM 40 ALNOOD AONY ALED

SHHOR DITMENRG 40 LNIWIHVIIT

- T VAR A GHYACS

aspdthug gorun pur rsbouey
NLVUIN A oavmagd

Farrt

franoA Rinxy Aiapn

“pEpasy §1 UOTlRwWIOIUl
APYIING IT TZZG-8FE AT Hunuy Rousimpd AN (1D aspaigd

THHOOYTIM
PRIPUIPIOOD g surd wOTINNIISUND Jey: JsanbnI oy

TESDINGEDT ASFTMPUNOIL syqejod Jopjoxd o1 usywy el suotinesazd
slenbape g1 ATHO 8315 yoyrn 1o0Tey ey: ydende o) BUTITTM 310 @M
TERIE BUR T SROAN0SDI IRIeAPUOOID UC BAYY DInom yoinn Tofey
BIDBFIR DY EEDAPPT PINOUS JUGWAIEYS I0BdET [RIURUUOITAUD HYI
TIDABMOY  TEBIV DYY HT €BDINGsHAT Isjesapunosh aygeioed o JEDAYY
Aur msod JouU op BB3ITS YIDH -BATIBUISILY Srarideony we S
PITE TINMRUEN YL CTITIpuel AaIelYuws pIesmas eyl 1oy 91ys
UDEND PATEXER SY3 30 UOTIOR[RS IN0A 41T INDUGD By

Titipuwy Aiwyrueg piemoar
A0 @078 uotrivavdaig
FNSWAILIS Aovdwl TeiuLwuorTAug
B3 LT 'P1 Arwnuep 3o ae33ed anok  :Lodrens

tweATYRATR U Yesd

ETR9S Tiesey ‘ninjouny

ap2I35 bhuty yanos pog

niR/ToUoR 30 Ajuncy pue Ao

HRA0M 0TIaOnRgd 10 Jusuyaudag

Feaurhug Jsryd puv 3030831

IEOLEIU ¥ ROLLSFII00 RITYRATH 'S DB[{ENM °IW
F5ASTY S0 WO

HeHdss ¢ £ 834

G3a1333y
T (9 P stinumyy \quv&@_ LEET 'Sy Axwnuwp

y itz o
mﬁm:umxi\,u).?.m hw. Kd E4 { M au.,.

ANENIOON T WATS IR

TIW 0 4 gussoy

PITYRATY G AORTIH

VRMHEYD $A IHEVHYNY L S AS IV
BEAEYT) WY RIS b DGO A

FOrR KR T N YR :

P90 HVAMY R (VHII0MOM

VINVIZEIE HINOE 079

FAINONDN 20 ASNIOD ONY A LD

At TR S BTN S0 O e

Heco /L



paRsng 51 BTUE "Namd Ayunoed puw A1) v o103 (erausjod Ea 8y
ERR RITE TINARUNN 93 “DININT DIQRILERI0Y BT O3 I0Rdser ynIM

CHUGTIRISPISUON
101607100 J0 1e21H0T0TO08 IByid 0 aarenyoxz 2315 }red aaning @

s® (erausgod s, pere yoes oy qoodewi YatM ATuo 81 UOTIRNIBAS J00

T{UMOT OTTYOER 30 3EIMII0N0 yoinb) ssADR Qb “TOTEN ¢

{pwey
BESBNDY THIRnien’y m.:wwmuﬁﬁuumu BRADR 19 “IIinMvusy s

SABTRH TENOUOH Xeou yoinb) S93IDY pOp CeMTENEW "t
FHAOTIOF SR EAIR JINNVHVN~OT TNEWERW SY3 Uy
B37TE Hayuy ATUO €¥oA0n juamsyeye Joedwr opL LL6T ‘vT Kaenuep

FU XAV ADOA 03 TamEUE U [1TIpuR] Areltung pIemsoq parodord
G ADTION JUSWEIRIS JoudwI TUIUBWUOITAUE SYI PEIPNERAD DADY 8

BRLIS TILAGNYT AQ9LINYS (EyMaNd
OASGIONA MO INEWHLYLE LOYEHT IVINIHROYIANS FEDILULS
WOLTHIG "OM MNS DNAOX 3 HORA

EMEOM DTN 40 LREWILYY4Ad
UIARIDNT JTLHD ONY HOROTHIO WITHYAIN "8 FoVTive £ 03

i
AOADITY o N@m jricislery

; HOGNT A
N\J\N PP \ RO
-

TPRIRRTYND UDOg. BEY BEn
TiTapuey ArejTuws syz Feage parIiasnl eq umn 51500 suskdoTRAsp
21993 37 sesodand yaed ol (eiiueind e sawy swoie oMY IPYFO B,

TR ¥ KOUITTIN '
WO SONNISAT L K rearaed

hebdoe g0 8y
03353

SITnyRdeN 3o
HOTIRZTURGIN I543aN3 yTa puodserion o3 yand trunthox xo jorinsip

rAjTunpmion © oxo3 ears Froe-Alumm) 03 USY B oI0T pPRBU TRRgusAn Byl uo

ELYES BT

Q@M MOE TNOADL &mﬁ\u@

82
LTETEL LY R Ty

R 2,5, AFEHLE 0N Hanes osp
ELTIN

MINTOMSHGHO P AINMOD any A LD
\ mb\N‘\ BAVEMDAH MY S¥HYY 40 1THRWLNY,
v &

v
Hvw o werw
.

