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Ms. Genevieve Salmonson, Director N
Office of Environmental Quality Control S
State of Hawaii

235 South Beretania Street, Suite 702

Honolulu, Hawaii 96813

Dear Ms. Salmonsen;

Subject:  Finding of No Significant Impact for the Board
of Water Supply’s Honolulu Desalination Study

The Board of Water Supply has reviewed the comments received during the public comment
period, which began on October 23, 2000. We have determined that the environmental
impacts of this project have been adequately addressed as discussed in the Final
Environmental Assessment (EA) and are therefore, issuing a Finding of No Significant
Impact. We request that our proposed desalination study and exploratory well project be
published as Finding of No Significant Impact in the next Office of Environmental Quality
Control (OEQC) Bulletin.

Attached are the completed OEQC Bulletin Publication Form and four (4) copies of the EA
; for your review.

If you have any questions, please contact Iris Oda at 527-5245.

Very truly yours,

FOR CLIFFORD S. JAMILE
Manager and Chief Engineer

Attachments
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Section 1. PREFACE

This Environmental Assessment (EA) and Finding of No Significant Impact (F ONSI) is
prepared pursuant to Chapter 343, Hawaii Revised Statutes (HRS) and Title 11, Chapter 200,
Administrative Rules, Department of Health, State of Hawaii. Proposed is an agency action
involving the expenditure of City and County of Honolulu funds by the Board of Water

Supply.

This EA discloses the preliminary planning & engineering, exploratory well construction,
test pumping and preliminary desalination technology testing that must occur prior to
adequately designing and constructing a full-scale seawater desalination facility. At this
time, it is impossible to fully identify all of the impacts and mitigative measures from the
construction and operation of a full-scale desalination plant without the design construction
plans, specifications and operational plan of the facility. However, the design cannot occur
without first conducting preliminary planning, engineering and field-testing. As such, the
environmental disclosure process will be conducted in two phases. Phasel for preliminary
work and Phase II for the design and construction of the full-scale production facility. This
two-step environmental disclosure process is similar to why BWS phases the groundwater

well stations into an exploratory well phase and a production well phase.

This EA, to disclose Phase I, which includes conducting the preliminary planning,
engineering and field-testing, will be processed as a FONSI by the BWS, determining that
the impacts of this portion of the project are not sufficient to require the preparation of an

Environmental Impact Statement and thus satisfying the requirement of Chapter 343, HRS.

An Environmental Impact Statement will be conducted for Phase II, the design and

construction of the Reverse Osmosis Desalination Facility.
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Proposing Agency:

EA Preparer:

Approving Agency:

Project Location:

Tax Map Key/
Recorded Fee Owner:
Area;

Existing Land Use:

State Land Use
Classification /
Zoning

Section 2. PROJECT SUMMARY

City and County of Honolulu
Board of Water Supply
630 South Beretania Street
Honolulu, Hawaii 96843
Contact: Mr. Barry Usagawa
Phone: (808) 527-5235
Fax: (808) 527-5703
City and County of Honolulu
Board of Water Supply
630 South Beretania Street
Honolulu, Hawaii 96843
Contact: Miss. Iris Oda
Phone: (808) 527-5245
Fax: (808) 527-5703
City and County of Honolulu
Board of Water Supply
630 South Beretania Street
Honolulu, Hawaii 96843
Contact: Clifford S. Jamile
Manager and Chief Engineer
Phone: (808) 527-6180
Fax: (808) 533-2714
Preferred: Kalaeloa, Ewa, Oahu
Alt. 1. Sand Island Wastewater Treatment Plant
Alt. 2. Keehi Lagoon Beach Park
Preferred: 9-1-031:028/Department of Navy
Alt. 1. 1-5-041:005/State of Hawaii
Alt. 2. 1-1-003:006/State of Hawaii

Exploratory Well area: 0.5 acre

Preferred:
Alt. 1.
Alt. 2,

Preferred:
Alt. 1.
Alt. 2,

undeveloped
wastewater treatment plant
public recreational facility

Urban District / F —1 Military and Federal

Urban District / I — 3 Waterfront Industrial
Urban District / P — 2 General Preservation
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Impacts: No significant impacts are anticipated from the construction and
testing of the exploratory wells and desalination technology testing.
Construction work, primarily drilling, is anticipated to have
insignificant short-term noise and air quality impacts in the
surrounding area. All government rules and regulations will be

followed during construction to minimize impacts.

Permits required:
Federal

- Corps of Engineers
o Department of Army Permit (possible)

- State of Hawaii
_ Department of Health, Noise, Radiation and Indoor Air Quality Branch

“ o Community Noise Permit (possibie)

e Department of Health, Clean Water Branch

' o Nation Pollutant Discharge Elimination System (NPDES)
it permit (possible)

i Department of Land and Natural Resources, Commission on Water
= Resource Management

' o Well Construction permit

i City and County of Honolulu

o Pepartment of Planning and Permitting

i o Grubbing, Grading, and Stockpiling permit (possible)

" o Building Permit (possible)

o Zoning Waiver (possible)
Proposed Action: The City and County of Honolulu Board of Water Supply proposes to

drill, case and test two (2) exploratory wells on approximately half
(1/2) an acre of land at the Kalaeloa Site. The proposed action also
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includes the temporary installation of two (2) test pumps and
equipment to collect data on productivity and water quality. Also, this
environmental assessment discloses the preliminary planning &
engineering and preliminary desalination technology testing that must
oceur prior to the design and construction of a full-scale seawater
desalination facility. At this time, it is impossible to fully identify all
of the impacts and mitigation measures from the construction and
operation of a full-scale desalination plant without the design
construction plans, specifications and operational plan of the facility.
However, the design cannot occur without first conducting preliminary
planning, engineering and field-testing. As such, the environmental
disclosure process will be conducted in two phases. Phase I for
preliminary work and Phase II for the design and construction of the
full-scale production facility. This two-step environmental disclosure
process is similar to why BWS phases the groundwater well stations

into an exploratory well phase and a production well phase.
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Section 3. INTRODUCTION

The BWS is responsible for the management, control and operation of Oahu’s municipal
water system. As part of this responsibility, the BWS is investigating alternative methods to
obtain potable water, In the 1980’s, we estimated that the sustainable yield of Oahu’s
freshwater resources would be attained by the year 2000, however, due to the closure of the
water-intensive sugar industry, combined with a flat economy and successful conservation
measures, the estimate has been pushed back to beyond the year 2020, However, prudent
planning means planning for uncertainty and increased reliability for public health and safety
purposes. In 1983 and again in 1995, BWS has had to close major well stations when
pesticide levels rose beyond maximum contaminant levels. Development moratoriums had
to be imposed in 1983 until treatment systems were built. Recently, the Supreme Court
decision on Waiahole Ditch emphasized water resource management of streams. The
uncertainty of these judicial decisions on natural resource planning places a greater emphasis
on developing alternative resources. Taking advantage of new technologies in altenative
water development will reduce the need for new groundwater sources and allow more
efficient use of all resources by matching use with water quality. Reclamation and
desalination plants for the arid Ewa district add multiple water supplies and associated

reliability and flexibility to continue to best serve our customers.

A desalination feasibility study was completed by GMP & Associates, Inc. as part of the
planning for a large-scale desalination plant. Desalination is the process used to remove salt
and other dissolved minerals from water. In the last few decades, desalination technologies
have been used increasingly throughout the world to produce drinking water from brackish
groundwater and seawater. Desalination also improves the quality of water supplies for

industrial purposes and treated wastewater for recycling.

3.1 Study Purpose

The facility would have an initial capacity of 5 million gallons per day and may be expanded
incrementally to 35 million gallons per day based on the total projected growth of the Ewa
District. The feasibility study project scope included conducting a state-of-the-art technology
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survey (DEA, Ref. 1-1), site location and evaluation analysis (DEA, Ref. 1-2) an evaluation
of the recommended site and the top two (2) alternative sites, see Figure 3-1, (DEA, Ref, 1-
3), which included a review of available water quality data, a review of utility requirements
and availability, identification of permits needed, an estimation of project cost, a discussion
of the project’s impact to long-range planning, a review of the options available for
financing, preparation of the conceptual design plans at the preferred site and a draft

environmental assessment.

Figure 3-1
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A site in Ewa, which was formerly part of the Barbers Point Naval Air Station, was selected
for the project after comparison with sites on Sand Island and within the Keehi Lagoon
Beach Park. The Ewa site, which adjoins James A. Campbell Industrial Park, is an ideal
location for the desalination project because of its proximity to the ocean and the secondary
urban center of Kapolei and because the site has be declared excess Navy land. The 20 acres

of land, Figure 3-2, is in the process of being transferred to the Board of Water Supply as a

public benefit conveyance.

Reverse osmosis was selected as the preferred desalination technology after an economic
comparison between reverse osmosis and multistage flash distillation. Although two potential
hosts for distillation steam were identified, the estimated cost for the steam was found to be
uneconomical in comparison to electrical costs for a reverse osmosis plant. Conceptual

design plans were developed for a reverse osmosis desalination facility at the Ewa site.

There are two (2) seawater aquifers identified as potential sources at the site, The Lower
Caprock Aquifer lies between 50 to 800 feet and the basal aquifer lies below the caprock
aquifer. The lower caprock aquifer could be tapped to produce up to 10 million gallons per
day of product water and the balance of the required source water be made up by the basal

aquifer, The seawater qualities from each aquifer are expected to differ in chemical content.

A review of available water quality data from existing wells near the proposed Kalaeloa
desalination site found most of the data to be of limited significance due to the shallow
depths of the wells. Research of available sources on environmental contamination found no

direct evidence for contamination of near-shore ocean water or either the Lower Caprock or

Basal Aquifers.

Prior to design and construction of the desalination facility, exploratory wells will be drilled
and test pumped for yield and quality. The on-site field tests will allow for an evaluation of
site specific characteristics of the geology, water chemistry, and source water parameters that

would impact the pretreatment requirements and membrane performance for the reverse

OSMOSIS Process.
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3.2 Project Location
The preferred site, Figure 3-2, is located in the Kalaeloa Community Development District of

the Ewa District of Oahu, adjacent and south of the Tesoro refinery and was part of the
recently released lands of the Barbers Point Naval Air Station. The 0.5-acre area targeted for
testing is the Northeastern corner of Tax map Key 9-1-031:028. The 20 acres of land to be
acquired for the desalination facility is a portion of the 30.8 acres of land area considered by
the U.S. Department of Health and Human Services to be eligible for no-cost public benefit
conveyance to the Board of Water Supply. Vehicular access to the project will be via Olai

Road from Kalaeloa Boulevard.

33 Project Cost
The cost for the lower caprock exploratory well is $ 200,000 and deep basal exploratory well

is § 650,000.

A capital cost of $12 per gallon of product water capacity and an annual operations and
maintenance cost of $6.80 per 1,000 gallons were estimated for the initial 5-million-gallons-
per-day desalination facility. The capital cost is within the upper range of comparable ground
water source development costs. The O&M cost is higher that the costs for groundwater

production, however, a 5 mgd production cost is not expected to affect water rates.

Desalination plays an important role in {he Board of Water Supply’s long-range planning for
water development. As the sustainable yield of Oahu’s freshwater resources is approached
and as the importance of identifying and protecting natural resources are elevated,
desalination becomes a viable alternative for potable water production. Desalination may
also become a cost-effective alternative for source development should costs and

environmental and regulatory constraints to develop additional groundwater sources continue

to increase.
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34 Description of the Proposed Action

3.4.1 Selection of Preferred Technology
Twelve (12) specific technologies for desalination of Seawater were evaluated and reviewed,

While many technologies have been developed to desalinate sajine water, all fall within four
broad categories defined as: distillation processes, membrane separation, crystallization
extraction and chemical exchange. The technologies reviewed were: 1) Multistage Flash
Distillation, 2) Multi-effect Distillation, 3) Vapor Compression, 4) Solar Distillation, 5)
Reverse Osmosis, 6) Electrodialysis, 7) Electrodialysis Reversal, 8) Vacuum Freezing Vapor
Compression, 9) Secondary Refrigerant Freezing, 10) Eutectic Freezing, 11) Hydrate

Formation and 12) Ion Exchange.

The review included an assessment of the status of each as of 1992, a determination of the
quality of water produced, an estimation of energy usage and performance, and requirements

for operation and maintenance.

Results of this review found that reverse osmosis and distillation were the most widely used
processes for desalination of seawater. In addition, the review found that these processes
offered advantages over the other processes surveyed. Based upon these conclusions, reverse
osmosis and distillation processes were selected for further evaluation, Subsequently,
revérse 0smosis was found to be more cost effective than distillation dye to the lack of an
economical source of steam and the expense of providing a steam generator to serve the

facility, The conceptual design plan was based upon reverse 0smosis.

34.2  Site Selection Process, Criteria and Preferred Site

Initial project work identified twelve (12) potential desalination sites. Each site was rated as
to: its existing land use; its hydrogeology (i.e., quality of feedwater present); available
utilities such as electric power, sewers and water system integration; environmental impacts
such as air and water quality, noise impacts and visual aesthetics; options available for brine
disposal; and the proximity of steam suppliers. Table 3.1 presents a ranking of the 12 sites,
Of the 12 sites reviewed, the top five sites were all in Ewa and of those, three were in a site
adjacent to Campbell Industria] Park. Of the sites evaluated that were not in Ewa, Sand
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Island ranked first, followed by Kewalo Corporation Yard in Kakaako and Keehi Lagoon
Park. The conclusion drawn from this initial survey was that a site within or in proximity to

the Campbell Industrial Park would be ideal for the desalination facility.

Table 3.1

Desalination Facility Site Survey Ranking of 12 Prospective Sites
(ref. Site Sciection Study)

Ranking Site Location Tax Map Key Owner
L. Pacific Tsunami Warming Center Ewa 9-1-01 Federal Government
2, Barbers Point Naval Air Station White  Ewa 9-1-13:01  Federal Government
Plains Beach
3. Hawaii Meat Packers Ewa 9-1-31:01  State of Hawaii
4. BHP Site at Campbell Industrial Park Ewa 9-1-32:01  Campbell Estate
5. Hawaii Project Managers Ewa 9-1-26:36  Hawalii Project
Managers
6. Sand Island WWTP Honolulu 1-5-41:05  State of Hawaii
7. City/Campbell Estate Swap Ewa 9-1-26:04  Campbell Estate
8, Kenai Industrial Park Ewa  9-1-14:04,05 CIRILand
Development
9. Kewalo Corporation Yard Honolulu  2-1-60:05  State of Hawaii
10. Keehi Lagoon Park Honolulu  1-1-03:06  State of Hawaii
11. Ewa Demonstration Desalination Plant  Ewa 9-1-15:12  State of Hawaii
12, Honouliuli WWTP Ewa 9-1-13:07  City and County of
Honolulu

343  Preliminary Engineering Evaluation & Design

Prior to design and construction, water quality testing to determine the “best” pretreatment
option and field tests would be conducted. The conceptual process flow diagram for a 5 mgd
desalination facility was completed for the reverse osmosis process. The proposed process
would include feed water intake from the caprock or basal wells, feed water chemical
conditioning, ultrafiltration pretreatment with wastewater disposal into the upper caprock,
reverse osmosis filtration, brine disposal, chemical cleaning of the ultrafiltration and reverse
osmosis membranes, post-treatment chemical conditioning, and distribution of potable water

into the system.
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3.44  Exploratory Well Construction

Prior to the start of preliminary desalination technology testing, design and construction, the
BWS will drill two (2) exploratory wells on the proposed Kalaeloa site. Following the
construction of the exploratory wells, tests will be conducted to determine the quantity and
quality of the water that can be produced. Quantity testing will include yield drawdown tests
spanning approximately five (5) hours at one (1) hour for each rate and a sustained pumping
test spanning seventy-two (72) hours. Power for the pump will be supplied by the contractor
using a diesel motor or electric generator. Water withdrawn from these tests will be disposed
of on-site to test the soil percolation rates for the brine pond or disposed of in an adjacent
drainage canal. The water quality tests will define the treatment process that will be required
if the wells are put into production. Following testing, the wells will be capped and all
equipment removed. An NPDES permit for exploratory well drilling will be developed if
discharge effluent is expected to reach State receiving waters. If the wells are put into
production, the specific site requirements for the production well facility and its impacts will

be addressed in a separate EIS, which will be conducted for the design and construction of

the desalination facility.

Approximately 0.5 acres at the northeast corner of the parcel will be required to
accommodate the well drilling, support equipment and necessary supplies. The caprock well
will have a 26-inch borehole, cased with 17.4” PVC casing and about 300 feet deep, Figure
3-3. The basal well will have a 24-inch borehole, cased with 20-inch PVC casing and
approximately 1,700 feet deep, Figure 3-4. Both wells will be drilled with a reverse
circulation rotary rig. A totalof3to 5 people may be on-site to construct both wells and
conduct the quantity testing, which will take about six months. Cuttings from the drilling

will be disposed of in an approved manner.,

34.5 Preliminary Technology Testing

The preliminary desalination technology testing would include the chemistry evaluation and
water quality testing of the source water of both the caprock and basal wells, Field tests,
such as percolation rates to design the brine pond, pretreatment testing of the filtration

equipment, soil borings for the building foundation, and biofouling to determine the optimal
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membrane life, would be conducted for a period of 3 1 ¢ months. The on-sjte preliminary
testing would include 2 temporary shelter to protect the equipment from the elements,
concrete foundation, piping, generator, Sensors, electricity, and Communication equipment

such as telephone or wireless telemetry. A total of 2 to 6 people may be on-site at various

3.4.6 Future Design and Construction of a Production Facility

A phased construction scheme was developed for the facility based upon 5 million gallon per
day (MGD) increments, which may be expandable up to 35 MGD, based on the tota]
projected growth of the Ewa district, The proposed BWS desalination facility would be
constructed in phases to keep pace with Qahy’s Browing water demand and is expected to

remaining 10 acres, of the 30.8 acres will be acquired to be consistent with the Community

Redevelopment Plan 1o allow for future expansion.
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Section 4. STATE-OF-THE-ART DESALINATION TECHNOLOGY SURVEY

A state-of-the-art desalination technology survey was completed in August 1995, with an
emphasis on processes, which could produce potable water under island conditions. A total
of 12 specific technologies were identified within the four major desalination categories
(distillation, membrane, crystallization, and chemical): multistage flash (MSF), Multieffect
(MED), Vapor Compression (VC), Solar Distillation, Reverse Osmpsis (RO), Electrodialysis
(ED), Electrodialysis Reversal (EDR), Vacuum Freezing Vapor Compression (VFVC),
Secondary Refrigerant Freezing (SRF), Eutectic Freezing (EF), Hydrate Formation (HF), and
Ion Exchange. The discussions on each technology included: 1992 status, feed water
requirements, product water quality, energy consumption, performaTlCe, operation and
maintenance, general advantages and disadvantages, and principal applications. The
information obtained for these discussions was often a function of the worldwide or
nationwide use of that particular technology. Information on distillation and membrane
processes was most prevalent, since both categories comprise over #0% of the total
worldwide desalination capacity in 1992. As a part of this technoloZY SUrvey, information on
worldwide plant locations and capacities was obtained using the 1992 International
Desalination Association (ID) Worldwide Desalting Plants Inventory Report No. 12, dated
April 1992 (Technology, Ref. 3) lists a total of 8,886 desalination plants of capacity greater than
25,000 gpd. The use of the MSF and RO processes is most clearly dpminant in the inventory of
plants larger than 1 mgd. The MSF process represents 73% of the worldwide capacity, while
the RO process represents 18% of the total. Multiple effect (ME) and electrodialysis (EI)
plants lagged behind at 4% and 2%, respectively. Not surprisingly, 63% of all plants are
treating seawater (typically MSF) and 25% are treating brackish watet (RO typically). 81% of
the plants with capacity greater than 1 mgd treat seawater, and 14% treat brackish water.
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Schematic of Electrodialysis (ED)
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4.1 Distillation

Distillation processes utilize thermal energy to vaporize water from a saline solution, the
water vapor generated is then condensed to form the product water. There are several
variations on this technology depending upon operating temperatures applied, the number of
stages used (i.e., the number of times the saline solution undergoes evaporation) and

operating pressure (or vacuum). Distillation technology, as it applies to desalination, is fairly

stable,

Multi-stage Flash and Multi-effect

The performance ratio of Multi-stage Flash Distillation (MSF), Figure 4-1, and Multi-effect
Distillation (ME), Figure 4-2, processes are limited by the maximum temperature difference
between the first stage or effect, and the last (known as the flash range for MSF). Since the
operating temperature of the last stage is limited to ambient, maximum efficiency is obtained by
operating at the highest possible temperature in the first stage or effect. However, as the
temperature of these processes is increased, scaling and corrosion also increase. Scaling is
controlled by the addition of chemicals, which either inhibit the precipitation of the dissolved
solids or cause the scales to form in a manner permitting easier removal, such as sludge. The
current acids and high temperature polyphosphate additives are only effective up to about
121°C, and the dosage required increases rapidly above 100 degrees. Furthermore, improper
acid treatment can accelerate corrosion. Advances in the area of distillation are therefore likely
to be in the development of more effective pretreatment to prevent scaling, permitting higher
operating temperatures and greater performance ratios. Improvements in corrosion resistant
alloys for inexpensive heat transfer surfaces can also be expected to reduce maintenance and
make distillation plants more economical. However, such improvements will be modest. The
performance ratios of MSF and ME processes are likely to remain below 30 for the foreseeable

future, with ME offering the higher performance.
Multi-stage Flash Distillation (MSF) and Multi-effect Distillation (ME) plants will continue to

be competitive for seawater desalination in applications where they are combined with power

generation stations. Such dual purpose plants use heat rejected by steam or gas turbines as the
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heat input for the distillation process. Under such conditions less energy is usually extracted
from the power generation cycle in order to obtain the desired performance of the distillation
process. This is offset by the savings in energy costs by the distillation plant and the economy
of shared plant infrastructure. Session 2 of the NWSIA 1992 Biennial Conference examnined
several such designs, usually employing ME processes. ME processes have not been as widely
used as MSF because of scaling and corrosion problems, As energy costs continue to rise and
advances are made on controlling scaling and corrosion of heat transfer surfaces, ME processes

will increase their share of the distillation market due to their higher efficiency compared to

MSF.

The primary energy input for Multi-stage Flash Distillation (MSF) and Multi-effect Distillation
(ME) is low pressure steam. MSF steam is less than 2 % atmosphere (37psia) and is used for
final heating of seawater feed before it is flashed in the first stage. High pressure steam at about
150 - 200 psia is used to run steam €ejectors. Electrical power is required to operate the feed,
brine recycle, brine disposal and product pumps. MSF and ME re-circulation plants may have
very significant pumping costs be¢ause of the high percentage of brine re-circulated. MSF
plants have been operating at performance ratios of about 8 (Technology, Ref. 23)

Advantages
Product water quality is very high for Multi-stage Flash Distillation (MSF) plants, having total .

dissolved solids between 5 and 50 ppm, and usually less than 25 ppm. MSF is the leading
process used for very large scale desalination, particularly for seawater. Given its 40-year
history, there is a wealth of experienice in its operation. MSF is much less susceptible to scaling
than Multi-effect Distillation processes, which are the major competitors for large scale
desalination by distillation. This is because boiling does not take place at the heat transfer
surfaces. When scaling does take place, output can be maintained by increasing steam input.
MSF has been built in very large capacities. Waste steam from other processes can also be used
for the major energy input. Like MSF, Multi-effect Distillation (ME) produces very pure
water, and waste heat from other processes can be used for the primary energy source. Higher
recovery ratio means less feed water per unit product water, about twice the product water flow

for ME processes versus ten times for MSF which results in lower chemical treatment costs for
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ME. Operation such as start-up and shutdown are much simpler, and output can be varied from
25%to 100%. Depending on design, effects may be bypassed for maintenance, allowing
operation to continue. For a given output, ME requires less space than MSF. ME has a higher
performance ratio and lower pumping costs than MSF. ME has a lower capital costs than MSF
because higher heat transfer ratios permit less heat transfer surface. There is considerable
experience with ME processes. However, it is unclear why the economies of scale favor MSF
over ME plants. However, several sources support this conclusion, and in practice ME plants
have not been built in sizes as large as MSF plants have. (Technology. Ref. 3 and 7).

Disadvantages

The Multi-stage Flash Distillation (MSF) process is not the most efficient distillation process. It
requires a large energy input and requires high maintenance. It takes up much more space than
other desalination processes. Most of the experience has been with desalting seawater in the
Middle East, where energy costs are less of a factor. MSF is only used for seawater
desalination. There is little savings when treating brackish water. The MSF process is difficult
to control. Plant start-up is difficult. The process cannot be run at less than 60% of design
capacity. Performance ratio is lower than that for other processes and a large amount of
seawater is required, both for product and for cooling. Brine is discharged at an elevated
temperature. Only a small percentage of the brine is evaporated during flashing, so very high
re-circulation rates are often used. This leads to high pumping costs and slow reaction to
sudden input changes. Multi-effect Distillation ME plants with capacities of 10 mgd and above
has not been built yet. The potential for scaling and corrosion with improper maintenance is
greater for ME processes than for MSF processes. Because of hi gh heat transfer coefficients
used, ME processes are inherently more severely affected by fouling than MSF processes.
Decreased output is inevitable when fouling occurs, whereas with MSF, output can be

maintained by increasing steam input.

Vapor Compression
Vapor compression operates on the principle that water will evaporate when its pressure is
reduced sufficiently, and the resulting vapor will condense when it is recompressed. A vacuum

pump, compressor or steam ejector is used to draw vapor from a evaporation chamber
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containing brine, reducing the pressure and causing some brine to flash into steam (water
vapor). The vapor is then compressed in a vacuum chamber, such that the condensing vapor
returns its latent energy to the evaporation liquid. In fact, any of the previously discussed effect
designs may be used, but in this case the temperature difference to drive the heat flow from the
condensing vapor back into the evaporating brine comes from the compression of the vapor.

This process typically employs just one effect, although multiple effects may be used.

The primary energy input is mechanical energy by either a Vapor COmpressor or a stream jet.
Most plants operate near the atmospheric boiling point, so the incoming feed must be heated,
During start-up this is accomplished using an auxiliary heat source. During operation
preheating is done by extracting heat from the brine and distillate streams with auxiliary heat as
required. Thermo compression is often used in conjunction with evaporators. Currently,

several vapor compression distillation processes are commercially available.

Advantages
Vapor Compression (VC) plants are very simple and compact. Plants using mechanical

compression make very efficient use of mechanical or electrical energy. Capital costs are low.

Disadvantages

Vapor Compression (VC) plants are limited to small scales: thermo VC-1.25 mgd and
mechanical VC-100,000 gpd. VC also raises the sensitivity, complexity and cost of the whole
system. The cycles are very sensitive to the quality and consistency of the steam, and O&M

responsibilities increase due to the need for expert maintenance.

Solar

Use of solar energy, Figure 4-3, is more economical than any other fossil fuel system. For most
countries located near the equator, there is sufficient amount of solar energy available year-
round. Because energy can be converted from one form to another, it is possible to use solar

energy as the primary or secondary energy source for any desalination process.
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Two major problems limit the application of solar energy in desalination plants: low efficiency
of energy conversion and the inefficient storage of energy. Thus solar stills are typically not
economical for medium or large capacity fresh water production. Solar-assisted or solar-
powered plants do not differ much from conventional desalination systems, except for the fact

that solar collectors and heat storage subsystems will be needed.

Advantages
Energy requirements for solar stills are relatively low compared to other desalination processes,

whose dependency on oil-based fuel results in energy costs as high as one-third the operating
cost. Solar stilling processes will continue to have this advantage as long as the cost of oil-
based fuels continue to rise. Studies have shown solar stills or solar-assisted Multi-Effect
distillation processes to be more economical at producing quality drinking water for small scale
plants (up to 100 m® per day or 26,000 gallons per day) when the land value is low (Technology.
Ref. 12). Solar energy is free, so a process whose energy needs were fully met with solar
energy would have no fuel costs and would impose no further burden on the island’s electrical
distribution system. The Ewa Plain has a fairly high average annual solar radiation, either flat

plate collectors, solar ponds or concentrating collectors could be used.

Disadvantages
Although solar stills are relatively easy to build and operate, there are few, if any, economies-of-

scale associated with larger plants. For example, the largest solar stills yet tested have produced
only a few thousand gallons of water per day {Technology, Ref. 3). Because solar stiils are
single-effect processes, i.e. utilize the input energy only once, they are of low efficiency and
require very large area. Oahu does not have the quantity of unused, low productivity land that is
characteristic of the other areas of the world where solar power has been used for desalination.
The Ewa Plain does not have the year-round clear skies that are found for example in the desert
south-west of the United States, so that there will be periods when a solar assisted plant could
not operate. Solar collectors have large surface area and would be vulnerable to high winds
such as hurricanes. Each form of solar collector has some form of maintenance demand unique

to it. For example, maintenance of the correct salt gradient in a solar pond is absolutely
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essential. Finally, all of the high capacity solar assisted methods still require energy inputs in

the form of electricity.

4.2 Membrane Processes

Membrane processes operate on an entirely different principal than distillation processes.
There is no phase change for membrane processes. Most membrane processes are
conceptually similar to filtration in that a barrier permits selective transmission of only
certain constituents of a solution, thereby separating them. They differ in that when
operating properly neither constituent builds up at the membrane. There is both product

strearn and a brine stream, so continuous operation at a steady state is achieved.

Reverse osmosis (RO), Figure 4-4, relies on the use of a membrane, which is highly permeable
to water and only slightly permeable to salt. High pressure is used to drive pure water through
the membrane, separating the pure water from the brine solution. Electrodialysis (ED), Figure
4-5, and Electrodialysis Reversal (EDR) employ membranes, which are permeable to the salt
jons and impermeable to water. Instead of hydraulic pressure, an electric field provides the
force to move the positively and negatively charged ions through the membranes, separating

two feed streams into one product stream and one brine stream.

The primary energy demand of reverse osmosis (RO) is for pumping the feedwater up to the
high pressures required. This pressure varies with the feedwater salinity. Brine discharged at
pressure represents a total loss of energy used to pump that volume of feedwater. The feedwater
pressures used for brackish water are lower than for seawater. Seawater RO costs are more
closely matched to MSF of ME, however, the availability of waste heat must still be considered.
Energy recovery devices, such as hydraulic turbines and work exchangers, can recover up to
90% of the brine energy. It is becoming a standard on seawater plant, since high brine pressures

make energy recovery economical.
The primary energy input for Electrodialysis (ED) and Electrodialysis Reversal (EDR) is

electricity. DC power is required to operate the stack and AC power is required for pumping.

Pumping power varies with hydraulic resistance to the flow path and volume flow rate, which is
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depends on the amount of brine recycled and the recovery ratio. Feedwater salinity has the

greatest impact on the energy consumption per unit product and the product quality.

Reverse osmosis (RO) has achieved dominance in the field of brackish water desalination and
acceptance in the field of seawater desalination. Desalting of seawater is by far the more
rigorous test of the technology. Higher salinity increases scaling and may increase energy
requirements several fold due to higher pumping pressures required and lower recovery ratio
achieved. High pressures accelerate degradation of the membranes due to compaction and
stress. For both brackish water and seawater RO, the fouling characteristics of the membranes
and their tolerance for various chemicals have a great impact on the successfiil operation of the
plant. Characteristics such as water flux, salt rejection, resistance to compaction, physical
strength and resistance to scaling, fouling and chemical degradation are consistently being
improved. It is reasonable to expect membrane performance to continue improving, while the
performance of Multi Stage Flash (MSF) and Muiti Effect (ME) plants levels off. The
application of RO to large scale seawater desalting has occurred much more recently than with
MSF and ME. Few large RO plants are more than 10 years, leaving much valuable operation

and maintenance experience to be gathered.

Recovery of energy from the high-pressure brine is another area in which improvements can be
expected. This is particularly important for the desalination of seawater, where recovery ratios
may be as low as 35%. Effective energy recovery can reduce energy consumption per unit
product water by almost half. Most of the newer seawater reverse osmosis (RO) plants use
hydraulic turbines to generate electricity from the discharged brine or hydroturbines to pump
feedwater directly.

Electrodialysis (ED) and Electrodialysis Reversal (EDR) are similar to reverse osmosis (RO) in
that future improvements in the performance of the process are linked to advances in membrane
technology. Membrane characteristics can be expected to continue improving. Since the
minimum power required for desalination is dictated by the number of ions to be removed, the
cost per unit of product water cannot be brought down below a certain minimum level as long as

energy costs are significant. Energy requirements for ED and EDR vary with feed-water
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concentration to a greater degree than for RO. ED and EDR are therefore likely to remain

competitive only for salinities less than 5,000 ppm.

As with Reverse osmosis, maintenance costs associated with membrane fouling are a large part
of the total operating costs of an Electrodialysis (ED) plant. The energy savings associated with
membrane improvement will be small compared to the maintenance costs saved by the
development of membranes less prone to fouling. Transport depletion is an existing
modification of the ED process in which anion permeable membranes are replaced with non-
specific ion permeable membranes. This reduces the problems associated with the fouling of
anion permeable membranes. This process uses somewhat more power than standard ED or
Electrodialysis Reversal and is not used commercially. However, it illustrates the degree to

which developments in control of membrane fouling can affect process viability.

Advantages

Reverse osmosis (RO) and electrodialysis (ED) processes require only a fraction of the energy
of distillation processes for the desalination of seawater; therefore RO and ED are more
economical when desalting brackish water. RO also removes a wider range of contaminants
than ED, such as organic molecules, viruses, bacteria, silica and turbidity. Plus, RO has higher
water recovery than distillation, which reduces the volume of concentrate disposal. RO using
brackish water requires low energy consumption, low corrosion materials and low temperatures.
These advantages apply to the desalination of seawater as well, although the energy savings

over distillation processes are not as great.

Reverse osmosis (RO) remains competitive for seawater desalination, whereas ED and
Electrodialysis Reversal (EDR) are not. With increasing salinity, ED becomes less competitive
more quickly than RO. The modular nature of RO plants permits easier and faster expansion
than with multi-stage flash. Plant autoration is possible. Process performance is limited by
membrane development, which can be expected to improve. ED and EDR are competitive with
RO for desalination of brackish water having less than 5,000 ppm TDS. ED and EDR are also
capable of desalting much higher salinity water including seawater although energy

consumption is high.
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Electrodialysis (ED) was one of the first membrane processes commercially used for
desalination, so there is extensive operating experience. The largest Electrodialysis Reversal
(EDR) plant is 2 12 mgd plant in Florida. Due to the polarity reversal, EDR has greatly reduced
the requirement for continuous chemical pretreatment to prevent scaling. If severe scaling or
fouling does occur, most ED and EDR stacks can be broken down and manually cleaned. The
membranes themselves last longer (10 years) than reverse osmosis (RO) membranes. ED and
EDR operate at much lower pressures than RO so pumps are less costly and there are fewer
leaks. At low Total Dissolved Solids (TDS), EDR uses less energy than RO. ED and EDR are
more tolerant of operator error than is RO. EDR is capable of higher recovery than RO, which

reduces the concentrate volume for disposal.

Disadvantages ,

The reverse osmosis (RO) process is extremely sensitive to feedwater quality and proper
feedwater treatment is essential to avoid scaling or biofouling of the membranes, Feedwater
pretreatment may be more complicated and expensive than for distillation processes. Some
types of fouling are irreversible and may require premature membrane replacement. Regardless

of the membrane material or element configuration, membranes have a finite life and usually

must be replaced every 3 to 5 years.

Electrodialysis (ED) and Electrodialysis Reversal (EDR) have not been widely applied to the
desalination of seawater. Currently, there are no seawater ED plants larger than 1 mgd. Energy
requirements for ED and EDR are proportional to the concentration of dissolved solids to be

removed, so ED 1s not competitive for desalination of high TDS water unless energy costs are

low.

ED and EDR have the same feedwater pretreatment requirements as reverse osmosis (RO).
Colloidal solids must be effectively filtered out or they will clog the membranes. In addition,
bacteria, viruses and large non-ionic molecules such as silica, which is common to groundwater
from volcanic island geologies, are passed through ED and EDR processes in their original

concentrations. Only ions are removed. Certain types of dissolved organic molecules such as
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humic or flavic acid form ions which are too large to pass through the membranes causing
additional fouling beyond that experienced by RO. Membranes require replacement every 5 to
7 years or sooner if pretreatment and periodic cleaning are not sufficient, and electrodes require
yearly replacement. Chemicals and techniques used for periodic cleaning are similar to those
used in RO plants, resulting in similar disposal problems. In general, EDR is hydraulically

more complex and potentially more sensitive to iron and magnesium than RO.

4.3 Crystallization

Crystallization or “freeze desalination” is based on the concept that a salt solution, cooled to its
freezing point will separate, forming crystals of pure water and pockets of higher salinity brine.
The traditional process involves five main steps: precooling of the feedwater, crystallization of

the ice and brine into a slurry, separation of ice from the brine, washing the ice and melting the

ice.

Crystallization processes utilize energy to cool saline solution to the temperature at which
water forms ice to the exclusion of salt. The ice crystals are then physically separated from
the salt solution and melted to form the product water. Crystallization processes vary mainly
in their operating pressure (i.e. vacuum), operating temperatures and the separation

technology used to collect the ice.

Freeze desalination plants require a complex list of equipment including a refrigerant plant, heat

exchangers, separators, washers, etc., which have not been proven commercially viable for large

scale operations.

