EXECUTIVE CHAMBERS

HONOLULLY

JOHN WAIHEE March 18, 1987

GOVERMDOR

Honorablie John Lewin
Director

Department of Health
1250 Punchbowl Street
Henolulu, Hawaii 96813

Dear Dr. Lewin:

Based upon the recommendation of your office, I am pleased to
accept the Final Supplemental Environmental Impact Statement for Alternative
Methods of Seawater Return Flow Disposal as satisfactory fulfillment of the
requirements of Chapter 343, Hawaii Revised Statutes. This environmental
impact statement will be a useful tool in the process of deciding whether
the action described therein should be allowed to proceed. My acceptance
of the statement is an affirmation of the adequacy of that statement under
applicable laws, and does not constitute an endorsement of the proposed
action.

When the decision is made regarding the proposed action itself,
I expect the proposing agency to weigh carefully whether the societal
benefits justify the environmental impacts which will 1ikely occur. These
impacts are adequately described in the statement, and, together with the
comments made by reviewers, provide useful analysis to the proposed action.

With kindest regards,
incerely,

wallee

JOHN WATHEE

cc: Natural Energy.-laboratory of Hawaii
County of Hawaii Planning Department
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Summary

Description of the Action

The Natural Energy Laboratory of Hawaii (NELH) was established by the
Hawaii State Legislature in 1974 to manage and operate a research
facility on approximately 322 acres of state-owned land at Keahole Point
on the island of Hawaii (TMK 7-3-43:42) for research, development and
demonstration of natural energy resources. The Keahole site was
selected for NELH because of the nearby availability of cold, deep ocean
water; a warm ocean surface layer not subject to strong seasonal
cooling; high ammual solar insulation; accessibility to logistical
support through airports, harbors, and highways; and the presence of
adjacent, suitable undeveloped land. The unique characteristics of the
site make it an excellent environment for conducting ocean related
research such as Ocean Thermal Energy Conversion (OTEC).

An environmental impact statement for the Development Plan for the
Hawaii Ocean Science and Technology Park and Expansion of the Natural
Energy Laboratory of Hawaii (HOST/NELH FEIS) was accepted by the
Governor in September 1985 (HTDC, 1985). Among the actions assessed in
the statement was the disposal of 42,000 grm of seawater return flows
from ocean thermal energy conversion (OTEC) and mariculture operations
at NELH by means of trench, well, canal and mixed-water discharge pipe.
At the time the HOST/NELH FEIS was accepted, the State of Hawaii planned
to install a cold water pipe and pump system for HOST Park and the U.S.
Department of Energy (DOE) was plamning to fund a cold and warm water
system for OTEC research. Subsequently, the DOE learned that it would
be unable to fund the proposed expansion of OTEC facilities at NELH to
the level they had originally proposed. Rather than installing separate
seawater pipe systems, DOE and the state entered into a cooperative
cost-sharing agreement to provide the required ocean water for both
projects’with one seawater system.

OTEC is a power generating system that uses the temperature difference
between warm surface water in the tropical ocean and the cooler water at
depth to run a2 heat engine. Research on two types of operating cycles,
closed (CC) and open (OC), is presently being conducted at NELH. The
U.S. DOE is developing a research experiment to establish the
feasibility of producing significant amounts of net power from an OC
OTEC system. The demonstration plant experiment proposed for NELH is
sized at 165 kW of gross power and is anticipated to be in operation in
1991, after approximately four years of heat and mass transfer
experiments at the site.

Expansion facilities to support this research program will be
constructed by the State of Hawaii with the finaneial support of the
U.S. DOE. These new expanded facilities are planned to include: (1) an
ocean water supply system (pipes and pumps) capable of delivering 16,100
grm of mixed warm and cold seawater; (2) a water system test facility
for developmental research for open-cycle OTEC; and (3) an expanded
facility for experiments with OTEC-related mariculture.

iv




The 165 KW demonstration plant, when operational, will discharge
approximately 16,100 gpm of seawater. The seawater will be mixed in a
ratio of 1 part cold to 1.5 parts warm. Because the mixed-water
discharge pipe that was originally proposed as the means to dispose of
the projected seawater return flows will not be funded at the present
time, alternative, less costly methods of disposal were evaluated.

The alternative disposal facility recommended for OTEC discharges is a
shallow trench located within the NELH compound. The recommended trench
orientation is roughly perpendicular to and approximately 250 feet from
the shoreline at its closest point. This facility would initially serve
as a research trench for discharge quantities in the range of 3,000 to
5,000 gpm. During the 3 to U year heat and mass transfer experiment
period, an intensive water quality monitoring program would be
undertaken in conjunction with the trench disposal in order to determine
the actual impacts associated with the discharge flow. In the event
that unacceptable impacts occur, alternative disposal facilities can be
constructed and the water diverted to the new system.