25 34

LL6T 'Y Axenaqes -~ BITYRATH " IW



agputhud 39TUD PUE J0IDRITQ

o
o o squmwelwly owduy

tEIUSIUOITATE DuTHodYIxed AYI Wl POPNIOUT Bg TITA IIIE
¥red @aning B Se [PIJUSI0d £,993T UIPe JO SOTIENTRAS ANOEK
-morion aoofgns sya o3 asuodsax anek 107 nol yueyr

4

HALLON ROTIVIVATId LHAWAINLS LOVAWI TVLNAWHOMIANY
TYTANNYT AIVEINYS QHYMANT  radarens

WARNIONT AFTHD ONY HOLOIMYIG "VHIHYAIW HOWTIEYM ¢ WA

ROTLYMEE ONY SWIYE 30 SNHKLEYAEG
HOLOHEEG 08 AN DRAOR TEE ¢ OL

LLET "%T 1vade

LLT~LL B

EREWIINE AN guv meLRAMIY
VHIMYAIN AV AAEM

woLvn
e d s mmvmd

£iegs HyRyR HANIOHON
L HPHLE BN MINDS 059

MIMNTONOH A0 ALNNOD AMNY ALID
SuHOM DO 30 AMIWLEY



?M\ IBYIHUT FBTYD pum I0300a714
VR LRI mﬂmu‘\ﬁ
W u«\a\ S 5\\ hy
R

“a01308 3oaigns syl o1 esuodsad anok a0z nok jueyd,

ADLEON ROLLIVEVHIHY JHSHALVES IoVAWI 9 LNIRNDH TANY
TILAUNYT RRVLINVS OMVMEET  1I03E0ans

WAANIONT SHTHD ONY MOLOFNYIC “YHIRYAIW SoWTTyM  ° WOHX

ROTECITIING GRY'E 40 IRFHINYIR]
BOLOFEIO "ITHIIDINON 5 IDHOED “dW @ OL

46T ‘5z TTady

BLE~LL M

EEEMIP A JFIND Huv WELITN/A
FRIMVALE WAV I M

moswm
MV W wwuvwd

LIRGE HYMYHE ‘A" 0ONOH
LAIWES DHIE BINOT 659

MINTIONOH 40 ALNNOD aGmNY ALID
SHHOM DIMING 40 INFWLMYATO

B S AT AN R L . e b e o o s ot

TLLOY-EYS 3e Jyexs
ANO T YITHS [IED AR JoRIuna seeatd ‘suoijsonb Luw aAvy nok prnoyyg

“anaload sTuy 103 Ireaeg Juswebruey BUTFoROUg

T oBIaoes o} aopduos st ssenoxd SId =1} Iagye Arvssensu By ITIM

AL T {IDURUTPIQ BOIIDIIOT BULTBIOYS WTIDIUT) 7oy -opn BOURRLIPI) A
PRITIID woIy junwobrouey Teraady Byl TR TA sowrd ayey ATjusredde
TErs worsuvdas juerg usmyvory abosag aybsuey syy Aeyy nold uiesmsroy
PInoM o rpasonpoxd are Yarum syuswegeys joedog TeIuemuCITAnY

FU3 Butmntasx oy paearoy AODT BA Taaanmol cewyy Ut jurod 5Tyl 3
s30aload omy sy yo FUITH wo eyew 03 juswwon oy3Tosds ou FAVI B

TEIUSWEIRIG 3owdur TRleemuorTAUY oMl Fo uvoryezedexd syl wr serized

PRITOSUGD 2Y3 JO dun sB jusmyredap 8143 Burpntour 1oy nok HUWLK,

A

NOTSNYAXE INYId LRIWIVEAL
ADYNAS FHOZNVY {2 aNy TETAGNYT XHYLINYS ONYMATT {3
WOS SEOITON NOTIVEYaTHd LHERILVELE BT TELRENNOYTANT 1o prans

VOIDFUIC "THOOOIHOW "§ mEONOZO ¢ HOMA
SHMOM DITUNgG 30 INGHINYId
HAARIDNE JIIHD ¥ WOLOTHIA 'YHIHVATW “§ EOVTIVM “¥W - GE

: \M HOONYEONT

/ Sy £LET ‘¥T Axenxang
. S?Q)Eﬁrw TS
{81 8BY~LL/107

wasy

I ﬂWP\.
...z,g..sxémm%ﬁmﬂ %ammuusu .
L] s L
’ iy A2 iy S sl
Welyoz gy offdg g et W
"

C0IMI0Fy o by aBtelly aasonon

ﬁwz.wuqud VLS OHIN ML OGS gty
L Ebedy

ETYery
ARV A mmw g

NDAOMTONOH A0 ALNNOD GONY ArX1D
WEVTIHLA OHY'Y 20 INIWIHY P



3 LAY

41330 Huyuuwyd ISTUYD
A¥M "9 Lanyeoyd

s.wm:m FOTUD puw Jojoerig fA{Pasnurs

. 1 M
/&\ﬁv cva PR w ww ‘BITE TTIFpueT AreyyTues
PAEMRDSDHT DY TOF WOTIRIOT @y e pocsodosd Buraqg 5T 37 S0uUTs

PITE UDIND BMTENTH Su3 Jo Jusworinbusy weysds juswsacadwmy

sFuewnawly noedwey abeuteap xolew oyl puw aoedut [easta 21 o3 paefsy uyita

TRIUARBOITAUE Butwonylacy ayy uy papniout =g [TIM se31s aaath ogq UNTSENNSTP eatsuoyaidwon v ysebbns am fraasmoy '8I19
ToTey pue TINYPUEN ‘UDTAD BATRYER Byl 103 twolsis sheurvip erp =iy butdoyeasp uy Ceyenbope sxesdde sorTien voTavIedaid
53 o sucrssnssip yzdep.uy pur seslivur 3nzduy Tensyp AuswElEls (0PN TRINSNUCITAUN BUS UT papraoxd se TRiIalww ol

anpioN 3oalqns syl o3 ssuadsea anol 1ol nok yueumn
TpRuoTIER. SAOHE BT 0] POUDIVIST UT ST STUL