There are four basic types of freezing processes: vacuum freezing-vapor compression,
secondary refrigerant freezing, eutectic freezing, hydrate formation. Vacuum Freezing-Vapor
Compression, Figure 4-6, takes precooled seawater and flash evaporates it, at very low
pressures in 2 tank to produce pure water vapor and ice and brine slurry. The ice/brine slurry
moves through a separation column where the ice crystals are compacted and separated from
the brine. The ice crystals are washed and mechanically scraped into a melter. Secondary

Refrigerant Freezing (SRF) is a “direct contact” freezing process, which uses a refrigerant,
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like liquid butane, in direct contact with the seawater to produce the crystallized ice/brine
slurry. Eutectic Freezing process is similar to the SRF process. Ice and salt crystals form
simultaneously, and the freezing point and concentration of the solution remain constant.
The hydrate formation process is based on the formation of a crystalline compound by
combining low-molecular weight hydrocarbons, or their derivatives, with water. These
crystalline compounds are called solid clathrate substances. In seawater desalination,
clathrate substances reject salt jons and form hydrate crystals. A hydrating agent such as
propane is sometimes used to come in contact with seawater in a crystallizer. As temperature
and pressure are adjusted to the proper level, hydrate crystals are formed. The crystals are

separated from the brine and washed and melted. The propane and water are then separated

in a decanting facility.

Advantages

Theoretical advantages are: smallest energy requirement of any process utilizing a phase
change (Reference: Weigandt, 1960) and (Reference: Brian, 1971): no need for pretreatment
due to low temperature operating conditions; minimal scaling and corrosion; lower capital

costs due to higher recovery rate and milder operating conditions allowing less expensive

materials.

Disadvantages

Disadvantages are: complex design and operation, commercial feasibility of large scale
plants are unknown, remixing of ice crystals and brine slury can limit purity of product
water. Also, the butane or propane must be separated from the water and has the potential of
unpleasant odors or taste in the product water. The process works most efficiently in colder
climates where less energy would be necessary to maintain required temperatures. Hawaii’s

year round tropical climate is completely opposite, making the process unsuitable for

consideration.
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4.4 Chemical (Ion Exchange)
Ion exchange, Figure 4-7, is a unit process which utilizes ion-exchange resin beads or alumina

granules within a packed-bed column or batch reactor to reduce total dissolved solids, soften

hard waters, and produce mineral-free water.

The application of the ion exchange technology varies from softening of municipal drinking
water at a point of entry in to a single home to use by small water utilities. The ion exchange

process produces product water, which is essentially contaminant free or mineral free, for use in

pure and ultrapure industrial water applications.

Ton exchange units operate similarly to downflow granular filters and have similar energy
requirements (i.e. pumping for backwash). Additional pumping energy is required for upflow
operation and continuous feed operation. Ion exchange does not require high pressure pumping

or preheating inputs.

Advantages
The ion exchange process boasts several advantages over the more commonly used membrane

and distillation processes: 1. Process is relatively insensitive to flow variations and therefore
can operate on demand; 2. Essentially zero level of contaminant in effluent possible; 3. Large

variety of ion-specific resins available; 4. Low energy costs and 5. Small land requirements.

Disadvantages
Disadvantages of the ion exchange process include: 1. Limited application to feedwater in

excess of 3,000 mg/L Total Dissolved Solids; 2. High capital costs due to need for chemical and
corrosion resistant material requirements; 3. Spent regenerant containing potentially toxic
contarninants must be disposed of and 4. Process is not actively used on 2 large scale basis in

municipal water systems.
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Section 5. DESALINATION FACILITY SITE LOCATION AND EVALUATION
ANALYSIS

The next portion of the study was the Desalination Site Location and Evaluation Analysis

completed in May 1996. A progressive two-part site identification process was utilized to

identify potential desalination plant candidate sites.

The first part of the process initially acknowledged the existing and future water needs of the
Honolulu Board of Water Supply’s Honolulu and Ewa Water Districts. These two of Oahu’s
seven major water districts, Figure 5-1, were evaluated for their potential for a desalination
plant site. The Board of Water Supply water use districts roughly follow the City and
County of Honolulu’s Development Plan areas, Figure 5-2. The Honolulu and Ewa water -
districts represent approximately 59 percent of Oahu’s current water consumption. The,
2020 projections for the Honolulu district is 103.03 mgd. The Ewa district year 2020
estimate is 35.6 mgd. The two districts were initially subdivided into project “study areas”,
which are identified by using commonly accepted jurisdictional, physical, land ownership,
and predominant land use boundaries. A total of seven study areas were identified Kakaako
{mauka and makai), Sand Island, Airport, West Ewa, BPNAS, and East Ewa. Within the
seven areas, the following 12 sites, Figure 5-3, Figure 5-4 and Figure 5-5, were selected for

further evaluation:

Pacific Tsunami Warning Center
BPNAS White Plains Beach

Hawaii Meat Packers

BHP Petroleum

Hawaii Project Managers

Sand Island Wastewater Treatment Plant
City / Campbell Estate Swap

Kenai Industrial Park

Kewalo Corporation Yard

Keehi Lagoon Park

Ewa Demonstration Desalting Plant
Honouliuli Wastewater Treatment Plant

W Noh kWi

—
M=o
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The second part of the process located and evaluated the study areas based on a total of six
major criteria which are: land issues, hydrogeology, utility services, environmental /
socioeconomic issues, concentrate disposal, and steam availability. The criteria were derived

from a review of utility installation studies for wastewater treatment plants, power plants and

desalination plants.
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5.1 METHODOLOGY

The Site Selection Matrix took a two-tiered approach to evaluating the 12 initial pool sites by
assigning weighting factors to the major criteria and evaluating the individual sites through
the more specific minor criteria. Roughly 80 percent of the weighting was concentrated in

the top three major criteria, while the bottom three comprised the remaining 20 percent.

The calculations were carried out in the following manner:
1. Ascore from 0 to 20 (in increments of 5 unless otherwise noted in the matrix)
was assigned to every minor criteria for each site.
2. Each minor criteria score was multiplied by the corresponding weighting factor

from the major criteria column.

3. The “weighted” scores in the column are added, and a total weighted score is
entered at the bottom.

4. Steps 1,2 and 3 are repeated for all 12 sites.

3. The 10 scores are then ranked from first through 12 based on the total weighted

score achieved.
6. A sensitivity analysis was undertaken to try and validate the matrix

methodology.

A sensitivity analysis determines whether the proposed methodology is sensitive to changes
in the weighting factors assigned to each of the criteria, or to the numerical score given to

each individual site.

Generally speaking, the high degree of subjectivity and uncertainty in estimating the
weighting factors requires an investigation into their sensitivity to small changes. Criteria
which are well defined with respect to the individual sites, such as minor criteria in the study,
are less sensitive to changes in their numerical values. Therefore the study focused on

sensitivity analysis of the major criteria weighting factors.
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. 5.2.1 Major Criteria

Concentrate disposal is considered the most important criteria by virtue of its documented
environmental and economic impacts on the ultimate developability of a desalination project. It

therefore receives the highest weighting of all the major criteria.

The hydrogeology and steam availability categories are considered equally important, but well
below concentrate disposal in terms of overall environmental and economic impacts. The lower
weighting is based on the fact that unfavorable characteristics of the hydrogeological and steam
availability categories can be screened out through the careful selection of plant site, feedwater
type, and process selected. On the other hand, all desalination processes produce and require the
disposal of concentrate. The persistence and magnitude of this problem, therefore, justifies its

importance as pointed out earlier.

The environmental/socioeconomic category is considered the most important of the three
bottom-weighted categories because of the unpredictability of the local community's response to
the plant, and the large number of environmental and socioeconomic issues, which need to be
addressed. These issues, however, are typically not volatile enough to endanger the overall

viability of a project site.

The utility services and land issues categories are assigned the lowest weight for this site

ranking exercise due to their relatively lower impact on site viability.

Weighting factors were assigned to the six major categories in terms of percent, as shown in

Table 5.1.
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TABLE 5.1
MAJOR CATEGORY WEIGHTING FACTORS

Category : Weighting Factor (%)
Concentrate Disposal 50

Steam Availability 15

Hydrogeology 15
Environmental/Socioeconomic 10

Utility Services 5

Land Issues 5

TOTAL 100%

Each of the six major criteria was further defined by minor criteria. These minor criteria allow

for a more sensitive comparison between sites.

5.2.2 Minor Criteria

Minor criteria are identified for each of the six major criteria. As a result, the score for each of
the major criteria represents the total of several minor criteria scores. The advantage of this
system is that the minor criteria help to better define the major criteria, resulting in a score more

sensitive to the unique characteristics of that site. A total of 13 minor criteria are shown in

Table 5.2
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Major Criteria

Concentrate Disposal

Steam Availability

Hydrogeology

Environmental/
Socioeconomic

Utility Services

Land Issues

Each minor criterion was scored for each site. The scoring was based on a 0 to 20 scale, in

increments of five.

Concentrate Disposal Criteria
The two most frequently used disposal options are regulated by the State DOH and the U.S.

EPA: ocean outfall discharge with an NPDES individual permit; and injection well disposal
with a UIC permit. The disposal option, or options, available to a site depend on the site's

proximity to the coast (more specifically the UIC line) and the offshore marine conditions.

The use of an existing WWTP outfall is considered the most desirable option due to the low
capital and O&M costs, and the added benefit of "enhancing" the buoyancy characteristics of

the existing wastewater effluent plume in the open ocean. The mixing of high salinity

TABLE 5.2

MINOR CRITERIA LISTING

Minor Criteria

Available options:

o Use of Existing WWTP Qutfall

o Injection Wells

o Dedicated Outfall

Number/ Quality of Available Options
Assessed Practicality

Available Options:
o Surplus Steam Available Nearby
o Cogeneration Option
o Dedicated Steamn Production
Community/Environmental Concems

Feedwater Source Quality
Pumping Impacts on Quality
Offsite Contamination Potential
Air Quality Concerns

Noise Quality Concerns

Visual Aesthetics Concerns

Water System Integration
Electrical Availability

Zoning/Land Use Compatibility
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concentrate and the relatively "fresh" wastewater in the right proportion prior to outfall
discharge can increase the density of the resulting €ffluent plume in the ocean, thus preventing
the plume from rising to the surface, 2 desirable end result, Initial dilution ratios will be reduced
depending on the mixing ratio of concentrate to wastewater effluent, and their respective

concentrations. A plume modeling study would b€ conducted if the WWTP outfalls were

utilized and coordinated the appropriate agencies

The construction of an injection well field is a favorable option, especially for coastal sites
where the subsurface geology is highly permeable, and comes under significant seawater
intrusion and tidal influence, creating ideal flushipg and dispersion effects. Injection of high
salinity concentrate, as much as 80% higher than Seawater, is currently practiced by several
industries in the JCIP area. The costs associated With 2 new injection well field include well
drilling and casing, concentrate storage (if required), and possibly pumping facilities. Land
acquisition may also be an added cost if the desalination plant site is not located right on the
ocean. The costs of constructing an injection well field, however, are typically well below that
of building a dedicated outfall. The environment2! impacts could offset the cost savings,
however, especially the impacts on coastal hydrogeology and the nearshore marine
environment. High salinity concentrate may incr¢ase the salinity of nearby wells and aggravate
scaling and corrosion problems in the nearby welf user's industrial cooling equipment. The

higher salinities may also show up in the nearshore environment and affect coastal marine life.

A dedicated outfall is the least desirable choice due to high capital costs. In fact, the cost of a
dedicated outfall alone could challenge the viability of an entire project. However, this may be

the most viable option to accommodate higher floWws from large scale production.

Based on the above discussion, the different options were scored in the following manner:

Use of Existing WWTP = 15-20 points

Construct Injection Wells = 0-15 points

Construct Dedicated Qutfall =0-5 points

Quality of Available Options = 0-20 points
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Steam Availability Criteria
Steam availability is considered crucial to the development of a desalination plant employing
distillation technology. Three general categories are acknowledged in this report: surplus steam

available from a nearby source; cogeneration through the use of low cost alternate fuels; and

steam generation through a dedicated boiler.

Surplus steam availability is considered the cheapest option by far, allowing the plant itself to
act as the existing power plant's condenser of waste steam. As an added benefit, electrical
power may be generated from the steam's eﬁergy. Cogeneration is an available option, given a
favorable fuel price, and has the additional benefit of generating electrical power. ‘Dedicating a
boiler to the production of steam for a desalination plant is generally considered to be a non-
option. That is, competing technologies like seawater reverse osmosis are a more viable option.
Only one of the twelve candidate sites was deemed to have the potential for the development of
available surplus steam was the BHP site. However, capital costs for intake and concentrate

disposal structures are expected to be significant, resulting in a lower overall rating in the site

selection matrix evaluation. The cogeneration option was assumed to be available at all sites.

The difference between having waste steam and having to produce it with a dedicated boiler is

reflected in the score assigned to each of the three options:
Surplus Steam Available Nearby 20 points

Cogeneration Option 5 points
Dedicated Steam Production 0 points
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Hydrogeological Criteria

Three hydrogeological parameters affect the evaluation of a feedwater source: source quality,
pumping impacts, and contamination potential. The effect of source quality on the operation of
a desalination plant could determine the process type, pre-treatment requirements, materials
selection, and ultimately, the feasibility of its use for desalination. Pumping impact problems
can occur in several ways: water quality degradation (seawater intrusion, migration of
contaminants), lowering of the water table in the zone of influence, and potential subsidence of
building foundations in the area due to dewatering and compression of underlying soils. The
contamination potential of a site is often based on a historical survey of nearby land uses and, if

resources allow for it, 2 hydrogeological modeling study.

As a general rule, candidate sites outside of the James Campbell Industrial Park (JCIP) area
scored better (20 and 15 points, coastal and inland, respectively) than their industrialized
counterparts (15 and 10 points, coastal and inland, respectively) in evaluating feedwater source
quality, with the exception of the Kewalo Corporation Yard site (10 points) which has some
landfill leachate concerns. Likewise, candidate sites outside of JCIP (20 and 15 points, coastal
and inland, respectively) were often located in areas which were not receiving nearby industrial
injection fluids, or were located away from areas influenced by industrial well development and
pumping (10 points). Thus, the impacts of prolonged pumping on feedwater quality wére
minimized. Finally, the offsite contamination potential was considered to be the greatest at JCIP
sites (10 points). Coastal and inland sites away from JCIP (20 and 15 points, respectively) fared

the best in this minor criteria category.

Environmental/Socioeconomical Concems Criteria

Environmental concemns relating to noise, air quality and aesthetics could be minimized if a
plant was sited within an existing industrial area. Archaeological concerns could also be
minimized for potential plant sites located in well-developed industrial areas or on man-made
lands, like Sand Island or the Kakaako Community Development District - Makai Area.
Community concemns may become an issue for plant sites located near primary urban areas, like

residential Honolulu or the residential areas of the proposed second city of Kapolei.
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Air quality concems were considered to be most critical at the James Campbell Industrial Park
(JCIP) area sites (10 points) due to the large number of industries, which contribute emissions to
the local airshed. Sites outside of JCIP scored better (15 points) but were hindered slightly by
their proximity to populated residential and commercial areas. Noise quality concerns were
judged to be the most critical in urban areas (15 and 10 points typically), and the least critical in
heavily industrialized areas like JCIP (20 points). The same line of reasoning in addressing
noise quality concerns was applied to the evaluation of the candidate sites with respect to visual

aesthetics concerns.

Utility Services Criteria

Areas characterized by industry, e.g. Campbell Industrial Park and Sand Island, often have the
benefit of significant roadway, sewer, water, drain, and power infrastructure (20 points).
Agricultural and residential subdivision areas may be infrastructure poor relative to the water
and power needs of a desalination plant (15 points). Older industrial ai'eas undergoing
revitalization, like the Kakaako Community Development District - Makai Area, are having
their undersized utility systems upsized to meet the projected population's needs (20 points).

Land Use Criteria
The land use and zoning information obtained from the City and County of Honolulu was used

for an initial screening of the ten potential sites. Industrial sites are given favorable scoring (20
points), while agricultural lands adjacent to industrial areas receive slightly lower scores.
Agricultural lands in close proximity to residential developments, e.g. east of the Barbers Point
Naval Air Station (BPNAS), and residentially zoned lands receive less favorable scoring (15
points). Sites requiring relocation of existing tenants, especially long-term government agencies
or heavy industries, receive low marks (10 points). Vacant land owned by the City or State is
considered ideal. Federally owned lands are considered a remote acquisition option. If
necessary, BWS may exercise their powers of eminent domain to obtain privately held land

at fair market value.
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5.2.3 Sensitivity Analysis
The major criteria weighting factors are repeated below. The three heaviest weighted factors,
concentrate disposal, hydrogeology, and steam availability, together total 80 percent. This

combined percentage is referred to as the three-factor total.

MAJOR CATEGORY WEIGHTING FACTORS

Category Weighting Factor (%)
Concentrate Disposal 50

Steam Availability 15

Hydrogeology 15
Environmental/Socioeconomic 10

Utility Services 5

Land Issues 3 5

TOTAL 100%

The identification of a sensitivity range to evaluate the proposed weighting factor was based

on several assumptions. First, the three-factor total must maintain a minimum value of
around two-thirds (67%) the total weight of the six major categories. This is to assure that a
site score well in the bottom three major categories does not slip into the top five rankings
without scoring well in the concentrate disposal category, atoa lesser extent, in the steam

availability and hyrodrogeology categories.

At the same time, the bottom three factors need to maintain a minimum combined value in

order to remain a significant part of the evaluation. This minimum value is assumed to be 10

percent.

Thus, in order for the sensitivity analysis to meet the above criteria, the three-factor total was
varied from 65% to 90%, Tables 5-3 to 5-8. The site selection matrix calculations are

applied to the range in 5 percent increments of the three-factor total.
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52 SUMMARY OF RESULTS AND RECOMMENDATIONS

The results are consistent with several major issues such as concentrate disposal options, feed
water accessibility and quality, government-owned land, and indﬁstn'al land uses. The
bottom sites suffered from uncertain land issues, relatively far distance from the coast,

anticipated poor feed water quality, and 2 lack of economical concentrate disposal options.

The Site Selection Matrix, Table 5.9, shows that the following five sites are suitable for

further investigation:
1 Pacific Tsunami Warning Center
2 BPNAS White Plains Beach
3. Hawaii Meat Packers
4 BHP Petroleum
5 Hawaii Project Managers
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SECTION 6. PROPOSED DESALINATION FACILITY

6.1 Introduction

After the completion of the state of the art technology survey and site selection process,
further evaluation was conducted for the recommended technologies of Reverse osmosis and
Distillation in relation to the preferred site and 2 alternative sites within Honolulu and Ewa.
The proposed desalination facility will be constructed in phases over 2 30 to 50-year period.

The phases may consist of 5-MGD increments, with the total product water capacity of 35
MGD.

6.2 Location

Following an evaluation of 12 potential sites and the opportunity to obtain 20 acres of a
30.8-acre parcel on the western boundary of the Kalaeloa Community Development District
(previously called Barbers Point Naval Air Station), three sites were selected as potential
locations for the desalination facility. The sites are the Kalaeloa site, located at the southeast
portion of Campbell Industrial Park, the Sand Island Wastewater Treatment Plant site, and
the Keehi Lagoon Park site. Locations of these three sites are given in Figure 6-1. Although
the Kalaeloa site was not included in the initial evaluation of the 12 potential sites, five of the

top sites were in Ewa and in proximity to the Campbell Industrial Park,
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A brief discussion of the evaluation of the three sites considered is as follows:

6.2.1 Kalaeloa Site (previously Barbers Point Naval Air Station)

The 20 acres of 1and to be acquired for the desalination facility is a portion of the 30.8 acres
of land area considered by the U.S. Department of Health and Human Services to be eligible
for no-cost public benefit conveyance to the Board of Water Supply, Figure 6-2. The
proposed desalination facility meets the conditions for ng cost benefit conveyance. Asa

condition of conveyance, there is a three-year period to develop the desalination facility.

The Kalaeloa Desalination Facility is located at the southwestern end of the Kalacloa
Community Development District. A portion of the site lies within an aircraft clearance zone
runway easement. A storm drainage channel (80 to 90 feet wide) is situated along the eastern
boundary of the site, which separates the site from the rest of the Kalaeloa Community
Development District. James A. Campbell Industrial Park (JACIP) adjoins the prospective
Kalaeloa desalination site to the north and west and the remaining 10 acres to be acquired by

BWS is the southern boundary of property that runs along the Pacific Ocean.

Advantages
The land that constitutes the prospective Kalaeloa desalination site is in the process of being

deeded to the City and County of Honolulu following the federal government’s closure of
Barbers Point Naval Air Station on July 1, 1999. The BWS will obtain 20 acres of land
without cost. The site is located near thc‘coast, which makes brine disposal and direct ocean
intake relatively straightforward tasks. Obtaining the 30.8 acres permits sufficient space to
allow for the future expansion of the feed water wells, brine evaporation pond and 35-million
gallon per day (MGD) desalination facility. The site’s close proximity to the population

density centroid of Oahu makes the location an ideal drinking water source.
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Many water wells exist in James Campbell Industrial Park (JCIP) and hydrogeological data
accumnulated from a variety of sources including the University of Hawaii at Manoa (UH),
State Department of Land and Natural Resources (DLNR), United States Geological Survey
(USGS) and other consultants were reviewed. Based on the research, it appears that the
caprock aquifer within the site may supply feedwater for up to 10-MGD. However, yield
tests will be conducted during the exploratory well stage to verify the estimate. Additional
production capacify would require development of off-site caprock wells or on-site basal

wells.

Disadvantages _

The hydrogeological characteristics of the area encompassing Kalaeloa site and James
Campbell Industrial Park (JCIP) are extremely variable over relatively short distances.
Although there is an abundance of hydrogeological information for JCIP, there is virtually no
site-specific data for the prospective Kalaeloa desalination site. Also, a limit to facility design

is the existing runway easement that renders any structures on the site to be 60 feet or fess in

height.

6.2.2 Sand Island Wastewater Treatment Plant Site

The Sand Island Wastewater Treatment Plant site lies within the Honolulu area. The site is
located south of downtown Honolulu on an island approximately one mile long and % mile
wide as shown in Figure 6-3. The island was built from material dredged from Honolulu

Harbor. The island is accessible only via a bridge located on the westem end of the island.
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Advantages

Sufficient groundwater capacity is available at the site for a 10-MGD desalting plant. The
site is near the coast so brine disposal and direct ocean intake is possible. The feedwater
suppiy for the desalination plant expansion for 35-MGD of product water is attainable at the
site. A direct ocean intake would be constructed or feed wells must be built in the adjacent
Sand Island Recreational Beach Park (or Sand Island State Recreational Area, SISRA) in

order to achieve the ultimate target production capacity.

Several existing wells are located on Sand Island from which water quality data was
obtained. The hydro-geological characteristics of the site and the surrounding areas are
known relatively well. Brine may possibly be disposed of via injection wells or blended with

the existing wastewater treatment plant effluent outfall.

Disadvantages

Unlike the Kalaeloa site, the Sand Island site is occupied by an existing facility that may be
expanded in the future. The construction of a desalination facility at Sand Island Wastewater
Treatment Plant must be coordinated with the master plan for the Sand Island Plant. The
City may decide on expanding the Wastewater Treatment Plant and use the entire site. If so,
a desalination facility of up to 10 MGD may not be developable at the site due to area

restrictions.

6.2.3 Keehi Lagoon Beach Park Site

The Keehi Lagoon Beach Park is located at the northernmost portion of Keehi Lagoon and is
situated between Honolulu International Airport to the west and downtown Honolulu to the
east as shown in Figure 6-4. Keehi Lagoon Beach Park is located about a mile northwest

from Sand Island within the Honolulu area.
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Advantages

The site encompasses just over 60 acres, which would easily sustain additional structures
associated with plant expansion of up to 35 MGD. The feed water supply for the
desalination plant expansion for 35-MGD of product water is attainable at the site. A direct
ocean intake would be constructed or feed wells must be built in order to achieve the ultimate
target production capacity. The site is near the coast so brine disposal and direct ocean
intake is possible. Existing wells have been drilled near the site that provided water quality

data.

Disadvantages
The land needed for constructing a desalination plant at Keehi Lagoon Beach Park must be

coordinated with the master plan for the park. The BWS would need to purchase or lease the
land from the State in order to construct a desalination facility at the site. Stagnant ocean
water conditions necessitate the use of lengthy and costly intake and outfall pipelines for feed

water and brine disposal. The pipelines would have to extend past the mouth of the lagoon.

The park is used extensively and any facility construction will reduce the open park area and
may adversely impact park uses. For these reasons, the availability of land will be limited

and will restrict the size of the desalination facility.

6.2.4 Preferred Site _ .
The preferred location for the construction of the proposed exploratory wells and technology
testing is at the Kalaeloa site, Figure 6-2. The preferred Kalaeloa site has a total area of 35
acres, of which 20 acres are in the process of being transferred to the City and County of
Honolulu following the federal government’s closure of BPNAS on July 1, 1999. The Board
of Water Supply will obtain the Kalaeloa site as a public benefit conveyance. Approximately
0.5 acres of the 20 acres will be utilized for the exploratory wells and technology testing.
Other favorable aspects are that the Kalaeloa site is vacant and undeveloped, and is not

presently planned for other uses.

Page 77




Construction at either of the other two alternate sites requires utilizing land currently in use
or planned for other purposes. In the case of Sand Island, the land available for future
expansion of the wastewater treatment plant will be reduced, while at the Keeh; site, land

currently in use for recreation would be reduced.

Although not in Honolulu, the Ewa location is still within the population center and
moreover, the Kalaeloa site is near to the areas of Ozhu that will experience rapid growth in
the near future. The Kalaeloa site’s close proximity to the secondary urban center of Kapolei
makes this location an ideal place to develop a new, large drinking water source. In addition,

the site borders an industrial area and is adjacent to the ocean.

6.3 Desalination Process
Distillation and reverse osmosis were evaluated as candidate processes for desalination.
These processes were identified as the leading technologies from the review of the initial 12

technologies for desalination.

Reverse Osmosis was determined to be the most feasible after an economic comparison with
distillation. Although two hosts for the supply of distillation stream were identified, the
estimate cost for the stream was found to be uneconomical in comparison to electric costs for
a desalination facility. Utilizing waste heat recovery from industries in Campbell Industrial
Park was evaluated and determined as impractical because of the lack of significant source of
waste energy. Also, technology that recovers heat from the condensation cycle of an electric
power station was found impractical for a large-scale facility. The process design for the

plant at the Kalaeloa site was developed based upon the reverse osmosis process.

Conceptual process flow for two pretreatment options for potable water production via
reverse osmosis was developed. Pretreatment may either utilize microfiltration, Figure 6-5,
which would include coagulant addition and flocculation reactors or ultrafiltration, Figure 6-

6, and does not require coagulant addition and flocculation.
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The conceptual desalination processes are as follows:

6.3.1 Feed water System
A combination of caprock and basal wells will be used for the feed water for the initial

phases of the project. The Lower Caprock Seawater Aquifer (LCA) at the Kalaeloa site may
supply the feed water of up to 10-mgd. Seawater will be extracted from the LCA at the
Kalaeloa site through 2 series of wells at a rate of 1 to 2-MGD per well, The basal wells
would draw water of seawater quality from the Basal Aquifer, which lies below the lower

caprock at a rate up to 5 mgd per well to meet the feed water demands of a possible 35-mgd

desalination plant.

If the desalination plant were located at either of the alternative sites, deep basal wells and

open ocean intake may possibly be used to acquire feed water of up to 35-mgd for the

proposed desalination facility. ‘

6.3.2 Feed water Pretreatment

Feed water for the proposed desalination facility will undergo pretreatment before actually
passing through the reverse osmosis (RO) units. Pretreatment maximizes the performance of
the RO process by removing various particles and compounds that tend to foul the RO
membranes and decrease the passage of water through the membranes. Pretreatment consists
of chemical conditioning and filtration. Ultrafiltration was chosen as the optimum
pretreatment filtration technc;logy based on cost, operational complexity, and effectiveness
because it does not require chemical addition and post treatment disinfection. Micro

filtration was chosen as the top alternative candidate.

Chemical conditioning will be performed on feed water for disinfection, pH adjustment and
scale prevention during the pretreatment stage of the desalination process. Proper chemical

conditioning will improve the performance and lengthen the life of both the pretreatment

filter and reverse osmosis membranes.
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In the optimum scenario, feed water will pass through ultra filters following pretreatment
chemical conditioning. The ultra filters have pore sizes that range from 0.003 to 0.1 microns
and remove impurities from feed water predominantly via physical separation. Ultrafiltration
removes suspended solids, all bacteria and spores, viruses and macromolecules as well as
some larger-sized ions. The UF process will not reduce the amount of total dissolved solids
(TDS) in the feed water. The recovery rate of the UF process is about 93%; thus,
approximately 12 MGD of source water will need to be processed by the ultra filters in order

to produce the 11 MGD of RO feed water required for 2 5 MGD desalination plant. These

membranes will operate at pressures of 30 to 50 psi.

6.3.3  Reverse Osmosis Filtration
Ultra filtered water (filtrate) will be subjected to a disinfection/de-chlorination treatment

process before passing through the reverse osmosis (RO) units. The RO units will reduce the
total dissolved solids (TDS) in the filtrate from an estimated 37,700 milligrams per liter
(mg/L) to 300-350 mg/L. The RO membranes will operate at pressures of 800 to 1,200 psi.

The RO process will also treat the filtrate to the following product water (permeate)

characteristics:
Chlorides — 110 mg/L
Silica — 70 mg/L
pH — 7.5 mg/L
Hardness — 110 mg/L as calcium carbonate (CaCO:s)
Total alkalinity — 90 mg/L CaCO;

The recovery rate of the RO process is about 45%; thus, approximately 11 MGD of filtrate

will need to be desalted in order to produce 5-MGD of potable water. Brine concentration

will be approximately twice that of seawater.

6.3.4  Post-treatment
Sodium hydroxide will be added to the permeate for pH adjustment before the final product

water is introduced into the existing BWS drinking water distribution system. Permeate from

the Kalaeloa site may either be piped to the existing water main along Kalaeloa Boulevard or

blended with the existing Barbers Point 215-foot Reservoir.
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6.3.5 Waste Stream Generation and Disposal
Four waste streams will be generated by the desalination facility. The waste streams are:

Reject water from the ultrafiltration process (UF);
Backflush water from the UF membrane cleaning process;
Wasted membrane cleaning solution (WMCS); and

Reject water (brine) from the RO process

Ultrafiltration (UF)_reject water (retentate) will contain chemicals that were added to the feed
water to minimize membrane fouling through scaling. These chemicals will include
antiscalant for silica and sulfuric acid for acidification. UF reject water will also contain all

suspended solids, all bacteria and spores, macromolecules and some larger-sized ions from

the feed water.

Ultrafiltration (UF) backflush water will contain material identical to the substances
contained in UF reject water, material removed from the feed water: suspended solids,

bacteria, spores, Viruses, macromolecules and ions and pretreatment chemicals.

Membrane cleaning solution (Mcs) will be needed to periodically dose the UF and RO
membranes with a stronger cleaning agent than backflush water. The Mcs will help loosen
biological and precipitated inorganic buildup on the membranes. The MCS contains citric

acid. Although a majority of the MCS is recirculated, a portion is wasted after its cleaning

strength has been exhausted.

Retentate, UF backflush water and wMmcs will be disposed of through the use of injection
wells. The injection wells will terminate about 40 feet below grade in the brackish Upper
Caprock Aquifer (UCA). The UCA is located above a thin aquitard and the underlying
saltwater LCA from which up to 10 mgd of feed water would be drawn, if available. The
semi-permeable characteristic of the aquitard and the difference in salinities of the Upper and
Lower Caprock Aquifers will discourage short-circuiting of UF wastewater with plant feed
water. An application for an Underground Injection Control permit for the operation of the

desalination plant brine disposal well will be submitted prior to construction.
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The waste stream generated by the reverse osmosis (RO) process is brine. Brine will be
discharged to a pond prior to disposal through an ocean outfall. The pond may store,
evaporate and/or blend brine with ocean water. Brine will contain chemicals that were added

during the pretreatment stage. Brine will contain about twice the total dissolved solids (TDS)

of the feed water.

6.4 Preliminsdry Desalination Technology Testing

Prior to design, water quality testing to determine the “best” pretreatment option and field
tests would be conducted. The preliminary desalination technology testing would include
water quality testing of the source water, chemistry evaluation of both the caprock and basal
wells. The on-site field tests will allow for an evaluation of site specific characteristics of the
geology, water chemistry, and source water parameters that would impact the pretreatment
requirements and membrane performance for the reverse osmosis process. Field tests would
be conducted for a period of 3 to 6 months to aide in completing the design such as
percolation rates to design the brine pond, pretreatment testing of the filtration equipment,
soil borings for the building foundation, and biofouling to determine the optimal membrane
life. The on-site preliminary testing would include a temporary shelter protect the equipment
from the elements, concrete foundation, piping, generator, Sensors, electricity,
communication equipment such as a telephone or wireless telemetry. A total of 2 to 6 people
may be on-site at various times up to 24-hour periods to conduct the testing. The quantity of

water to be tested on-site is expected to be less than 1 MGD.

The State of Hawaii Department of Land and Natural Resources (DLNR) previously
conducted desalination testing, however, the proposed project’s conditions are different and
require testing of basal and caprock seawater to determine the most efficient pretreatment

process. The DLNR pilot desalination plant only tested brackish water, which is different

from the proposed seawater testing.
6.5 Exploratory Wells

Prior to the start of preliminary desalination technology testing, design and construction, the
BWS will drill two (2) exploratory wells on the proposed Kalaeloa site. Following the
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construction of the exploratory wells, tests will be conducted to determine the quantity and
quality of the water that can be withdrawn, Quantity testing will include yield drawdown
tests spanning approximately five (5) hours at one (1) hour for each rate and a sustained
pumping test spanning seventy-two (72) hours. Power for the pump will be a diesel motor or
electric generator, supplied by the contractor. Water withdrawn from these tests will be
disposed of on-site to test soil percolation rates for the brine pond or disposed of in an
adjacent drainage canal. Water quality testing will include those for detecting minerals,
dissolved solids, as well as pesticides, heavy metals and organics. The water quality tests
will define the treatment process that will be required if the wells are put into production.
Following testing, the wells will be capped and all equipment removed. An NPDES permit
for exploratory well drilling will be developed if discharge effluent is expected to reach the
State receiving waters. If the wells are placed into production, the specific site requirements
for the production well facility and its impacts will be addressed in a separate EIS, which will

be conducted for the design and construction of the desalination facility.

Approximately 0.5 acres at the northeast corner of the parcel will be required to
accommodate the well drilling, support equipment and necessary supplies. The caprock well
will have a 26-inch borehole, cased with 17.4” PVC casing and about 300 feet deep. The
basal well will have a 24-inch borehole, cased with 20-inch PVC casing and approximately
1,700 feet deep. Both wells will be drilled with a reverse circulation rotary rig. A total of 3
to 5 people may be on-site to construct both wells and conduct the quantity testing, which

will take about six months. Cuttings from the drilling will be disposed of in an approved

manner.

The well drilling will require the temporary erection of a 90-foot high drilling derrick. The
exploratory well site will not be within the aviation easement for the Barbers Point Airport.
The Board of Water Supply has submitted Federal Aviation Administration Form 7460-1,
Notice of Proposed Construction or Alteration for review and comment by the Federal
Aviation Administration (FAA) and State of Hawaii, Department of Transportation (DOT),
Airports Division. The FAA review determined no hazard to air navigation and the result has

been forwarded to the State DOT Airports Division.
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6.6 FUTURE DEVELOPMENT

A phased construction scheme was developed for the facility based upon 5 million gallon per
day (MGD) increments, which may be expandable up to 35 MGD. The proposed BWS
desalination facility would be constructed in phases to keep pace with Oahu’s growing water
demand and is expected to take Place over 30 to 50 years, A typical schedule for the
installation of an additiona] 5 mgd phase would take about § years, which includes design,
permits and construction. The femaining 10 acres, of the 30.8 acres will be acquired to be

consistent with the Community Redevelopment Plan to allow for the future expansion of the

desalination facility.
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Figure 6-7: Conceptual Site Plan for a Desalination Facility




SECTION 7 - ENVIRONMENTAL SETTING, POTENTIAL IMPACTS AND
PROPOSED MITIGATION MEASURES

7.1 Kalaeloa Site
The Kalaeloa site is a broad, flat, coastal plain with a relatively hot and dry ¢climate (annual

rainfall about 20 inches). The plain consists of an exposed, emerged coral reef that presents a
relatively flat topography (Dames and Moore, 1995). Historically, land use was

predominantly military. A location map for the Kalaeloa site is shown in Figure 7-1.

7.1.1 Geologic Conditions
The structure of the Ewa Coastal Plain (ECP) evolved over geologic time from lava flows

and weathering. The following subsections focus on the geology of the proposed Kalaeloa

site.

7.1.1.1 Geology
The island of Oahu consists of the eroded remnants of two large shield volcanoes—Waianae

and Koolau. The Waianae and Koolau volcanoes that form Oahu were active during the

Pliocene and Pleistocene epochs.

The project site is located within the Ewa Coastal Plain (ECP) of southwest Qahu, Figure 7-
2. The ECP covers an area of approximately 28 square miles and consists of an exposed,
emergent reef. The caprock is composed of sequences of relatively flat pleistocene marine
sedimentary deposits (calcareous silts, sands and gravels and reef limestone layers)
intercalated with terrestrial alluvium deposits (silts and clays derived from upslope volcanic
material). About 75 percent of the plain is underlain by the reef limestone that forms the
uppermost caprock aquifer formation and is 100 to 200 feet thick throughout most of its
extent. The sediments of the Ewa caprock form a wedge that starts several miles inland and
increases in thickness to a maximum of about 1,100 feet at the southern coast near Ewa
Beach Park. The inland boundary of the Ewa caprock is approximately parallel to Far;ington

Highway. The caprock thins northward where it interfingers with the alluvium and

underlying weathered volcanics.
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In 1989, George A. L. Yuen & Associates (1989), in conjunction with the State Department
of Land and Natural Resources (DL.NR) Commission on Water Resource Management,
divided the Ewa Plain into five management sectors on the basis of land and water
utilization. One of these sectors encompassed the Kalaeloa site, which lies south of Kapolei.