Research at NELH has proven the value of the pure cold ocean water for
the production of mariculture products such as abalone and microalgae.
Legislation passed in May 1984 amended the NELH enabling legislation to
allow on-site commercialization of successful research and development
projects. Based on the experience of the past three to four years, it
appears that significant potential exists for commercialization of
several species of aquatic plants and animals at NELH. These include:
microalgae, macroalgae, marine mollusks, crustaceans and finfish.

At full development of NELH it is projected that an additional 25,900
gpm of seawater return flows from mariculture operations will be
generated. The consitutents of the discharge water will depend on the
culture organism and its intended use.

The disposal facility recommended for return seawater from mariculture
operations is a trench located makai of the NELH access road, parallel
to and approximately 900 feet from the shoreline at its closest point.
Because it is anticipated that there will be a gradual increase in
volumes of water used, the proposed monitoring program can provide early
detection of any adverse impacts so that alternative disposal methods
can be instituted if they occur.

Potential Adverse Impacts

o The disruption and displacement of the existing brackish water lens
for some distance inland and along the coast. In the long term,
trees with deep root systems that reach groundwater level may not
be able to survive the change in salinity caused by the ocean water
plume. This can be mitigated by planting trees with a greater
tolerance to salinity.

o As a result of disposal into shallow trenches, the aquifer
surrounding Kezhole Point is expected to experience reduced
temperatures, increased salinity, increased solute concentrations,
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and greater localized groundwater. Groundwater salinities in the
areas of anchialine ponds are expected to rise from present
condition to something close to normal seawater (i.e. 35-36 ppt).
In field observations suggest that negative impacts due to salinity
increases may be non-existent for adults of the known obligate
anchialine species present in the NELH ponds. The potential
impacts associated with increased salinity on the fecundity of
survival of juvenile stages of these species is unknown.

o OC OTEC discharges containing reduced concentrations of oxXygen may
tend to depress metabolic activity of the coastal community, but
trench disposal will considerably diffuse entry of these waters to
the sea and rapid mixing at entry would tend to minimize this
impact. Reoxygenation by aeration is a suggested mitigating
measure for this potential impact.

If the discharge from OC OTEC experiments is not reoxygenated, it
is possible that many of the anchialine species in the ponds
situated at NELH may disappear. Continuous monitoring of the ponds
1s recommended in order to identify this impact early, if it should
occur, so appropriate mitigating measures can be undertaken to
reverse the situation.

o Nutrient concentrations in OTEC discharges would be elevated over
those of receiving waters. The offshore benthic algal community is
maintained at a very low standing crop by grazing and physical
stresses. Nutrient subsidies would be expected to increase
macroalgal biomass because grazing is inhibited in the surge zone.
The adverse impact would be aesthetic, however, the effect would be
localized. Nutrient enrichment of the offshore waters could be
beneficial to the local fishing industry.

© In OC OTEC research where lysing occurs, the usability of nutrients
in the discharge is expected to increase. In addition, dissolved
oxygen is expected to decrease. An inerease in organic material
could result in increased rates of biofouling and could affect on-
SOiEEL Pl;leat exchanger experiments being conducted by private firms
at . ' '

o Disposal of mariculture discharges into a shallow trench may result
in some stimulation of the algal turf along the shore due to
restricted opportunities for grazing by herbivorous fishes. Visual
impact could be significant to some observers. This impact is
anticipated to be localized in the general vieinity of discharge
facility.

o Chemicals and waste products from mariculture operations in harmful
concentrations could negatively impact nearshore marine organisms
and anchialine biota. Discharges of known toxic materials would be
prohibited at NELH and regulations would be enforced. In addition,
discharges would be monitored in order to ensure that toxice
concentrations of substances are not present in the discharge
waters.

vi




Certain chemical additives used in mariculture operations, unknown
at the present time, could potentially impact the marine
envirorment. The nature of all new chemicals should be reported
and investigated prior to introduction into the discharge system as
it may impact the resident epifauna.

Proposed Mitigation Measures

o Monitoring: Potential degradation of water quality parameters is a

negative impact to the extent that biota are affected or that human
use and enjoyment of the environment is compromised. A proposed
water quality monitoring program has been designed to provide
insights to an understanding of these impacts. Present plans for
NELH include a gradual increase in volumes of water to be used.
This will allow the monitoring program to provide early detection
of any impacts. In addition, the potential impacts are reversible.
That is, if discharges are halted, the affected ecosystems could be
expected to revert to baseline conditions.

The water-quality monitoring activities at NELH will enhance
knowledge of coastal and ocean processes and facilitate the
development of standards for mariculture and other ocean-related
research and development activities throughout the state. This
item is top priority because preservation of the integrity of the
cold and warm ocean water resources is fundamental for the
continued growth and success of the proposed projects. If the
water is degraded, the projects will no longer have the unique
resource hecessary to attract the energy and mariculture activities
important to their success.