BITION UOIZRIRABIL BIE
ASIION NOTIVEVAAEd SNAWARYLS LoOWaWI FYIRAWNORIARE TYIFpURT AIviiwes presss]
TIIAGRYT ATVLINGS ONVMIRT  :LDU08AS

1eTTYR AT CIW IT]

YARNIORE FUIND ONY HOIDTMIA ‘VEINVAIW SDVTIVM ' Woud
€I896 TTEMDLR 'BINTOUNONH
ONINNVTI "IWHENYD 40 LHSHINVAZd amexas Huyy Mnos .mmw
WADIAAO DNINNYIA JTTHD 'AYM "W JUIWOR "MW ¢ on SATOM DTIANL 30 FUBAR TPCRE
IReUthUn YHTUD PUT TONDVILG
VITURATI * 5 oowTTeM 3N

L1861 'L Arenuep

LLET ‘sz Tiady
oBZ-LL Y

ERERNIB WA STIAD OUY WOLIIWID
LATELIT I FLERT LY

worve

Avm o :.u.;.;_.

LS5 £ g e

a%cwzgﬁauﬁau
Tra2d 40 NGISIAIT

Norrm
YRY 4 4 wnTHa

L1H98 HYRYH TIII0 TONDH

LHATUELS DHIM HANOS 059 034 R $H44E 3 M,.m.ﬁ:mﬁmm EN
MIMTEONOH A0 AIRMMAOOD QN ALED nm,ua *M@.&Muzcw& H_AU B0 ONY ALED
SHHOM DITENG A0 LNINLNY IO NIMHY T TVHINED 40 ANARLEYG 11

Airepdf



uvhsnuqa hw
S MOINSYAYE n7vy g
J\Q rvuﬂuwww \\

@c.—.mﬁm FBIYD pUR JONDVIIY TAOYION uotjeaedsig AUBWHIVIL avedmy TRIUBGROTTACY
«V\uw\w\w V.n IHYAER AOVTIVH BFUI UO I2)J0 DI SIUnmwmos TPUOTITERE Ou s2y ansmyzedsp ayy
g TRV e
w " (or- L L8 AN T T 3N TRV IS

TEYRAAT BOL INGHALYLE Lovaiy IVINAWBOIIANE 2 109080s
"@OTION uu&wn:m gy 0} Reucdsdt anok 1oz nok Huwyy,

BADIANES NOTIRINOLENYUYL A0 ENBRINYETT
BOLDEALS "YOIHEVAYH nIvy g HOBY

AITEON NOTLVEVAEIE LNANAINTS LOTdL gﬁazmnggzm SHHOM OITENA 40 ENIWIEYAHG
TITACHYT ARVITRYS GWVMEIT L0ACENS HAANIONT JBTHD OBV WOLOFUIO ‘VUIAVALW °§ #ovites o
HEINIDNA JEIHD ONY HOLOTMICU ‘WMINVAIN BOVTIVM : WOM4 RN
NOIIVIACISNYEL 30 INIWINVIAG
HOLOENIA "VOIHSYAVH DZVY "9W o1
WEOL0G B HOUIITION
350438 40 NRISIA
: ZQ M.i 61
'
LIET ‘67 trady sal]  iloadeE L 1y
- AL 334
8LI~LL ¥ EZI-LL/T \hwmwmnw
WRININ MY SHIKS Quy OB wen LR 2. URLTENIG ah v
FRINYAIT ADY vk WY d mevaa IEW N0 XL I 09030 e ﬂ.ﬁ%.\m% EEERFR T
TEIYSeLiey nuey Nm. x% 92 N um”ﬂ
. g
e s oo SRUCH GEIUN 20 JdElms mravs nanoman
”—WNMEF% TN HENNE 030 QW&»—WQWN LARPAS OIS HLADE DCY

DHIQ IR IV I PN NAAIoRON
NINITONOH A0 ALNNOD GNVY ALID MIIMYIONOM J0 ALNONOCD aNY ALIDY
SUHOM DI 4O LNHWLHYAID : Ligeris S \MAEE HOLLYINOASNYEE 30 INTeiMY g



Thuy 29TUl pUe J0IO0BITG
YHIHVAIR HOYTTIUM

J\)\E p.\.\,b@ PR
\¢ [ g

“raangk Aynan Laep

CpRSHROSIP P OSTe [{iM SeInsesw HBurlebIiiTw
jusmHnwly ordil TEIUSBUCITAUR BUYL U TIRILE UT pPISSaIpbw
2 T1TH AITS UoINH TOTRE PY1 3w myoeduT DTIIRIL

seotjon aoeiygns oyl 031 osuodsal aned 107 Dok yuedyn

eg?-LL 4

WEIUIN W LTIND G HOLITED
TaMIMYAIN BDYTIYM

HOTLOR HOTIYYaTdd
ENFWHITES IDVIWT THLNIWROHIANT
TETAURYT RAEVLINYS OHYMILT

L6L9G

IUBIPYEIAS

LeeT sz TTadv

Ci9E Hysvhl RIRTHOHOM
LATWAS ONIM HLINDE ORY

LLDALANS

toryTed

TxR IRad

Tyemeq ‘nyvdTvs
oy X082 "0 4
~py1 Auvedwon xebug nywRg

farried Mg

OIAIONOH S0 ALINNMOD NNy ALED

SHHOM DN A0 INILHVYARD

~ay

RG] Lo

yep

BiDIEVO
quapysalg “arTIRe CMmoa

) (e

2 "