Kalaeloa area contains coralline limestone at its ground surface.

7.1.1.2 Topography
The terrain within the Kalaeloa area is almost flat. The maximum elevation within the site is

about 11 feet above mean sea level and the site is located near the coastline,

7.1.1.3 Soil
The Soil Conservation Service (SCS) describes the soil and rock materials within Kalaeloa

area as being coralline outcropé, calcareous sand and Mamala stony silty clay loam, Figure 7-
3. These stony soils range from being well-drained to excessively drained, have moderate to

high permeability, and have slight to moderate erosion hazards.

7.1.1.4 Potential Impacts and Mitigation Measures

Impacts of the proposed exploratory wells on the existing geology and topography of the
Kalaeloa area should be minimal. The soil does not appear to be susceptible to erosion, since the
topography is relatively level and the soils are shallow and highly permeable. Also, rainfall is
very limited in the Ewa Plain area. No major problems or impacts are anticipated to result

during the excavation of the soil for the proposed desalination facility.
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7.1.2 Climate and Air Quality
Impacts on the climate and ambient air quality are minimal for the operation of the plant and

environmental impacts during construction of the facility will be temporary.

7.1.2.1 Climate
Northeasterly tradewinds prevail over Ozhu during all months of the year but are weakest

from November through March. The tradewinds are occasionally interrupted by moderate to
strong southerly winds that are often accompanied by rainy weather. Under typical trade
wind conditions, the Ewa Coastal Plain (ECP) lies in the leeward side of the Koolau
mountain range. As moist tradewinds approach the island, orographic lifting cools the air
and rainfalls on the mountains. The leeward areas of the island are generally sunny and dry.
Mean annual rainfall on the ECP is about 20 inches. About 90 percent of the rainfall is
recorded during the months from October though April and is non-orographic. January is
normally the wettest month of the year, averaging 4.3 inches of rain from winter storms. The

months from May through September average Jess than a half an inch of rain each.

The mean temperature of the ECP region is 72 degrees Fahrenheit (° F) in the winter

(November-February) and 79 °F during the surmmer (June-August). The mean annual

temperature is 76 °F.

7122 Air Quality
Air quality on Oahu is excellent overall due to prevailing northeast trade winds. The well site

also benefits from these trade winds and enjoys generally good air quality. The Atlas of

Hawaii, indicates that particulate matter af the site averages 40 micrograms per cubic meter
of suspended particulates over a twelve-hour daytime period. The maximum concentration
of carbon monoxide for any one-hour period falls between 20 and 30 micrograms per cubic
meter (1983:67-68). Existing air pollution at the project site is minimal, primarily resulting
from vehicles and existing industry. Many businesses in the Campbell Industrial Park area
are major stationary sources of air pollution. Construction activities associated with the

proposed exploratory well would produce air pollutants mainly from two different types of
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sources: exhaust emissions from construction equipment and vehicles, and fugitive dust

emissions from construction activities,
7.1.2.3 Potential Impacts and Mitigation Measures
Potential ajr quality impacts during the drilling phase of the proposed project will be

mitigated by complying with the State of Hawaii Department of Health Administrative
Rules. The emissions associated with construction vehicles will be of short-term duration,

stabilizing inactive exposed areas,

Once the facility is in operation, air quality impacts will be limited to the effects of the
vehicular exhaust emissions of the workers traveling to and from the site, and emissions from

7.1.3 Water Resources
The Ewa Coastal Plain (ECP) contains a comprehensive hydrologic system that includes
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many hydrologic subsystems and variables. The following subsections focus on the major
hydrologic systemns possibly affected by the construction of the exploratory well and
technology testing at the Kalaeloa site. Water resources are sensitive to many factors; thus, a

careful analysis of the project’s environmental impacts is warranted.

7.1.3.1 . Hydrogeology
The project area overlies the Malakole area of the Ewa Caprock Aquifer, Figure 7-4A and

Figure 7-4B, a nonpotable water resource, unique the Ewa region. The Ewa caprock has
been traditionally recharged from imrigation and rainfall infiltrating the land surface, and

lateral and upward subsurface flow from the volcanic or basal aquifer.

The Kalaeloa site is located on the southwestern portion of land known as the Ewa Plain
(EP). This coastal plain stretches from the west side of Pear] Harbor to the west coast of
Oahu. The EP is part of a largei‘, nearly continuous coastal plain that forms the southern
shore of Oahu. The area is somewhat arid, receiving 15 to 20 inches of rain per year, while
the pan evaporation for the area is approximately 85 inches per year. Storm runoff from

nearby mountain ranges occasionally flows over the EP and into the Pacific Ocean.

Less than 200 feet below the Ewa Plain ground surface, lies two hydrogeologic formations
known as the Upper Caprock Aquifer (UCA) and the Lower Caprock Aquifer (LCA), Figure
7-5. These aquifers are composed primarily of coralline limestone and younger alluvium. '
The UCA and LCA are separated by a brown mud lens, known as an aquitard that was
deposited during the area’s geologic history when the EP was predominantly a lagoonal
environment. The partially permeable mud lens is relatively thin—about I to 2 feet thick—
and is composed primarily of clay and silt. The UCA is unconfined and has been developed
as a non-potable groundwater source for irrigation. The water table in this aquifer is near sea
level at the coast and rises very slightly some distance inland. A series of limestone aquifers
underlies the Ewa Coastal Plain (ECP). The uppermost is an unconfined brackish basal lens.
Deeper aquifers are thin and contain saline water. The salinity profile within the UCA
indicates thin brackish water lens. The LCA is confined and has a composition compafable

to seawater. Except for the uppermost aquifer, the deeper aquifers are thin and pinch out.
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Below the Lower Caprock Aquifer (LCA) is an aquifer, known as the Underlying Caprock
Aquifer (ULCA), that is composed of interbedded marine and terrestrial sediments of high
and low permeabilities with underlying weathered volcanic rocks. The water contained
within this aquifer is predominantly seawater. The ULCA can span depths of around

1,000 feet below the ground surface near the shoreline and is characterized by a wedge shape
that pinches off in the inland direction similar to the Upper and Lower Caprock Aquifers.
The UCA, LCA and ULCA are collectively referred to as “Caprock” because they impede

free discharge of groundwater from the underlying volcanic aquifer.

Below the Caprock is the Basal Aquifer (BA), contained in the volcanic formation of the
area. The BA is saturated with seawater and confined by the caprock at about 1,100 feet
deep at the coast and rises at a 3 to 5 percent rate in the inland direction. Groundwater flow
within the BA is generally toward the Pacific Ocean in the inland area and from the sea

landward in this area. The inland interface between the BA and the Caprock is characterized

by a confining unit of alluvium.

7.1.3.2 Surface Water Quality
No natural lakes, reservoirs, ponds, rivers, streams or wetlands exist within the Ewa Coastal

Plain region. Surface waters in the form of perennial stream flows or ponds do not occur in
the nearshore outwash region of the Ewa Coastal Plain. Surface water bodies that are nearest

to the Kalaeloa site include several small constructed reservoirs in the Kapolei sector that lies

north of the project site.

7.1.3.3 Potential Impacts and Mitigation Measures

The Caprock Aquifer has a finite brackish water yield. The basal well will develop salt
water and should not affect the sustainable yield of the caprock or Pearl Harbor aquifer.
Testing pumping will be conducted on the caprock source to determine the yield and impact

on the caprock aquifer. The withdrawal of seawater from the LCA would most likely neither

impact the yield nor alter the salinity of the UCA.
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7.1.4 Natural Hazards
The purpose of analyzing the existing natural hazard conditions is twofold: (1) to identify the

existing natural hazards that could occut during construction of the exploratory wells and

technology testing and (2) to examine the potential for occurrence of these natural hazards

during construction and operation. Natural hazards that present a potential for occurrence at

the Kalaeloa site include earthquakes, flpods, and tsunamis.

7.1.4.1 Seismic
The Uniform Building Code (UBC) provides minimum design criteria to address potential

for damages due to seismic disturbances- The UBC scale is rated from Setsmic Zone 1

through Zone 4, with 1 the lowest level for potential seismic induced ground movement.

Oahu has been designated within Seismic Zone 1. The Board of Water Supply, in the interest

of public health and safety has.adoptecl JBC Seismic Zone 3 standards for all its structures.
All permanent structures proposed for this project, therefore, will be built according to

standards for UBC Seismic Zone 3.

7.1.4.2 Flood and Tsunami Hazard

According to the Flood Insurance Rate Maps (FIRMs), the proposed exploratory site and
y within Zone D—areas in which flood hazards are

4 20 acres of land to be acquired for the full-scale

field testing area will be located most}

undetermined, Figure 7-6. The propose

plant is mostly within Zone D with a small portion within Zone A.

The project site is completely within the 100-year tsunami inundation area as depicted in the

Oahu Tsunami Evacuation (Kahe point 10 Ewa Beach), Figure 7-7. The project site is inside

the anticipated tsunami flood hazard are2 (Tsunami Warning Center, 1998).

7143 Potential Impacts and Mitigation Measures

The exploratory wells and desalination facility will be located within the tsunami inundation

area. Since the tsunami and seismic risk at the project site is minimal, the proposed project is

not expected to be affected.
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7.1.5 Biological Environment

7.1.5.1 Terrestrial Flora and Fauna

Plants and animals potentially affected by any impacts from the proposed desalination
facility include terrestrial and marine species. This subsection focuses on flora and fauna that
inhabit the land within the Ewa Coastal Plain. There are no known endangered or threatened
species inhabiting the project site. While some loss of habitat will occur as a result of

construction activities, none of the species affected are known to be threatened or

endangered.

Existing Conditions
The Kalaeloa site is dominated by lowland shrub, grass and vegetation. The dominant

vegetation zone on the Ewa Plain is the Kiawe and Lowland Shrub Zone. The second largest

vegetation zone on the Ewa Plain is the Coastal Strand Zone.

Plant species (endemic to Hawaii) that are found on the Ewa Plain include the small shrub-
like sandlewood tree (Santalum ellipticum) in the Kiawe and Lowland Shrub Zone, the sub-
shrub hinahina (Heliotropium anomalum var. argentum) and the herb nama (Nama
sandwichensis) in the Coastal Strand Zone and the round-leafed chafif-flowered shrub
(Achyranthes splendens var. rotunda) (Ogden, 1994) in the low elevations in open, dry forest

remnants, open thickets, on talus or rock slopes, or on coralline plains (Wagner, Gerbst, and

Shomer, 1990).

Indigenous plant species (native plants found in Hawaii and elsewhere) in the coastal zone

include the seaside heliotrope (Helitropium currassavicum) and the “ohelo kai shrub

(Lycium sandwichensis).

Birds are the dominant forms of wildlife on the Ewa Plain. They include at least 17
ubiquitous introduced species and five indigenous species (black-crowned night heron, great
frigate bird, Pacific golden plover, sanderling, wandering tattler and ruddy turnstone). The

five most common ubiquitous bird species are the zebra dove, Japanese white-eye, Northern
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cardinal, red-crested cardinal and red-vented bulbul. The Pacific golden plover, sanderling,
wandering tattler and ruddy turnstone are migratory and frequent Hawaii on a regular basis,
Other wildlife includes feral dogs and cats, rodents and mongooses and introduced

freshwater fish species including mosquito fish and tilapia.

7.1.5.2 Surface Water Ecosystems

No streams or wetlands exist within the project site.

7.1.5.3 Coastal Marine Ecosystems
This subsection focuses on flora and fauna that inhabit the ocean adjacent to the Ewa Coastal

Plain. The marine area in the vicinity of the project site spans along the Ewa coast
specifically along Nimitz Beach within the Kalaeloa redevelopment district to the coastal
shelf adjacent to the old Hawaii Meat Company, Ltd. Site, which adjoins the proposed

Kalaeloa site.

Existing Conditions
The existing coastal marine conditions of the Ewa Coastal Plain were analyzed to identify the

existing water quality conditions that could be affected by the construction of the exploratory

well and technology testing.

The nearshore waters of Ewa are classified by the State of Hawaii Department of Health as
Class A Open Coastal Waters (DoH, 1992). The objective of Class A waters is to protect
their use for recreation and aesthetic enjoyment. This classification aliows other uses of the
ocean as long as they are compatible with the protection and propagation of fish, shellfish
and wildlife, and with ocean-related recreational activities. Class A waters should not receive
any discharges that have not undergone the best degree of treatment or control that is in
agreement with the criteria established for this class. Coastal waters adjacent to the Ewa

Coastal Plain are fertilized by nutrient-rich water seeping from springs below sea level.

The nutrients originate from upland agricultural fertilization, leaching from cesspools. and

septic tanks, domestic waste injection wells and urban applications of fertilizers. This
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nutrient subsidy promotes the thick growth of benthic algae (limu) and make the Ewa Coast a
popular seaweed harvesting area on Oahu. Nearshore waters are often turbid due to rough

wave action that suspends sediments and nutrients.

Marine macroinvertebrates found offshore of the Ewa Coastal Plain include reef-building
corals, several species of sea cucumber, sea urchins and colonial soft corals (Ogden, 1994).

Marine vertebrates include reef fish, although abundance and diversity are low. Marine

macroalgae are very abundant offshore.

7.1.5.4 Threatened and Endangered Species

No threatened and endangered species exist within the project site.

7.1.5.5 Potential Impacts and Mitigation Measures

Site work during construction will require clearing of heavy foliage, large rocks and assorted
debris at the Kalaeloa site. No sensitive habitats or protected species, threatened species of
vegetation are expected due to the construction of the exploratory wells and technology
testing. According to the US Fish and Wildlife Service, there are no federally endangered,
threatened, or candidate species, wetlands or other federal trust resources directly within the
Kalaeloa desalination site. The round-leafed chaff-flowered shrub (Achyranthes splendens
var. rotunda) is located across the drainage canal and should not be affected by the proposed

project. The project will be designed to avoid unnecessary adverse impact and minimize

unavoidable impacts to native resources.

During the future operation of the desalination facility the generated brine may be discharged
to an earthen pond prior to ocean disposal. Ocean disposal shall be through an ocean outfall
extending approximately 1 mile offshore. Several permits (Department of the Army, Clean
Water Branch Department of Health) will be required prior to the construction and operation
of the outfall. An Environmental Impact Statement will be completed for the design and

construction of the desalination plant, which will include the outfall.
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7.1.6 Social and Economic Resources

In the immediate project vicinity is the Kalaeloa Community Development District, Kapolei

and other neighboring towns, James Campbell Industrial Park and the proposed Ewa Marina.
The site is within the Ewa Development Plan area. The Ewa region is presently in transition

from mostly agricultural to mainly urban uses, and is the location of Oahu’s fastest growing

residential communities.

7.1.6.1 Demographics
The State of Hawaii currently has approximately 1.2 million residents and receives nearly

7 million visitors a year, Oahu is home to approximately 871,463 (1995 figures), or nearly
75 percent of the state population. The Ewa Development Plan (DP) area has 51,286

residents, and is projected to grow from having 5.1 percent in 1990 to 12 percent by the year

2020.

7.1.6.2 Potential Impacts and Mitigation Measures
The construction of the exploratory wells and technology testing will have no significant

effect on population or demographics.

Construction of a desalination facility will have indirect effects on population growth, which
will allow for planned and approved development of Ewa and other leeward areas with
consideration of available adequate potable water supply. An Environmental Impact

Statement will be conducted for the design and construction of the Reverse Osmosis

Desalination Facility.

7.1.6.3 Employment

Oahu currently has two urban areas—primary (Honolulu) and secondary (Ewa). Economic
activity on Oahu is concentrated in the primary urban center, which has about three-quarters
of island jobs and about half of the population. The job share in the secondary urban center
in the Ewa Development Plan area is expected to grow arate of 4 percent a year, going from

3 percent of island jobs in 1990 to 10 percent in 2020. The City of Kapolei is expected to

become the major employment center for the Ewa region.
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For the Ewa Development Plan area, the potential civilian labor force numbers about 25,556
(71 bercent of its population). Unemployment is 5 percent. Twenty-one percent of the

residents commute for more than 45 minutes each way to and from work.

7.1.6.4 Potential Impacts and Mitigation Measures
Construction of the exploratory wells and technology testing at the Kalaeloa site will employ

approximately 10 workers for about a year.

Construction of the desalination facility will employ approximately 30 workers for about a
year. Once operational, the first 5 mgd desalination facility will employ a permanent
operating staff of about 16 employees. An Environmental Impact Statement will be

conducted for the design and construction of the Reverse Osmosis Desalination Facility.

7.1.6.5 Fiscal Implications
The desalination facility is proposed to eliminate a shortage of projected potable water

supplies. Consequently, the “no-action” alternative has significant social and economic
pp q y gm

disincentives.

7.1.6.6 Potential Impacts and Mitigation Measures
The project has a2 number of aspects with positive fiscal impacts. Creation of jobs and

purchase of supplies and materials will stimulate tax revenues to the City and the State.

The project has a number of aspects with positive fiscal impacts. The creation of jobs and

purchase of supplies and materials will stimulate tax revenues for both the City and the State.
7.1.7 Recreational Resources

The beach fronting the site is used for diving, shell collecting, pole fishing, swimming

and throw-netting.
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7.1.7.1 Potential Impacts and Mitigation Measures
The construction of the exploratory wells and technology testing will have no impacts on the

existing beach parks. Access to the beaches will not be impacted.

7.1.8 Aesthetic Value
Visual landmarks and significant vistas that are identified in the Ewa Development Plan

(C&C of Honolulu, 1996) include distant vistas of the shoreline from H-1 Freeway, mountain

and ocean views, and views of central Honolulu and Diamond Head.

7.1.8.1 Potential Impacts and Mitigation Measures
The construction of the exploratory wells and technology t'esting will not affect views from

surrounding areas. The facility will enhance the visual effects of the BPNAS.

7.1.9 Archaeologicai, Cultural and Historical Resources

According to the State Historic Preservation Division records a human burial, STHP # 50-80-
12-4209, Figure 7-8, was identified on the edge of the channel bank. Their records do not
show that this parcel has undergone previous archaeological survey, or that any major land

alteration has occurred at this site. However, a field inspection in October 2000 revealed that

the proposed exploratory well and testing area has been extensively cleared and base coral

has been exposed.

7.1.9.1 Potential Impacts and Mitigation Measures

The State Historic Preservation Division indicated that an archaeological inventory survey is
not warranted for the 0.5-acre exploratory well and technology testing area. The cleared area
will be flagged prior to any ground disturbing activities to ensure construction activities are
confined within the cleared area, where the project would have “no effect” on significant
historic sites. In the event that testing activities extend beyond the modified area, an
archaeological survey will be prepared for those areas. Should any archaeological, cultural
or historical sites be uncovered during construction or drilling activities, all work in the

vicinity will cease and the State Historic Preservation Division will be notified immediately.
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If the Kalaeloa site is selected for the full-scale desalination facility, an archaeological
inventory survey will be prepared during Phase II of this project for those areas that have not
been previously modified. A report of the finds will be submitted to the State Historic
Presefvation Division for adequacy review, prior to any construction activities. In addition,
if significani historic sites are found during the survey, a mitigation plan may be prepared
and sebmitted to the State Historic Preservation Division for adequacy review, prior to

construction activities.

Cultural assessment consultations for the exploratory well and technology testing was
handled through the Draft Environmental Assessment (EA) review process, with a copy of
the Draft EA provided to the State Department of Hawaiian Home Lands and Office of

Hawaiian Affairs (OHA). OHA’s comments and our respbnse are included in the Appendix.

72.1.10 Traffic
The site is currently accessed by Olai Street. Construction will be limited to weekdays

during daylight hours between 8:30 am and 3:30 pm, or as required by the Board of Water
Supply. This construction schedule will help minimize moming and afternoon peak traffic

periocis- No work shall be scheduled on weekends or on federal and state holidays.

7.1.10.1 Potential Impacts and Mitigation Measures

During the construction of the exploratory wells and technology testing, any temporary
increase in traffic congestion that could result from the movement of construction related
vehicles is unlikely to inconvenience motorists in the immediate vicinity of the project site
due to the lack of businesses and residences. If necessary to mitigate potential traffic
congestion, the movement of construction vehicles can be restricted during the morning and
afterrioon peak traffic hours or through an approved traffic control plan. Such restrictions

will probably be unnecessary, however, since traffic is usually light on the surrounding

streets-
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7.1.11 Noise
Regulation of noise in residential areas of Qahu are governed by the State Department of

Health, HAR, Title 11, Chapter 53, Noise. The predominant source of noise near the site is
aircraft performing takeoff and landing operations at the nearby airfield. A 1989 Naval Air
Station Barbers Point Air Installations Compatible Use Zones Noise Contours and
Supporting Data (Harris Miller & Hanson, Inc., July 1989) evaluated noise impacts
associated with 1987 aircrafts operations and the Barbers Point Naval Air Station (Kalaeloa).
At that time the levels in the vicinity of the proposed site ranged from 65 to 75 dBA. Aircraft
operations were reduced by 24% between the years 1987 and 1993 (DEA, Ref. 2). While the
noise impacts are not only a function of the number of aircrafts, a decline of that magnitude

would be expected to cause a decrease in noise levels.

Allowable day and nighttime noise standards for sensitive receptors have been established for
residential, preservation, hotel, apartment, and business districts. The maximum allowable

day and night levels in the surrounding I-2 general, Class C zoning are as follows:

Time Allowable Levels
7:00 am to 10:00 pm 70 dBA
10:00 pm to 7:00 am 70 dBA

7.1.11.1 Potential Impacts and Mitigation Measures

During the construction of the exploratory wells and technology testing, noise will be
generated during clearing, grading, bulldozing, and installation of well equipment.
Additional noise levels may be generated by vehicular travel along Olai Street in the early

moming and aftemoon. These impacts, however, are expected to be relatively minor and

only temporary during construction activities,
Mitigation measures to address noise impacts include the use of construction equipment

appropriate to surrounding land use type; use of mufflers on construction vehicles; and

maintaining all equipment in good working order. In addition, construction will be limited to
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weekdays during daylight hours between 8:30 am and 3:30 pm, or as required by the Board
of Water Supply. This construction schedule will help minimize moming and afternoon peak

traffic periods. No work shall be scheduled on weekends or on federal and state holidays.

Pump and drilling equipment will be regulated for noise by State Department of Health
Community Noise Control Rules. The contractor will obtain a noise permit if noise levels
from construction activities are expected to exceed allowable levels. Drills and surface
pumps will be fitted with sound attenuation devices including, but not limited to, mutes or

structural enclosures. Subsurface pumps will be similarly treated to reduce noise levels to

below the regulatory limit.

7.1.12 Land Use and Zoning Designation
7.1.12.1 Current Land Use

- The Kalaeloa Community Devélopment District (previously called Barbers Point Naval Air

Station) is roughly three miles long and two miles wide and covers approximately 3,700
acres. About one-third of the land area is utilized for three runways and associated taxiways,
aprons and aircraft tie-downs areas. North of the runways is an urban core consisting of
residential, commerci.al and supporting services areas. To the east of the urban core is an
industrial support area consisting of maintenance shops, warehouses and paved areas (DEA,
Ref. 3). The proposed Kalaeloa exploratory well site is located at the southwestern portion
of the Kalaeloa Community Development District and is separated by a man made canal.

The site is undeveloped and overgrown with natural vegetation.

7.1.12.2 Planning Framework and Regulatory Status
Regulatory controls over land use are affected by both State and County governments.

A. State
At the State level, land use districts are established to control broad scale land use patterns.

Districts include Urban, Rural, Agriculture and Conservation. State land use in the Kalaeloa
area is within the Urban growth boundary, Figure 7-9. Uses proposed under the development

would be consistent with objectives and policies of the State land use law, Chapter 205,
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Hawaii Revised Statues. The proposed project lies within the State’s Pass Zone for effluent
disposal, Figure 7-10, and makai of the underground injection control (UIC) boundary line,

Figure 7-11.

B. City and County
At the County level, land use regulation evolves from broad principles established in 2

general plan. The City and County of Honolulu General Plan (1992) is a statement of the
long-range social, economic, environmental and design objectives for the general welfare and
prosperity of the people of Oahu. In addition, the plan provides broad policy directives
intended to facilitate attainment of the objectives. Objectives and policies are divided into
eleven major areas. The relationship to the proposed project to the relevant objectives and

policies of the General Plan area as follows:

Population

Objective B To plan for future population growth

Policy 1: Allocate efficiently the money and resources of the City and County in
order to meet the needs of Oahu’s anticipated future population,

Policy 2: Provide adequate support facilities to accommodate fiture growth in

the number of visitors to Oahu.

Objective C  To establish a pattern of population distribution that will aliow the
people of Oahu to live and work in harmony,

Policy 2: Encourage development within the secondary urban center at Kapolei
and the Ewa and Central Oahu urban-fringe and rural areas and t0
meet housing needs not readily provided in the primary urban center.

Policy 4: Seek a year 2010 distribution of Oahu’s residential population which

would be in accord with the following:

Location % of year 2010 Islandwide population
Primary Urban Center 45.1-48.8%
Ewa 12-13.3%
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Economic Activity
Objective G To bring about orderly economic growth on Qahu.

Policy 1:

Direct major economic activity and government services to the

primary urban center and the secondary urban center at Kapolei.

Transportation and Utilities

Objective B
Policy 1:

Policy 2:

To meet the needs of the people of Oahu for an adequate supply of
water and for environmentally sound systems of waste disposal.

Develop and maintain an adequate supply of water for both residents

and visitors.
Develop and maintain an adequate supply of water for agricultural and

industrial needs.

Physical Development and Urban Design
Objective C  To develop a secondary urban center in Ewa with its nucleus in the

Policy 1:

Policy 3:

Kapolei area.
Allocate funds from the City and County’s capital improvement
program for public projects that are needed to facilitate develop of the

secondary urban center at Kapolei.
Encourage the continuing development of Barbers Point as a major

industrial center.

The City and County of Honolulu Development Plans (DP) and Sustainable Community
Plans (SCP) provide a relatively detailed framework for implementing the objectives and
policies of the General Plan on an area wide basis. The DP and SCP provide for land use and
public facilities planning and must implement and accomplish the objectives and policies of
the General Plan. The proposed Kalaeloa site falls within the boundaries of the Ewa DP.

The development of Kalaeloa (previously the BPNAS) will be guided by a Special Area
Plan, which will be consistent with the general polices and guidelines in the Ewa DP. The
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proposed project is consistent with Section 4.2 Water Allocation and Water System
Development of the Ewa DP. The BWS projects that an additional 35 million gallons per
day (mgd) wiil be needed in Ewa by the year 2020 for projected growth in residential and
commercial demand. Meeting the projected demand will require reallocation of water within
the island-wide system, as well as development of new sources. The proposed desalination

facility is identified on Table 4.2 in the Ewa DP as an alternative potable water resource.

An amendment to the Ewa Public Infrastructure Map, to include the Desalination Facility at
the proposed Kalaeloa site has been submitted to the Department of Planning and Permitting

for processing.

The zoning of the base prior to closure was F1 (federal), Figure 7-13, and when the land is
conveyed to the Board of Water Supply it will be converted to City and County P-2 General
Preservation District. A desigﬁation change is being proposed as a Special Area Plan to I-2

Intensive Industrial District.

The exploratory well and technology testing area is outside of the City and County of

Honolulu’s Special Management Area (SMA), Figure 7-14. A Special Management Area
Use Permit will be applied for if the exploratory well and testing technology area extends
into the SMA. The future Kalaeloa desalination facility is within the SMA and BWS will

apply for a SMA Use Permit at that time,

C. Long-Range Plans

Changes to the Ewa region will result from background growth consequent to the
implementation of the land use plans now in place, which includes the Naval Air Station
Barbers Point Community Redevelopment Plan completed for the State of Hawaii Barbers

Point Redevelopment Commission.
Barbers Point Naval Air Station Redevelopment Plan:

A major land use just east of James Campbell Industrial Park is Barbers Point Naval Air
Station (also known as the Kalaeloa Community Development District) Figure 7-12A. In
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1993, the Base Realignment and Closure Commission recommended the closure of Barbers
Point Naval Air Station (BPNAS). The recommendation was confirmed soon afier, and
BPNAS was closed on July 1, 1999. The State of Hawaii BPNAS Redevelopment
Commission was formed and a BPNAS Community Redevelopment Plan was published in
March 1997. The intention of the plan was to integrate base lands into the surrounding
region. The proposed site for the desalination facility is identified in the adopted land use
plan, Figure 7-12B. The Ewa Development Plan indicates that the Barbers Point Naval Air
Station (BPNAS) is the only area in Ewa identified for Special Area Plan (SAP) Status. The
SAP is a summary of the Community Redevelopment Plan and presents the recommended
plan for the reuse of the BPNAS. The SAP will be submitted to the City Council for
adoption by resolution and will become part of the City’s Development Plan if adopted.

7.1.12.3  Potential Impacts and Mitigation Measures

No specific impacts are anﬁciﬁated by the construction of the exploratory wells and
technology testing at the Kalaeloa site. Drilling of the exploratory wells and implementation
of the technology testing should not change the surrounding land uses. No mitigation

measures are proposed regarding land use.
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7.2 Sand Island Wastewater Treatment Plant ~ Alternative Site 1
Most of the Sand Tsland Wastewater Treatment Plant site is occupied by existing wastewater
treatment facilities. The prospective location for the proposed exploratory well and

technology testing is the southeast corner of the site. A location map for the Sand Island

Wastewater Treatment Plant site is shown in Figure 7-15.

The City and County of Honolulu is currently looking into expanding the existing wastewater
treatment plant to include secondary treatment units and a septage treatment facility. If the
City and County of Honolulu decides to follow through with the plant expansion plans, all of
the current vacant area on the Sand Island Wastewater Treatment Plant site would become
occupied leaving no space for the desalination facility. Since the City and County of
Honolulu is uncertain as to whether the existing Wastewater Treatment Plant will be

expanded, the area remains a feasible option for the location of the proposed desalination

facility.
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7.2.1 Geologic Conditions
The geologic structure of southern Oahu was formed slowly over historical fime from lava

flows, weathering and changes of sea level during the Pleistocene epoch. The following
subsections focus on the geology of the proposed Sand Island Wastewater Treatment Plant

site.

7.2.1.1 Geology
The island of Oahu consists of the eroded remnants of two large shield volcanoes -- Wajanae

and Koolau. The Waianae and Koolau volcanoes formed Oahu during their active lives that
spanned the Pliocene and Pleistocene epochs. Sand Island was formed by material that was

dredged from Honolulu Harbor and placed onto a shallow reef structure, which overlies

caprock sedimentation.

7.2.1.2 Topography
The terrain within the Sand Island Wastewater Treatment Plant is almost flat and has

previousty been graded. The maximum elevation within the Sand Island Wastewater

Treatment Plant site is about 5 to 8 feet above mean sea level and varies by no more than

several feet.

7.2.1.3 Soil
The Soils Conservation Service describes the soil and rock materials within the Sand Island

Wastewater Treatment Plant as being mixed fill land (FL) and jaucus sand (JaC) with O to 15
percent slopes, Figure 7-16. Sand Island Wastewater Treatment Plant has deep, nearly level
to moderately sloping, well-drained soils that have a fine-textured or moderately fine-
textured subsoil or underlying material on a coastal plain. Drainage is good to moderately
good. Permeability is moderately rapid to slow. The mixed fill is created from dredged

material, garbage, or material hauled from other sources.
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7.2.1.4 Potential Impacts and Mitigation Measures

Impacts of the proposed exploratory well and technology testing on the existing geology and
topography of the Sand Island Wastewater Treatment Plant site were determined to be
minimal. The soil does not appear to be susceptible to erosion, since the topography is
relatively level and the soils are shallow and highly permeable. Also, rainfall is very limited
in the lower Honolulu area. No major problems or impacts are anticipated to develop during
the excavation of the soil for the proposed exploratory well and technology testing; however,
dewatering may be a problem due to the site's close proximity to the ocean. Mitigation will
consist of contractor compliance with all relevant provisions of the Revised Ordinances of

Honolulu, Chapter 14 Public Works Infrastructure Requirements (1990).

7.2.2 Climate and Air Quality
Impacts on the climate and ambient air quality are minimal for the operation of the plant. In

addition, environmental impacts during construction of the exploratory well and technology

testing will be temporary. Any impacts from the proposed desalination facility on the

climate and ambient air quality will be negligible.

7.2.2.1 Climate
Northeasterly tradewinds prevail over Oahu during all months of the year. From November

through March the tradewinds are weakest and replaced with winter storms that bring rain to
the island. Mean annual rainfall is about 20 inches and derived from winter rainfall. About

90 percent of the rainfall is recorded during the months from October though April. January
is normally the wettést month of the year, averaging 4.3 inches of rain. The months from |

May through September average less than half an inch of rain each.

The mean temperature of the lower Honolulu region is 72°F in the winter (November-

February) and 79°F during the summer (June-August). The mean annual temperature is

76°F.
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7.2.2.2 Air Quality

Air quality on Qahu is excellent overall due to prevailing northeast trade winds. The well

site also benefits from tHese trade winds and enjoys generally good air quality. The Atlas of

Hawaii, indicates that pgniculate matter at the site averages 40 micrograms per cubic meter
over a twelve-hour daytime period. The maximum concentration

of suspended particulates
ne-hour pericd falls between 20 and 30 micrograms per cubic

of carbon monoxidé-for any o

meter.

Existing air pollution at the project site is minimal, primarily resulting from vehicles. There

are no significant statiopary sources of air pollution in the area

Construction activities associated with the exploratory well and technology testing would

produce air poliutants mainly from two different types of sources: exhaust emissions from

construction equipment and vehicles, and fugitive dust emissions, from human activities.

The emissions associated with construction activities are, by their nature, of short-term

duration, and would ceas€ upon completion of the project.

7223 Potential Impacts and Mitigation Measures

Potential air quality impacts during the exploratory well drilling and technology testing will

be mitigated by complying with the State of Hawaii Department of Health Administrative

Rules.

The construction contractor will be required to comply with Department of Health rules

(HAR Chapter 43, Gection 10) and the grading permit. Proper maintenance of construction

vehicles and equipment will serve to minimize combustion emissions. Construction vehicle

and equipment idling should be kept to a minimum when equipment is not in use.

An effective dust contrel plan will be implemented during construction to ensure compliance

with Department of Health regulations. Dust control measures will include watering of the

work area, use of wind SCTeens, keeping adjacent roadways clean and covering of open-
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bodied trucks. Other dust control measures may include mulching or stabilizing inactive

exposed areas and scheduling permanent paving or landscaping early in the construction

schedule.

7.2.3 Water Resources
The southern Honolulu region contains a comprehensive hydrologic system that includes

many hydrologic subsystems and variables. The following subsections focus on the major
hydrologic systems possibly affected by the construction and operation of the proposed

desalination facility at the Sand Island Wastewater Treatment Plant site.

7.2.3.1 Hydrogeology
Groundwater within the Sand Island Wastewater Treatment Plant site is essentially seawater.

The aquifer is primarily made of man made fill, lagoonal deposits, coral fill and reef

limestone. There is no fresh water aquifer at the site.

7.2.3.2 Surface Water Quality
No lakes, reservoirs, ponds, rivers, streams or wetlands exist within or near the Sand Island

Wastewater Treatment Plant (SIWWTP) site. Surface waters in the form of perennial stream
flows or ponds do not occur within or near the STWWTP site. A small, shallow, dry earthen
ditch runs north-south through the center of the SIWWTP site.

7.2.3.3 Potential Impacts and Mitigation Measures
With respect to impacts on sustainable water resources, the most important consideration is
protection of the basal drinking water aquifer. Since only salt water occurs at the site, the

withdrawal of seawater from the Basal Aquifer should not impact the freshwater lens.

7.2.4 Natural Hazards
The purpose of analyzing the existing natural hazard conditions is twofold: (1) to identify the

existing natural hazards that could occur during construction of the exploratory well and
technology testing (2) to examine the potential of occurrence of these natural hazards during

construction of the exploratory well and technology testing. Natural hazards that present a
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potential for occurrence at the Sand Island Wastewater Treatment Plant site include

earthquakes, floods, and tsunamis.

7.24.1 Seismic
The Uniform Building Code (UBC) provides minimum design criteria to address potential

for damages due to seismic disturbances. The UBC scale is rated from Seismic Zone 1
through Zone 4, with 1 the lowest level for potential seismic induced ground movement.
Oahu has been designated within Seismic Zone 1. BWS, in the interest of public health and
safety has adopted UBC Seismic Zone 3 standards for all its structures. All permanent
structures proposed for this project, therefore, will be built according to standards for UBC

Seismic Zone 3.

7.2.4.2 Flood and Tsunami Hazard

According to the Flood Insurance Rate Maps (FIRMs), a portion of the project site is in Zone
X, “Areas determined to be outside the 500-year flood”, Figure 7-17. The eastern portion of
the WWTP is in Zone A, “Special flood hazard areas inundated by 100-year flood, No base
flood elevation determined.” The City’s department of Planning and Permitting has
indicated that this portion designated as Zone A is located in Flood Fringe District, with a

regulatory flood elevation which ranges from 5.9 feet to 5.7 feet above mean sea level.

The project site is located completely within the 100-year tsunami inundation area as
depicted in the Ozhu Tsunami Evacuation Maps. The project site is inside the anticipated

tsunami flood hazard area (Tsunami Warning Center, 1998), Figure 7-18.