GALTHIT TANVIHOD ¥ynns nHvo

fsannk Apnxy Axep

oy oaya Hureatasa
pur nod Yijs Fuernzos o3 parsicl §300% Auedwony aefing nyro

~uniaels ¢ dung 3no ag wardwon

zajem padund supitodamy we 3o Lapienb oya siobioad osye 37
pur ydeaSered snotasad syl ol passnasTp suolreaado Resun
A1q7%s0d syl serpuIwyIie 371 8¢ Tuicdmsia s Lusdmopy aefng
nyep moXy @oToy IoTxadns Byl T UDIGH eMTRNE (8IS ¥ Inak

cramuas 8yl Fulanp suortrerado mrIKew YIEs f YHIEH 11838

o3 paropeyoy &1 Suraseaxsy § Loedwng arfng mysg  cLasges
I10J pApaAnu BIE SP FRINFESW XMI0 Yons Yyiis 1ayiaBel adap
w1 paaoydits aq o13yerd 8yl Jo uollexedas syl gy aned uy
1eygz 1sanbax ap  csaTun dows fney ddxer ano y3ta spqraed
~men TIe e 2q 03 aesdde Jou sso0p FA[IIYRA avnjel sjeayad
PUR ERNORIT IVIDBTTOT JO BEn dYY  Cedrw T-H-vDHaTed AUYN UY
saTnTaA 300 Jo uollviado sIrs syl ST uwrssuco [edioutxd ang

santaow uarinsedasd

sy wo auammon oy fuepdmon arfng nyeg Fuyazimasd aoy vod opteyl
TTITIANVT AAVLINYS DIVAEET
wOA CWITTNA BIF
PraL]
N ﬂﬂw,w.u rerpuedln Ca aeaq
/unwww/ A0y .
ow7mMuw £1896 TR ‘ninTouon

Fa932¢ BUTH YInos pLo
nyorovel Jo £junop pue 4210
syreM DITYnd 30 auswiaedag
Faaurig 3Oty) puUE ACGIDAXTQ
‘exTurdT C§ FSRITEM CaM

WSS ¥ HORIT IO
isndan Jo zawt..i ?

Hekytng z7ey
03A13084, ., ]

‘gr Lrenagqay \M\ LLSE449 INOMITISE
R P rarr e I6{96 15wy H ERYIIVM

w / Qmw L0, NOE O
oty e

SNHOM Ty
a7

.Mmhmm
i |

s ) SRR > O ANYIWOD HYDNS NHYO

W oavo

ar

QspsQLL



NEANINET AN I Ony WOLITdis

TeuTbUF I2TYD puw T1010BIEY
WHIHYATH JoWwITys
X I
“ A7 PR
' w& \m\ ) i

*eimod Linay Kxop

"3IHTT Purrtewm ano wo
BOTIRTDORSY A3 Tunmmo)y eTeiesieg nng ouy BENEDUT FTITM BM

Tausualeag 3oeduy
TeauswuoITauy oyz bButaedsrd ui pPaIsprsuon bured aXe suIshuod IISuL
THOTIRTDOSSY A3 Tumumnod ereyesiey nng sy 3o SIOQDRITA T PIROH

o4l Ag ueyey HOTITE BY3 IO &0 Butwrozur y0r nof ooyl

BOTIOR UOTIRIe08id
IUMEITIRAE JORAWL  TRIUDHUCIT ANY
Tridpuel Aawiyueg premswy  :3oo{gng

suasnfiasg i Avsg

£1896 IH ‘ninyoucy

PIIToRg B3
FO RTRTL TRIDURULS ‘90T S3Tng
uoTirIedIon juswebeuen uosnbiwng
vosnbIng "y pravg CaW

LEGT 6T Atop

YEV-LL W

oawe

VHIHYAIN BDY)tym BEYSH A MMM

AFFHIE DMHIN HINODS oo8

_Hdnu\dluawsﬁnUmh HO ALNMOD GNY ALED

THOR DR 0 PMIMENY A

LY

o ap d: 1 - pe +q

VORIFPUSH DU 0D
Ip/ava

Jueprssagd €37 “vosnfang "y pravg

RN - g A
s g\.\m\ f fn

MOTIVIDOSSY ALINMHOZ VIVNVITAH nad “LEAOV
ONIDVAVH ‘ROLIVNOIEND INAMAOVRVH NOSATHRL

‘Lymamoulg

TISIIEM BTYY Ue #9dfjou Fuyisem pue sovspuodssilod paning
TE® 707 3871 Buppiem anod uo UOTIRTIORSY ING BPULINT 95¥ld

"EUOTITPUOD pUiM opeal Suianp e3is pasodoad

2Y3 o pupmumap §1 jos{oxd syx (f pue fosn yeIzuspIsLI BUTIST

-xa8 A1 431m sigydvduwodur 81 {7 f4axwdead ane 3o wEpe eyneR syl
s1apIcy {1 :997e pesodoad eyl ey 30e3 Byl o3 enp Liravopad ey
vogstsoddo Byl CTTTIPURY 8yl Toy sITS TlIOMFUEN WYl Jo UOUEIDBIeE 03
uofigsoddo 537 Uy snowruwun e pawog aul CTTIIPURL LIvI1005 pIvh
-0 any S0TIoN BoTieiwdea] FUSTEIPIY Jovdm] |FIUSHUOITAUL U3
fYIBURT J® pOMDIADI FEY UOTIVEOOSSY YY) IO SA0IIBITY Jo przog syl

TLipve]
paemne’ syl 3o 9338 pesodozd syl yo suo o3 dusse{pw jprowuey uy

PRIBSOT H-0d IFUR 166 ¥ “UOTIRYOOESY LITUNBRIOD BIENRSTIH g
oY1 aoy auely Fuileuey syl 61 worlerrodio) jusmwBvuey uosnfing

1Trgpue] Lxeatueg

.mx¢ IVTIISHY pauvmnss] pesodorl 9y
i.dn L et 4

wpd fem Rt el 44 :

WE0ISIY F NOLLITTHD

texpgeLIW CaW aweg

J ' £ig96 Tieawl "ninioucy
ISNARY 40 WOISI" 192338 Sur¥ yineg 05

1% w SRION DTTqNY Jo Jusmgiedeg
mw-xm € mm x nynpouoy yo A3unmon puw L3715

O3AH334 sawatBuy gotyn ‘wapyedir soeyivM Can

=7 LL6T ‘57 Aem
ey ~ -

[ ST o] I @% SEEGu

sy g

THEC- 126 (Roa) mchwﬂqim.m.ﬂ ETRO6 MV THHTIONOH ‘DLEDYY BHL 40 Y2V 1INV 8011 FLURS

uomous IO 0 WO I UGSROES



Cuvanoa v

e I R T B T R T I NY o

FEREN S URHEAR SO RO Y Ol TR EAL $rubinid AUNTRSIDS SVARE OUECH AR AT wro] Bass s
TOnIPIIDHY ROSHISHUCIE) MAIA TLAIN] MR LD 16T NAYINe, JO DS 130 PNy F O G UDISONY MBRE Ak e

HO DNISTELOD

mes
AERFIIRIY
Pi-h e nUEY R QUHLY
HRT BT M 10
R a%ﬁ
2eenibuy JeTn puw IoIvertg
VHIHVATH SOvTivk femold Ayazsoutg
\l\ {"BIz TPUT3 04 a1 Tiea ew snwrd
&\N Exsa0083 B2INGEST JTOL 98n0sTp DITH 29whld ‘satpynadaerad
TIRIRAQ wh 2awy Ywswodoxd TEIIPUDL Presssy oWy 539 03 RSN
teanch Ainxy Kisa sq PINOA 31 “ustd jvemeRuuey v3emM PITOS tewawy 0,£13n sm
BTYIvUENG QIR TPUTF U3 19gy jeonbslr wK)  (aATI0w Ulswsx
Jussyeyn uUmﬁ?z-. RIUSAVOITALD oy pagvadvs avsasaiony nysdyen sqy F1 eIwsk elowm Lowvo Ll S
SYJ FO JJBID DY U SUIDROURD INOL 030IpPT TTIA D
3 & SO i g 4 {13 19118 joTey am
48 pasn aq 03 pavedoxd unﬁa—s&& euotayadmt Py Jo eoum
i "onyIou -mIyiad misy POy oum USSq BeY JEUM  LESDINOSIL I8 EADOROTE
wierwdsxd aoelone oyl oy buTpuscsoal 08 Dok HUTYL 03 snorafusp UyemIa [RIIeywe AYWiNSwe| pinos Hoor rog  °f
SETIOR BOTIIIN AT PPupmuyRen wwp 0y parepituns sden sw3fw Aoma aog *{uorry
JUSWIITIE VWY [ wPUCIUOILANY TOTENH) WOTTLTR 4o 1800 pracs TsTimasod 38amBiy auy3 qiin
TiTaptey AIwafieg pIucos] uwnﬁﬂﬁﬂm BIITA ARSI B JO w0 T{{IIPUR] PIRAIAT W J0) Persplencs
BHITH SYY TR IO 00 R SASTIHG O3 PXEY AT PULI S 2
B TR Juay 19PNFDL QITA PRTTYE 91 4%
ROUQ AYYE TTIFPOST auy 30 dwn o) a0 wuepd Lue sxoayy say -7
LEL%E  IH Tnundyuoy
3923318 304X PYLATRM 6I1I-6 £, TLHIpae] LAreyteg pIanea] J0F #0TI04
"EpIg weo] w sbuavs nynyouoy vopinasdart  Jusumiwly thuiwy [RIUMTMOITAN U1 04 FRIIwIs: suoyisantd
uoyETsossy Aypummeen nyed o row sympod HopaoTTol ey swy uorsersossy K3 Tunmmon ngediop sl
JUDPHY B
ney "W cc.sww .ﬂw ferrualin "I Iweg

£To6 Tiensg “n{nrouocy -

esILy LR gy 0%
SHION SYIgNE 0 3medtawdeag
JRRUTHRY Z8TY0 PUR 20D3Iu]

TEDASIC ¥ ¥0UITTIN BXIeLIH SPRLTOM *OH
IR 30 ROSTA™

ILHyozy { W
03A1333Y

....... Eﬁ ‘of sung
‘A

;Zq o wh\wmv . ]

LL6T 1T 3snbay

Lev-t g 4

H.NI.. LEL%E HVMYH THIVIY M

2t )

u* A 1 h.- xnm .ﬁm m W ..mm_ﬁ_ AFHFALS LGAAT DUV LLTRE
OFAF- ALY ANOILIEAL INETHAR NYDTONY SDNIAYS (VHYHONOND

SRHOM T B A1 1

ﬁ@%&u&ga @»i&ﬁ%«% D, »&«\%\“\% \\u

OHVEIYA B2 ORI GHE TTV DNUKISIHITY.