7.24.3 Potential Impacts and Mitigation Measures

The proposed exploratory well and technology testing may be located within the floed and
tsunami hazard areas. Flooding is not anticipated to affect the proposed project. Any
structures located in Zone A will be designed in compliance with Land Use Ordinance flood
hazard district requirement. Because seismic risk at the project site is minimal, the proposed

project is not expected to be affected by seismic activity.
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7.2.5 Biological Environment
The location of the proposed project within the Sand Island Wastewater Treatment Plant land

area is on fully improved and previously disturbed lands. There will be little, if any, impacts

to the existing biota due to this project.

7.2.5.1 Tertestrial Flora and Fauna
Plants and animals potentially affected by any impacts from the proposed desalination
facility include terrestrial and marine species. Plant and animal species prevalent at the site

are exotic or introduced species and will not be affected by this project.

Existing conditions
The treatment plant area consists of roadways, landscaping, and grassed areas. Wild animal

life within the area include small Indian mongoose, rate, mice and feral cats. There are no
known endangered or threatened species inhabiting the project site. While some loss of

habitat will occur as a result of construction activities, none of the species affected are known

to be threatened or endangered. .

7.2.5.2 Surface Water Ecosystems
No streams or wetlands are present within the Sand Island Wastewater Treatment Plant site.

7.2.53 Coastal Marine Ecosystems
The marine area in the vicinity of the project site spans the along the southern Qahu coast

specifically along Kakaako, Honolulu Harbor, Kahili Channel, Kapalama Basin, Keehi
Lagoon and Mamala Bay.

Existing Conditions
The existing coastal marine conditions of southern Honolulu were analyzed to identify the

existing water quality conditions that could be affected by the construction of the exploratory

wells and technology testing.
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The nearshore waters of southern Honolulu are classified by the State Department of Health
(DOH) as Class A Open Coastal Waters (DOH, 1992). The objective of Class A waters is to
project their use for recreation and aesthetic enjoyment. This classification allows other uses
of the ocean as long as they are compatible with the protection and propagation of fish,
shellfish and wildlife, and with ocean-related recreational activities, Class A waters should
not recetve any discharges that have not undergone the best degree of treatment or control
that is in agreement with the criteria established for this class. Coastal water adjacent to

southern Honolulu are fertilized by nutrient-rich water seeping from springs below sea level.

The nutrients originate from upland landscape fertilization and urban applications of

fertilizers. Nearshore waters are often turbid due to rough wave action that suspends

sediments and nutrients.

Marine macroinvertebrates found offshore of southern Honolulu include reef-building corals,
several species of sea cucumber, sea urchins and colonial soft corals (Ogden 1994). Marine

vertebrates include reef fish, although abundance and diversity are low. Marine macroalgae

are very abundant offshore.

7.2.54 Threatened and Endangered Species
No threatened or endangered species are present within the Sand Island Wastewater

Treatment Plant site.

7.2.5.5 Potential Impacts and Mitigation Measures
No threatened or protected wildlife species exist at the Sand Island Wastewater Treatment
Plant site. No sensitive habitats or protected species, threatened species of vegetation and

threatened or endangered species are expected will be affected during construction of the

exploratory well and technology testing.
7.2.6 Social and Economic Resources

The southern Honolulu region is presently heavily urban and industrial, and is the Iocétion of

Oahu's most stable-growing residential communities. The desired distribution of the
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population for Oahu is concentrated in two areas: the Primary Urban Center (PUC) and the
Secondary Urban Center at the city of Kaploei.

7.2.6.1 Demographics
The State of Hawaii has approximately 1.2 million residents and receives nearly 7 million

visitors a year. The most recent forecasts (1990} for 2020 population is 1,071,000 of which
47% or approximately 503,000 people, has been allocated for the PUC. The number
represents an increase of 71,000 people over the 1990 level, or a growth of 30% over the

existing popuiation of the PUC.

7.2.6.2 Potential Impacts and Mitigation Measures
The construction of the exploratory well and technology testing will have no significant

effects on population or demographics.

The construction of a desalination facility will have indirect effects on population growth,
which will allow for planned and approved development of development of Honolulu and
other areas with consideration of available adequate potable water supply. An

Environmental Impact Statement will be conducted for the design and construction of the

Reverse Osmosis Desalination Facility.

7.2.6.3 Employment

Oahu currently has two urban areas--primary (Honolulu) and secondary (Ewa). Economic
activity on Ozhu is concentrated in the primary urban center (PUC), which has about three-
quarters of island jobs and about half of the population. The forecast for job creation (non-
construction jobs) in the PUC over the 1990 to 2020 projection period is 160,000 new jobs or
45% of new jobs on Oahu, This represents approximately 71% of the total jobs islandwide.

7.2.6.4  Potential Impacts and Mitigation Measures

Construction of the exploratory well and technology testing will employ approximately 10

workers for about a year may be more.
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7.2.6.5  Fiscal Implications
Construction of the exploratory well and technology testing and future construction of the

desalination facility is proposed to head off shortage of projected potable water supplies.

Consequently, the "no-action" alternative has significant social and economic disincentives.

7.2.6.6 Potential Impacts and Mitigation Measures
The project has a namber of aspects with positive fiscal impacts. Creation of jobs and

purchase of supplies and materials will stimulate tax revenues to the City and the State.

7.2.7 Recreational Resources
No beaches exist within the Sand Island Wastewater Treatment Plant site. Sand Island State

Recreation Area lies south of the Sand Island Wastewater Treatment Plant, The park has a

collection of trees, restroom facilities, World War I memorial structures, paved parking lots

and baseball fields.

7.2.7.1  Potential Impacts and Mitigation Measures

Construction of the exploratory well and technology testing will have no impacts on the

existing beach parks.

7.2.8 Aesthetic Value
Visual landmarks and significant vistas include distant vistas of the shoreline from H-1

Freeway, mountain and ocean views, and views of central Honolulu and Diamond Head.

7.2.8.1  Potential Impacts and Mitigation Measures
The proposed construction of the exploratory well and technology testing will not affect

views from surrounding areas.

7.2.9 Archaeological, Cultural and Historical Resources
According to State Historic Preservation Division records, there are no known archaeological
material have been found at either Sand Island Wastewater Treatment Plant or Sand Island

State Recreation Area. There are some World War II structures exist in Sand Island State
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Recreation Area. Because Sand Island Wastewater Treatment Plant and Sand Island State
Recreation Area are situated on in-filled land, it is highly unlikely that any subsurface

archaeological or historical objects would be present at either location.

7.2.9.1  Potential Impacts‘and Mitigation Measures

No archaeological impacts are foreseen to develop at either Sand Island Wastewater
Treatment Plant or Sand Island State Recreation Area due to the lack of archaeological
material at both locations. Should any archaeological, cultural or historical sites be
uncovered during construction or drilling activities, all work in the vicinity will cease and the

State of Hawaii Department of Land and Natural Resources Historic Preservation officer will

be notified immediately.

7.2.10 Traffic
Primary access to the site is from Sand Island Parkway. Construction will be limited to

weekdays during daylight hours between 8:30 am and 3:30 pm, or as required by the Board

of Water Supply. This construction schedule will help minimize moming and afternoon peak

traffic periods.

7.2.10.1 Potential Impact and Mitigation Measures

During the construction of the exploratory wells and technology testing, any temporary
increase in traffic congestion that could result from the movement of construction related
vehicles is unlikely to inconvenience motorists in the immediate vicinity of the project site.
If necessary to mitigate potential traffic congestion, the movement of construction vehicles
can be restricted during the morning and afternoon peak traffic hours on weekdays and will

suspend activities on weekends and State and Federal holidays.

7.2.11 Noise
Regulation of noise in residential areas of Oahu are governed by the State Department of

Health, HAR, Title 11, Chapter 53, Noise. The major contribution to noise level at the
project site is air traffic from the Honolulu International Airport, in addition to industrial

activities, treatment plant operations, and vehicular traffic along Sand Island Parkway.
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Allowable day and nighttime noise standards for sensitive receptors have been established for
residential, preservation, hotel, apartment, and business districts. The maximum aliowable

day and night levels in the surrounding I - 3 waterfront, Class C zone are as follows:

Time Allowable Levels
7:00 am to 10:00 pm 70 dBA
10:00 pm to 7:00 am 70 dBA

7.2.11.1 Potential Impacts and Mitigation Measures

During the construction of the exploratory well and technology testing, noise will be
generated by construction during clearing, grading, bulldozing, and installation of well
equipment. Additional noise Jevels may be generated by vehicular travel along the Sand

Isiand Parkway in the early morning and aftemoon. These impacts, however, are expected to

be relatively minor and only of short duration.

Mitigation measures to address noise impacts include the use of construction equipment
appropriate to surrounding land use type; use of mufflers on construction vehicles;
maintaining all equipment in good working order; and, limiting construction to weekdays
during daylight hours between 8:30 am and 3:30 pm or as required by the Board of Water

Supply. No work shall be scheduled on weekends or on federal and state holidays.

Pump and drilling equipment will be regulated for noise by State Department of Health
Community Noise Rules. The contractor will obtain 2 noise permit if noise levels from
construction activities are expected to exceed allowable levels. Drills and surface pumps will
be fitted with sound attenuation devices including, but not limited to, mutes or structural

enclosures. Subsurface pumps will be similarly treated to reduce noise levels to below the

regulatory limit.
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7.2.12 Land Use and Zoning Designation

7.2.12.1 Current Land Uses
The Sand Island Wastewater Treatment Plant is occupied by wastewater treatment facilities.

7.2.12.2 Planning Framework and Regulatory Status
In Hawalii, regulatory controls over land use in Hawaii are affected by both State and County

govemments,

A. State Land Use Districts
At the State level, land use districts are established to control broad scale land use patterns.

Districts include Urban, Rural, Agriculture and Conservation. State land use designation at
the Sand Island Wastewater Treatment Plant site is Urban, Figure 7-19. Uses proposed
under the development would be consistent with objectives and policies of the State land use
law, Chapter 205, Hawaii Revised Statues. The proposed project lies within the State’s Pass

Zone for effluent disposal, Figure 7-20, and makai of the underground injection control

(UIC) boundary line, Figure 7-21.
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B. County General Plan
At the County level, land use regulation evolves from broad principles that are established in

a general plan. The City and County of Honolulu General Plan (1992} is 2 statement of the
long-range social, economic, environmental, and design objectives for the general welfare
and prosperity of the people of Oahu. In addition, the Plan provides broad policy directives
intended to facilitate attainment of the objectives. Objectives and policies are divided into

eleven major areas.” Of relevance to the present discussion are the objective and policies

concerning population, economic activity and physical development:

With respect to population, an objective of the General Plan calls for “the
full development of the Primary Urban Center” directing that the 2010
residential population in the PUC should be between 45.1% and 49.8% of
the island's.total population.

With respecf to economiic activity, an objective in the general plan calls
for "major economic activity and government services (should be directed)
to the primary urban center and the secondary urban center at Kapolei.”
With respect to utilities, the objects are to “provide adequate infrastructure
to maintain and enhance quality of life” and the plan also discusses the
importance of developing and maintaining potable and nonpotable water
sources and systems.

- With respect to physical development and urban design, several objectives
are to “stimulate development in the primary urban center by means of
City and County’s capital improvement program and State and Federal
grant and loan programs,” “foster the development of Honolulu’s
waterfront as the State’s major port and maritime center, as a people
oriented mixed-use area, and as a major recreation area” and to “facilitate
the redevelopment of Kakaako as major residential, as well as commercial

and light industrial area.”
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C. Long-range Plans
Changes to the region will result from background growth consequent to implementation of

the land use plans now in place.

County Land Use Ordinance
Implementation of the Development Plan's broad land use goals is done through zoning as

established by the City and County’s Land Use Ordinance. Designations of land uses in the
Development Plan usually precede designations of zoning precincts. The project site is I-3
Waterfront, Figure 7-22. The entire Sand Island Waste Water Treatment Site is within the
City’s Special Management Area (SMA), Figure 7-23. An SMA pemmit would be applied for

if this alternative site is chosen to be developed.

If this alternative site is chosen to be developed, a Development Plan Public Facilities Map

Amendment would need to be submitted to the Department of Planning and Permitting for

processing.

7.2.12.3 Potential Impacts and Mitigation Measures

No specific impacts are anticipated by constructing the exploratory well and technology
testing at the Sand Island Wastewater Treatment Plant site. Drilling of the exploratory wells
and implementation of the technology testing should not change the surrounding land uses.

No mitigation measures are proposed regarding land use.
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7.3 Keehi Lagoon Beach Park — Alternative Site 2

Keehi Lagoon Beach Park encompasses over 60 acres of costly landscaped City land. The
park includes a large grass field, seating pavilions, picnic tables, softball and basebali fields,
tennis courts, a sand beach and restrooms. The park also has a two-lane paved road, paved
stall parking lots and a bike pathway. The beach allows drydocking of canoes and fronts
placid Keehi Lagoon. A location map for Keehi Lagoon Beach Park is shown in Figure 7-24,

7.3.1 Geologic Conditions
The structure of southern Oahu was formed slowly over geologic time from lava flows,
weathering and changes in sea level. The following subsections focus on the geology of the

proposed Keehi Lagoon Beach Park site.

7.3.1.1 Geology
The island of Oahu consists of the eroded remnants of two large shield volcanoes -- Waianae

and Koolau. The Waianae and Koolau volcanoes formed Oahu during their active lives that
spanned the Pliocene and Pleistocene epochs. Keehi Lagoon Beach Park ies on the southemn
coastal plan of the Koolau Range and is located in lower Honoluly Just east of the Honoluju

International Airport.
7.3.1.2 Topography

The terrain within the Park is almost flat. The maximum elevation within Keehi Lagoon

Beach Park is about 11 feet above ms! and varies by no more than several feet,
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7.3.1.3 Soil

The US Department of Agriculture Soil Conservation Service (SCS) describes the soil and
rock materials within Keehi Lagoon Beach Park as being mixed fill land (FL) and ewa silty
clay with 6 — 12% slope (EmA), Figure 4.25. Keehi Lagoon Beach Park has deep, nearly
level to moderately sloping, well-cirained soils that have a fine-textured or moderately fine-
textured subsoil or underlying material on a coastal plain. Drainage is good to moderately

good and permeability is moderately rapid.

7.3.1.4 Potential Impacts and Mitigation Measures

Impacts of the proposed exploratory well and technology testing on the existing geology and
topography at the Keehi Lagoon Beach Park were determined to be minimal. Silt deposit
may be a potential problem for this site; Moanalua Stream discharges into Keehi Lagoon.
The stream discharge contains ‘substantial amounts of silt, debris and any other material or
chemicals contained in upstream runoff. The sediment may accumulate in the corzalline
Jagoon locally reducing the permeability and seawater recharge of the site's aquifer but is not
expected to seriously reduce production of the wells. Any decrease in the quality of
feedwater due to stream discharge may also necessitate an increase in the level of

pretreatment which consequently increases the capital investment for the desalination

facility.

The soil does not appear to be susceptible to erosion, since the topography is relatively level
and the soils are shallow and highly permeable for the most part. Also, rainfall is very
limited in the lower Honolulu area. No major problems or impacts are anticipated to |
develop during the excavation of the soil for the proposed exploratory well and technology
testing; however, dewatering may be a problem due to the site's close proximity to the ocean.
Mitigation will consist of contractor compliance with all relevant provisions of the Revised
Ordinances of Honolulu, Chapter 14 Public Works Infrastructure Requirements (1950).
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7.3.2 Climate and Air Quality
Any impacts of the proposed desalination facility on the climate and ambient air quality are

crucial since the climate and ajr quality affect a relatively large region, including areas
beyond the limits of Keehi Lagoon Beach Park. Impacts on the climate and ambient air
quality are minimal for the operation of the plant. In addition environmenta] impacts during

construction of the facility will be temporary.

7.3.2.1  Climate
Northeasterly tradewinds prevail over Qahu during all months of the year. From November

through March the tradewinds are weakest and replaced with winter storms that bring rain to
the island. Mean annuai rainfall is about 20 inches and derived from winter rainfa]], About
90 percent of the rainfa]l is recorded during the months from October though April. January
1s normally the wettest month of the year, averaging 4.3 inches of rain. The months from
May through September average less than haif an inch of rain each,

The mean temperature of the lower Honolulu region is 72°F in the winter (November-

February) and 79°F during the summer (June-August). The mean annual temperature is
76°F.

7322  Air Quality

Existing air pollution at the project site is minimal, primarily resulting from vehicles. There

are no significant stationary sources of air pollution in the area
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The emissions associated with construction activities are, by their nature, of short-term

duration, and would cease upon completion of the project.

7323  Potential Impacts and Mitigation Measures
Potential air quality impacts during the exploratory well drilling and technology testing will
be mitigated by complying with the State of Hawaii Department of Health Administrative

Rules.

The construction contractor will be required to comply with Department of Health rules
(HAR Chapter 43, Section 10) and the grading permit. Proper maintenance of construction
vehicles and equipment will serve to minimize combustion emissions. Construction vehicle

and equipment idling should be kept to a minimum when equipment is not in use.

An effective dust control plan will be implemented during construction to ensure compliance
with Department of Health regulations. Dust control measures will include watering of the
work area, use of wind screens, keeping adjacent roadways clean and covering of open-
bodied trucks. Other dust control measures may include mulching or stabilizing inactive

exposed areas and scheduling permanent paving or landscaping early in the construction

schedule.

7.3.3 Water Resources

The southern Honolulu region contains a comprehensive hydrologic system that includes
many hydrologic subsystems and variables. The following subsections focus on the major
hydrologic systems possibly affected by the construction and operation of the proposed
exploratory well and technology testing at the Keehi Lagoon Beach Park site.

7.3.3.1 Hydrogeology
Groundwater within the Keehi Lagoon Beach Park site is of seawater salinity both in the

caprock aquifers and the Koolau volcanic aquifer. Fresh groundwater does not occur at the

site,
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7.3.3.2 Surface Water Quality
The only surface water body near the Keehi Lagoon Beach Park (KLBP) site is Moanalua

Stream that discharges into Keehi Lagoon. Keehi lagoon has little water movement and thus
minimal mixing. Other surface waters in the form of perennial stream flows or ponds do not
oceur within or near the KLBP site. No lakes, reservoirs, ponds, rivers, streams or wetlands
exist within or near the Sand Island Wastewater Treatment Plant site. A 50 to 60 foot wide

storm drainage channel exists on the southwestern edge of the park.

7333 Potential Impacts and Mitigation Measures
With respect to impacts on sustainable water resources, the most important consideration is
protection of the basal drinking water aquifer. Since only salt water occurs at this site, the

withdrawal of seawater from the Basal Aquifer should not impact the freshwater lens.

7.34 Natural Hazards
The purpose of analyzing the existing natural hazard conditions is twofold: (1) to identify the

existing natural hazards that could occur during construction of the exploratory well and
technology testing (2) to examine the potential of occurrence of these natural hazards during
construction of the exploratory well and technology testing. Natural hazards that present a

potential for occurrence at the Keehi Lagoon Beach Park site include earthquakes, floods,

tsunamis and volcanic lava flows.

7.34.1 Seismic |

The Uniform Building Code (UBC) provides minimum design criteria to address potential
for damages due to seismic disturbances. The UBC scale is rated from Seismic Zone 1
through Zone 4, with 1 the lowest level for potential seismic induced ground movement.
Oahu has been designated within Seismic Zone 1. BWS, in the interest of public health and
safety has adopted UBC Seismic Zone 3 standards for all its structures. All permanent
structures proposed for this project, therefore, will be built according to standards for UBC

Seismic Zone 3.
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7.3.4.2 Flood and Tsunami Hazard

According to the Flood Insurance Rate Maps (FIRMs), a portion of the project site is in Zone
X, “Areas determined to be outside the 500-year flood", Zone X8, “Areas determined to be
within 500-year flood plain™, Zone AE, “ Areas determined to be within 100-year flood, base

flood elevation determined, * and Zone D, *“Areas designated as undetermined flood hazard,”

Figure 7-26.

The project site not located within the 100-year tsunami inundation area as depicted in the
Oahu Tsunami Evacuation Maps, Figure 7-27. The project site is outside the anticipated

tsunami flood hazard area (Tsunami Warning Center, 1998).

7.34.3 Potential Impacts and Mitigation Measures
The proposed exploratory well and technology testing is located outside of the tsunami
inundation zone but is located within the flood area. Flooding is not anticipated to affect the

proposed project. Because seismic risk at the project site is minimal, the proposed project is

not expected to be affected by seismic activity.
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7.3.5 Biological Environment
7.3.5.1 Terrestrial Flora and Fauna

Plants and animals potentially affected by any impacts from the proposed exploratory well

and technology testing include terrestrial and marine species.

Existing Conditions.
Indigenous plant species (native plants found in Hawaii and elsewhere) in the coastal zone

include the seaside heliotrope (Helitropium currassavicum) and the “ohelo kai shrub {Lycium

sandwichensis).

Birds are the dominant forms of wildlife in southern Honolulu. They include at least 17
ubiquitous introduced species and five indigenous species (black-crowned night heron, great
frigate bird, Pacific golden p10\-/er, sanderling, wandering tattler and ruddy tumnstone). The
five most common ubiquitous bird species are the zebra dove, Japanese white-eye, Northern
cardinal, red-crested cardinal and red-vented bulbul. The Pacific golden plover, sandeiling,
wandering tattler and ruddy turnstone are migratory and frequent Hawaii on a regular basis.
Migratory birds, though not necessarily protected as endangered species, are protected under
a variety of state, federal and international laws, regulations, treaties and conventions. Other

wildlife includes feral dogs and cats, rodents and mongooses.

7.3.5.2 Surface Water Ecosystems
No ponds or wetlands are present within the project site. Moanalua Stream discharges into

Keehi Lagoon just east of Keehi Lagoon Beach Park.

7.3.5.3 Coastal Marine Ecosystems

This subsection focuses on flora and fauna that inhabit the ocean adjacent to southern
Honolulu. The marine area in the vicinity of the project site spans along the southern Oahu
coast specifically along Kakaako, Honolulu Harbor, Kahili Channel, Kapalama Basin, Keehi

Lagoon and Mamala Bay.
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Keehi Lagoon has very little water movement; thus, KLBP is a popular location for many
water-related recreational activities. The shore provides access to sandy beach and canoeing.

Across the lagoon opposite the park are two active harbors--Keehi Boat Harbor North and

Keehi Board Harbor South. Many boat owners utilize the two harbors.

Existing Conditions
The existing coastal marine conditions of southem Honolulu were analyzed to identify the

existing water quality conditions that could be affected by the construction and operation of

the proposed desalination facility.

Tﬁe nearshore waters of southern Honolulu are classified by the State DOH as Class A Open
Coastal Waters (DOH, 1992). The objective of Class A waters is to protect their use for
recreation and aesthetic enjoyment. This classification allows others uses of the ocean as
long as they are compatible with the protection and propagation of fish, shellfish and
wildlife, and with ocean-related recreational activities. Class A waters should not receive
any dischérges that have not undergone the best degree of treatment or control that is in
agreement with the criteria established for this class. Coastal waters adjacent to southern

Honolulu are fertilized by nutrient-rich water seeping from springs below sea level.

The nutrients originate from upland agricultural fertilization, leaching from cesspools and
septic tanks, domestic waste injection wells and urban applications of fertilizers. This
nutrient subsidy promotes the thick growth of benthic algae (limu). Nearshore waters are

often turbid due to suspended sediments and nutrients from the Moanalua Stream discharge.

The water within Keehi Lagoon is stagnant with minimal movement.

Marine macroinvertebrates found offshore of southern Honolulu include reef-building corals,
several species of sea cucumber, sea urchins and colonial soft corals (Ogden, 1994). Marine

vertebrates include reef fish, although abundance and diversity are low. Marine macroalgae

are very abundant offshore.
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7.3.5.4 Threatened and Endangered Species
No threatened or protected wildlife species exist at the Keehi Lagoon Beach Park site,

7.3.5.5 Potential Impacts and Mitigation Measures

No threatened or protected wildlife species exist at the Keehi Lagoon Beach Park site. No
sensitive habitats or protected species, threatened species of vegetation and threatened or
endangered species ‘are expected will be affected during construction of the exploratory well

and technology testing.

7.3.6 Social and Economic Resources
The southern Honolulu region is presently heavily urban and industrial, and is the location of

Oahu's most stable-growing residential communities,

7.3,6.1 Demographics
The State of Hawaii has approximately 1.2 million residents and receives nearly 7 million

visitors 2 year. The most recent forecasts (1990) for 2020 population is 1,071,000 of which
47% or approximatély 503,000 people, has been allocated for the PUC. The number
repreSents an increase of 71,000 people over the 1990 level, or a growth of 30% over the

existing population of the PUC,

7.3.6-2 Potential Impacts and Mitigation Measures

The ¢onstruction of the exploratory well and technology testing will have no significant
effects on population or demographics. The construction of the exploratory well and
technology testing will have an indirect effect of population growth. It will allow planned
development of Honolulu and other areas with consideration of available adequate potable

water supply.
7.3.6.3 Employment

Oahu currently has two urban areas--primary (Honolulu) and secondary (Ewa). Econdmic
activity on Oahu is concentrated in the primary urban center (PUC), which has about three-
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45% of new jobs on Oahu, This represents approximately 71% of the total Jjobs islandwide.

7.3.6.4 Potential Impacts and Mitigation Measures
Construction of the exploratory well and technology testing will employ approximately 10

workers for about a Year may be more,

7.3.6.5 Fiscal Implications
The construction of the exploratory well and technology testing will have no significant

effects on fiscal implications,

7.3.6.6 Potential Impacts and Mitigation Measures
The project has a number of asbects with positive fiscal impacts. Creation of jobs and
purchase of supplies and materials will stimulate tax revenues to the City and the State,

7.3.7 Recreational Resources
The Keehi Lagoon Beach Park is a well landscaped and developed park with a sandy beach

located at the east end of the park.

7.3.7.1 Potential Impacts and Mitigation Measures

The construction of the exploratory well and technology testing will have no detrimental

impacts on the existing beach parks,

7.3.8 Aesthetic Value
Some aesthetic values of Keehi Lagoon Beach Park include visual landmarks and ocean

views and views of central Honolulu and Diamond Head.

7.3.8.1 Potential Impacts and Mitigation Measures
The proposed of the exploratory well and technology testing will not affect views from

swrrounding areas,
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7.3.9 Archaeological, Cultural and Historical Resources
According to State Historic Preservation Division, no archaeological or historic sites are

known to exist at Keehi Lagoon Beach Park. Keehi Lagoon is located on land that has been

in-filled to enlarge the shoreline.

7.3.9.1 Potential Impacts and Mitigation Measures
No archaeological or historical impacts are expected to develop if the desalination facility is

constructed at Keehi Lagoon Beach Park since no archaeological or historical material have

been found.

7.3.10 Traffic
Primary access to the site is from Lagoon Drive. Construction will be limited to weekdays

during daylight hours between 8:30 am and 3:30 pm, or as required by the Board of Water
Supply. This construction schedule will help minimize moming and afternoon peak traffic

periods.

7.3.10.1 Potential Impact and Mitigation Measures

During the construction of the exploratory wells and technology testing, any temporary
increase in traffic congestion that could result from the movement of construction related
vehicles is unlikely to inconvenience motorists in the immediate vicinity of the project site.
If necessary to mitigate potential traffic congestion, the movement of construction vehicles
can be restricted during the moming and aﬁeﬁioon peak traffic hours on weekdays and will

suspend activities on weekends and State and Federal holidays.

7.3.11 Noise
Regulation of noise in residential areas of Oahu are governed by the State Department of

Health, HAR, Title 11, Chapter 53, Noise. The major contribution to noise level at the
project site is air traffic from the Honolulu International Airport, in addition to industrial

activities, treatment plant operations, and vehicular traffic along Keehi Lagoon Drive.
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Allowable day and nighttime noise standards for sensitive receptors have been established for

residential, preservation, hotel, apartment, and

Allowable day and nighttime noise standards for sensitive receptors have been established for
residential, preservation, hotel, apartment, and business districts. The maximum allowable

day and night levels in the surrounding P-2 general, Class A zone are as follows:

Time Allowable Levels
7:00 am to 10:00 pm 55dBA
10:00 pm to 7:00 am 45 dBA

7.3.11.1 Potential Impacts and Mitigation Measures

Noise will be generated by construction during clearing, grading, bulldozing, and installation
of well equipment. Additional noise levels may be generated by vehicular travel along Keehi
Lagoon Drive in the early morning and aftemmoon. These impacts, however, are expected to

be relatively minor and only of short duration.

Mitigation measures to address noise impacts include the use of construction equipment
appropriate to surrounding .land use type; use of mufflers on construction vehicles; -
maintaining all equipment in good working order; and, limiting construction to weekdays
during daylight hours between 7:30 am and 3:30 pm as required by the Board of Water
Supply. No work shall be scheduled on weekends or on federal and state holidays.

- Pump and drilling equipment wiil be regulated for noise by DOH. Drills and surface pumps

will be fitted with sound attenuation devices including, but not limited to, mutes or structural

enclosures. Subsurface pumps will be similarly treated to reduce noise levels to below the

regulatory limit.

7.3.12 Land Use and Zoning Designation
Keehi Lagoon Beach Park is well developed and landscaped with many recreational

facilities.
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7.3.12.1 Current Land Uses
The site is currently utilized for various recreational facilities. The construction of the

proposed desalination plant would necessitate the destruction of most of the park.

7.3.12.2 ~ Planning Framework and Regulatory Status
In Hawaii, regulatory controls over land use in Hawaii are affected by both State and County

governments.

A. State Land Use Districts
At the State level, land use districts are established to control broad scale land use patterns.

Districts include Urban, Rural, Agriculture and Conservation. State land use designation at
the Keehi Lagoon Beach Park site is Urban, Figure 7-28. Uses proposed under the
development would be consistent with objectives and policies of the State land use law,
Chapter 205, Hawaii Revised Statues. The proposed project lies within the State’s Pass Zone
for effluent disposal, Figure 7-29, and makai of the underground injection control (UIC)

boundary line, Figure 7-30.
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B. County General Plan

At the County level, land use regulation evolves from broad principles that are established in
a general plan. The City and County of Honolulu General Plan (1992) is a statement of the
long-range social, economic, environmental, and design objectives for the general welfare
and prosperity of the people of Oahu. In addition, the Plan provides broad policy directives
intended to facilitate attainment of the objectives. Objectives and policies are divided into
eleven major areas. Of relevance to the present discussion are the objective and policies

concerning population, economic activity and physical development:

- With respect to population, an objective of the General Plan calls for “the full
development of the Primary Urban Center” directing that the 2010 residential
population in the PUC should be between 45.1% and 49,8% of the island's

total population.

- With respect to economic activity, an objective in the general plan calls for
"major economic activity and government services (should be directed) to the

primary urban center and the secondary urban center at Kapolei.”

C . With respect to utilities, the objects are to “provide adequate infrastructure to
maintain and enhance quality of life” and the plan also discusses the
. importance of developing and maintaining potable and nonpotable water

sources and systems.

- With respect to physical development and urban design, several objectives are
to “stimulate development in the primary urban center by means of City and
County’s capital improvement program and State and Federal grant and loan
programs,” “foster the development of Honolulu’s waterfront as the State’s
major port and maritime center, as a people oriented mixed-use arez, and as a
major recreation area” and to “facilitate the redevelopment of Kakaako as

major residential, as well as commercial and light industrial area.”
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C. Long-range Plans
Changes to the region will result from background growth consequent to implementation of

the land use plans now in place.

County Land Use Ordinance
Implementation of the Development Plans's broad land use goals is done through zoning as

established by the Ctiy and County’s Land Use Ordinance. Designations of land uses in the

Development Plan usually precede designations of zoning precincts. The project site is P-2,
General, Figure 7-31. The entire Keehi Lagoon Beach Park Site is within the City’s Special

Management Area (SMA), Figure 7-32. An SMA permit would be applied for, if this

alternative site is chosen to be developed.

If this alternative site is chosen to be developed, a Development Plan Public Facilities Map
Amendment would need to be submitted to the Department of Planning and Permitting for

processing.

7.3.12.3 Potential Impacts and Mitigation Measures
No specific impacts are anticipated by constructing of the exploratory well and technology
testing at the Keehi Lagoon site. Drilling of the exploratory wells and implementation of the

technology testing should not change the surrounding land uses. No mitigation measures are

proposed regarding land use.
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SECTION 8 — ALTERNATIVES TO THE PROPOSED ACTION

No Action Alternative

The Board of Water Supply has a legal requirement to provide potable water to the residents
of the City and County of Honolulu. The proposed project would help meet this requirement
while the no action alternative would prevent the Board of Water Supply from doing so. The
no action alternative:

o does not address the mandate of the Board of Water Supply to develop safe

potable water resources for the residents of the City and County of Honoluly; and

o would result in the lost opportunity to increase Oahu’s exiting potable resources.

. Delayed Action

Development of the proposed site at a later date was not considered to be viable. BWS has
programmed development of the proposed project as part of an overall strategy for ensuring

availability of potable resources. They delayed action alternative:

o would delay the BWS implementation schedule and result in little to no change in

the potential environmental impact of the project;
o would result in higher future cost due to inflation; and

o increase the risk that population growth will generate water demands in excess of

available, developable supplies.

Alternative Sites
The Kalaeloa site is one of several sites evaluated. The K alaeloa site was determined to be

the most viable location for the exploratory well drilling and potential desalination facility at

this time.
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Alternative Sources

Alternatives to desalination are identified in the Oahu Water Management Plan (1995). The

alternatives investigated include potable groundwater development, surface and brackish

water development, recycling of treated wastewater and conservation of existing resources.

Alternative source development will help to profect and preserve the future of Oahu’s potable

aquifer.

The BWS has acquired the Honouliuli Water Recycling Facility, providing an estimated 12

million gallons of water a day to the Ewa area. This safe and reliable alternative water

source will replace and conserve the potable water supply. The recycled water means we can

save the drinking water for people.

Recommended Action

The recommended action is to proceed with development of the proposed project at the site

in Kalaeloa, Oahu. The proposed project is part of the Board of Water Supply program for

alternative source development and has been carefully considered to meet the future needs of

the City and County of Honolulu.
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SECTION 9 — NECESSARY PERMITS AND APPROVALS

The following is a list of permits and approvals, which may be required prior to the

construction of the exploratory wells and technology testing:

9.1 State of Hawaii
Department of Health, Noise, Radiation and Indoor Air Quality Branch

o Community Noisc Permit

Department of Health, Clean Water Branch

o National Pollutant Discharge Elimination System (NPDES) permit

Department of Land and Natural Resources, Commission on Water Resource Management

0 Well Construction permit

A Community Noise Permit may be required if the noise levels from construction activities

are expected to exceed the aliowable levels stated in State DOH Administrative Rules,

Section 11-46-4.

An NPDES may be required if water withdrawn during test pumping and from the

technology testing will be discharged into any coastal waters.

Should the exploratory wells be converted to full production, a permanent Pump Installation

Permit and Water Use Permit will be required from the State Commission on Water Resource

Management.

Should the exploratory well and technology testing prove successful, future development of
the well for production will comply with Hawaii Administration Rules, Title 11, Chapter 20,

“Rules Relating to Potable Water Systems.” An engineering report addressing the
requirements of Section 1 1-20-29 of Chapter 20 will be submitted to the Director of Health

for approval.
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9.2 City and County of Honolulu
Department of Planning and Permitting

o Grubbing, Grading, and Stockpiling permit
o Building Permit

o} Zoning Waiver

A Grubbing, Grading and Stockpiling permit and Building Permit may be required if a
temporary structure to protect the testing equipment from the elements is constructed.

Depending on the specific location and/or design of the exploratory wells, test pumps and

accessory equipment, the project may require a zoning waiver.

An exploratory well is considered a minor action and is not required to be shown on the
Public Infrastructure Map (PIM). However, the Board of Water Supply has submitted a PIM

amendment for a Desalination Plant at the Kalaeloa Site.

9.3 | Federal

Corps of Engineers
o Department of Army Permit (Corps of Engineers)

The Department of the Army (DA) has indicated that a DA permit is not required for Phase I
activities, however a DA permit may be required for the discharge structures for the disposal

of water in the adjacent waterway that is possibly under the jurisdiction of the Corps of

Engineers.

The drilling derrick is not within the flight aviation easement, however, the Form 7460-1 has
been submitted to the FAA. The FAA indicated a “Determination of No Hazard to Air
Navigation” which has been forwarded to the State of Hawaii, Department of Transportation.
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SECTION 10 - FINDINGS AND NOTICE OF ANTICIPATED DETERMINATION

This environmental assessment discloses the preliminary planning & engineering,
exploratory wells construction, test pumping and small-scale desalination technology testing
that must occur prior to adequately designing and constructing a full-scale seawater
desalinaﬁon facility. At this time, it is impossible to fully identify all of the impacts and
mitigative measures from the construction and operation of a full-scale desalination plant
without the design construction plans, specifications and operational plan of the facility.
However, the design cannot occur without first conducting preliminary planning, engineering
and field-testing. As such, the environmental disclosure process will be conducted in two
phases. Phase I for preliminary work and Phase II for the design and construction of the full-
scale production facility. This two-step environmental disclosure process is similar to how
BWS phases groundwater well stations into an exploratory well phase and a production well

phase.