LS L



Paelchic SEET

assurbuz yorun pue b=k -8 5 44
YVEYHVEATIH 3OVITUM o)

e

‘sxok Krnxy Kxop

vBupsesw £re1 ‘o IAQOIDG B UDTIRTOOSET BUYY e
Bxequom mmok o3 weabesd yesoderp simes PYIOE #,A330 oy urwidxe
o3 Aypmyxodéo suym xoy nok ¥UBY3 03 Ysts Osyw opm

avefoad pasodesd eyqy Jo

SOTISYAseR puw joedwr Tensn euy 5w TTom or saTivUigIe AJosooel

BOANOEST DY} SENOSTP TiTh FJuUausyels aoudut TejubumoITARR Ing
THOTION Woijeavdarg oIF 4no uo Butjuswmon 107 nok HUTWL

#0eloxd [TTIPOeT AT TN 90157870 DIorsoT
PUl I07 eDTR0N uoyiesmdeay gym  :ioe{qns

tafnour ra anog

90L96 IH ‘yoesg emy
IBBIAZY OHOTOV (S9-T6
uorieInosey AytimimmD Of TNeYTH
wepTgoIs *eAnour sowiiem M

LL6T "BT IwqOlnn

TO9-LL ¥

THL9G TTRMEY femuvpuy OG0 VTEMRY “yaway eny

TEME WerBRTIARE GCE~Ci peOy deavoey a4 {2616

TieH £310 paﬂ;ﬁumﬂinmga a/o TUeH 4110 171127100 yoesy emy ofas

UoIeIneeey {jjunmmo; [inmesey VOTIRTOOGEY ATTUTMHO) YIRSg BRY

LBL96 tyemuy ‘oyedyep .

tAnf UoEUTIIRY QOE~T6 10456 Tyesus ‘valy Lblyb YTesey ‘nywdies

Ti7g 4310 #1T11rIey nysdyey ofs T CSHE TV {6166 wOn X08 "0 "4
uopyeToosey L3yummny nyediey VASH "BPY1 frop awdng nyeg too
sagoTIU;
JUBPTERLY

HARONE ITlyx
\%‘&“E \\»\\3 ¢
savnd AInry Adeg

"wagRead xa1dwos FTYY ©1 HOTINIOE ¥ ULy ©F 8aTIJ0 Anok 3T FUDIIGK UL pleminy %oof ap

TIMIUUOITAUG Jn0 Y [eatHorly ey
Fdwoues TULIPWRL 9Nl CSITIIEY se yong eoingesy fresodusy Tre sseoddo PUE Gnjdes
PEIOS @040 P 2540093 TTIM JE3 weqeds LU SeSIopus UOTIRTI0GEY Lypunumwen ey

TuopyeRIoul aned gof peptacad §Y waiske yeyj Pujgqieocep BIYD0EG

¥ oBe srved omg noqe s(RITIIo A41n 01 pejEIjsumEap SEM ffuednon wey wespaeuy

fq ,A3opooramny, peITes Twmsysds yone sup  cstowiireg PUT BOqNEM]TH BV usne sal4ys
purtutre £q pren Butsq A7qussans aaw Teuodelp 9IREA JO SWIOT anyye TRY] DIEMR I oy

“peupaexe eg prhoys esyseosdds gsyjo EYY [ea] AN ‘swoyp
Leaw KoYy to souspuadep Buisssasuy weay Lpredos| U Tyesey jo asueieq IW0jR0ioss
aTIBUIZ BUY UM ‘Jasumoy ‘Tesodelp ojees PYIOE A0} paad oy eziuBonss am Tpuoces

TPIAYIAIOT oq PItoM ERIT Ino UL ,dunp, Jeyjouy  BluUspPYeed

N0 JO STRIOW sy puv “Lpuromos ame jo seupea f3asdord [ees sy3 ‘wsaw ano jo Aa«;.,uﬂ
JLIERISAY BUL peY0Rrye SRy eTHL  CTUIIPUT] TRLTRIRG pejwisdo Lysjesiad eyy oy Fueoelpe
8§ CTPRHTH ‘row) nod sy csustgead Tesodetp symesm FuTATOE Jo) vuwsw B sn u:muvﬁﬁ
LIBIunE JO UOTIEOAS SU3 JOAR] 08 Eaop UOTIETIOREY Ljunmaic] OTTNENER BYL  “IEII4

“TrsgweT Lmytueg proees] g0 eojjoy uoljmredsry gerg  qoe{qne TLLAT ‘ze
sunp yo 2e73e] anok o4 sruodser uyp pepiacad ousw sjusmmnon puw sjufnoyy Buimotieg syy

tBumoy tap resg

L1896 Tiemey "ningouscy

npagouoy Jo Ajunon pue £117
BOTRTAR] SERJaY fjeTun JuRjeisey
Aumog qasgoey ‘a4

WEBSS10 ¥ NOILIFTI0G
; SIAATY 30 WSIAY

A
A LeMdez g oamg
g w\nnu,, A3A253y Li6T 2T yendny

\~§ %\%ﬁ\ﬁh\ﬁs 2 %@\\\u






SECTION 12

AGENCIES AND ORGANIZATIONS INCLUDED
IN THE EIS REVIEW PROCESS

The following agencies and
organizations commented on the EIS
during the review period. Comments
and the corresponding responses are
included in the order presented in
the list.

FEDERAL

U.8. Airforce, 15th Air Base Wing

U.5. Army, Corps of Engineers

U.5. Army, Directorate of Facilities Engineering

U.8. Army, Directorate Health Services

U.5. Department of Agriculture, Scil Conservation
Service

U.5. Department of the Interior, Fish and Wildlife
Service

U.8. Navy

STATE QF HAWAII

Department of Acccunting and General Services
Department of Agriculture
Department of Defense

Department of Land & Natural Resources

12-1



Department of Planning and Economic Development
Department of Social Service and Housing

Department of Transportation

Office of Environmental Quality Control

University of Hawaii, Environmental Center

University of Hawail, Water Resources Research Center

CITY AND COUNTY OF HONOQLULU

Board of Water Supply

Department of Housing and Community Development
Department of Land Utilization
Department of Parks and Recreation
Department of Transportation Services
OTHER

Campbell Estate

Ferguson Management Corp.

Hawaiian Electric Company

Oahu Sugar Company, Ltd,

Security Pacific Mortgage Corp.

The Hawaiil Corporation

Walpahu Community Association
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SYNCPSIS OF SITE PREFERENCE

Agency/Crganization Makaiwa Nanakuli Kaloi
Board of Water Supply Yes Yes No,
Waimanalo Gulch
is better
alternative
Oahu Sugar Company, Ltd. o
Puu Heleakala Community No
Association
The Hawaii Corporation *Yes, but
objects to
partial
taking of
property
U.5. Navy Yes Yes No
U.S. Department of e}

the Intericr, Fish
and Wildlife Service

Security Pacific Mortgage *Yes, but
Corporation objects to
City use of
Site A only
**Mardiorie Ackerman Mo

Howard Acherman

**Carol Aki No

* DPlease refer to letters of respective parties in Section 12, EIS comments
and responses
**Prom written comments received as a result of Public Meeting
held on December 7, 13977.
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SYNOPSIS OF SITE PREFERENCE {continued)

Agency/Organization Makaiwa Nanakuli Kaloi

**American Lung Association
**Citizens Against Noise
**Ferguscn Management Corp.
**¥ahe Kal Ceondominium Project

**Kahe Kai I (Chaney, Inc.) Yes

5§ § &8 & & &

**Neighborhood Board No. 24 Yes Yesg

8

**Mrs, Thomas Pacheco

**From written comments received as a result of Public Meeting held
on December 7, 1978,
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APPENDIX A
LARDFILL CRITERIA

(SEIMABUKURO AND ASSOCIATES, 1977)






SITE SELECTION AND EVALUATION CRITERIA

In this study, the selection and evaluation of landfill
sites were based primarily on the following criteria, not
necessarily listed in order of importance:

1. Capacity =~ Each potential site must have sufficient volume
to make it worthwhile, since opening a new
landfill involves major capihal cost. Capacity
iz a very important factor in landfill develop-
ment econemics. Desirable minimum capacity

should provide for approximatsly 5 years life
based on 300 tons/day of rafuse.

2. Access to Adequate Roads - Any mador landfill ooexa:;an will

ract additional traffic to the &oadways in the
axea and an adequata, modern highway is nesded zo

pravent axcessive congesticn and hazards. Sits
should be within 2,000 £+. of an adeguats main
highway.

.

3. Availability of Utilitiss - All major landfill sites will
need power, communication, sanitary and water
systems ﬁar prcger overation. The immedia*a
availability of these utilities c2n be a mas jor
factor in the evaluation of the site.

4. Proximity to Incompatible Land Uses - A land‘.‘.l1 operation
is a nuisance ftype activity, similar %o neavv
construction work, and most land uses woul
conflich with ix Generally, a bBuffasr area with
landscaping is needed to iscolate the landfill if
its location is not in low land use arsas or is
not ramots.,

n
MV
G
g
1
o
it
‘»d -
0
i1

¢f Ground and Surface Water - A landfill can p
leachates and silt. Cur potable ground waser
supply sources mus:t be protectaed from lesachats
and our surface water needs protection from
siltation. The protection of our potablas ground
water supply is absolute.

6. Availability of Cover Material - Cover materizl is an
important ingredient in a sanitary landfill.
Without it, an ordinary dump exists. The econamics
availahility of this covermaterial can be decisive.
When cover material must be imported, the cost
depending on the locaticn, of the landfill sa*n
can vary Zrom $1.30 to S$3.00 per u=on.



7. Travel Distance - When conditions permit, landfill sites
should be located close to the refuse generation
centers. Eauling is an important factor in the
economic operation of a landfill.

8. General Nuisance - A landfill cperation will cause noise,
dust, litter, odor and other nuisances. OUnless
these nuisances are properly provided for, the
site should be remote. Wind direction is a factor,
This item relates directly to 4 and 7.

. Existing Land Use ~ The existing land use of sites should be
low or open so as not to be objectionable to
cwners and interestad groups.

10. Finmal Land Use of Landfill - The final land use after the
landfill operation should he of 2gual or higher
use than at present and should be compatible wisr
the surrcunding land uses. This item relates
directly to item 9.

1l. Zoning, City General Plan and State Land Use Distric+ - An
active landfill may operate for an extended time
and could affect the overall growth plan of the
island. This item relates directly to land
acquisition cost, the overall general plan of +he
island and items 9 and 10.

l2. Geology - The geology of the site must be considered to
protact the ground water supply and to determine
the amount of cover material available. This
item relates directly to items S5 and 6. I+= must
be studied in greatar detail in +he FIS stage.

13. Drainage - On and off site drainage systems are reguirsed to
minimize the generation of leachates and sils
and for protaction against floods. Gullies with

large drainage basins behind them prasent major
drainage problems and costs.

14. Topography - The topography of the site detarminss the capacity
and a substantial portion of the development cost.
It also determines the visual impact of the site.
Generally, gullies, swamps and low lying areas are
desirable sites,

15. CObjecticn by Landowners, Adjacent Landowners, Public and

Community Oryanizations, etc, - This item can be an important
factor, as the City's need for additiocnal landfill
space is becoming critical., Protests by cwners oI
interested groups can cause maior delays and
produce a crisis situation, but should not be <he
major consideration in the landfill site salection
procass.



16. Destruction of Natural Resources -~ Our natural resources
must be protected from irreparable damages as
much as possible while providing suitable land-
fill sites for the general welfare of the public.

17. Other Environmental Factors, Including Displacement,
Bistorical and Archeological $ites, and Flora and Fauna -
Historical and archeclogical significance and
flora and fauna of the sites must be studied.
Also visual pollution and displacement of persons
and businesses must be considered. This item
must be studied further in the EIS stage.

18. sSafety =~ Site must have safe access and must not present
) any hazard to the public or to property. Site
must be able to meet Stats Department of Health
requirements. Public Health Regulations, Chanter
46, Solid Wasts Management Control.