Based on the “Significance Criteria” listed in Section 12 of Title 11-200 HAR, an agency
must determine whether an action may have a significant impact on the environment,
including all phases of the project, its expected consequences both primary and secondary, its
cumulative impact with other projects, and its short an long term impacts. In making a
determination, the significance criteria rules are established as the basis for identifying
whether the proposed project has significant environmental impacts. Based on the analysis,

the following conclusions are reached:

1. Irrevocable commitment to loss or destruction of natural or cultural resources —
The exploratory wells construction and desalination technology testing would not
result in irrevocable commitment to loss or destruction of any natural or cultural

resources. The preferred desalination site is vacant scrubland,
The State Historic Preservation Division (SHPD) has indicated that an

archaeological inventory survey is not warranted for the proposed exploratory

wells and technology testing area (approximatel ly 0.5 acre) because it has been
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extensively cleared and it does not appear that there are any historic sites within
that area. The cleared area will be flagged prior to any ground disturbing
activities to ensure confinement within the cleared area, where the project should
have "no effect” on historic sites. If the testing activities extend beyond the
modified area, an archaeological survey will be prepared for those areas. If the
Kalaeloa site is selected for the full-scale desalination facility, an archaeological
survey will be prepared during Phase Il of this project Jfor those areas not

previously modified.

A cultural impact assessment of the affected land area for the exploratory wells and
technology testing is not warranted during Phase I because the area has been
extensively cleared. The cultural impact assessment for the remaining land area

will be prepared during the Desalination Facility Environmental Impact Statement.

Curtailment of the range of beneficial uses of the environment —
The exploratory wells construction and desalination technology testing would not

curtail the range of beneficial uses of the environment.

Conflicts with the State’s long-term environmental policies or goals and guidelines
as expressed in Chapter 344, HRS, and any revisions thereof and amendments
thereto, court decisions, or executive orders -

The exploratory wells construction and de.-salination technology testing would not

conflict with the state’s long term environmental policies or goals and guidelines.
Substantially affects the economic or social welfare of the community or State —

The exploratory wells construction and desalination technology testing would not

affect the economic or social welfare of the community or state.
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10.

Substantially affects public health —

The exploratory wells construction and desalination technology testing would not

substantially affect public health.

Involves substantial secondary impacts, such as population changes or effects on
public facilities —
No substantial secondary impacts, such as population change, or effects on public

Jacilities are anticipated,

Involves substantial degradation of environmental quality —

No substantial degradation of environmental quality is anticipated,

Is individually limited but cumulatively has considerable effect on the environment,
or involves a commitment for large actions —

The exploratory wells construction and desalination technology testing may involve
a commitment to larger actions if the exploratory well and technology testing is
successful. The construction of the production seawater desalination JSacility would
have considerable cumulative impacts on the environment, If the BWS decides to
construct the full production facility a full environmental impact statement will be

prepared and disclosed.

Substantially affects a rare, threatened or endangered species or its habitat —

No rare, threatened or endangered species of their habitats would be affected.

Detrimentally affects air or water quality or ambient noise levels —

Air quality, water quality or ambient noise levels would not be detrimentally
affected.

Short-term impacts from the well construction activity include noise generated
during clearing, grading, bulldozing, and installation of well equipment.
Additional noise levels may be generated by vehicular travel along nearby roads in

the early morning and afternoon. These impacts, however, are expected to be
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11.

12

13.

relatively minor and only of short duration, Mitigation measures to address noise
impacls include the use of construction equipment appropriate to surrounding land
use type, use of mufflers on construction vehicles; maintaining all equipment in
good working order; and, limiting construction to weekdays during daylight hours
between 8:30 am and 3:30 pm as required by the Board of Water Supply. No work
shall be scheduled on weekends or on federal and state holidays.

Affects of is likely to suffer damage by being located in an environmentally
sensitive area, such as a flood plain, tsunami inundation zone, beach, erosion-prone
area, geologically hazardous land, estuary, freshwater, or coastal waters —

The exploratory wells construction and desalination technology testing would not
affect environmentally sensitive areas. The parcel is located within a Jood plain,
Isunami inundation zone and is adjacent to coastal waters, Mitigation of the
seawaler well and testing equipment will account Jor flooding. Seawater efftuent
Jrom the well will be disposed of on site to test the soil percolation rates for the
brine pond or disposed of into the adjacent drainage culvert and is not expected to
impact the coastal waters. The parcel is not erosion-prone or geologically

hazardous lands. There are no Jresh water aquifers or streams nearby.

Substantially affects scenic view planes identified in county or state plans or

studies—
Scenic vistas and view plans identified in county or state plans or studies will not be

affected by the exploratory wells construction and preliminary desalination

technology-testing phase.
Requires substantial énergy consumption —

The exploratory wells construction and desalination technology testing would not

require substantial energy consumption,
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Based on the significance criteria set forth in Section 11-200-12 of Title 1 1, Chapter 200,
Administrative Rules, Department of Health, State of Hawaii, it is anticipated that Phase ] of
the project, will not have a significant effect on the environment, and a Finding of No
Significant Impact (FONSI) has been ﬁled with the State Office of Environmental Quality
Control.

This finding is based on the short duration of the project and absence of significant impacts
and adequate mitigation resulting from planning & engineering, seawater exploratory well
construction, pump, field and technology testing. Short-term impacts resulting from
construction activities, primarily drilling and test pumping of saltwater, will be minimized
through standard well construction mitigation measures, the application of Best Management

Practices and adherence to all governmental rules and regulations.
This report also provides a discussion of the Phase II design, construction and operation of

the production seawater desalination facility. An Environmental Impact Statement (EIS) will

be conducted for Phase II of the project.
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Section 11 - Parties Consulted in Draft EA Process

The following parties were consulted during the Draft EA 30-day review period. The parties which
transmitted comment letters are indicated with a « All written comments and responses are

reproduced and included in the Appendix,

v

N

~

Federal
Corps of Engineers

Fish and Wildiife
National Marine Fisheries, Pacific Islands Area Office

Federal Aviation Administration, Western Pacific Regional Office
Department of the Navy, Navy Region Hawaii

State

Office of Environmental Quality Control
UH Manoa - Environmental Center

Hawaii Community Development Authority

Department of Land and Natural Resources —
State Historic Preservation Division

Department of Business and Economic Development and Tourism —
Office of Planning and Coastal Zone Management

Department of Transportation
Department of Transportation, Airport Administration
Department of Education

Office of Hawaiian Affairs
Department of Health - Clean Water Branch and Safe Drinking Water
Department of Hawaiian Home Lands

Senator Colleen Hanabusa, District 21

Representative Michael Puanamo Kahikina, District 43

Council member John DeSoto, District 9

Ewa Beach Public and School Library

Continued
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<

NSNS

NSNS A

Y

City

Environmental Services
Planning and Permitting
Transportation Services
Honolulu Police Department
Honolulu Fire Department
Design and Construction
Facility Maintenance

Parks and Recreation

Private Citizens/Groups

Ewa, NB # 23 — Chair Mary A. Miyashiro

Makakilo / Kap;Jlei / Honokai Hale, NB # 34 — Chair Maeda C. Timson
Oceanic Cable

The Gas Company. (previously BHP Gas)

Verizon Hawaii (previously GTE Hawaiian Telephonc)

Hawaiian Electric Company

Estate of James Campbell

Tesoro Hawaii - Refinery

Barbers Point Community Association

Barbers Point Community Redevelopment Commission

Page 182




SECTION 12 - REFERENCES

DRAFT ENVIRONMENTAL ASSESSMENT - REFERENCES

1-1.

1-3.

1-4,

4-2,

4-3.

4-4,

1. Dames and Moore: Good sill Anderson Quinn & Stifel. Environmental Assessment
for Honouliuli Wastewater Reclamation Plant. Prepared for U.S. Filter Corporation. -

June 1999,

2. Final Environmental Impact Statement for the Disposal and Reuse of Naval Air
Station Barbers Point, Hawaii, February 1999, US Department of the Navy, Pacific
Division, Naval Facilities Engineering Command

3. Helber Hastert & Fee, Naval Air Station Barbers Point Community Redevelopment
Plan, March 1997, Prepared for Barbers Point Redevelopment Commission

4. Ewa Development Plan, August 1997, City and County of Honolulu, Planning
Department

GMP Associates, Inc. Honolulu Desalination Plant Site Study, Section 1—
State-of-the-Art Desalination Technology Survey, Final Submittal, August 8, 1995.

GMP Associates, Inc. Honolulu Desalination Plant Site Study, Section 2—
Desalination Site Location and Evaluation Analysis, Final Submittal, April 5, 1995.

GMP Associates, Inc. Honolulu Desalination Study, Final Report, Prefinal Submittal,
Volumes 1 and 2, February 15, 2000.

GMP Associates, Inc. Honolulu Desalination Study, Preliminary Design Drawings,
Final Submittal, February 1, 2000. o

GMP Associates, Inc. Honolulu Desalination Study, Cost Estimate, Final Submittal,
January 24, 2000.

Visher, F. N., and J. F. Mink. Ground-water Resources in Southern Oahu, Hawaii.
Geological Survey Water-Supply Paper 1778. Washington: GPO, 1964.

Stearns, Harold T., and Knute N. Vaksvik. Geology and Ground-water Resources of
the Island of Oahu, Hawaii. Bulletin 1. Wailuku, Maui: Maui Publishing Company,

Limited, May 1935.

Riley, 1.P., and R. Chester. Chemical Oceanography. London: Academic Press, 1983.

Sverdrup, Harald Ulrik, Martin Wiggo Johnson, and Richard Howell Fleming. The
Oceans, Their Physics, Chemistry, and General Biology. New York: Prentice-Hall,

Inc., 1942.

Page 183




4-5.

4-6.

4-9

4-10

4-11

4-12

4-13

4-14

4-15

4-16

Matthews, William Henry, Frederick E. Smith, and Edward D. Goldberg. Man's
Impact on Terrestrial and Oceanic Ecosystems. Cambridge, Massachusetts: M.IT.

Press, 1971.

Harding Lawson Associates. Remedial Investigation—Kewalo Municipal Incinerator
Landfill, Honolulu, Oahu, Hawaii. 1989.

Woodward-Clyde. Baseline Water Quality Monitoring and Transport Modeling: Ewa
Plain, Southern Oahu, Hawaii. December 31, 1998.

Khan, Arshad Hassan. Desalination Processes and Multistage Flash Distillation
Practice. New York: Elsevier, 1986.

Armstrong, Warrick R., ed. Atlas of Hawaii, Honolulu: University of Hawaii Press,
1983.

Briggs, L. V. Experiences of a Medical Student in Honolulu and on the Island of
Oahu: 188]. Boston: David D. Nickerson, 1926.

Charvet-Pond, A., and B. Davis. West Beach Data Recovery Program, Phase 4,
Archaeology and Paleontological Excavations. 2 vols. Report for West Beach
Estates. Hilo: Paul H. Rosendahl, Inc., 1992.

Clark, S., and R. Connolly. Archaeological Reconnaissance Survey for Honouliuli
Sewage Treatment Plant and Barbers Point Ocean Outfall. Report on file at the State
Historic Preservation Division, Kapolei. 1975.

Davis, Bertell D. Report on Archaeological Survey of the Proposed Ewa-Marina
Community Development, Ewa Beach, Oahu Island, Hawaii Marine Research, Inc.,

1979.

Archaeological Subsurface Survey of the Proposed Ewa Gentry Project Area,
Honouliuli. Oahu. Honolulu: Public Archaeology Section, Applied Research Group,

Bishop Museum, 1988.

Dicks, A., A. Haun, and P. H. Rosendahl. Archaeological Reconnaissance Survey for
Environmental Impact Statement, West Loch Estates—Golf Course and Parks. Hilo:

PHRI, 1987.

Frierson, Barbara. 4 Study of Land Use and Vegetation Change: Honouliuli, 1790~
1925. Manuscript on file, Department of Geography, University of Hawaii. Honolulu:

1973.

Page 184




417

4-18

4-19

4-20
4.21

4-22

4-23

4-24

4-25

4-26

4-27

Foote, D. E., et al. Soil Survey of the Islands of Kauai, Oahu, Maui, and Lanai. State
of Hawaii. United States Department of Agriculture, Soil Conservations Service.

Washington: GPO, 1972.

Goodman, W., and P. Cleghorn. Historical Documents and Literature Search, and
Archaeological Surface Survey of the Proposed Laulani/Fairwa)'s Housing Project at
Puuloa, Honouliuli, Ewa, Oahu Island (TMK 9-1-10: por. 7 and 9-1-69; por. 3).
Honolulu: Public Archaeology Section, Applied Research Group, Bishop Museum,

1991.

Goodman, W., et al. An Archaeological Reconnaissance of a Proposed 20-Acre
Commercial Project, Honouliuli, Ewa, Oahu Island, Honolulu: Public Archaeology

Section, Applied Research Group, Bishop Museum, 1993.

Hammatt, H., D. Shideler, and W. Folk. Archaeological Reconnaissance of the Ewa
Villages Project Site, Honouliuli, Ewa, Oahu. Kailua: Cultural Surveys Hawaii, 1990.

Handy, Craighill E. 8. The Hawaiian Planter. Vol. 1. Bemice P. Bishop Museum
Bulletin No. 161. Honolulu: Bishop Museum Press, 1940.

Handy, C. E.S.,and E1L. G. Handy. Native Planters in Old Hawaii, Their Life, Lore,
and Environment. Bemice P. Bishop Museum Bulietin No. 233. Honolulu: Bishop

Museum Press, 1972.

Haun, Allan E. 4n Archaeological Survey of the Naval Air Station, Barbers Point,
Oahu, Hawaii. Prepared for Commander, Pacific Division, Naval Facilities
Engineering Command, Pear] Harbor. Honolulu: Applied Research Group, Bishop

Museunm, 1991.

Hommon R. and H. Ahlo. Archaeological Test Excavations at the Proposed Ewa
Marina Community Development Area, Ewa, Oahu. Manuscript on file at the State
Department of Land and Natural Resources, Kapolei. 1983.

Jayatilaka, H., et al. Archaeological Survey and Subsurface Testing of the Proposed
Hawaii Prince Golf Course Ahupua’a, Honouliuli, Ewa District, Island of Oahu.
Honolulu: Public Archaeology Section, Applied Research Group, Bishop Museum,

1992.

Jourdane, Elaine H. R. Archaeological Reconnaissance Survey of Proposed Ewa
Marina Community, Campbell Estate Properties, One ‘ula, Honouliuli, Oahu, Hawaii.
Prepared for Pearson and Wuesthoff, AIA. Department of Anthropology, Bishop
Museum. Honolulu: 1979.

Kelly, Marion. “Notes on the History of Honouliuli.”” In A.E. Haun An
Archaeological Survey of the Naval Air Station, Barbers Point, Oahu, Hawaii.

Page 185




4-28

4-29

4-30

4-31

4-32

4-33

4-34

4-35

4-36

4-37

4-38

4-39

Appendix A. Prepared for Commander, Pacific Division, Naval Facilities Engineering
Command, Pear] Harbor. Honolulu: Applied Research Group, Bishop Museum, 1991.

Kennedy, J., J. Berlin, and T. Denham. Archaeological Inventory Survey Report for
the Puuloa Golf Course Site, TMK: 9-1-01:27 & 6, located at Ewa, Island of Cahu
Archaeological Consultants of Hawaii, Inc., 1991.

Kennedy, J. and T. Denham. Archaeological Data Recovery Report for the Puuloa
Golf Course located at Ewa, Island of Oahu, TMK 9-1-01:27 & 6. Archaeological

Consultants of Hawaii, Inc., May 1992

Kirch, P. V. Feathered Gods and Fishhooks. Honolulu: University of Hawaii Press,
1985.

Macdonald, G. A. and A. T. Abbott. Volcanoes in the Sea. Honolulu: University of
Hawait Press, 1983.

McAllister, J. Gilbert. Archaeology of Oahu. Bishop Museurn Bulletin No. 104.
Bishop Museum. Honolulu: 1976.

Neal, Marie C. In Gardens of Hawaii. Bernice P. Bishop Museum. Special
Publication 50. Honolulu: Bishop Museum Press, 1965.

Pantaleo, J., and A. Sinoto. Archaeological Inventory Survey for the Proposed Off
Site Drainage System, Ewa Gentry, East Honouliuli, Ewa, Oahu Island. Honolulu:

Aki Sinoto Consulting, 1993.

Rosendahl, Paul H. Archaeological Reconnaissance Survey for Environmental Impdc!
Statement, West Loch Estates—Residential Increments I and II. PHRI Report 322-
040787. Prepared for the City and County of Honolulu. Hilo: PHRI, 1987.

Sinoto, A. Archaeological and Paleontological Salvage at Barbers Point, Oahu.
Manuscript on file at the Bernice Pauahi Bishop Museum. Honolulu: 1978.

Spear, Robert. Letter report to Mr. David Hulse, PBR Hawaii. Copy on file at the
State Historic Preservation Division, Kapolei. Honolulu: Scientific Consulting

Services, 1996.

Tuggle, David. Archaeological Inventory Survey for Construction Projects at Naval
Air Station, Barbers Point, Oahu, Hawaii. Honolulu: International Archaeological

Research Institute, Inc., 1995.

Tuggle, D. H., and M. J. Tuggle. Synthesis of Cultural Resource Studies of the Ewa
Plain. Task 1a: Archaeological Research Services for the Proposed Cleanup, Disposal
and Reuse of Naval Air Station, Barbers Point, Oahu, Hawaii. Honolulu; International
Archaeological Research Institute, Inc., 1997.

Page 186



4-40

5-1

Wolforth, T. R., W. Wulzen, and S. Goodfellow. Archaeological Data Recovery at
West Loch Estates Residential Increment I, and Golf Course and Shoreline Park,
Honouliuli, Ewa District, Island of Oahu. Final Report. Hilo: Paul H. Rosendahl, Inc.,

1998.

Soil Survey of the Islands of Kauai, Oahu, Maui, Molokai, and Lanai, State of
Hawaii, United States Department of Agriculture, Soil Conservation Service, August

1972.

FINAL REPORT — REFERENCES

1-1.

1.2,

3-1.

3-2.

3-3.

3-4.

3-8.

3-9.

GMP Associates, Inc. Honolulu Desalination Plant Site Study, Section I -
State-of-the-Art Desalination Technology Survey, Final Submittal, August 8, 1995.

GMP Associates, Inc. Honolulu Desalination Plant Site Study, Section 2-
Desalination Site Location and Evaluation Analysis, F inal Submittal, April 5, 1995,

Visher, F. N., and J. F; Mink. Ground-water Resources in Southern Oahu, Hawaii.
Geological Survey Water-Supply Paper 1778. Washington: GPO, 1964.

Stearns, Harold T., and Knute N. Vaksvik. Geology and Ground-water Resources of
the Island of Oahu, Hawaii. Bulletin 1. Wailuku, Maui: Maui Publishing Company,

Limited, May 1935.

Riley, J.P., and R. Chester. Chemical Oceanography. London: Academic Press, 1983.

Sverdrup, Harald Ulrik, Martin Wiggo Johnson, and Richard Howell Fleming. The
Oceans, Their Physics, Chemistry, and General Biology. New York: Prentice-Hall,

Inc., 1942.

Matthews, William Henry, Frederick E. Smith, and Edward D. Goldberg. Man's
Impact on Terrestrial and Oceanic Ecosystems. Cambridge, Massachusetts: M.LT.

Press, 1971.

Harding Lawson Associates. Remedial Investigation—Kewalo Municipal Incinerator
Landfill, Honolulu, Oahu, Hawaii. 1989.

Woodward-Clyde. Baseline Water Quality Monitoring and Transport Modeling: Ewa
Plain, Southern Oahu, Hawaii. December 31, 1998.

Khan, Arshad Hassan. Desalination Processes and Multistage Flash Distillation
Practice. New York: Elsevier, 1986. '

GMP Associates, Inc. Honolulu Desalination Study, Progress Report 4. May 5, 1999.

Page 187




5-1.

Oukili, B. Laayoune Seawater Reverse Osmosis Plant Design and Operation. IDA
World Congress on Desalination and Water Reuse, Madrid, Spain, October 6-9, 1997.

International Desalination Association, 1997.

Leitner, Gordon F. Add Another Point on the Chart. The International Desalination &
Water Reuse Quarterly. Volume 8. No. 4. Lineal Publishing Company.

February/March 1999.

TECHNOLOGY REPORT - REFERENCES

1.

10.

11.

Metcalf & Eddy, Inc., Wastewater Engineering: Treatment, Disposal,_and Reuse, 3rd
Edition, McGraw-Hill

AAWA Water Desalting and Reuse Committee, "Committee Report: Membrane
Desalting Technologies", November 1989.

Wangnick Consulting; International Desalination Association, 1992 IDA Worldwide
Desalting Plants Inventory, Report No. 12, 1992.

James M. Montgomery Consulting Engineers, Water Treatment Principles and Design,
Wiley & Sons, 1985.

Department of the Interior, Office of Water Research and Technology, Technology
Transfer Program, "The A-B-C of Desalting".

Porteus, Andrew, Desalination Technology: Developments and Practice, Applies
Science Publishers, 1983.

Khan, Arshad Hassan, "Desalination Processes and Multistage Flash Distillation
Practice", Elsevier Publishing, 1986.

Hammond, R.P., Fissenberger, D.M., Emmerman, D.K., Jones J.E. and Sephton, HH,
"Large Scale Seawater Distillation for Southern California”, NWSIA 1992 Biennial

Conference.

Childs, W.D. and Dabiri, A.E., "Desalination Cost Savings of Vari-RO™ Pumping
Technology”. NWSIA 1992 Biennial Conference.

Ammerlaan, A.CF., Franklin, J.C., and Moody, CD., "Yuma Desalting Plant
Membrane Degradation During Test Operations", NWSIA 1992 Biennial Conference.

Smith, N.C,, "Developing and Financing New Water Facilities: Alternatives for
Desalination and Reclamation Plants", NWSIA 1992 Biennial Conference.

Page 188




12.

13.

14,

15.

16.

17.

18,

19.

20.

21.

22,

23.

24,

25.

26.

Madani, A.A., "Economics of Desalination for Three Plant Sizes", Desalination, 78,
(1990).

U.S. Congress, Office of Technology Assessment, "Using Desalination Technologies for
Water Treatment", OTA-BP-0-46, Washington, D.C.: U.S. Government Printing

Office, March, 1988.

Werbuch, Leon A., Weckes, Malcolm C., "Disposal of Concentrates from Brackish
Water Desalting Plants by Means of Evaporation Technology", Desalination, 78, (1990).

Hanati, Abdalla, "Design and Performance of Solar MSF Desalination Systems",
Desalination, 81, (1991)

Hogan, P.A., Fane, A.G., and Momison, G.L., "Desalination by Solar Heated Membrane
Distillation", Desalination, 81, (1991)

Tiwari, G.N., "Feasibility Study of Solar Distillation Plants in South Pac1ﬁc Countries",
Desalination, 82, (1991).

Gregorzewshi, A., Genthner, K., Zarza E., Leon J., "The solar Thermal Desalination
Research Project at the Plantaforma Solar de Almeria", Desalination, 82, (1991)

Smith, Briane E., "The Use of Solar Ponds in the Disposal of Desalting Concentrate”,
Desalination, 78, (1990).

El-Nasher, Ali M., "Performance of the Solar Desalination Plant at Abu Dhabi",
Desalination, 72, (1989).

Al-Mutaz, 1.S., Al-Ahmed, M.1., "Evaluation of Solar Powered Desalination Processes",
Desalination, 73 (1989).

Aly, S.E., "Analysis of a Fuel-Solar Assisted Central Dual Purpose Plant", Desalination,
78, (1990).

Orange County Water District. Factory 21 Advanced Wastewater Reclamation Plant
general information guide, various brochures and annual reports.

U.S. Department of the Interior, Office of Water Research and Technology, Technology
Transfer Program. "Water Research Capsule Report: Reverse Osmosis," 1979.

Allison, R.P. Surface and Wastewater Desalination by Electrodialysis Reversal. 1991.

Hassan, Ata M.; Al-Jarrah, Saleh; Al-Lohibi, Thabet; Al-Hamdan, Abdullah; Bakheet,
Lufti M.; Al-Amn, Mohamed M. L; "Performance Evaluation of SWCC SWRO Plants,"

1988.

Page 189



27.
28,

29.

30.

31

31.

32.

33.

34.

35.
3§.
37.
38.

39.

Fluid Systems Information Brochure, “Seawater Desalination at CFE Rosarito," 1985.
CH2M-Hill. "Proposed Demonstration Desalting Plant, Vol. 1 and 2". August 1985.

State of California Department of Health Services. California Administrative Code, Title
22, Division 4, Environmental Health, Fastewater Reclamation Criteria. 1978.

State of Hawaii Department of Health. Draft Wastewater Reuse Guidelines. (Draft No.
7), May 1993.

Black & Veatch. Final Report-San Diego Gas and Electric and San Diego County
Water Authority South Bay Unit 3, Repowering and Desalination Praject Feasibility
Study. (Executive Summary). April 1992.

Black and Veatch. San Diego County Water Authority Combined Power/Seawater
Desalination Facility Feasibility Study. April 1991.

Brian J. Rees & Associates. Environmental Assessment Repor, Proposed 1.4 Million
Gallon Desalination Plant Enhancement Project, Krum Bay, St. Thomas, U.S. Virgin
Islands. Report for the Virgin Islands Water and Power Authority, First Draft, July

1989.

EIP Associates. Final Environmental Impact Report, Near-Term Desalination Project.
Report for the Monterey Penninsula Water Management District, December 1992.

Woodward-Clyde Consultants. Final Environmental Impact Report for City of Santa
Barbara’s and lonics, Incorporated's Temporary Emergency Desalination Project.

March 1991.

Yamada, Robert R. Report on Southern California Desalination Activities. October
1994.

General Atomics Intemational Services Corporation.  Desalination Technology
Evaluation. December 1992. |

General Atomics International Services Corporation. Desalination Study of Florida
Power and Light Power Plants. December 1992.

Staal Gardner and Dunne, Inc. Feasibility Study, Saline Groundwater Intake/Disposal
System. December 1992.

Separation Consultants, Inc.  Desalination Technology Selection and Feasibility
Analysis. (Preliminary Report) July 1993.

Page 190



SITE EVALUATION REPORT - REFERENCES

1.

2.

10.

11,

12.

13.

14.

15.

16.

17.

Durrenberger, Robert. Hawaii Solar and Weather Information. Western Sun. 1980.

Hawaii Community Development Authority. Final Environmental Impact Statement for
the Kakaako Community Development District Plan. June 1983.

Water Resources Research Center University of Hawaii. Rainfall Frequency Study Jor
Oahu. 1984.

U.S. Department of Agriculture, Soil Conservation Service. Soil Survey of Islands of
Kauai, Oahu, Maui, Molokai, and Lanai, State of Hawaii. August 1972.

Peterson, Frank L. Honolulu Desalting Plant Groundwater Sources. January 1993.

Dames and Moore. Foundation Investigation, Proposed Sand Island Sewage Treatment
Plant, City and County of Honoluly, Oahu, Hawaii. July 1972.

AECOS, Inc. Hawaii Coral Reef Inventory. 1982.

St. Denis, Manley. Hm'vaiian Floating City Development Program. 1974.
Water C. Dudley, M. Lee. Tsunami. University of Hawaii Press. 1988.
Pararas-Carayannis, George. 4 Catalog of Tsunamis in Hawaii. 1977.

Pararas-Carayannis, George. The Bathemetry of the Hawaiian Islands, Part 1, Oahu.
December 1965.

Wilson, Okamoto & Associates, Inc. Honolulu Corporation Yard Master Plan, Volume

1, Sand Island, Honolulu, Hawaii. May 1989.
Honolulu Board of Water Supply. Schematic Diagram of Water Supply Systems,
Suburban Areas: Makaha to Halawa, Waimanalo to Waipio; Honolulu Area: Waimalu

to Maunalua. 1987.

Honolulu Board of Water Supply. Various water system maps of Metro Honolulu and
Leeward Oahu.

Honolulu Board of Water Supply. Annual Report and Statistical Summary, July 1, 1991
- June 30, 1992.

Honolulu Board of Water Supply. Water System Standards, 1985, Volume L

Hazen & Williams. Hydraulic Tables, 3rd Edition, Wiley & Sons, 1955.

Page 191




18.

19.

20.

21.

22

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Board of Water Supply FAX correspondence, 4/19/93, from Emest Lau to GMP
Associates, "Water Demand for Sand Island."

R.M. Towill Corporation. "Water Study for The Waterfront at Aloha Tower, Piers 8, 9,
10, & 11, Honolulu, Hawai," January 1993,

R.M. Towill Corporation. "“"Water System Analysis for Kakaako Community
Development District, Makai Area Plan," March 1988.

Belt Collins & Associates. "Ewa Water Master Plan," August 1987.

Metcalf & Eddy, Inc. Wastewater Engineering: Treatment, Disposal, and Reuse. 31d
Edition. McGraw-Hill, 1991.

Filteau, Gerard H.; Klinko, Kenneth A. "Membrane Separation Experience in
Municipal Wastewater Reuse,' AWWA Annual Conference Proceedings, Orlando,

Florida, June 19-23, 1988.

Orange County Water District. Factory 21 Advanced Wastewater Reclamation Plant
general information guide, various brochures and annual reports.

U.S. Department of the Interior, Office of Water Research and Technology, Technology
Transfer Program. "Water Research Capsule Report: Reverse Osmosis," 1979.

AWWA Water Desalting and Reuse Committee. Committee Report: Membrane
Desalting Technologies. November 1989,

Allison, R.P. Surface and Wastewater Desalination by Electrodialysis Reversal. 1991.

Wangnick Consulting, Intemational Desalination Association. 1992 IDA Worldwide
Desalting Plants Inventory, Report No. 12, 1992,

GMP Associates, Inc. Design Flow Study for the Fort Kamehameha Wastewater
Treatment Plant January 1990.

Hassan, Ata M.; Al-Jarrah, Saleh; Al-Lohibi, Thabet; Al-Hamdan, Abdullah; Bakheet,
Lufti M.; Al-Amri, Mohamed M. 1; "Performance Evaluation of SWCC SWRO Plants,"

1988.

Fluid Systems Information Brochure, "Seawater Desalination at CFE Rosarito," 1985.

Honolulu Board of Water Supply. "State of the Groundwater Resources of Southern
Oahu," 1980, ' :

Park Engineering. "Pear! Harbor Brackish Water Study," January 1983.

Page 192




34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

CH2M-Hill. "Proposed Demonstration Desalting Plant, Vol. 1 and 2". August 1985.
Honolulu Board of Water Supply. Oahu Water Plan, 4th Edition. July 1982.

Hawaii Water Resources Regional Study. Hawaii Water Resources Plan. January
1979.

Yuen, George A.L. & Associates. Groundwater Resources and Sustainable Yield: Ewa
Plain Caprock Aquifer. March 1989,

Lau, S.L.; Hardy, R.W.; Gee, HK.; Moravcik, P.S.; and Dugan, G.L. "Groundwater
RKecharge with Honouliuli Wastewater Irrigation: Ewa Plain, Southern Oahu, Hawaii,"
Water Resources Research Center Technical Report No. 182, August 1989.

Young, R.H.F,; Shiroma, E.; Demetriou, J.; Wong, D.E.; and Artman, S. Monitoring of
Pollutants in Wastewater, Sewage, and Sediment. Water Resources Research Center
Technical Memorandum Report No. 61, December 1980.

GMP Associates, Inc.. Naval Air Station Barbers Point Brackish Water Study, May
1987. :

Harding Lawson Associates. Remedial Investigation: Kewalo Municipal Incinerator
Landfill, Honolulu, Oahu, Hawaii, October 1989.

State of Hawaii Department of Land and Natural Resources, Division of Water
Resource Management. Ground Water Index and Summary. February 5, 1991.

R.M. Towill Corporation. Environmental Impact Statement for the Honouliuli
Wastewater Treatment Plant and Barbers Point Ocean Outfall System. June 1975.

Excerpt from AES Barbers Point Coal Fired Cogeneration Facility EIS, provided by
Ross Fredericks, Area Superintendent, AES-Barbers Point, Inc.

-Tom Nance Water Resources Engineering. "Engineering Report of the First AES

Barbers Point Disposal Well" December 1989,

Hawaiian Electric Company, Inc, "HECO Barbers Point Tank Farm Project:
Groundwater Monitoring Investigations”, (Letter Report to comply with State DOH
Underground Injection Control Permit requirements), January 29, 1992,

Various hydrogeological and water quality data from the State Department of Health,
Safe Drinking Water Branch, Underground Injection Control Program files.

Riley, J.P. and Chester, R. Chemical Oceanography, Volume 8, 1983.

Grace, Robert A. Marine Outfall Systems: Planning, Design, and Construction, 1978.

Page 193



50.

5L

52.

33,

54.

56.

57.

58.

59.

60.

61.

American Society of Civil Engineers. "Groundwater in the Pacific Rim Countries."
Proceedings of the Symposium Sponsored by the Irrigation and Drainage Division of the
American Society of Civil Engineers, Honolulu, Hawaii, July 23-25, 1991.

State Department of Land and Natural Resources, Division of Water and Land
Development. "Application for National Pollutant Discharge Elimination System
(NPDES) Permit to Discharge to the Waters of the United States: Ewa Demonstration
Desalting Plant," Letter Application dated June 18, 1990.

City and County of Honoluly, Department of Public Works, Division of Wastewater
Management.  Various NPDES-required water quality monitoring data for the
Honouliuli WWTP and Sand Island WWTP. Honolulu, Hawaii, May 1981 thru

November 1992.

Visher, F. and John F. Mink, U.S. Geological Survey, 1959. Ground-Water Studies in
Southern Oahu, Hawaii.

Commission on Water Resource Management, Department of Land and Natural
Resources. Administrative Rules of the State Water Code, May 1988.

Hawaii Revised Statutes, Chapter 174C. State Water Code. 1987.

State of California Department of Health Services. California Administrative Code, Title
22, Division 4, Environmental Health, Wastewater Reclamation Criteria. 1978.

State of Hawaii Department of Health. Draft Wastewater Reuse Guidelines. (Draft No.
7), May 1993.

Commission on Water Resource Management, Department of Land and Natural
Resources. "Resubmittal of Applications for Water Use Permits, Ewa Caprock

Groundwater Management Area, Ewa Oahu." April 28, 1993.

Fok, Yu-Si and Murabayashi, Edwin T. Water Resources Research Center Special
Report 10.18:91, University of Hawaii. Impoundment of Stream Flow in West Loch,
Pearl Harbor, Oahu, Hawaii: 4 Feasibility Study. September 1992.

United States Geological Survey. Chemical Quality of Groundwater in Hawaii. May
1973.

Doneker, Robert L., and Gerhard H. Jirka Expert Systems for Mixing Zone Analysis and
Design of Pollutant Discharges Journal of Water Resources Planning and
Management, Vol. 117, No. 6, November/December 1991.

Page 194



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Wilson, Okamoto & Associates, Inc. Final Environmental Impact Statement for the

Proposed Honolulu Corporation Yard, Sand Jiland and Sand Island Park Extension,

Honolulu, Hawaii. July 1989.

State of Hawaii. Final Supplemental

Hawaii Community Development Authority,
Makai Area Plan, Honolulu, Hawaii.

Environmental Impact Statement, Kakaako
January 1990.

William E. Wanket, Inc. Final Environmentd! Impact Statement, Kapolei Business-
Industrial Park Ewa, Oahu, Hawaii. (Volume | and 2). April 1950.

Helber, Hastert & Kimura, Planners. Final E#Vir onmental Impact Statement, Kapolei
Town Center, Ewa, Oahu, Hawaii. August 1988

M&E Pacific, Inc. Revised Environmental Impact Statement for the Barbers Point Deep

Draft Harbor on Oahu, Hawaii. June 1978.

RM. Towill Corporation. Puu Lua-Kokee Hydropower Project Feasibility Study.
Kauai, Hawaii, April 1984.

Black & Veatch. Final Report-San Diego GAS and Electric and San Diego County
Water Authority South Bay Unit 3, Repowering and Desalination Project Feasibility

Study. (Executive Summary). April 1992.

Black and Veatch. San Diego County Watel Authority Combined Power/Seawaer
Desalination Facility Feasibility Study. April 1991.

Brian J. Rees & Associates. Environmental Assessment Report, Proposed 1.4 Million
Gallon Desalination Plant Enhancement Projéct, Krum Bay, St. ?‘homc.zs, U.S. Virgin
Islands. Report for the Virgin Islands Water and Power Authority, First Draft, July

1989.

Impact Report, Near-Term Desalination Project.

EIP Associates. Final Environmental.
apagement District, December 1992.

Report for the Monterey Penninsula Water M

Environmental Communications, Inc. Environmental assessment for Proposed
Infrastructure Improvements Sand Island Business Association. May 1990.

Edward K. Noda & Associates and Chapman Consulting Services. Fi inal Environmental
Impact Statement, Honolulu International Airport. (State Project No. AO1011-03).

April 1991.

Woodward-Clyde Consultants. Final Enviropmental Impact Report for City of Santa
Barbara's and lonics, Incorporated's Temporary Emergency Desalination Project.

March 1991.

Page 195




i3

.

il
Py

ba
|

'8

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

83.

86.

87.

88.

89.

Wilson Okamoto & Associates Inc. Final Supplemental Environmental Impact
Statement, Ewa Marina, Phase I, Increment 2. April 1992.

City & County of Honolulu Department of Land Utilization.  Permit Register.
September 1989.

State of Hawaii, Office of Environmental Quality Control. A Guidebook for the Hawaii
State Environmental Review Process. August 1992. '

U.S. Amy Corps of Engineers. "Regulatory Program Applicant Information, EP 1145-
2-1," May 1985,

State of Hawaii, Department of Planning and Economic Development. Hawaii Coastal
Zone Management Program Federal Consistency Procedures Guide. April 1985,

State of Hawaii, Office of State Planning. Hawaii Coastal Zone Management Program.
July 1990.

State of Hawaii, Hawaii Community Development Authority. Plan and Rules for the
Kakaako Community Development District, Mauka and Makai Areas. February 1950.

Cox, Doak C. and Morgan, J. Local Tsunamis and Possible Local Tsunamis in Hawaii.
Hawaii Institute of Geophysics, University of Hawaii. November 1977.

Wyrtki, Klaus; Graefe, Volker; and Patzert, W. Current Observations in the Hawaiian
Archipelago. Office of Naval Research. July 1969.

Callies, David L. Regulating Paradise, Land Use Controls in Hawail. 1984.

Ogden Environmental and Energy Services. Base Realignment and Closure (BRAC)
Cleanup Plan. Naval Air Station Barbers Point. 1994.

Ogden Environmental and Energy Services Co., Inc. Environmental Baseline Survey
(EBS)...Barbers Point. Naval Air Station Barbers Point. 1994.

General Services Administration. Executive Summary and Inventory of Real Property
Owned or Controlled by the United States of America Under the Custody and
Accountability of Federal Civilian Agencies in the State of Hawaii. GSA, Honolulu,

Hawaii. 1993,

Blackard, Chris and Associates. Inventory uf Real Property Owned or Controlled by the
United States Under the Custody and Accountability of the Department of Defense in the
State of Hawaii. Blackard, Hot Springs Village, Arkansas. 1993. :

R.M. Towill Corporation. “Functional Analysis Description of Alternatives," August
1994,

Page 196




it
bs
)
I
(]

[

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100.

State of Hawaii Department of Transportation, Airports Division.  Honolulu
International Airport Final Environmental Impact Statement. April 1991.

Edward K. Noda and Associates, Inc. & Wilson, Okamoto and Associates, Inc.
Honolulu International Airport Plan Review Use Application. November 1992,

State of Hawaii Department of Transportation, Harbors Division. Ke'ehi Lagoon
recreation Plan Final Environmental Impact Statement. December 19895.

Aqua Terra Technologies, Inc. Final Report: Verification Phase Confirmation Study,
Sites 1,2,3 - NAS Barbers Point, Coral Sea Road Coral Pit, Ordy Pond, and Sanitary
Landfill Pear! Harbor Naval Base, Oahu, Hawaii. March 1988.

GMP Associates, Inc. Effluent Reuse Alternatives for Schofield Barracks Wastewater
Treatment Plant. February 1995,

Yamada, Robert R. Report on Southern California Desalination Activities. October
1994.

General Atomics International Services Corporation.  Desalination Technology
Evaluation. December 1992.

General Atomics International Services Corporation. Desalination Study of Florida
Power and Light Power Plants. December 1992. '

Staal Gardner and Dunne, Inc. Feasibility Study, Saline Groundwater Intake/Disposal
System. December 1992,

State of Hawaii Department of Health Wastewater Branch. Guidelines for the
Treatment and Use of Reclaimed Water. November 1593.

Separation Consultants, Inc. Desalination Technology Selection and Feasibility
Analysis. (Preiiminary Report) July 1993.

Page 197




Appendix

Draft Environmental Assessment Consultation

Page 198



The following parties were consulted during the Draft EA 30-day review period. The parties which

transmitted comment letters are indicated with a . All written comments and responses are

reproduced and included herein.

.2
I
|3
i 2
| 4
Iy
by
3 ]
}2
Iy

Federal

Corps of Engineers

Fish and Wildlife

National Marine Fisheries, Pacific Islands Area Office

Federal Aviation Administration, Western Pacific Regional Office
Department of the Navy, Navy Region Hawaii

State )

Office of Environmental Quality Control

UH Manoa - Environmental Center

Hawaii Community Development Authority

Department of Land and Natural Resources —
State Historic Preservation Division

Department of Business and Economic Development and Tourism —
Office of Planning and Coastal Zone Management

Department of Transportation

Department of Transportation, Airport Administration

Department of Education

Office of Hawaiian Affairs

Department of Health - Clean Water Branch and Safe Drinking Water
Department of Hawaiian Home Lands

Senator Colleen Hanabusa, District 21

Representative Michael Puanamo Kahikina, District 43

Council member John DeSoto, District 9

Ewa Beach Public and School Library

Continued

Page 199



[
|

F.l
|

P
| 3
P
1y

b2

.‘ P
i |

! u

e

i

S

0\

SENENEN

NN

\

City

Environmental Services
Planning and Permitting
Transportation Services
Honolulu Police Department
Honolulu Fire Department
Design and Construction
Facility Maintenance

Parks and Recreation

Private Citizens/Groups
Ewa, NB # 23 — Chair Mary A. Miyashiro

Makakilo / Kapolei / Honokai Hale, NB # 34 — Chair Maeda C. Timson

Oceanic Cable

The Gas Company. (previously BHP Gas)

Verizon Hawaii (previously GTE Hawaiian Telephone)
Hawaiian Electric Company

Estate of James Campbell

Tesoro Hawaii — Refinery

Barbers Point Community Association

Barbers Point Cormmunity Redevelopment Commission
Sicrra Club, Oahu Group |

Joseph N. A. Ryan

Page 200




. A JI W - puady F T TUATE LT PR ILY )
sy C
Ju&‘ s
ﬁ. (;auﬁﬂn
viqrawlug . Y5
. : ngfwrﬂt .
Sf:wsyor

suyBug Jam) pim Fampy
TNV 'S QYOO ¥OJ

‘gmok Ann KA

“S¥T$-LTS T® TPO SU] 19mu0d 2533|d ‘suoiisanb Lire 24wy nok )

-21mmaoe 51 Y Ut 21 ug papiaoad uoyieuuoju

prezey pool) ay) ey Jpou 3y e ya 8 annbos s $21815 PIIUL 3Y) JO S13jem (uadwlpe
u s21n3n0s Bnydsip 2310 Jo Areiodiuo) AUT JO UOIINATUDD JEY) PURILIZPUN 3M ‘sananae
| aseyd 10) pannbas jou 51 uud (yQ) Awry 3y jo wounndagg w g 33paimouyIe 3

“(y3) wawssassy
[muunciasg yusg Apris uanruljesaq ninjoucy i Suipdal 23| oA 10) nok yueyj
. t

. il al WAedRY L
JUILISSISSY WILILILOIALT YeI ) UD Q0T ‘L1 13QUISAON JO 131277 mos  dgng

Teuuag W e

Ob¥S-86896 11IMTY “aYRYS Lo
njnjoucy “laMIsIQ 1aauiBug Auy 5N
Luury o Jo juauredag

auwig] (RINAE2L, SRIOM J1ALD

Jay) “ad ‘reuuag sawep ay

sl § pag) S mbeawy
W SCw0IATD

1007 "TT W

o 3 YWRYEYS § 150M
) TR frnan ' Wyl

LT I

yaueag jeojuUyoalL
O3I10M [TATD ‘J9TUD
"d-d ‘*zeuuad aawuep

rA1aaaduls \
L]

*1021100 B8
vaa aya jJo zor abed uoc papracad uopjewiojuy prezey pooti Ayl g !

“EELITE00Z Iaqunu aft) o1 32391 pue -

. 3¢ Aemol(eD 213194 "IW 12LU0D uumo~M .:wquuﬂwwwcwn“ﬂn—mwmw
atwiad ygq e axtnbax Aew (y3g ayl Jo L°f°'9 UOFIdasS Ul pIUCTIUSW
1eued abeuyeap juaselpe ayl uy 1ajem jo 1esodeyp a0y ge 63} *s°'n
ayy jo saajem judde{pe uy gainlaniis abieyasip 19yio 1o Axwiodway
Aue jo uolioniisuod JeY) IIeme 3q asvald 'laiamol  ‘EITITATIDE
1 aseyd xoj paixynbax jou BT jjwzad yg v ‘axcjaiayl !ealle
19aload aarjeursife sa1yj oayYy3 uryatm juasaid axe *s5'f SYl JO BIIFEM

13410 J10 spueliam ou ‘papiaoad uoTjRWIOJUY AY3 UD paBey ‘e

104

*eyfwiad

{va} Away syl Jo jusdwizedag ansaf O pur UOTIRWIOIUT pIvIEy

pool}l aptaoxd o1 sayivioyine exaauybuz jo edio) Yitm aouepiosde

uy papyaoild aie sjuawwod BurmoT(ol Byl (BT (TE-1-6 MWL)

nyep ‘es3 *Apnig uotrjvujiessg ninjouol pasodoig e,A1ddng

Jajey jJo pivcg 8y3 307 (Y¥3d) ILawesassy (ejulwuoifaug ijeaqg
Si11 U0 JUDLWOD puR Matadx 031 Ajtunjzodde ayl 207 nok yueylr

fep0 "BH 1wag

£PE96 TIEMEH ‘nNinfoucH
1331315 ejuelalag YInos OE9
ninioucy 3o Ajuno) pue A31D
A1ddns 133iey JO paeog

PO BYI] "OH

youwig [EITUYDSL B)I0N [TALD

000Z "L1 3Isquason 20 +OumBi Y

o1 2w

NOLKYLE PRl )
w1 WTYH W R AWMNB .
CrEDS I 1KV IONOH
vy AR
13AH1S VIHVITUIE HLNOS 019
e ¥ T 30 IRIOHOH 40 ALNAOD GHY A3
© miew pnnyM LR AddNS YILVM 40 QUvoE

Orrl W0 LY MYH ML IYHE L3
NWOMHOH “IDIWLE0 WINNDHI AMYY § N

ARYY 3HL 20 LNIWNLHVJ3T

i ]



[T TN Py PN

123u13ug Jaiy) pur Teuwyy
ATWYF 'S QYO141TD ¥Od

‘smod 4|y A3p

| ZTS-LTS 18 B{oRMpY 103G 1o1u00 aseapd ‘suonsanb Aum aavy nok )1

“uolsIAkY sHodily NS I YK

Apms pasodaid ay) sjeurpio0a o) PUILLE OS{Y 34, “BolESlATU AR O} QUTZRY OU JO UCLIUILIARP
¥ 1w wnuagieD ‘s3duy sog u) 331150 Yy 3y Aq GO0Z ‘L1 2990190 uo panss

P (R13NPUOI ¥4 ZDOE-AMY-00 "ON APTUg (eatinvuosy uy “Bu Buy|up jjam Lojeoidxd
) 10} panuqns u33q s¥y 1-09pL uod v uodny zojasiEy uo siasdur ay ssasse

0] UOHNLSUO) AUN 10) PINILIGNS 2 I *|-09FL ULO Y ‘UCHERIY JO UdlidNIsUO])
patodold [0 30N ® 1T} 10U 3 F3JJ0 0} SUAURUDD ou Iavy nok eyl SFpI[moLn(de I

REBUSITSY
{HuawuolAug Yuqg Apmg uotisuljess@ njnjoucy sy Suiprdai 13n13| anok 1oj nok xuel)

Tieul ) AT
(muswuaiaug yerd SyYi Suiprday p00T ‘67 1quRaoN Jo B Jnoy  Rlgeg

‘ojowmsITy I [

05896 reMEl ‘ninjotuch

FrZos ¥od 'O °d

UOHRISIUILIPY UOIEIAY [¥12p3]
uoygpodsires} jo juatupredaq] 'S

2O g stodiny nnjouscy

1a8euepy Sunoy ‘ojoumsiepy g (g 1N

by puc) B wnory
Jwref § OWOHD

i 7] VERIIE ¥ EOM 000T ‘S1 RquaxQ
——) WOREYATH YL

HMOLNY IS P VORI
ML YTV B LOIROH
ey A TR M

wmmsinc) S84 01 ¥ 1TWRO

snugy vomg

CHISE NYMYH 'ANI0KOH
LITLLE VINVATY I HINOS OCX

wmatng) " W 3OV MONIY NUYVICHOH 4O ALHNODD ONY ALY

ety TEATI APONDY . A1ddNS HIALVYM 40 QUV0]

Bic ¢ < 13PH'OR

¥loa *yederydg usg o3

231J)0 15711181Q sirodity ninj H

1abruely builay folnunsied S | 1]
ey /.%
AN AA

sA[@12204TS

TLRZI-[EY; 1v @Snoy[am plaeq [(¢d aseafd ’‘suctisanb Auv aney noA It

‘HoTStaty

s1adity a3v 15 wyd i uoleufplovd 152hbNE osTe 3y “1rdity vojaeiey
uo £1ovdal Ay SEIESP O0) uOLISnaAsUos Aue 10) PAVITWINE oQ IsNw

fl-ngrr W03 WYd 'HOTICIAI[Y 10 uoyianiisng) pasodory Jo #d710H F ATyl
2100 4 *1anaMol] fIUIWEEISSY [UIUATNOITAUT YT HO FIUICWOD OU SARY Y

‘guYZ 1940190 pPalep APRiS uotieufrsod ninjous) pasedald s,81ddng 13vK
JO pIveR Wy} 10] WSWSSASEY TEINANCOITANT 1]¢1Q 31 Pand Al APy 34

s leci)  Xvd
TCZL LS L90R) SuoNd

NLHE« TN Croug sty tpwount
s PZi-L WOOH " BNE TUton BTV 00C

b027100

1115 1A

CrEY6 Fl1em®) ‘nIOjOUCH
1523115 PUP12I3R YOS 09
ajarouoy jo Liuncy, pur A1)
Apddnyg 1ayen tuv preog

agoz "6z 13quaaod

00, 44 o IR | vonuIsIWDY

ANdNE d2ivm 40 a9
taned wepodsuug jo
v s T roundeq § 1)

UOAY [Lepey



Cpades i am Jamg pyajinad ate R ITLY

Dss.o_nw. 72
JA:NG ot

sandug jouy) puv sofewreyy
AYWY( S@QE02417D 304

‘smof Ajnn Ay .
"SPTS-LTS 1w ¥PO U] 1IWu0d aswa(d ‘sucysand Luw aamy nok g

‘193md 13(qns ay; apiwino Aadosd (U 2Bsumip atp jo 38pa ays wo pareac)

3] 315 [RLAQ ¥ 19 2msojasip Jnok 3100 am ‘uollippe u] -Fuidump puw Supzop)|ng 2arsuca
Ylm paqunisip Afiaray 59 (2ared 13afqns ay) pazpasemya (26613 £3mns Juadss jsoum ap

1¥) pu 53118 (¥2130|0INYITM OU Pa[eIsdl SAaams SY) pUSISpUN o 'sKaarns [saTojoaeyare
omi suodrapun sey (aared 130fqns 2 2)83rpU) SIEa1 ok ey 3Eparmouyae I

*Aprug uanuyEsaq ninjouo]{ 3y Joj (V) IwaussIssy [RUILLeIALY
yug 2y Suipredas (S9pN 195 VLHI"J0605:39u913j1) 1413 Mok 10} nok queyy
H

Ajdan;
VRUSSISSY [BUAULIAUY YRIQ Y U0 00T *§7 9qUIBAON JO BNF] Mo )ogng

mMoRO R UW g

¥88r-09896 NIMRY “loqmey [reay
011 2ling ‘anuaAay jlassny £i§
Aawp 3y Jo ustnredecy

BEUF JTY WOA0A (M I

1007 '{T Arerugag

MOV LT A Vil “Illlll'
- L“nd!t! =$8M“251¥%“
WY TN LIIHLE VINVISUIT HLNOS
Illﬂ.“ﬂ““hsiﬁu MWDOHOH S0 ALRNOD GNY ALID
AT A1ddnS HILYM 40 GHYOu

[

{€2 W14} puwmmo)
ButIaauibuz £313T173w3 Tvarn ‘uayRVAIQ 21173%4 ‘ispurewo;) 103 Ado)

$TentH uoibay Aaen ‘Japursao)

Jo uoriaeatp Ag

Wawyiedaq (eluawuoItAuy Trunybay
assutbus J3¢

VIONOM ‘N "D

*Als2aouls
"CEZ UOYEUIIND JLTT-TLh I® OITyseAIH Apuey iy €I 2e3U00 jJo jutod £ ,Aaey ayp
‘N3 erp Yyl mataax 01 KAiyunizoddo ayy 103 ook qunyp

*A1zadoad jeuea sbeujwip ayy 3o abpe eyy uo P31w207 $7 ang
‘1321ed 13a[qns ay: wo pajesoy jou ST (60Z0-21-08-05 4HIS) 3316 teying eyg

“L061L661 wibbni-favuowoy

Y a1bbnil uwoyiypuoa PIQINISIP UT UDAS 'Twjiajew [EINIIAD 1YT3IR8 jO BIuIpTAR

CU sEs 2J3yl -buydunp pue buyrepying SATEUDIND YITM PAQINIETP ATTavay sw
Asainc {esibojoaeysie uadaz 150w ay) buyinp PRTYISIIRIVYD EEm 1921ed syl

. “iL661) B1bbni-jfIvuowal ('Y pue aybbng ‘g y

Aq 'Ascamng A1ojuaaur pue Laaing I 35044 1 1184 :TFOARH ‘nyeg ‘Jufoq f1aqieq

‘UDIIRIS IfY tPaeN o A10juaaul asinosay f®Inarn) v uy palrodar sar sirneaz

YL CRIIR IY1 uf €211§ Ou pajiodaz pue 1adized ayy jo . daamns RIUTESyRUUODAT,

® PR1anpuny vl ‘ee6l ul *Yedaed a1 o) payrodas azam $811s (warbotoawysze

omn "l166L) uney ‘3-y AQ ‘nyey ‘jurog Flaqieg ‘uorieIs Iiy Teaey

41 Jo Aaaing [extbojodeysay uy uy P3310dax 212 EI(ASIT Ayl ey wiagidou

4yl 3o Aaains AVFsuajuy moy ® pue 223ed 3y Jo Jywy [piemeac) uIAYINoE

Y1 Jo Aasias L3ysuaiug ybyy P231230puos wnseny doysta ‘§-pg6T ul ‘shaaans
fe2tboroaeysie oMy sucbiapun cey fanaed 12afqne ay3 *spro3ar ino wo passg

61" uoTazeg ‘pry bbwy

$13]30 03 #juawod Guiro[10) &Y3) avy pue y3
Ieap 133(Qns Yy panatasa am ‘puesro; bupasaurbul E8fITTIORL [wawy 'LOTETAT
21110%4 Oy pIsCIIppY 0Q0¢ (2 31330320 Jo 181131 Inok Aq pajcanbai sy

. A4DLS HOTLVNITYSIA NTNTONOH GIS0J0u¥d
S.A71ddNS YILVK J0 aYvOR 3IHL ¥od {v3) bﬁzmmummtdth2u§0=u>zuttxn"ﬁn:w

1epo ‘tH 1waqg

CHB%6 IM 'niniouoy

139115 PFURIILOG YINOS Q9
ainyouck 3o Ayeno) pus L3713
Ayddng Jeyen jJo preeg

PO STII ‘CW

vl T I
1L69( 1590 135

YiLHL d060S
‘OLUTIIY AW TN
PPN BYMAYH PORUYH WY R
11 ALNE FNAAY TIRERY 410
T MOID TN JA YN
WIOHYIRT D
AAVN 3HL JO ANIWLYYJIQ
- " L] [ ] s ” 3 - 3 - - - -
- & - I I 2z xm e R .




LIEE

UQ)S)AL(] UOHIBALISILY DI0SIE] AINIG
IoNsIuIpY ‘pieqqQip u

‘vjopy

-L208-269 = Suepinof
uf%[] JO 9Z(8-Z6Y 1® SUI||OD) wiES (|83 €3 2314 |33) Iswa{d suopsanb Aue aamy nok pproyg

| Ji0 puels]
putg Jo ‘ucode yady punole aujjaioys Ay 1ay1a 93se|ua 01 paj(If UG aaey spue| 353y )

SEIIE 253) U) pUnO] 3q Pinom uis HIoLslY Adepnsgns Juedjfjudis Lue yeyy Afagrjun sy
3 1042 PUF SUOITE30] 350K IF 5315 JLIOISHL| UMOUY GU JIT 3131 Y1 INJUDD A\ “WIBg Yoeag
uoode] 11333 18 PUT PUR{S] PUSS I¥ PAI¥I0| SIS IATLIINE ) SITTAPPN OS)¥ VI YL

"paYIpous uIIq 10U
JARY YIYs pasn aq a3 sease asoy) u) Ja2ied Kip|1or) 3yl Jo pRIInpuod aq faans Kiojuzau
[$3t30j03¢01% UE JEY) PUSNLIOIIN PINOM IM UISOYD £} J1IS TOjIE|BY ) ) Alpngnopun
*133(01d ay jo aseyd 3eyy vo wawwod Juspiroid oy pivsmIng YOO  3pn I35 [euly ¥ jO
Uo1333j3s pus s3)11a112e 1531 343 Jo s3ynsal dujpuad Tujwodirog 3q [1m *Lpazy uopanposd
a|e5-||n) Yy jo vopdNaITHE3 pus udisap ays alosd iy fo |) aseyg e purisiapun apy

"SEAIE J504) Jo PA3InpUod aq pinoys Aaans
[a1T0[03kyate us USY; ‘paIpow sk paYdadiuy P13 241 3uunp panuapt vaaq jou aney
Y3 se3E 03y *sip)) uodn paande sy puokaq spuanxa sapiape Junsan 1Y) JUIAD YD U]

om) adeg
SuEr pIOpD

"S315 Ipp0usiY Weyude uo 13943 ot Iamy pinom 13(o1d SR I 3A3[3q IM LA

8318 PRI UE-C7() ) OF PIUIUOD 11T SINIAIE 3531 |[B J] "R PAITIYD U O3 PALYUD
aq Tupsay a3 1eyy pus Jupsan pasodosd ayy o3 parepas sapapoe Tujmsgp punosl Auw

03 Jopd suop 3q vasw paira|x ayy jo Jufdley awnbaps wy) paaslestm y paand anngg
1 J0) parwesses s) Laains Kiojuaauy [eajdojoayase us 1y Jo [2ased ande-gQ ) Uo upRLAS
SIUS A0WIY IEY) 2431[3q 10U 6P 3m *pasodxd uaaq try (1103 d5eq pus PIJIpos A|FAISUAIXD
U33q swy eale 3531 3y Awnedag sIpiAnae Juidinp (vl pus Jupes panurygaaw yinoay
PaIjipow £[1uadas uaaq sey Jupisay 1oj pasedasd anve-g-Q ay3 13y3 pamoys £193)2 yyns oL
Yum Bujisaw play snc Jasamel “|adied sjyi Joj pasnpuod uaaq sey Aaaing {»)3ojoaryun
UuMouy ou 3eys Y3 Y Yum 31T apy [2ased Syt Jo aBpa wianea g uo yueq pajauuryd
41 U] pAYNUIP) sEM "|TLNG LTWIRY @ ‘G0Zy-71-08-05 # JHIS A5 IP0WU[Y vmouy Juo 1wy
13308 SLE[[] pue [EInin FDIY §°1°L uondag vl sazusununs Y )

‘UORIBIC] 1533 RO[IR|FY A

+

jo uondadsuy v._u_m ¥ 1INpuod 03 ‘pO0Z ‘91 130330 vo Jjns nak yum Jaw Juspanof auppy .

pue suj||o3 vaeg sis1dojoaey2iE Jiers QS uIRIAK] UORBAIASI J0ISHH IS Wi
pautiuiews sydes2ojoyd [epsae pur ‘sdews “spiodas JU0IS|Y Ua paseq 1] ma[A3 NG ApMIS
uopwul(esa] njnjousH Y1 Jo§ Y3 ) o yaunuod o} Ljunuoddo ayz 10 nok yuwy g

BIO-TED-T-6 "HAL

nye.O ‘emd, ‘fjnijnoucyy

: nye O ‘emy, ‘eojariey 18 ipmg uvonewyesa(]

ninjouo}q pasodoay s,4|ddng 1318 J0 pazoq sy of watssassy
[RUSwuoN ALY YeiQ - MaAaY volleatasaud Jucy 8-39 J1deyD  1DIMENS

wep gy 1830

8031100 “ON 220G

ePO 3| uny
-~ Y0592 ‘ON DO

1896 HemsH ‘ninjoucpy
133115 Rluwiaiag Yyinos Og9
nnjoucy jo fivnoD) pus Ang

= Addng 32198 jo pavog
-
ac Jiusep pAojpio
[
& 0007 'L $3qwason
18IAIT A N0l I Klivsk
——— ATLARL Y P
[l
ws O TANTI ind JC 10
I Gy LT VO ) 1L V=Y yeden
- S134Y ARG pmsspeg eqyeusry L0
hag (LD b L ] 1) iy Radyng taipA Ty
3 515wn01 1w oY MO YAUTING S MHOMELAXO MOLLYAWTS kg 0 158
0¥ B )P MY OMY Dimd 08
LLE il E o id SANN0S3Y TvuNLYN GHNY QN 40 INILYY4IQ
nymyH 30 31VIS
W eOmaf m 1))
iy § awer
L)
.-!'-"‘lll!"l

Laa s ot e FTTT T

1
L ]
1
L]
1
¢

SV S A
POYLMY D T T

[}




APNAN e piw AR R0 sy WY

pawfug Jay) pus leuryy
FUWVES o411 30

1ZTS-LTS 1® wounpy 1035 13Nuos sread .-ﬁ.._—g_w Aue 2amy nok 3y

“ATvg Y33 uoodr] 3oy pus puTis) puis Ie
SO UONEUI{ESIP IANITWIAN[T ) 18 SIS JLOYEIL WMOLDY OU Are A 1NN TpImouymam  C

-paypowt Kjsnojasid 1833q 100 3ATY Yy Seare 3s0ify 2o 133fod i Jo 11 3ITYY Suvmp

pandaid 2q || L3ams Lowaaur [ea18000myan un "Gi[13x) LOLTUY ¥EIP AEN-(|7Y A

10} PAI22|3s 51 IS WO[R{EY AU || “sean atol) s0) paredasd 3q |jLw Kaams |eatBojosmyae
e “e3re poy1pow sy puokaq pLILEd SINIANIE BUNSI) UOHFU|IRP IND 1USAT W U] T

“says apolsiy weajiudis vo 133Y)3 ou,
2ary pinom 133001d 21 319y ‘wart PIIEI[I Y] UIIIA PIULUOI AW RHIAN UOHINATUII
aumsua 0 sagnande Suigunisip punoad Luw o) sohd pausopiad oq e wam paraa A jo
TSy 1mp mouoa 3, “pasodra 12aq FTY [RICI 258G PUT PARI)I AJIAIFUIIN 13X STy
11 ISNEIS K31 153 UCHTVI|NSIP NP 0] PAITELEM Jou 51 Aaams AI0[UIAU et 30|03nyare
uR 10y S8pa|MOLDioN ax 000Z 2399150 UL unnisadsiy ppat) no e axRsd 1

1) auepmog auje|g pue suijo)) wreg Nuojoaniare Jjas o) ucrnaadde o puAxa 3 |

sasuadsas Tumo|(0] ) ATy 3p,
“uassassy [EIUawuoNAUT Yri] ApuS uotieuljesa ninjouof] ayy Buipredan a3y3) Jnok o) nod xuy)

[LEl In . -
JO preog Y] so] \WAuUSEHIY [Huduoiaug Y] Afng

prqQiy AN Rd

L0196 1] ‘todey

preaajnog oW 109

§5§ wooy ‘Juip)ing weafiynyey
nvmsj jo ang

523083y eyt pue pu jo jusunmedag
UOITIAL( UONTAISI LAt
sorgsiuiupy “praqqiy uog I

—oa I Tt 1007 ‘37 Amnsgag

e S fmU ATddns HILYM 40 QHVOE




TR LT U e T E R

00*2-2)&
\Gip__j.\@w...ou
£l ey

naudug Ay pue Bleuep

al Y Of 1D

'gmok £jnn Anp
1Z2S-LTS 1B WAOLINWY 103G JRU0D aswald *suoysanb Aue 3awy nok jj

-13)J0 0] SIUILAUGD DU F¥Y UOHEINRT JO uaunnds Ayl ep 2Gps[momyIE 3

-Apnig uoneulesI

syt

P

HIA0WIMI ALNLHODI0 TYNDI QXY HOULTY TALYIRR LY WY

Syda'spemoad
ALWTd

:om—uusvm_op:uvﬁEtun_u
AYd nAEWIT D __._-W\.\

ST

‘smod Ajng Kiap

*puodsal Anunpoddo 1y soy nok yuwml}

2SS ISSE (RIUAACIAUS YRIP 139(qNE Y] UO JUIUILOD OLF FBY UOHRINPH JO UMD 341

VI URiq ApIS VORRURSSq Mn[ouopl  tidafqng
DIuneg I 183

£r896 [I34¥H TNjOUOH

- ynjoucy] #{) 40§ UAWSERSSY (MUIWUOIIAUT Yeig 3D SuipreBas san3) anok 1oj nok ey
123NE B s 0f9

njnjoscl Jo Anme) pue L)
£1ddng s31wp Jo preoy
2By Ja1y puw sadumy
awwp g pIofD TN

hell E 1Y gy da
(eusumostaug yaiq ot Supday 0007 '§L 3UIRAON Jo BN mog  nigng

manENaT g g

}0896 HRMEH ‘ninjoucH

09¢7 99 "0 °d by =
nesep JO S 3 =
uonEanpy Jo jawnrdag 3 ]
uoneanpg Jo wapusuusing =2 E .ﬂ. -
 ry . . - (&3
auyd ‘nIYENIT "D [ned = w ~ 0002 ST 1quIAeN
o =
— Py M LR IOK LI S U O EE D
] - O LTV £
menq ey e ‘ ? rven ¢
—an 2000 0007 "y PUBRQ - : NOILLYSNO3 30 IRV
amucre) WOMEVAYM AIYE = 1IVMYH 40 31Vi8
w3 e LS T YT
W1 YNAYE B3 NORGH 898 NYMVH 'NINOHIH
Lebiadioiald LIT4AS YIHYLIW IR HLNOS D59
P 1ﬂ_“yvu.q¢hlw NWIIOHOH 20 ALHNOD ORY AL
— P A1ddNS H3LVM 20 Q¥voa e 5 e -
adjrel-i 14 o
L
_ { _ _ _ _ * L T N I R .
| oL iDL - L - - = — X - r ..t _ E -



1od:»

sojensuupy Aindsq
“1f ‘uaddny ujo)

R THEA T

*Ajawaug

“Biowyo@ysules Je wif |fewd
30 °5h61-v6S 19 1Ay £31]04 “EMWEMTY aufup 19200 aseapd ‘suonsanb Lue aary 6ok J1

e jafoud ap Agqresn 1o umplm
an oIl SIUNOSIT LIS I|GEN{Ea ALt 0] Swmy 16 FaL)d ‘noedun (UKD JZRUTUILE YaIYm
20 speudaxddy A[[Emind DY AR YaTiM SURSEAL uoRvEnnu ajedtptn pinoys pRog A RACIOW
aomjd 3ym wonsed M3 Y vl Sums 3D RIE Lnn yopm sUNWs|e 2onpoRul o) ok
pasodaid 5 §o uiuiod ) pue ‘Buias Iy wog 213 10 S04 *RIMOSA [RIMINS 31RO}
o) uone pasodasd oy jo [enumiod A 8yanq K0 soanzeud 'SOAUNDSA RMND U0 BoEIA|E jeatsdyd
pasadad Aue Jo n2ag)3 (rnusiod oy pazd[eus swy pus v 1afasd 3t Jo jusurssasse jxeduwn [emynd
¥ popiduio STy 1) 1) Moys pinoys pavog aup ‘yedun jurognilis ou jo Suipuy ¥ SuLDp AI0JaE
~yoafard pesodad atp £q Aparpul 10 AV3IP pRIXLJE Tk 1aafaud a4 UTILA SIIMOS [RITUIND A J0
sy s sy pur 5121129 pur saned e 21 §0 ey a1 SUnu0D LOISTISIP 3prifau} s(8
Pinoys |usLsSOsTE Y] -3its 12afaid A 01 LORBAKD 30 oueat ey 1R0NTPUL 10 AN MY £ ([IM
s “pareob] 5 oRow pasodasd o Yo U1 T eafdefoad peoiq s urQbe UOKESo] I ‘saauvend
PUT $23MOSAL 30} ‘Pt ‘PRYTUIPE 5)311q U saonoud ‘saamosas frin|ns Aue Bunusoucd UolsmIsIp
apojut e pofad 2k UE Hedun JO JUBLISSISSE TN} $,pROG S TER spusuALe3al YHO

“paljnsu0o AN taq 34k 0) seadde jou op 3ureay LS (em|nd 511
10 %3 31 Jo 33papmouoy v 3jdood reus 1 o Jo 1y 1 Ajjereds ‘aausay s, SIEN[EA prEOd
4 pvpas ey 4q 20 ‘puy Tmagads ¥ AInRsuco And s Jo posudde Ajnderd aq (1w preogd
24 DYRYM L9puc 0) pasTiEd 51 2uo ‘K3ams Agjusatl reatfojoseipans a1 Fugajdwoa arm oy 501 01
120ds31 50D LA, TPUNG) SIAMOSAL 30 S1I5 (FOUOJSTY AUTe Jo I3l UALS AU JUNUIIP O) EArE yoaload
a1 10 AsopRawt raBojoorare Ue RIduod 0f s PRROR AP I JAGEPUSUALGD SLIL -

SIS S w0 3awy jydnu pofoud posodaid st ey sivedun so 5120])> Aue ssappe o1 dRy
PINOM ILSLISSITTY [ETU[D ¥ TN $]33) VHO PUR "RAM0sa e[ Uo N23)j3 pnjaul S20p e
weoyrsds,, Jo uonamap waLme 2yl 199fad ap 20 smudosdds asous 3q pined IWILBIET yredun
(ESuLAALS e Jo 1oga|dwion 3 1Ryl put) ARl PROE A UILLSSISTE ramyjna 5t Supapdwod
sy sdapog J0u 30 4333 Jumog s ® 3AmY [[Lw 11 BSNYw puw JUDLUSTISTE [MEILUANALD [ $1Y
u1 uopow posodasd I JO (Fedun (s SIETE O) IGE 3 [jp4 QIO ] VOAR|ASUI € NS DYY Qe
pofasd 3t 0] LORIAANOD ATy JO UTpL A1f Aewd my) ‘sreudosdde s ‘sis (1unq so featdojoceare
R “EouoKTy 10 $j31eq ‘s “samosas weagadis Aut 2quIsp pur Quopl 0) e
112G 2q [ urog ) T pxolud 2 Jo HDWSSSSE T T Fump|dwod Jo s33aud ap U]

b b 22PKW

W& o . u.-v... o Sty
mawdoo\\\a (L)
5994-v6S (904] Xvd Qaned

&

Eguagg_aguﬁggsgﬂxaggsxg
PAIULIRP 10 PIRN0d ME w7y [ueog ) Tr) Fradde 10U $20p 1} P FEm I PINRAND
suogrzBio pus suosnd jo 1s1] 2 ward (nymdwye 30 s “33) v adeded prax aq
Uit PUNOF 31139 PUE S0 A0S EMIT Jo $3dA) ) UDOU0D PINOYS SUOLTRIUGS A1
T ¢O[A[Y A1 Jo 3Tpajmowny pu asmadxa YU SUORTIIEEI0 PUR SENPIAUL YIle SUOmmIRIO
3 SIPNIXTY TEY) IRISSISSE [LIND ¥ FUAUICNT YHO B0 340q¢ aq jo vl U

w1 37 11 $3)15 DUOISAY twenLDy AP jO Frm0q Rpsodap B ojoonpan
aomymsqes o 3q Lew amp mp Anigssod o Jo spupe pus xfadd Hp Jo vogEao) A
Aqmau £|3ATUA UOIAIQ UOREADSA] FUOISTH 315 31 AQ PAmIsiBa surmuz Lsumy Jo Knusatny
pur A12A0061p sem 2N R poInS pog L eam ol o Jo juaumsosse jwdin Rmyng
v a1idiucs preog 3 T popUALLALDNGS 51 1) ‘Pedun ou Jo uoisioop ¥ Buuopal A0y

s afaud 2 9 ARG pus spedi] femy[n
JO IUMOXIR [y LOXEL 34Ty O) U225 10U 0P JUILLSSIST (I JIEUMI Y JO FTUSIUCD AL FLOOU0D
pue 7edun [MUSLLCAAL SNSSUPHR 0) UOLIPRE UL AMYINI UIITLMRE SAREN 34 U0 aavy v pafosd
vSo..._EnBo.aEzusmcmﬂw?o;ﬁumusohnﬁgonﬁ<§3aa=§n<

1afoud aaoqe s Bunuoouca Jedun ou jo uoisbap® Suuapuat
uojaq ualssssse pedun emne 8 ap|dwos Axnd mok Ju PEAIDOXA PHoM IM TRLSSITE
[FIUSWUOIALD [P oY1 JO mawaat uodf)  Tojaeey e Aol mok £q 1ofod pesodod asoqe
S 30) WAHISSISSY [OUSWLCIAUT JEL U} U0 JUSURLICO PN /dlA2l O) STELJY UTINAMTH JO 410
a1 pasanbay Pryy no YoM LIRS ‘0007 "ET $Q0I0 JO 03] MoK 0} Uodss 11 51 SIUL

fpeug
orrulfess(y roucy] prsodad A|ddng Srex, §0 RIPof ) ) NOUSSISTY [FLSRIAL YR xfing

swf T #eQ

£r96 \MATH nyRjouc)
Pang sNMInE YInes 0f9
A(ddng Riv Jo preog
sandug Jang) poe ooy
Jjuref S O TN

000Z 8T SquianoN

C4828 LIVAYH NINIONOH
009 2LINS 'QUYATINGE INVIOSIVR 1ML
SHIVIV KYIIVMYH JO 301440
LIVMYH J40 31V1S

WELR !

TINLYLAL
r..t_..cw,_uouz

3

9901-v85 (909} FNOHL



TS SR,

APNLM LP MR = Pas pralhla X oy T aapmyg A

o D S1u-00
. m.(. "\u....
\si,. _,JW‘. N..HO..H.