13. Major Development Costs - These costs ars generally ralatead
to most of the items praviously discussed. These
Costs can beccme prohibitive when:

4. Leachate abatemen: measurses are requirad.

b. New access to site must be constructed <o
an adeguate roadway.

¢. Utilities are not availabls nearby and mus+%
te brought in from ramcte sources.

d. Cover material is not available on site or
nearby and must be hauled in from afar arnd
stored,

e. Land is zoned Zfor high uses such as residen-
tial or higher, or when land is in usae.

Although this tabulation lists ninetsen items as the arite
2ach site was only required %o have the following essential has
characteriscics befors being considersd for further avaluation-
2 potential landfill site:

=

ri
: ie
as
~- Adaquatas capacity.
2. Adequate protaction of our ground water supply.
3

- NO apparent significant envircnmental damage to the land,
air, ocean or population.

4. Apparent economical feasibiliny.

) To rank the sites, all of the nineteen criteria wers considersd
1 total. Due to some of the criteria not lending themselves %o
measurement, an attempt to obtain chjectivity was made by placing
weighted subjective values on the criteria.

s See Summary of Evaluations and Rankings of Site, wWindwars
2l and Leeward Qahu, Pages II-7 and II-13, respscuivelv.






APPENDIX B
SOIL MAPS

{BOWLES AND MINK, 1877)






NANAKULTI A

Three soil units are shown on the map. Coral or corralline
deposits (CR} underly the entire site. Approximately cone
half of the site represents an old quarry site which has
been excavatad from 10 to 15 feet below the surrounding land.
Mamala (MnC) and Lualualei (LPE) scils overly the rezef on the
remainder of the site.

The underlving reef and lagoonal depcsits are very permeable
although the rainfall is low.

SCIL TABLE

Soil Type Slope
CR Coral Outcrop
LPE Lualualei extrzmely stony clay 0-35%
MnC Mamala stony silty clay loam 0-12%

NANAKULI B

This site contains twe principle soils, Lualualei and Mamala. The
land is mostly sloning and must e terraced for site Drmparat;cn
Lualualei (LPE) soils on site ars very stony and contain beulders

up to 2 feet across. HNanakull B could be a source of £ill for site

A while accomplishing terracing of B. Most probably there is adequate

v

mategrial on site B for handling both sites,

Flooding is potentially serious problem on B because of the proximity
to the pali. Flocd frequency will be low as noted in the section on
climate.

SOIL TABLE

Scil Type Slope
CR Coral Outerop
LPE Lualualei extremely stony clay 0-35%
MnC Mamala steony silty clay loam 0-12%

TR Rockland
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MAKAIWA

The principle on site scil is extremely stony Lualualei.
As a hottom blanket, it should be adequate, although it
will be thin on the steeper slopes. Potential Lualualei
£ill lies across Farrington Highway in what are now sugar
cane fields.

Flocding in Makaiwa could be severe but iﬁfreguent.

SOIL TABLE
S0il Type Slope
CR Coral Outcrop
EmA BEwa silty clay loam, moderately
shallow 0-2%
LFPE Lualualel extremely stony clay 0=-35%
Lud Lualualei clay Q-2%
v Lualualei stony clay 2-8%
rsY Stony steep land

WLR Waialua stony silty <lavy 3~-8%
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6-12%
12-20%
20m35%

Mahana silty clay loam

MeC2

D
W

Mahana silty clay lcam

Mcl2
McEZ

MBL

Mahana silty clay loam

Mahana Badland Complex

3-7%

Molokai silty clay loam

Muf

T«15%
15-25%

Molokai silty clay loam

Hul
Mub

Molokai silty clay loam

Rockland

FRK

Stony asteep land

r3Y
TP

Tropohumults-Dystrandeptas association




APPENDIX C
COVER MATERIAIL INFORMATION

(Bowles and Mink, 1977)






At neither Kaloi nor Makaiwa is there sufficient cover material to
handle both the daily and final requirements. But practically anywhere
on the Ewa Plain at elevations between 50 and 100 feet, lying within

1 mile of Makaiwa and 3 miles of Kaloi, a nearly inexhaustible supply
of clayey sediments could be excavated. Bore holes drilled by the

USGS at points on the Ewa Plain between Makaiwa and Kaloi showed

the following sequence of sediments:

Ecre Hole EP-10; near Fort Barette: Elevation 75 feet

Depth (feet} Material
0-10 Dry brown clay
6-24 Mcist brown clay
24~64 Moist gray brown compact plastic clay
64-71 Clay and marl

BOra Hole EP=-12: near USN Shaﬁt} elavaticn 93 feext.

Depth (feet) Material
0~13 Moderately hard brown clay
13-18 _ Soft brown clay
18-239 Hard brown clay with gravel
39-45 Soft brown clay
45-87 Very soft moist brown clav
B7-95 Yellow to gray mo ttlad ash

Fore nole EP-195: near Fort Barrette: elevation 64 feet

Dewth (fast) Material
0-6 Dry brown soil
6~183 Brown clay with gravel
18-~3¢ Compact brown damp clay
36-42- Moist brown clay with gravel
42-48 Green gray silty ash or tuff
4852 Plastic brown clay with gravel
52-71 Gray green mottled tuff or ash

The water table lies 10 to 135 feet above sea level. Practically
all of the Ewa Plain underlain by the sediments given above is planted
to sugar cane.
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ADDENDUM { communication with Shimabukuro)

An additional 150,000 C.Y. would be available from a
Fire and Police Training Facility if it is constructed in Waipahu.
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APPENDIX E
BACKGROUND LEACHATE STUDY

(EMCON AND ASSOCIATES, 1977)
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APPENDIX F
LEACHATE CONTAINMENT

{EMCON AND ASSOCCIATES, 1977)
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