‘smok Ajng Kap

*$¥L$-LLS V¥ WPO $1] 1omund Irmapd ‘suoniranb Kuw 3amy nok J)

~Kmopaaus 33is o sasodmd 2y 20} wam y3afosd ap Jo

uanaadsu useeapad pus sase woar(y ) jo 3Tpapmouy puw asudra yive suogrnndo
U SENpIAIDUI lam UOHTIASUCS PU SMILAIINUL "Yareasas punadyoeq (wo180jooryare
PR “|RILI0ISIY *(RITIND S9pn|uL Yoiym ‘uonsiniw pedug puw Laams Lsojioau
(etdojoaripate uw apojuy (s S1F #1 ulitep nayd vonTulvsp g i vopxmiuos

Ul paI3npuo3 aq |jix 3us rajaniey p 10) {S13) tRwamS Pdu] ML UYL

“$3118 2LO1SHY U0 ,1331)3 0u, %Y PROYS 19foxd

) "€ P2 AT §°) ) O) PIUNUOS rE SARANIT 183 I8 J1 1N IJHS PLe MO

I W ITY Ui 3T Sp0INIY AU ane ) teyy seadde 1ou 320p 1) pus pasodia woq

STy (o3 35eq Y1 “s3fiauas Surdump (vBaf pur Sutresps pazieysaw yinanp payipow

Apumaat uaaq swy Fuiisy) A3ojownya9) vonsuijessp Arvupatpad pus Juijup (12w Lojuoidys

) 3c) PAZIN 3 O) PUT] JO $AE ¢ PATWNTI ) pjeipul Jims (Spd) A|ddng

Div, JO prRoh ) P QJHS AQ NI PP Y {JHS) UoIstAL] uanTAsaL Ju0IsH
1RV JO NS 2 Yitw Auwambas je0)S0(0owam 2 TuIR000 0 SRS (e 24, |

HRUWSTISTY [FUNIUALLA

i) puc) g by
et 3 ONMAD

=0 ) TWWTEYE § ERN
SR T] YOHEYAYH DIV

MILNY LS O TV

oI WNETYN B LR

Yy AP
wmusng) whA OIS ¥ STV
) o SROU BT

FRuneed mok ¢) Jsucdsu Juwo||o) ap aany ap -
"WASIINY [MinuuaiAUg k] Aprg uehirilrsag ninjouol 3 Bupala i) Mok o) nok )

] 1 . 'y
U3 YK ) U0 DT §T 3IGUIA0N JO RUIT MOA a%qng

addiy 1y mag

£1896 lsmay "ninjoucyy

005 3Ung ‘preaaneg fuwjordey 114

et Jo NS

LY UriemTH JO 2YIQ

sonepnupy Anda i ‘wddiy "D wed YW

1001 ‘6 Amruqag

137418 VIHY LIV HINOR DES
AMIIGNOH 40 ALRNOD ONY AL

‘ 0 ' CHREE RYMYH MINIONOH

AddOS HILYM 40 qUYOR

1=
bl |



g2mas a

UOHENSURLDY Y)[eY [Muswu0 iUy
sopang Lindag

TUD AMV
%

‘Aproug

’ "BSTI98S 1% oy
2w BupuuQ ajug ayi o may Foczﬁu.f.u._coo oﬂu_n.._mccuauo.__z_wu.?: Ecmu_._

[8Jiuo] votaafug punodiapun ay) Jo UONTHIURUDS 3y1 In0qe suonisanb aary nok PInoys

798y
000T ‘S1 Jaquasagy
*PO SU] T

P

3|qmiod Jo 23:n05 ¥ sk [j3m ucnanposd su puw yuwd vonew
Ayryssazons Lpnis sy wy
uIILM S[i3m uon3afur mau Jo vonannsu

“sptoyy Bunngiod-uou jo esodsip a
UIDLN Y (o eyew) mopq ajqissmuiad Ausauaf are prsodsip piemajsam 10§

uore|o v 51 yuuad 5y e Aq uojEzUOYIN

"A|dde pinom jam o133 e 10) wonaLITI 3[Rl sIpenb-auo 1 BIm
[¥S3P {1 0 A1j1qets oy sajusiuoump
TUSA2 3Y) U] 331008 Kajua Bupuitp ¥ JO 9w saprenb-auo
03 31 s1quyead ¢7-11 sidwy) ymyg) ereme ¥ asvad ‘ospy

41 01 paisut 21w auy 11y ag) jo wyans) aaoqe spam vogaly
s|13m vogpafilp

'SYH 30ke 2idey) pus jonuoy vonssfuy punosiapun,, gz-11 3dwyy jo
¥ ING3La s vopoofug un Jo vonesado 3y yiEal

Jowauspndaq ayy Aq panssy uad {21 (onuoy uoitaafy punauBsapur) ue sa2nbas Blemaiem

Jo (vsodsip 3y1 10J f3m vonyaafus ue |

O LONEIIO 3y} 1Ty) PISIARE 3q IFTaLY Tjpm uonafuy

ydnomy pasodsip aq um SPINY 5% UERL3D JeyE Juarop 2y JO g 3Beguopans sy

Bupmoliop ays oswy s Apnis roafqns Y} U0 JUILIOS puT M3t 0] $n S

ody317-00

-y
0 sty prvend dginy g

w3 201 R0

b g T ] ¥ ]
LLL L TR T Y 9

(ARTST PO B ST 3w

IRY0 0 Fluunucy
LMO{[¥ J0) NoA yuwyy

8T1 €16 WAL
EO “vopYEy
4pmg uonmuyraq nnjovopy

(V3@ wawsssssy wvaunonug yug sl

NP0 W g

V896 Mg ‘minjouoty
1315 yumRsg 100 gty
ninjousy Jo Kno) pus Ly
Addng nywp jo preog

PO U] I

0002 'S quinagq

10096 FYMYH TINIONOH
e g 04
HITY3H JO INIHHVIa
HVYMVH 40 31V1S




P

ajarse e -
SR = Pasu puigndafl el T papay Redg)

mouug oD po R
FTNVE "S IO HOd

smok Ang KA

“§yZS-LTS W TPO U] 1Mu0d oreapd ‘sucqisanb Luw 2amy Dok 51

“Fupsy Jjas Kojwsopded 2 Jo 1ud 5w polsa) 9q ([ F][3M 2370 PX)
pasodod atp Jo Anjrnb ap uodn m1am worpoluy jreodap auniq o) woy wedu AUy “njjnbe
woordeo 12ddn 2 Uy paredo] M uopsafin pesodord s Wy 3wSN[UY Aum pazad Lo
ey prvnbe uw vy Fare o Jo RRojosd atp paredrpus Lpass Fuiomfua Arupwi|aid mo pue
*s3m 3|qmod ojut SISOLSO ITIIAIL &g passadald 3q [|Lw DIMTS 31 samwooq Ajjenb em
Suppsup 0) 5INYJO ISP ol sidionue o -Anjanb paa o sjjam DM P33 N0 JO
s Lpnb-a00 uLA Sk yoy30f} N0 3O UOMIINASUCD MO[[E 01 JIATEM u 1sonbal file oM

) *‘uopaINnsuod 0} 20ud panjuqns aq ({im (13K esudsip Jutsq wjd uopsuIERp
mo jo vonundo Iy soj yuesad (1Y) 1oRLED von(u] punasirapn e 10) uopwadds uy

“RUILRS ok ¢} asuodsal Suwaojjo] D IATY IN “Apryg uonsul¥saQ NinjoucH
oy 10j (V@) 1SSy [EILUOIAUT URIG H] Supmiaz 2] mok 10 nok yusyl

. KPS UoH ;
\auitassy [TUSUILOIALT i 24 U0 00T '§1 SquRRd J° BT mop  wmlang

D T I
10896 Iremvi] ‘ajnjouol
geecx0gd 0°d
HEASH Jo WS
wiead Jo waunrdsa
oo A 'O AnD TN
'!-I-BIII-I!
Ay 1 ONOAIR
PO VeIV § FICU 1002 °9 P
!iii‘
w . Cratl H ITHTIONOH
— ATRNE Eux.bgg_ﬁ.ﬁnﬂo
gﬁhﬁ 0 ANNONOH 20 ALNIOD ONY ALY
47 R ATddNe ¥ILYM 30 QHVOd
% M . T - - -

!
3
I
ot |
™
id
[}
rra

_E




-Kip1ae) vosteugesap pasodosd e aziuBodar 0] depy sa1uj1awg qng 13137 veqin Lteutty
3] 0) JUALPUIWN UE 22inb3A PINom 2115 2IBWI3)|B PUR]S| PULS PUE 133 31 "PA3[3s )| .

" uawpuawy depy sannpeg
angqng uefd WAwdo[2a(] v, 10U puE "dEjag JINDAISEIUL TN € AU} O) LOISIAIY
pasodond v, yitm uiBaq o) pasiaar oq pjnoys yaq jo "ydeSered puoass 'zz| 33ey

“pivoq pooyrogyBrau

ay) o1 j23foid pasodond ay) sjuasasd S g ay) [us pana)sp uazq saey uotiestdde

sg) Jo Buissasoud ay | (Smq) Ajddng 121 Jo prrog 3y £q pasniugns uaaq sey

Aujeory uoneujesap pasodosd v AJHuap! 0} I tMIT ) astaas o) uaheatdde uy (y1d)
deypy njonNsRY U QNG MY Y UO PANJSILIPI 39 0} pannbal 2q |1 IS LOIN EY YL .

“pa11nbas 3q 10U pnom 1uAd VNS US ‘I0J13Y T YIS 241 Jo apisino
st {jaa Kiojuo(dia ay) Jo L0NEI0| A1 IIAAMOF] YIS Y1 UYL ST NS YY) Jo vorod v .

*1aa1es Buisoz

¥ a1nbas ot v Leis 13afoad ay) ‘wawdinba Kossaase puw sdusnd 153) *sjj9m Kiojesogdxa

341 Jo ufisap so/pue uonezo) aj13ads sy uo Sugpuadap "osjy *) 1 volaag [uisixaucu) v

Jo ped 209m A34) 71 $¥ paoaquunu A)129003us Ua3q 2a¥y ) Jvadde 5u01)335gns ay) 13samoy
‘w3 3 Jo § uonag st supy c(gz | 99ed) sjeacsddy pur siuuag Lessasap ‘g uoliaag .

‘uonn|osss £q [saoadde 13uno2y Ano) o) 133lgns st gaym ‘JNS Jolepy v
ainbai pjnom wyS ay uigiim 1o uonTulRsap mau € |0 uAsdo[Iad “ImisjauwoL
snotand 338 :(gg 1 a8ed) sosusuipsg 35 puw-y Liunoy) - surjg 28ues-8uo ‘smivig

Ko nday pue yomatuesr] Buiwunjd [ ying yoeag uooBej waay] ‘oz zi ez vondag .

. ‘uolinjosas Aq 1:2&- pauno)

A1 01 1530gns $1 s *JWS Jofepy v anbas pinom v NS 30 uigum £)1)13e) voneujEsap

mau e Jo jwawdo[2Aaq “JNS 10 UL Isn) vary waweinurpy (naxds, v {yiyg)

wary wawaBeurpy 2uij3104s 2y viyis Juaudojaasp mau 1) pannbas nusd Jo 2dL) oy

10} RUTU RWINIDE 210w AY) *os]y s [ETEAPT] wospaiem £-1,, 2t 51 Suiuoz 52118

£11) 10) Jwtu o3 asow Y| (91 2Bed) ssusuipig s puny Liuno)) - suepy ABues
-fuo 'smuig KojwnBay pun ypomaursq Sutiue)d [ag pus(s) pues) ‘'z zE T L VOIS .

Jjuauany,, o pasoddo se sk
NIRRT SATFUSI] 7-1.. 51 19L0stq T+ 341 Jo) 3 193063 3y |- pue 7g-L sandig” .

‘suolie(ndai 1a1s1Q] z-4 Japun sasn papniuuad
1% $2UMIINAS PUT $ISN NGRS “IFIASIQUONEALISIL] [LAUID) T-d YD J0j payiaads s1

ey

0002 ‘82 $2quiasoy

£jddng 131 JO preog

Randug Jay) pur 1a8euepy ‘aper proyid

ON'T 3y 33pun parejniaz aq [jEys 3iis JYy; SO SPIEpUT]S [UWA0[IASD PUT SAMIINGS “S35N
1[¥ *31i8 VOHTIS BITY (PATN] 10104 TIQITE 11110) 31 10) PAISIQGRISS U3 IARY FIIATIP
uiuoz mau s 3w yans jnen :(zz3 2988} 23usuipa )] pury L1Un07) - UT| 1IN
Awno) sung Lownday pus yromawnd Fuuumg [ais eoppwe) '@ T IIL vonRg .

“19usyq [ensnpu] YEIY -1 $1JYS A Aq pasedasd Bujuoz papusivl aql
‘(dv'S) ung ey [ridadg vojarey pasodaud aq) puv uelg 1uawdojaaapsy Anununuoy)
104 SIAQINE BANTIS 21V [EARN] Y1 2apun Jurjd uontul|esap 8 20 pasodosd 51 s YL

“INSIC UOHRATISI] [RIFUAD) T-d dY) 10) paLjisads su 2q [jeys NS Jy) 40) SpRYpUNS
1u3wdojaAp PUR SAIMIDNUS *SITN [T *INS 1Y) 10) PALNIZO T YAGm ‘vonnpsun|

|92303) WO PIAOLIAI UG S¥Y 1DLNSE(] LOHIEAIISAL] R30I pum Aneif[Lpyg (-4 U UIlim
pus] uaym (pi| +3ed) suonzufysaq Buiuoz pue as) puny - S SO[aR[RY Z1'I'L UONIIS .

Spapuns

ullisap pue Juawdoasap Jo uoneaijdde 13115 Ayl WOy Jaatam v 303 L1dde o) 3pqudia

210)22y1 st puw "{Qn7) 32uRuipiQ 350 pur 3y o serodmd soj  aurgonns pue 10

a11qnd,, w pasapisuoa s1 333foud pasodoid sy -aaapem Huluoz ¢ a3inbas ospe Lny 133foid

ayy uawdinba Lossadow pur sdwad 1523 °sjjam Kojwsofdya s jo uisap 10/put uotvso)
1p1aads ay) vo Fuypuadaq) (7] 8ed) pasnbas suuuayg + Kmunung 133014 ‘7 Loneg .

S0l Bumolio] ay 12)jo pus JuIwnaop

193[qns 3g) pamaiaaz aaey 3 “Anjrany Suyisa) pu [am vonmio|dya uoreuljesap pasodad
24} 10J WAHUSSISSY (FIUAUVONAUT Yrug] 3Y) mataal 01 Ktungsoddo ay sn §uparB sej nod yuryd

INIRSSISSV IVINTRNGUIANT LIvEd
AQNLS NOILVNITYS3A NTTONOH  LD3rans

ONILLINYE ANY ONINNY 14 40 LINIWLYYdId

(™ & HOLIFHIA "YIV '1aINS .—._<nz<u(pw- ‘HWoud

A7ddNS YILVYMm 10 qHv04a
WIINIDONT J31HD ANY HADYNYI ATV TH044110 ‘0L

0007 *BT J3quAcN
Gl 1 1-22V/000T

01 304t sara e
I} ) unindnut

Nov 30 2 23P¥ '8

]
L]
W BLTIE B TWOAN

F- . D NILZE 6L

v " Dot g a3 mae IMEIIN S (4P (DN BORI 4EN R DIPE TEE1BO00S BOmea} TN
.\&\é\ - E40M whibenl NV IOMCod = LB TRIT DiE HiNCT 04§ A1ddNS ‘—h" 10 D.

NINTONOH 40 ALNNOD ANV ALIO QIN3N
ow .H .ﬁ. Do DHILLIABYd ONY DHINNY 14 40 LHININYEIO

\._"8“ 08 MR . av .

P |
[}
[
HS
3
1
‘

Taatw in Y



B vyt pda ) oy £
LEEE b ¢

7809-L2$
18 1Jms mo jo wysuyee] SuaBng 1onu0d a5es|d ‘suolisanb e aaey nok pnoys

¥ 3%y

0002 8T 33quason

A|ddng 1a1ep Jo preog

19amBug jay) puv 3a8eunpy g pogD)

“shupay Lngaeg
UONFUIESI(F UDIIRATUOWA] 5,2171S 1 U0 UOIFTNITIP HUOS Spraaad Pinogs w3y

T|NHNOUSH 1% Arfizeg votrum]y
Butisyea 3y pue L111a%g vojivui|esap pasodosd 3y u33miaq digsuciinia 2 uo
uorsnasip Jusos ap1aoad prioys va4 3 "soluyvy up iing 3q [(1m Kuy(13e; pasodaxd gy 5

“suwg JAndogzaag 5,410
41 Uo Uotssnstp 3wos 3plaaid PINoYs (Y34) IUSWISIIESY [UAUONAU Y ]

“11em 31qried 10} 23M05 LILM IALBWN]E JrHuted ® t¥ jwlg

uolsziUEsQ) ey 3 papnuapl swy K|ddng aaium Jo preog i 'ung tuswdojaasg
em3 41 Jo 7'y 2|qeL o) Buzpiosay "$adinos mau Jo Juado[aAdp £¥ [[Im Ew twiss
IpIm-PURISE YT UIYIIM IIIEM JO UONRIC[ 31 33inbas [[1m punwap sy Bupiaapy -punusp
[$12/3UnL03 U {uiju3pisal u ypmord paraafasd 1330 01 0707 Aq ¥m3 up papasn aq

lite 1319m 21qmiod jo Axp 43d suoyed vonu ¢g (ruonippe ue e f3afoxd A|ddng BRI FTY
Jo pavog ay) “A[eayg1a3dg -uelg uawdopaag emg 3 o ENTWIOTZATA INTISAS
ANV NOILYJOTTY HILYM T'¥ UOJI3S Yatm Juais|su0a os]u st 133fosd pasodand ayy

« SPI3U RUISNDUY puE R |NIUSE 10)
338 Jo Addns ajenbope uw umugew pue dojsasg,, iz A2jog

« SIOILSIA pUR SU2PISIS 110 Joy

1219 jo L ddny spenbaps e uimuir pur dogaasq, 31 Aarjog

Slesodsip
J158M JO FIUI)TAS PUNOS A MUALU0ILALI 1O) PUB 13)EM JO
Ajddns 31enbaps uv 10} neQ jo ajdoad ay jo spaou i I 0], g Ao

Uw|d (L3O 1,0|n{ouOH Jo Auma pur K11 3yt 3o sa31j0d

Puv 33an33fq0y utmo(ia} 3q voddns pus gim Ju3isisuos os{e 5 133(osd pasodosd sy

“13j0d ey 1% 23)u33 wwqun Arpuo3es 3y vt Juawdopsasp 3Temosus o)

suaya puw £a110d 8, K117y K1 1M 1U31SI5U0D §) HOJEI0] 511 18 32mos 1210m Suiyuup 38
2y ¥ Jo rawdojaasp ay) puw 13jodey o) Kwieosd atofd u) 5} s sy L padojaaIpun
Pum WUEIRA $1 tIYm (Ro[28[03) i8 pansjasd 5, £1ddng 1nem o pryog ay woddns am

“urd watttdo(aasq 11022 veqin Kmwing pasodord ag uj voisnjauy
30] Juaurpedag Mo QMM PALRUIPI0O A[210]3 3 PINOYS sAlTWwINe pasodald iYL

£ u-.-m

0007 '8T J3quasoN
f1ddng sa1mp Jo priog
sasuifug Jayd) pun safleuwpy ‘apung proggisy



a0
Ceormnf vwirbyim @ .
WTUIIG . UWUAWTOW .
T R R ¢
SYIELTS 1% YPO LT PMuod ama(d ‘suoptanb Lus aavy nod 5

PMPU] 3q (1w 1aforg vopryreg
SCHRAILOMIQ IS 31 o npnsat 3 pie tjiong ssiep papakoay 1mimoaajy 3y o)
. 1Id Voynuipsaq oy sma parodosd g waamg dyrogTe 2 jo wopemasig -3

‘40 tag 1 Jo vorsag
ixdojaaag woiskg pun BOR®A||Y LM ) 1w u3) fkuoe A 1faid pacodaad wﬁ
SMpamonyre 3 papopou) aq [ (4q) rrig reudojaaag) 4,01 ap jo voprmang p

PIPRPI0] 3G e
U1 L0 £,nMioudff jo Limo puz A1 np oy g 21033040 Jo T puw ¢ Loog 2

PIR3L0I 3 [1bw Fupsqumu suoyaargns g uayaag q

= PLANQ BLImpa] juagaey, -1, por _pigng
[LRSPUY 414 T, 63 Pastass aq fjum 1xa1 yquay dde puw 16-L P 22-¢ samily

‘Va '3 70 01 fopmaLt Fuimol(o) 3 et e 3 ¢
100Z ‘7t oy

Tahy
g -y prpeny apy

LTE 2L NI [ o TTUTVY POl e LY

'dWS solsp 2 10y K1dde i 3m “axyny o "
o PAIIIE 1% s311s Yoy peag ooty pyaay 0 PR pYS 30 ) 3un e 1 gjyg
e} 34D 105 Ajddy 111w 3m puv yiyg 41 1 81 Aipe) nogrugresp vojmqry aryny aqy
Paambas 3 10u fiuw (ays) srwag ) Y Juaunvony rpadg v pus {VIS) vary
wusiumpy ppadg 41 J0 JpIane 5 ans jram Lomojdea voparpy WY panpm iy g

1o prrog y o) P3KaAu00 1 piay 3wy HRAPuY 0) patta 3q e 7173y wopRg -z
WoHNAMmWeS 0) opd Furpuy s
udjsap pue uanda)24p 0} g parmbas Lerw a0y £jdde I8 3% puw 3arvm Bujuoy

* umbas £ew puandinba £os63000 Ps dund yeo) ppam Lopuojdey 3 Wpymoupray

‘Ao mod o} asuodsu Supmoyiog gy aamy M plodiy v mux

\wqm Lnrpucazs ayy LIt juaadopaase aBemooys o) Alja pum 8o pue wyrpodnm) xf .

FIAI0d puv 82a193090) 1myg sy 1,010 o 199 w50 6 Qe 2 sy pauyjasd
3518 Aew) wowreuiessp 3 Jo poddns mod Mpanonm op “Lprig wopnprg Rmjouoyy
41 3o) {va) juxnseany marangaeg yug ap fupnty umpursousw mak 29) nok yuwy)

AULE NOIIVRIIVSIa FVUYTONOH 5.1
UYALYA 40 QYVOH aHL wo4 INTWSSASSY TVINTWNOMIANT
14vHa aHL NO ooz ‘g2 YFENIAACN 40 WNAHVEOWAH ¥noA 1LO3rans

HIINIONR 431HD aNy HIOYNYN "3 TIHY, @044 wod WOYd

DNLLUIWYR4 GNY ONINNYTING L ¥vdaq

¥oLag ‘viv T™amnd -y TIVANYY 0L
'}H'ﬂ“ﬁl’-ﬂ
R 1002 ‘21 gampy

O TR YWY M Ml

Viashg)eaA JLLE ¥ R Iiwe
W TRNC 1 RG]

LITWLE VINVL U 30 HinOe 00
ANATIONCH O ALNNGD OMY AL

MOLNYLE v Visve'vy
LR Y o BTy T .
e 21w ' CrEtd D TIONOH

nhom Snne LN ATddNS HI1YM 40 quvoa

—:
'
4
s |
.
f
-
ko |




UsrEM [ A [rasis e R s PCTITRILY | %
.

. \,ru: -00 nesang ss3jalas ji1oddn
\536quva\| 3214D Juelsyssy ‘vdnHIN wzuo:mWQm
e TR
»

Ay adY[04 3O FITWD N
ANHONOG "G 331

. - d* b £ ) nok ,
SHTS-LZS 18 ¥PO SL] 197U03 3d|d ‘SUONEIND AUT JATY H -peoc-tzs 1@ nesing sasjAzas 370ddns

‘[suctiesado s3woseq ARy ) uagm ayj jo yjuelapos yoiae) [Ted aseard ‘suoyisanb Aue saw aIayy JI

£331a553 Mo o) 1owdtuy JreayguBis v 2q jou PAOYY S 1wp ABpHmopE 3 E *SadTAISS INO uo joeduy
JueaYJTubte ou aq praoys azayy ‘reuoyiviado Sawodaq AJPrIioeg eyl

‘unjd [onuod aifJex poacsdde ualM ‘12a3MOH 31 AY] uy 20jaras asyrod 107 ET(eD uo joeday

ur yBnanp parednnu 3q [ uotpnnsuod Buump saeduy stjen Kmedwny, 7 ) dATIRBAU ¥ 2ENERD [TfM pue a2jGeITAsuUl 21w sjupetduod ofziwil

pue ‘siopo ‘astou ‘isap ‘idaford uoflIoniIsuod 1ay3o Auv YITM BY

ey Jo waunredsgg NS 4 Aq YUy (38 SiLUN] 350U PUS NP UM
£1dwod 0) ysom uoriangsuos (¢ sannbos Ajjuaima Liddng saep jo preog 3yl 1 -juawmaocp 303[qns
: 8Yy3l uo Juduuwod puer Mafaall o3 Aljuniaoddo ayl x0j nok yueyl

‘saunued mok o} asuodsas Suimof|o] 3Y) oAy 24, ApmS uolieul|Esaq AIR{ouoy

a1} 48] JUIWSTIESY (WUIALUONAUT YR St SuipaBal umpureioussut moX 101 nok ey ),
' HILYH 40 QYVY0R 3HI HOJd INIHSSISSY 'TVINIHNCHIAHI Iivdd +123rdns

XIS NOLLVNITYSId NIV IOROH S.XTddNS INIHLIYYAZd 01704 (TNIONOH

¥3LVA 20 QUVOE THL YO INFWSSASSY TYININNOHIANT 3311104 J0 A3THD ‘INHONOC ‘a 33T tHOUd
L4vdd FHL NO 0007 '07 YAEWIAON 0 WNANYHOWIW HNOA  IOAENS .
¥a0 SI¥I :NOIINIILY

'S MO34ND¥O!  NoUd = )
IH.M ATddNS YILvYM 30 QHYOH
- .u.ﬂ HIINIONIT JIIND OGNV HIOVNYH 'ITIHYC S q¥0ddI1D 0L
INFWIMYJIA IIN0d NITNTONOH . o
211104 40 43IHD "INHONOC "d 337 W QL
~ 0002 ‘02 Isqueaoy S1-S3  vamsusdan ane
=
S4HIA2 ALDN4DA
AV 1ut00N
ANIFARYD VI¥NIIN
P FTILE]
Tt % 9””“ 1002 'r2 pa— INMONGO 'a B3 c.c.nﬂﬂ»ﬂ"-c-..
] PR R 3 8- E 8 m QN —‘
. S0 pidnpnpansymanmrdiry
\ I Crae6 HYMYH INIONOH N LEIE-6E8 {803) FAOD VINY - £1804 HYMYH ‘NINTONOH ANddng vatva 40 oa
e v L3 Td HINGS OED L 172618 VINVATU IS HLAGS Loy L LIFRED
WKIIOHOA 40 ALHNOD ONY ALD q.?ﬁ.ﬂﬂo NINTONOH 20 ALNNOD (ANY ALLD
ATddNS HILYM 40 QUYL LR A ININLYYEIA 331704




\Jral ) an - piow 2o grsy anayy sav g
.

‘$pE-LLS M WPO SN towjuon asz3|d ‘suonsanb Luw aawy nok §|

"132fosd pasodord 2 o) suonoolgo ot swy waunnedaq ai1g 31 ey aZpapmouaz op

“Aprig tonsuIjEs3q NINjoUcH
Ayl 10 WMUSSISTY pRuawuostAug Y Y1 Suipdar wnpteiowsw anof 105 nok yueyl

HIALYM 0 QUVOHE FHL Y04 INTWSSISSY TVINIWNOUIANT
14¥H¥Q FHL NO 000Z 6 HIEWIAON 10 WNANYHONIW 4N0A -103r4ans

Emals) pug) g mleanyry
T 8 OnieD

=) VrrivE 1 3RO
A= TOHEYAYH NIVY

HILMYLE PR YR
C R LRI

wre ATrEMr
vmared) weA QLS ¥ STMD
ubmeng) "W IO D

ey Tharv AFENET

B @IOINTOHOS (04

INFNIHYJEA FdId NTNTONOH

SHIHD FHI4 *HITYNOIT ™4 OITLLLY 4N ‘0oL

100Z "yZ Amnunp

()

CPESE NYMYH "NIOHOH
LITNLS ViNY L3N HLNOS ofs
AWIIONOH 40 ALKNOI ONY ALID

A4S HALYM 10 QHYOS

[ |

p

RUSHITAY
gy ang
HIHVNOAT "X OT'lLLLY a
W ey 24/
‘BLLI-1ER W nrang

HORUAAL 1 300 Jo NAJIG YiRuuay [31y]) uoljeneg |jva ases(d ‘sualsanb Kun A%y nok pinoys

: 133f01d paiodaid a4 01 suonaalge ou oavy pue Apnys vonvuijesap

ninfouo}f pasodeud ayr Suipredau ‘oz "€£T 13G0130 P3P WNPULIOUAL oK PaAtaAI ap
AQNLS NOLLYNITYSHd T TONOIN

QIS0J0Yd S, A 14dNS WILYM 10 QUYOH FHL

Y04 INTWSSISSY ‘TYINAWNOYIANT 1dVEA  :103f ans

JAHD FY13 "I VNOTT § OFILLLY ‘Noudq
NOISIAIQ ONIYTINIONT ONY ONINNY1d ‘
Yao sl ‘NLLY

AMdNS ¥dLvm 40 dquvod

YFINIDNA J3MHD ANY YEOVNYI ‘BTWVI 'S 04410 ‘0L

000Z '6 12quiaaay

Mov 14 11 3734

e} bns Asheb
FEFL) b

et
Berwod) ¥ NwLIY

-
THETH LA -

Wibdisz €1y
I e e R I LY et 412408 Ly 40 08

NINTIONOH 40 ALNNROD ANV AL1n 1M
ANINLMEVIIT IBY b
Lo,

T

?
[F5 ]
t
I
T
1




SPAEN Jiva - pabu s g

SPZS-LTS ¥ ¥PO SU] 1owjuod Isead *suonsanb Luw aawy nok Jf

‘uona|duwoa uodn yg [euly ay1 jo Adoa v puwado] J]im 34 W S
1¥ 13[JO O} SIUIUALOD OU THY UONANLSUD, PUE F|SQ Jo 1uaunreda Ay 1wy 3PS I

"Apmg volRUIEs3(] DN|OUOH
3y 10§ (YA} wowssassy [eusumwoliaug yrid i SuipnBas wnpuresowsw mok 1oy nok xuwyy

.

¥ILYM 20 AMyY0d FHL HO4 INIWSSISSY TYINIWNOUIAN

LIy da FHL NO 000Z "S1 HIEWIACN 20 WNANYEYOWIW HNO <Laans

s quoadr1a ¥ woud

NOLLDTYISNOD GNV NDISHA J0 Avdad

HOLDTYIA “NoT Ivd 'S ‘0oL

100T *pT Arenuef

()

) gy ol sy
et & DD

wu0-=] VTITIVE 3 S10d
0 *] TOHEYAYH NIYE

MOLNYLE PIS YEITS

Wi YOV U LM
wer L 1MW

gy w0018 ¥ SNV
wmeeamy) I NOE TN

CYR96 AYAMYH "NUNONOH
LITMLE VINYANTE HLDQS OCY
AINIONCH 20 ALNNO2 Gy AL1D

oy TasrT LGN A14dNS YILVM 30 QuvOd

axoy g

*1£89-LTs 19 uoisialg BupsauBug
pue uSiso(] 1jemarseay 341 JO ni] |11d 15€1U0 3seapd *suopsanb Luw aawy nok piaoys

“JUSLLISSISTR [RILIUUGIIAUS [RuLf 3y Jo £dod & Juia12321 0f PIIAIO) YOO| IH, "W ST IE J3[j0 0)
SjuauiWos ou AR A4, VI 1990908 ) UO U0 pu m3taa1 0) sn Bulmo| (v 10) nok yuwyy

AONLS NOLLVNITVSIA MTNTONOH J4S040H8d S.ATddNS HILVYM
40 QUVOH 3HL HOd (v3A) ANIWSSIASSY TVINIWNOUIANT L4vda  FLO3fans

NOLLOAYLISNOD ANY NDISAd 30 INFNLYV4Ia
HOLOFUIA VIV ‘IIA 1D D> NOYS

e & &

VMYOVS AWHYE 4N NLLY
} ATddNS ¥ALVA 30 QUVoE
= YFANIONT J31HI ANV HIOVNVIR TV 'S QHO44171D U 0L
= RNaONVAOWNIWN ~ °
-l
kY. ]
—
— 0007 "$1 13quaacN
—_ rIL00 430 MM
-1
=
L TFE RN
wIv ' ARSI O ONYIOM
woaT™
ny “p-uud ANYD FAMYH ARWW
1 0y P 83 M TV 8- tn_ 5 N_ m_ —3.

0SPELEIRONI vva  FHAY LI9 BBOW
TUERS BYMYH T I0NON
wOONE HLA L “LETHLS DM HLNGE D50

MNMIONOH 40 ALNNOD ANV AL1D
NOILDWLISNOZ GNY NDISIQ 40 ENIWLUYAID

[P

.mLah 31 MM
SETT00 7

J
]
[
I3
ba
P2
[
13
3

ANddns N3:vm 20 O6
03A1303¥

¥

la



| 30PH'0Q

ﬁcr 0

Al LETE LB FURY ST P SN N

‘9rT9-125 v wbyH c..._ua...a..- 11> Isward
‘suotiganb Kue aavy noA 37  *sjuswwon Kug aARYy J0U Op en

000Z “sz 1eqoanp
e 28 .
G- 2
et T amsojaug
ol T
g = .
ﬁ.m oo "SPIE-LTS 1® PO SUT 130D avesd suohisanb Luw 2awy nok 3
w3 ~3
“s g "000Z 'TT quwaroy
[ T8

£q s1uzunuos puy M3laag Jnok jsanbas puw vagap jo £doa e PRS0 aaRy o

el Lonued And [riuaumasiaug Jo 33W10 0007 €T 2990130 3y vy paystiqnd aq

U VG 34L paredianue st 1ovdw wwoyiudis oy jo Juspury v “Aiddng sajep o pog
31 4q paredaid u3aq sy 130fo1d pasodord ayy so (v3a) iwussssy muumonasg yug v

§§

O GYY0q JHL YO INTWSSTSSY TYINTNNOYIANG 14v¥d  :L)drans

- wahA
BINVNEINIV ALIIDVA 40 INIWIYY4Ia M\.
HOLOTHI *"YHAWYSYS °S SS0Y \..
m—hi) ) pu wdearyy
Twryf § Ga A
) Yo ao 000Z *€Z 290150 :
MILMY IS Y YVYEYS
i YNoYs i N
-ty A YT SYRPE NVMYH "NNIONOH
Vg SBA QIS ¥ WYY ‘ . ' STNLT YIRYLITEIN HINOE OCY
b= BRI F TR ANIONOH J0 ALNNOI ONY ALDD
WY SMAYH AP W AlddNS HUILYM 40 auvog
Tr
1]
P [ S S | SR <t -y -




UETLFTIFL I TR TR P

\sﬁahnhe\@
e

savBug faupy puv saRewmpy
BAY[ 'S QHO4417D ¥4

'sinod Ajren Aap

“Cy7S-1ZS 10 TPO Su] 12¥juod a5x3jd ‘suohsanb fuw 3ary nok Ji

satifjion) mok ita $191]Jucd [Enusied Aue sziww
0 (eaozdde pus mataas soj Asuafie mok 01 paniqas aq |jim sEUIMRIP voldNNSUOD Y]

3W7) SEY) I¥ 23]J0 0} SUBUANOD OU STY 3(qE IUTI) 1KY) IBpOJMOUNDT 2

"Aprug uonTuy s
n[Rjoucl 9y 10} MRSy [MUIULOIALT Yrig 2 nprdal 23] nof loj nok ey

AL ) )
WAWSTISTY (FUSURICIAUT Yrid 241 40 00T ‘9 13qIuIroN Jo BT oy xlgng

pred TN 2

6660-68L96 NEmEY ‘M|

1945 InumEyy 00T

Jqe) dUUEIY

_anBug Suistasadng *yred uialy I

sy pegy pa sbenyy
Twver 3 G4AT)

LOOT *pT Amnuey

()

w0 ) W iviYl & $i0u
] YORIYAYH NIV

WO LY P il

¥ YhaOYE BB LSRG

Yy A TR N
e L ER R L]
Srarenc) © o LBOU PO

sy SaAPR APCRDr

Crifd EYMYH "MINOHOH
137uL3 YIYLIUZE H1NOS OCY
MTIONOH 40 ALNNGD ONY ALID

A3ddNS HILYA {0 QHYOR

{.l

{2

[ |

Y RO
13ouiBug pafoig o) ‘o (g 1)

1ufug Buisiadng
d Uy

PRLUTf

*A|a22u1g

08b§-$ 79 19 3w 130u0a aswad ‘suonsanb Luw aawy nok )|

e oysads
10j padojaaap am suwid §u 3awy AW 1aq *21UD 5 I8 FIULNBOD OU FY J|E) IR0

‘13afoud pasodoid sy uo uswwod pue mataa oy Lmpoddd 2 soj nok xusyy

Aprig uotimuiprag Amjousy pasodold 6K iddng
13T JO pRICg ) 10) JUAUSEITY [MUdsUIUONIAU Yrig x(qng

PO S IR
£/396 ITW¥Y nnjoucy
153NS wwasag YInog Of9
n[njouoH jo Quna) put Q1D

Aiddng s1epm Jo prvog
PO U S

0007 ‘9 13quaA0N

O01Z-529 (900} #uudonm) o G56C 6490 PRSI ‘AR 4 19815 ULy 007

3V e w3

|2
[ |
| é
3 |

1
3
i |
b |

[




Mt paa . puse ol e agagy g

S ay
ﬁv\m\ -2
o

BawBug J3ry) puw HEswegy
IDNYL S Quo44i1D ¥4

‘smof £jnn Aap

"STTS-LTS 1% PO U] 1amu0d wswad ‘suonsand Auw aary nok n

5w 13afo1d 5w uj ssnyptong Sunsiea gua siguos nusiod Lue szpumumy
01 jraoiddy puw ma1as1 J0) AousBe mok o PAUIQNS 3q [[Im SBulMEIP LONINIISUOD 3y}

122foud
pesodozd a1 o) swauNLod 20 SUON{q0 ou sy Auedwo) seny ayp 1 28paymoinyoe 3y

‘Apmg uopsulessq
DBINjouo}] 3yE Juj juASEISSY [RUatliostaug e 2y1 Jupredas 119] no4 J0) nok xumyy

(& SATddm
WILISTISTY [NUINLONALT YRIQ 341 U0 00T *9Z 4990130 Jo a3 Jnog :133fgng

HA[RD I mag

000£-70896 1!wMeH "ajnjoucy

000t %09 'O d

Auedwo)y seg ay)

JuussuBug saBeuepy “aage) 3|y 1y

malr) ) a ey
Jeowr v O0iMm

a0 1 VwTETS § V0V 100Z "yz Asenuep
0] YOMIYAYH NTVE

S0 L0718 TEE VITIOYE ‘ J
- i :.- TR SFERE RYMYH ‘TVNYOHOH
by AJTWLS YIHYLIWIA HINOS OCS

.Illal._ui. ”u._."huﬂ- -} AWIONOH 20 ALNNOD ONY A31D

mier samve srencar : . ATddNS YILYM 40 Quvog

"ol
=232y

JuusourBug sslwuvpy .
PARD S3pIwY)

===

‘smof £jnn Lap

0LSS-FoS
18 3l (jea aswaid *pass3p 5) voneuuoju) 1EHORIPpR j} 10 “suonsanb Auw 2q 23 pnoys
TUAWSTISSY [MUANUCIAUT Jeig 3Y) Uo (usunuod o) Aygunpoddo st 1o} nok yueyy

s
133ford ayi vy saniiosg se3 unsixa ay) yim F1IPu0d [enuatod Auv aziwiuum o) ssasoad
uBisap pue Bupnred 1aaford ay Bupnp uonwapistos mod synsadds Pinaw ap 13afoud
pasodoad ay; tre sjustuuros so sU01133{q0 ou 53y Auedwio]) sury 2y W) pas)Apa 2q asea)d

Apg uoneulesaq nnjoucyy pasodaiy s £|ddng

0}

13164 J0 preog 3y 0] JUAWSSISEY [RIUBtuOIALY Yuaq )Refqng
SPO sU] S uohuany

EFBIS tieme}] ‘ninjouopy

13303 UM YIn0S pFg
n|njouayy Jo Kuno) puv K1)
£[ddng 1319, jo pivog
0007 97 1390130
- 12000035 ABIoug 1 triry
ANVIIWOD SV TH L
S A . :




AR A = pase S s

e
bz »o
..Doh

Rafug jary) pue ey
WINYL 'S QU041 ¥0d

‘umof Ajnn L1ap
"S¥TS-LTS 10 WPO TU] 1u0o ames|d ‘suopsanb Luw ATy nok §i

siuantannbay aotatss
Auw a1vuipuoos pur sam 1%fod g 1 Sa10n) Bunsixs qua s121yuod [enusied Aue SZLLIMW

o) (vaniddy puw mataa1 10 £3uaBy mok o) PRUlgns 3q [[ta sButmerp uononagsuos ayg

‘Ul £1Y) 1% SUOTIIO0| snoLRa
#1 30) 133f0ad pasado:d s o) nuaunuea ou sey ou) "IMMTH uozuap 1By afpapmoinde 3y

“Apnug uoneulfessq
TINOUTH 34 30} UIWSSISHY (TUINUQIALT PRI oY) Fuipras 139 moX joj nok ﬂEE.

JIULSITY [MUILLANAUT YRIQ ) U0 O0OL 'Y JIGUIAON JO BN Jnos  130(qng

oulysof Iy g

11896 lemel ‘ninjouoyy

G0IZ x0g 'O °d

U] “HEMEH u0zZLA

ufisaq ssavoy

vy uonaag ‘oupysop I ynay s

ey pee) s sy
Tyt § O3iaD

=l #] TETeIYS 1 1508
S ] WOREYATH NIYS

100Z 'y Arenuxp

-y ATR W
gy mma Ol ¥ IIWD
eartng) T W IO OO

Jomararmn \‘J

adapy Ranfvn AP

CrErE RYAMYH TIWONOH
1ITYLS YIMYLIWI HLNOS OCY
MINICHOH X0 ALKNOD ONY ALID

ATddNS YALYM 40 QuvoR

iy
Ll TR
udisaq ssanay = a3vunpy vonsag

Vﬂ Ty
£, 9127
274 \\,\

‘Kjazsug

1 ourdy uiaay jied ssxagd "133(01d $14) uo amin) 3y Ul a3uEisisse annbas 10 suoysanb Luw u;ﬁn.ﬂﬂﬂ

“Aiee J) 'siwawannbay asass 0] puE saiji|1au) 1no o) paedun Kuw
! ! 1 T AUR3q J|1m 2034 Jt Juss
._w 133asd u._._ JosaBus uBisop ay Fusnp maran 434U annbas jjim premeyg cS:ur_ 1L u.h_n_.(_.- 3 uu-w”“
43AIM0] | “suliea0] snouea ay) e vaa sigr Suipredas sjuawwwas o ey m_n.s.-: UOZHIIA W S1y) 1y

Apoig uotieu) s3] ninjouo] ) pssodesd £ £1ddn ey Jo pIroy
0) {v:(]) wawssassy [BlUtLeI L] Yraqg 341 Uo uawwas PU¥ m31A31 0) .a__.ca_tcn_wa o__“ﬂm.__ :ﬂa am-ﬂ.._n

PRIS B0 iku[uzaq) minjoua); o1 &, 4 ddag
ANTA\ j0 pavog 2q) in) STy MTimNodlang Juiq  aefgng

‘TPO SN InQ

£4396 tume)| “ninjouay]
132118 wurLalg yinog gy
Afddng 3 jo pivug
ninjauny| jo Quna)) puw L1y
ECR R ]

0007 ‘91 13quiasop

LYP98 I "heoucy
Q022 08 '0d
S peEmey voTpey

uoZuan

—\




Loudug Jaryy pue fnmpy

ATINYL

QHOL4TD¥0d

‘smof Aing A

$¥LS-LTS 18 ¥PO U] 15Mu0a ane2d ‘suonsanb Aue 24t nok J)

3w 1afad sy Sunapioq sauymmod Junsixs Yilm $121yu0s prruajed Auw sz

b S LL LT - T WITPPPY v RE LITRL Y )

0) |vacidds puw mapaal Jof £ouade mof o) PInLIqnT 3q |jtw sTuanp vondnnsuod gy

U S 18 SRUREd ou swy “ou) ‘Areduio]) sy Unimmsl g 28pajmouyde ap

RB{OUOH 31 Jo} Jusiessassy [rmusumosiaug yexq sy Suipresas $303) mo4 Joj nok ey

PG USRS WNOUSH ¥, A0S Bl 5 pROg [T
WASEATY [WUILIIOIALY PRI ) U0 (00T ‘81 12qUI39(] JO 33N Moy

Wb g P mBempy
Twrsr 8 GW0aay

S =1 VEYTEYS 8 $80M
—} ) WOMITAYH AZYT

MO MY P VTR

LR e RN

-,ry ARMYT
umarnc) smA GUT ¥ ATWNG
whmanc ' o TINOY 3O@

WASey SAAYH AP

100Z "yt Lrenug

"Aprig uonruijesIg
t

2oafgng
N3G I e

1000-0¥896 1emsy ‘ninjouqyy
0S5LT Xo" 'O ' -
‘2uf *Aueduios a1goa)g temAaRy
nsunredsq musumosiaug
8y ‘mag Y nodg My

CrERE UYMYH ‘NINONOH
LINM1S VIMVLINH HINOS 0L -
NINCHOH 40 ALHGGD ONY ALD

ANdNS HILVYM 10 CUvOg

$000-0FB96 1H 'MPHouoH » 0522 X8 0d )

Sluawwad ou Saey pue juawnao
pue A1) ‘Addng iajepp jo pi
84} Jo} 3 yesq ooz Jagqeip 8] U Juswwos o}

1] FHTUIAYH Lu18N0M OIHSNOMIS WO
s QUVAY NOSIOT 3HL 30 WINNIA,

7 wrw7”

‘Maisaug

J0) nod yuewy ‘vjeby ‘Pazijeuy ase sueid
sauipamod Buysixa jo uonosjoid ey} o) Gujw

0002 '8l Jaquwaoag

ry
[ &
[ |
iz
[ |

‘Kuwdwogy I3 unpjEmey

Fi
by

V3 JeIq siy) uo uswwoo o) Ayunpoddo o
UOHINNEUEI plun ears 1oford ay) Bupapiog
epad sjuaunuos 43yun) aArasel eys 9a3H

2w s e

P 123[qns ay) pamainas aaey 8M “NintoucH to Alunoy
eog ay) Aq pasodoid sa

"Apmis uopeweseq ninjouoy
Ayunpoddo ey 10) nok NusYy)

£pmig uopeujeseg ninjouvoy Jaefgng

BP0 'Sy Jesq

¥£808 |H ‘ninjouoy

192115 BluElRIeg Yinog pep
MNoLSH Jo funoy pue Ay
B'd "epo sy sy

EEM
sdeumpy

3d ™S HMuoog

Fy
ra



AP R pean geas | gran

SHIM 13184 32u00% 300 U0 13edu) ou Juzawy s Tam M

ut s{jam vaudaful 1410 pus sjam [esodsip auug pasodasd mo 10J WE3f] JO nawpEdag

Mg ) woy (eacsdde puy HONEUILLIIP B X235 ||t 34 1o voREUIESap

1 Jo vanuado g Fuunp puw aswyd (13w Lotwojdxa 1 Sunmp spam vonsafur woy

$133113 Auw J0J paiE3) 3q |jLw Atpenb Lajem samoz oyt -preynbs uw £q yoardes 1addn g

woy pajeredss an yaigm ‘53jinbe [rreq daap pur 30 Lmo| ) Woy B AUp 0)

PU2IUI Im 350233q QUI3A A Ul §)f3m vONRfur woy noedwit ou jedidnue am *13aam0}

“SI3m Aqreau o) s1aediy (nttnod aawmy pus Bjinbe xoaudes saddn g v an BasEaIENg
g [sRsnpu] ||2gdure) 3 W03 513 [sodiip PITAdIE (o pUEIIEpIM 34, ¢

‘s (304 50 10 4¥ Woy uoyEuILTILED JXO) (THWIOd pu Sugup 3| ‘naig suL
Jo aymut xp Tuianpas £q 13jem 33 Jo Kipend By 9 10) MO[|® [|im puv T 221
Y1 0) s1IRdis) (NUEANUOIIAUS $53] JARY [jL8 IATIUT URID0 PP W Jo N3l u) spam Buisy 7

‘Juwjd 2jras-adia)  Juideganap

i Fuipaasosd asopaq atwyd Juysa pmmy soo Suump si50) Supuado suungp o)

Paau am pu panoudiy sy (OY) strowso atsaads sof AJojouyaay wy) “puod [wsodsip suuq

¥ uR152p ©) S vonnjosd punoll o) papaau st MEp ‘ospy "Bulsy) Emess pasodad

Mo Woy ) Ip A13a 55 {30 s1em 4iaq poie Kuo jus(d vonrurjrssp jopd ¥NTQ

) vy Cstasod wounranad U319 1SGUE YL FUILNP 0} 13IIMEs X20Kdn pus

|v5%q jo Funsa) annba puw juanp a2 FuoNIpuc mo *Julisa) USITTLIESIP PIjINPUSI
Apsmoraasd (YN I(D) s2amosay (RN puT puv] Jo unmdag 3ms w4 yEnoyy |

muawwed mak o) asuodsar Fuwmol|oy 1 aawy 34y Fpig vonietses)
ninjounyy ay) sof (V) wrusesty [Muawuensuy Yug #f) fuipreda wpap mok so) nok quryy

tatl olofy s,
WSIIRSSY [MUALORALT JEX] #)) U0 (00F '() $2quaaay Jo P Moy RIlgng

apngqBung g sexy

1000-2pE96 HEmi][ ‘njnjoucy)

SLEE Yo 'O g

uoneiodio]) jiemef] o3053)

sy nuswuonauy Kauyay ‘e
ynjqdimy 0 uaqoy

s poer) Py mbeuapy

Tt §GuCLET)
. 110w 1007 6 Yuzpy
ST TN i Wil

e A TANYT
vRaeRCAnA LR VM
Ve | W 3T BOTA

U TETREY)

13341S VINVLIVIW HINGS 0X8
NNTIOHOH 20 ALNOKD OHV ALID

NOLMYLE MO YWY \ l
¥ WaOVH % S LudND Crevd M NANI0N0H

s e APREW . Alddns HALYM J4Q ayvos

slnfy (muawuonaugy Laujay ‘uilamgy
As.sa "D U0y

" _,T,?S._

*snok Kjouy Laap

J3A0QE SIUAWWOI PuR SUCHISIND 100 WO YIrq PI3) 0}
PIeasa) YOO] 344 "QEGLLFS b® 3t 130005 3swayd "s3u3) 51 Futpredas suoisand Luw sy 0k pinoyg

£33fond ays Ja saseyd Fuyiesado pus vonsmasuos Suyinp 51140 3po142a jo ynsas w 5w samseaw
1041803 30 sanss; U0l es3ua8 1snp Luw ssaupp g1° (7L 20 £T'1°L oI35 pinoys |aaed pus wip jo
Bunsisuoa *paaedun 51 *uopro) 132foud pasodaid 24 o) pras 52300 UTRWI 341 50 oIy 3ang 1m0 g

4124 s141 0 143y ur Kajend s1w ssaippe sayun) o) pasu

¥ 20341'5] "YIURIRY 1V UND| HEMTL] O IR Y} WOl S33n0s Knvonms sofww 105 syuuad aamos

Pa13A03 3ary Yrey [eensnpug [aqdune) ay) ut s3ssauzsng Kumy IIUIE N4 3G 1ou Lew spy) e
3y u uonnyjod 1e jo s32in0s Lvuones weayiud)s ou BN PINE N TTNL c.o_.uum up 'y

inaford Oy 3yt a0) prsn Furaq Lnjenb 13rem 21y uo uonsafun ajem asem

5141 jo wedui 33 s30ppe 0) pasu § asag) 3| “WIOLJ 5310 mBIpUHM o) $puatul 133fosd pasodasd

S g sinbe 123im swes ay) ) PNE0) Ypurig saiwm Fuipunig e newnpy jo ang EL]
&9 patyuwad sjam [esodsip 131em 21sem AWy xing (ruisnpu) |faqdum) ay) vy sastauing Kuwpy €

ZA1221p 13230 2y) woy
131w #35 3y 230 100 Ayw *Aatpend 3] sajem eas 3q pinom 3115 wo[3z|ey Ay 1k 113w pasodasd
A1 0] PIIRIIKS 1218M Y] Ly PANIS STy podal Judwssasse {MUIWLOITALD YuIp QL 320G ‘T

&5pms 1ayioue saynsaf 1y ey Yans sreak ma) sed ay) Tueinp pasosdun ABojomyday” -
SISOIUS0 251343 3Y) S| LYNTTC] AYS Loty 3jquima 51 Apars snotaaxd 341 wosp by ruunjuy
341 uaym Apnis 131008 JoNPU03 0] WM Ljddng 5310 fo pavoq ay) t30p Ay 13jodey vy mom_.
1un paiesado pum ajing sem jueyd uogruIEsap ¢ ‘wonippe u) ‘(sajinbe nuwjoa g1 puw s3)inbe
1201 dia) suonsuso) aures ay) paradin pus A2ojouyaa) sisowso #aaaa awms 3y Fursn n.-o_
1snBny vy £pmis sejuns « pajanpuas $3UN0SIY (WnEY pue pur) jo jsauwtdag aing m_-.r-: LT |

) Swaaoa J0/PUT 51831103 Fuimo| o) 3y ARy g
vodal 123[qns 3y} uo wawwWo3 o) Auunpoddo a1 so) nok yury: o) sagsim votiniodia]) Heme)f oiosay

dpnig sogewing
apmonayy prsodosy s k1ddag 1ajug 0 PA¥OH 3Y) 0] 1WIISRIEKY |juuvosjAN] |fRaq (133fgng
ISPIE (1S S0w PO

1E Lrs 908

1000 2rR96 l..o-u..hn-”_nc.”h £F296 11 "ninjouoyy
} ! 13311 U3y Yinos of9
B_...w. __.N. Hw m ”“,n hﬂ Lyddng saepm Jo pivog
njnjeuoy jo Kiuno) puw Q1
0H0Ss3) : Rath iy

e 0007 [ JquaroN

I~n
*

[ |
d

2 |




bwvlmsn g
UL - WUDUHUW . 02
A1 QL

pawBug Jan) pus RIRAN
‘S QUOLTY YO

smok g Ksap

“pT§-LTS 1¥ YPO L] IIWIN0D aead ‘sonsand Aus aawy nok _.—

g 1edw] [FIOUGIAYE 3R 20

up postasppe 3 {[us Aijior) uoanpoxd 2 Jo ruonends gy wayg seduny paivdizie A0

pus vogonasuos Fupmp Aowdan pen tmniepad pus SRIGIA SH53PPE 01°1°L VLIS

-y [ 90 U €T 1°L DORIIS O} pAAGUI 3q [jim P TT1"L Uonae Ul pIpn|au i
SOPo43A {IVE PAINISOTTE SINMALIN UGHNRTUED ) O} 0P FUOLEITIE wnp joiondunt ) §

3afasd aup Jo arvd ulljsap oy Butip paiaydiuod

5q 01 DN jeedur] [MUAIBIANT X0 B posmappe 3q (| Kij1ow) uonTulisIp

aq waog nawdun Aipenb \noy-Yuoy 30 Kmoodus (puned Aoy -Kruodun

pue uL Boys 3q (v RauNe uns ojorn Lruusipad pux jj2 Doitsojdea

aqy wog Apeb 11w o sowdan ML ~aynpjod v Jo $3amot Amuoues jumtyulie 3%
wred priasnpu] (1qdireD) 4 U STRUINQ Aumi qeq) AESPUS 01 POSLAL 3 I VA ML Y

P& L]
1002 6 4>
wnqlenf "D w0y TN




SNy

10)235(] 2AUAIIXT
sseq I WEI A

—p Q / \\\«&m%“\

*Kjazu1s

"PBEY-TEY 10 T N3uuag JaTrunpy wwaudojaaaq ninagseguf (e 35ea|d siuadiwmos
asayy Burpiedan suoysanb Lux syl )1 wawwod o) Anunvodde oY) 1o) nok fuey

-7 aniiy ueyd wandoaaapay easy unojumoq) & pue

*1-z a3y ‘vapg wawdo[aaspay spImateg ¥ Jo fistsuoa detw 3tn pua] 41D

sq) 95n 1nok 0} paysens arw sdew 350 pur) YD AL ‘DOOT '¥T undny vo

JH-SYNJG 341 £q pascsdde sam 42 21 OF IUAUPUALR 15318} 3y | papuIwe

u33q sey *asn pue] £, 21t Juejd uonsus(esap 2y Sunidap Lj13au0d y2noy) o

‘gri-t 2y 9 o) paniaju dews ot pue| oy *g1) 3dwy ‘tuwyy aduwy
fuor) snpng Lsopupnlay pus yomaesy Fujsuely ‘g TTITITL UOINS S

-Aauafe nemepy
ha g e 5111 *Kouade £juno pur LD v 15T 51 vosstiuwo)) juawdopaaspay
uo|iRIg 1Y [RATN U0 11aqreg Ay) 1] 23wy suwyy uu_._r:

Auo] nng Lagpwnday pus promawma g Jujuuey “qTILTIL WS ¢

LJRueg 1uswdolaazg Aiunuwo) eojangey,, Yl 51 1IUIS1p
1 Jo WU 13200334, P11 328 I8 PUS IUANY [TILUOINS ¢

“31ts S Y1 10) papuawnosas v Juiuoz  [eusnpu] ‘-1, ue ‘gv s prsodaxd
oyl u] ‘ur|g waudojaasg wmyg 5,410 34 Jo wed 2w (IIm VS N

“Yiauno K11 341 g pardope 51 4¥'S 3y J] “uounjosas Aq uolidops 10 1auno)

£1D 2y} 03 pannuqns 3q |1 Yays (JVS) urlg vary [e1aadg ¥ Jupedad

Jo ssasaud 3t UL 5] DY-SYNEE JUL IauruipIQ 35 puR] 540D 1 Aq

papiacud su *uolRAIISAL *Z-4 O SU3AUOD KqjRasieutalne 2118 ) o) Suoz Y

‘(sag) A|ddng 31 Jo preog 21 01 £axp S ) Yy Wy paLaauod 5t pury
a3y pi 1 ey ‘nuawasnbay Jujuoy puw Aty puwy TPEL VOIS T

7 23ey
0007 "0€ 13¢01>Q
e S ONI YN

Nor 8 1208 FH D0

b L Ll e R T A T L s T T T S O T [t

dUD A Yitm
JUIISISUOD 9 PIROM YI1Ym uoldE us yons poddns pirom J¥-SYNJQ HL

‘uoisued ¥ 21n10) S0J 3113 A1 Jo pIY1-u0 Fulumwa 34y uieqo 01 R SMd
1% 3lzaipue uonaas Juaudo]aaa] Amng,, ) wip p1salias sy 1 Jaaomop
‘S8 31 01 33ue£3An0 11Jauaq gnd 1503-0U ¥ 30) Q13112 3] 0) NS
ustLn] pus YEI| o uawredag] 'Sy Y1 £q PLIIPITUOI RN pUT| ) STM
SIY1 93U15 415 Y} JO SPINYI-O] 01 PAuTRITTU0D 3m tun)d uaudo|3asp uning
TEY) PURIEISPUN A4y NS 21I8-G'OE Y JO TPII-om] Inoqe ud Kjuo S31|1e)
uonrutjesap 10) suetd S8y ST Y1 1YL smoys *ANi{1aeg uolvuljesI(] ¥ 10)
ue)g 2ng ;Emdasua)y (-9 108y og a3ud *awdofaasg aaning 'pe uep1ag |

SMO[[0] SE 1T PUT 115 KOIE[E Y Y] O) PIAIWI] AN HUAUWOI INYD ‘JY-SYNJE
ays go sueld FY) Y 1uAsI5U0 SO ) pus Jund vonruyEsep unIng € 20) (dYD) urd
wawdopapay KIUMIKICD) FY) UD UMDYS 1S 2133-§°0F B UIYm paresof st Junsay ay),
-ans pasodoud ayi e Jupdiund 153 put (jam Loiwojdya 2y jo poddns ut 51 (OW-SYNIQ)
uossunue)) 10udo|2A7pay UCHRIS 1Y [EATYN 1UI04 LISGR IITmEH JO 21015 41

(gaaN) st wando|aasq ANUnnu0) Yo auus Y Liiim
"ro{an|uy 18 51 jue|d vONTUI[REIP 241 J0) 3N paniajasd 3 1wy sANItpu Apnis Ay |0
1no 01 Apnig uo1 sl ES3(] MNjouc}] 241 Jo Adoa s Tuipreauso) Joj nok yuwy)

zajueg Ay Q)

wigng

smeiesn Auwg oy uonuay
C1896 [EmE}) 'njRjouof]
19301€ RIUNII2Y YINOS (9
ninjoucy Jo Kuno) pus A
£iddng 121w Jo peog
13aufug Jary) pue 2adeuepy
ey g PPN TW

0002 "€ 529010
988049 ¥ON 194
ey s et oy Db prt)
wuny ) Hmn ey
b B L L) wornnmmne) pu b baipay
waelg My [y
w—ryy
rea N e

- D7 _&@
oo/TeL-a n_w

Fry
% §

¢



Assewids Redevelopment Plan

THATIDTY SV ATINLIVDI INTNNDOA

Kalaslos Redavalopmaent Plan

Downtown Arse Redevelopment Plan

Ksiaeloa Redevelopment Plan




et ae - g RN see asjey g

‘smok Ajng App

"Cy2E-LTS I RPO SU] 1IMU0D 2rmaqd *suonsand Auw 3awy nok'y

+ drw 250 pusy vl wwnuda|aaapay
Aunuuos pIpUHLT 2y ive paceida aq jte gZ1-2 mBig Asusle yeasy jo
NS ¥ 5¥ PAYNUIPY 3 ||m LOSSIUNIO) UILd0{A3pIY UOURE BAIY [RATN 1104 GG
ay) pur Puasi) wowdopaas] ANmUnI0) TO[A{EY. 21 0) PIIIAL03 3q [IM RV
JAASIP 241 PRSI [HASOPU] JATIIIL] -] OF uv|d wary (113305 ¥ rw pasodasd Tuaq 5y
s8uTya UONTUSHSD § PUTSIPUD 34, “IARUIPIG 35 PUT] 3,410 ) pun PRl put
154051 UONEAIEaL] (WY T-d AUR0D pUe A1) o) padaved 3 [fm 1t Aiddng sarea

© Jo preog 3yi o) PaK3aU03 $1 pU) YL LY EIIPLY 0) PISIAI A ([Lm TITYL BONRG T

R UOLiEUL RS
atj1 Jo uoisuedya Jinjnj 10} Mo[|¥ O) trEl ywwdofaazpay Anuiwoel) X ibw Juamuad
3q 0) pannbat 2 f{im 53130 0] Tupurewias 2 ARAPYY ([Le §'9 PUB YL VNI L
1y [rurd sy1 O SuotIA3E BumofLof ) Nl [iim 3

“Jurdwind 1531 puw (s Ksojpojdus ) Tutioddns wo) pue Apng
ualirut{es3(] Anjovaf] A 0] (Y] sy pnuauosarg yug 24 Surmaial 10 nok yurysg

- Ll y N
IWEEHIY [RUAWUOIALT Y1 A U0 HIAT ‘0L 134010 0 pyrymo)  A%fgng
stag I eg

£920-L0L96 Wemvl "B|ody
gotsL ¥ed 'O °d
jeae)[ Jo N5
votsunee) 1urado[3adpay
uonng Y [sATY Kod 1GNE
J0335() 3annaaxy “sseg P WA TN

weadhe] (pe] P sebienyy
Towet $ON0ISD
PO 1 VWITVE 1 S108 1008 6 W3
v Tryrenl o vl
NOLIVLE AL YYYIRYS )
O A LI .
Crast M VWIIONON
e A TN
——r— TaAD LTTELS VINVATN M HUNOT Xt
Il-ﬁ.“.ﬁ-h: o ‘ ANTIOHOH S0 ALHNOD DY ALK
by PARYW VNN AlddNE YZLYM 40 Q8V0E
K r .- L P
- - = - = - -r r om T
- —da — ot i




s “eardern Aueg apy
jonuoy AupEnd EISIWUONAUY [0 PO P

sy J3{

TN

*Aa130u1g

-3suodsas snof o1 preato)
00| PUre JUILLFTASE [EIUIWUCIIAUS YEIP §1H) UO JUIWWDI 0) Anunuoddo ayy aenaidde 3,

. ! wepd
ayy s0) spaaus wnaosiad JIYr0 21 0% JeYM {SaleA PIARRUI[ERIP JO 103 3y weduny uaau.m_ o__c
v pnon aof] gsakedares Lytraafs Junsrea ssoace praads 1303 ) (ua—I[ing 3q faued pry
[1530) mau itm *10u J[ ghavedes wrgd [ny 3e spasut £1151132)3 a3 1P o) Aipedes Junesauad
Junsmea ayy axvy ODFH s2eq (P Luedwod 3y velteame]] 3y wosz AL

Aq pas3mod 5q auatrdinba 13110 pur ‘Ui Xne ssdund *s1ossardmios “ssuiqam 31 [I1An VA
a1 uy passroeip A[asenbape 10u yea 1aNsAs SISOWI0 542431 pUE LOLEN[HOMI A3 ydneny
Ja1em pareuljesap 3anpaad 01 papasu (wnajonad so pur (R Yieq) 4daaus jo wunowe ayy,

35N ADUIANT

IUL[UD IWD0D
01 15T SN JANTA JIOW HALING ST 112y S0 310w Aed 01 IATY [[la JEUEIE Y LY SIUIPISIS
awoaul-mo] 1ey) Jie) 1t ] gustrdofaasp mau Joj [(Iq 3Y1 100] 03 IARY I Fica Tunsmea
pinoys £y -wawdojaaap azu uoddns 01 porn aq ([ saea 3 394 'radedares Lddng 1epm
Jo peog [[¢ ssoze peaids aq [1a w0 Yy | 2ea1d 1ot 51 voy[rd 23d 3502 a1 *(33324punocsd)
saatnos area Junsrra yua pareduwod vy “s2anos 121em M3 Jo wawdogaazp

10} 3ues saddn, 3y ut 3q |1 S pATUNESIP JO 10D AL Y IP fupioy
ALINDA 150D

4 . oo/1/11 andpgry 3, 190H ‘QHD) PLIS

o
aunuosy piplaey K001

*§1F 3y 10 VT fruid 3y v aye O uo wawdojaadp
Junnpu; pue swejd voneun[Esap dunonnued Mg drysuotye]az a1 STOSTP eI

.uun-.-ﬁm.—wuu ﬂ:_:g_-dem.’ﬂu

1330 vt papaadxa 3q Lew Kizedes Fuilees traneaysal) jo Kupqejrear Sureasou 4g nyE O
30 £ndedes Jurhere 3ys uipurasiapun by aingine Junnquuuor e s sy sunwo Junnos
spurwap saem mau 10) Jurpiaoad wouj sarem pareurpesap Jutiwasasd Junjion £ 3133 ‘patfawa
aze spja1d sjqeutrisns 12jinbe Y1 a10)3q 3wy jo Yufudg 3 Jurpusixa Againgy ‘smounosas
1a1eapunosd Jo 350 135ffo 01 PISN 34 ||1a JAEA PALUTED XYL IAI |G Kvws awos g “1i0]
1eyqey pue sdrds uado pue ‘angen ‘asn A3iau3 3Teaas ‘airea pljot *wonnjjod are ‘vonngjod
a3anos utod-uou EUORIPPE UL S1[Ns uonejndod Tuisranuy swajqosd misauruosaus
Funsixs aeqraoexs Ljuo uone(ndod pue wamdopzasp Juiseu] "nif O jo vonrzEQIN

ﬁ:n ur—uEmO_ubu—v 10w u—ﬁnﬁv h.—.r_ﬂ __TD .—Umni-—anc aow nn—_—.mubn #ﬂﬁ- —quDUEDU 1 ﬁ—.__u
eLI1S P swieans —ﬂunun—- UIAIp 0 anstard 2INPAI 5T |24 £ S3N05AL hUud.ﬁ_—-:gu u—&n—&
uo arnssaid asearssp Ajprrauaiod pInod $23imos J31ta Yenjreaq Supzyan ey szudona am Iy

NOILYZINVEMQ
‘uoneso] o wapuadapul pur sdads ul 29prosq ALE AUANLDOI IN0 ‘UG

® Junioa]as 01 pAI0AIP ST JUIWHTE [FIUIWIVOIIAUI ) ja [eIP pood e apuya ~Aujrxej
vonruiesap pasodord ayy Jurpiedal susaou0d jo squiny e svy "dnoigy nye, O 'qn)D LIS YL

WIWSSITLY [FIMFUVOIIALT Ye3(T VT[] voHruIEs] Ty

» 32
m = £¥896 IH "njnjoucH
B2 = g mwTaeg S 09
- ajiure[ -g paag|D Uy
mn n|njouoy jo Auno] pur Aud ‘A{ddng 1ae Jo pirog
Ty &
R -1 000Z J2qW3A0N 0L
enuoH 8y} ewerep -
‘ Sio'gqnpeas |y s 1au-eae@euynpw
a B106°LES X8) £0898 |H "ninjoucH
A 9199'8€S 19 L2152 %08°0'd
- 5 dROYO NHY.O 'an1d vdd3Is o
o 3 =
= G o] -
.H.Nn.- F- 2 . IX &b
ey @
i - ¥
L .
e d oos1Lsil andey) 3 1enrpQED-LIIS
s &% 00/veL-a .

3




%\ar&
a0f39L-
w2
vmvbyey -
m:.r_uu:_w:m \Siéems._q e
. s{:ng/39/al

U] "SILOLOQET J1URIs0 3

aaulig Jang) pue iy
ATUNYI 'S TYOLArD ¥Od4

Y )

‘tmok Ajnn Liap

"SPLS-LES 19 ¥PO 81} 12m003 s5w3)d Suonsanb Luw 2wy nok j)

EETy s =T

ALY Livw o o) Jurked hpnoypep
34X W 31U 0oty AO] 05 $31W UL jo uonsat x Funempess 5 gaug syqp saim
S0 3 1y Freasu) uw annbas jow op 303 srrnunp R Junwndg 3y asym o paunyaq

and uEu.E!mumE [Wstvuy a5 “spuoq [ediammuy Bunsols Aq pue 33; yasduit mo ____i.vuﬂnz._
2q {1t wrvid vogwn(esap oy PUR[EL 3L ) £50.108 paingLasip 5q 1w 1503 0 "a0fasxn
PUR SOUTIINIIP WAy 11y 2uaq puags amu g “taadeas P UL YT It pus spaysoiem

Ty
1007 ‘67 yanpy
SUNRYA 13 I

Rl U LR T VTV PrErry dipngy hady g

IR U0 RIwdwl 2D PLoAT 3w TRy qeod 1 V1L 33n08 aanrune Buidofaasp A nyeg
USGm 0) 1310 Jryy Funiodsun pus nyrg [rins oy 1192 ¥ funongruos jo 1103 a4y o s(gusdnos
81 's1swg L 1oudes o vofja3 13d 1300 w Lo 1usyd voprutjEsap 2 jo 100 exwdofaasp (mdwa sy

Rmbz 1505

Tuwd uanwuTEsap RojaRIne M 1oj (S3)

uzwing pedw] [musunonaug aminy 4 u PIpN[AA 2 j{te vosentip sy “dyspresiy
IIMOTI DL PINTLS L] PUNLIP SIUNTUOS 2301 01 IUQUO3 ] *Aunnom amny

o1 3dwpr 01 Atpiqreay) 4 spuosd ke (Sma) A|ddng 1310 Jo preog s ‘sa1jddng Iuapmad
PUT 338L.m3 0) uontppa ut "sar¥o|owngi3) (HA10) Uoitnauo]) Lliaug [ruiy| v Bim
13230 dasp pue Kemdisem papadoss "VOLFUI[FEID I LMEIE T tans ‘sat)ddne AEA JO

3244 pusass Tundojaasp &g ~apem 2q PO SUAIFLIIP PALLIOJUT YR Goas samyny ouno e
Jo 33uni ¥ to syjausq pur nsos ) Jmkjntaps veid 3amosu PaInTaiur us it wRTW-uoyspaop
pus mxuwd 25n pun) 2 aptacud o1 53 aapafqe 00 wunid aagaaga sous taran voRWINL Y343
w1 doof x2eqp33) ¢ 'sunyd 136 PAIE 31T PUT) ) U32M13q VOKILLIOJUL JO MO{F THONURUGD
31237 a1 tn¥ojonyan 3amos A IAN)I3 1502 JAQTULE puN payse ary nwy
£iddns p1eupunasd jemyr “aatnadyaut o8 Surmuegd e PUE 75N pUn] uxamyaq dngructivjansuy
11m3u03 A Surrearouy ue st atay] TUORRUIRSp L1kt way Kjddns v yiag pruonipps
Jo suonwstydun ag pue Ly1oedes Biyfares ‘uonszIUIG U0 VOIENITIP Mok e 3adE I

BofiRE IR

‘MuURL0s max 0) Fuodsal Jupmo|jo) apn ARy (yI) sty
IMUIUROIALT Yuu] Aprys uonsul|esaq njnjouo)] ap Suipreta £n3) mok 1] nok yuryy

5 uoRwIljeIa() nn|GuGH ¥, X[d3nT 119 Jo pivog o1 K1)

WRISIIFTY |MUILONATT Yii] 2 U0 000Z '0T BAWIAON JO 4] Mo, 139N

B UTR TR |

£0895 tiemvi] ‘nnjovoy

LISTX0]'0'Q

dnoiny nyr, ) ‘qnp) wuNg

VuIrRIN 2L I
e Lo L
TWNT S OMO4ATY

1007 ‘6T Yoty
PR VTR § 150w
P TE v X et

MO LS FEX VYBUTS
¥ YTUOYH X B LB )
e A A Cr998 1 NN0NOH
VIR LS Y S TG A13FULE VIMY LIR30 HLNOS 008
W SR 0T NYTIONOH 40 ALNOD Ceiy ALD
vy Euar AR AN HRLYM 40 q¥YOQ
T b - r - r - =
i - - I T r = r - r

41




	2001 COMPLETED 41.pdf
	2001-05-08-OA-FEA-HONOLULU-DESALINATION-STUDY.pdf