Reoxygenation: Dissolved oxygen could be substantially lowered if
one or both of the source water streams are degassed prior to use
in OC OTEC research. Reoxygenation through aeration is recommended
to mitigate impacts on the environment from discharging oxygen-poor
water. According to some scientists contacted by Oceanit
Laboratories, reaeration could be easily accomplished by a fountain
or any other turbulent motion in the air. However, it would be
environmentally and economically beneficial to reinject the removed
gases into the water prior to discharge. Reinjection studies will
be part of the research effort at NELH.

" In any event, monitoring will be an important consideration of any

research done on this problem as the degree of environmental impact
of discharging oxygen-poor water Is unknown. The proposed
monitoring program should provide early detection of any adverse
impacts so that alternative disposal methods can be instituted if
they occur. Any adverse impacts on the environment are reversible
and the ultimate mitigating measure would be to cease discharging
oxygen poor water in a manner that affects the nearshore
environment.
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Alternatives Considered

Alternative disposal methods considered in this SEIS include: direct
disposal via canal with ponding area; disposal into shallow trenches;
and disposal into deep 1ined injection wells. A mixed discharge pipe
for OC OTEC seawater return flows was assessed in HIDC, 1985.

Theoretically, discharge into a canal with ponding area appears to be an
environmentally. acceptable method of disposing of OC OTEC return flows.
However, before the same type of ponding area that is currently in use
can be used for larger discharge volumes, additional investigations
would be required to determine the physical characteristies that cause
the existing pond to act as a wpeactor vessel' that adds oxygen, removes
nutrients and increases the discharge water temperature to approximately
that of the ambient seawater. For this reason, and the fact that the
land area for a ponding area might be prohibitively large in relation to
the area available to NELH, discharge of 16,100 gpm of OC OTEC waters
via canal was determined to be unfeasible at the present time.

" Of the alternative methods and locations for disposdl of the OTEC water

analyzed, the most environmentally benign 1s deep injection. As
proposed, the deep injection wells would provide the greatest residence
time, about three months, and would create seecpage through the bottom
between -300 and =400 feet depths. While this would avoid potential
biostimulation of the algal turf at the shoreline it would come at
substantial additional cost.

A cost comparison between trenches and deep injection wells indicates
that, in general, deep injection wells are approximately 15 times more
costly to construct and operate than disposal by trench within NELH.
Without empirical data from monitoring a trench system, the theoretical
minimal improvement in avoiding impacts to the environment by disposing
via injection wells does not appear to warrant -the additional cost.

Disposal of OTEC water via a mixed-water discharge pipe was assessed in
the HOST/NELH FEIS. This option is still available should the intensive
monitoring program prove that unacceptable environmental impacts occur
as a result of using other less-costly methods of disposal.

In terms of this SEIS, the project is defined as on-land disposal of
discharge from 0C OTEC experiments at NELH. No project would mean no
further funding by the U.S. DOE for both the proposed ocean water supply
system and future research programs for OC OTEC at NELH until such a
time as funds became available and a mixed-water discharge pipe could be
designed and constructed. U.S. DOE OC OTEC research at NELH could be
delayed for several years.

No project would also mean that research opportunities to monitor low-
cost disposal methods would be lost. This could be significant in that
a potential opportunity to transfer cost-effective, reliable disposal
technology to foreign countries would be lost. In addition, the State
of Hawaii is actively seeking high-tech mariculture enterprises to
diversify the economy of the State. A cost-effective disposal technique

viii




might make the difference between success and failure for these "state-
of-the-art" fledgling businesses.

Unresolved Issues

o Various approaches to reoxygenation of degassed OC OTEC waters are

R

P S e

being discussed. The process is in the research stage. The
specific process for this mitigating measure is unresolved and will
be the subject of research. Monitoring of effects of degassed
discharged water on nearby marine commnities will serve to
minimize the potential of adverse impacts until ¢this is
accomplished.

Future mariculture crops and processes are currently undefined,
although most are anticipated to be similar to those deseribed
previously in this SEIS. Various mitigating measures, as suggested
in Part IV of this SEIS, could be instituted if adverse impacts
should occur. Mitigation could include diverting discharge to an
alternative disposal system.

There is very little credible biological information on anchialine
flora and fauna. Therefore, conclusions regarding significance of
impacts are "best guesses" based on qualitative and observational
(field) information.

The proposed monitoring program is intended to provide additional
information to resolve the above 1issues. Because discharge
quantities are expected to increase gradually, both for OC OTEC and
mariculture, the trench disposal system is still recommended, even
though some issues remain unresolved. :

Compatibility With Land Use Plans
o State Land Use Law: The NELH site is in the Urban District,

therefore there is no conflict.

Hawali Coastal Zone Management Objectives and Policies: Coastal
Zone Consistency Certification is being addressed through the U.S.
Army Corps of Engineers permitting process.

Conservation Distriet Policies and Regulations: A Conservation
District Use Permit (CDUP) for use of approximately 2940 acres of
ocean waters and submerged lands for ocean research, alternative
energy and mariculture research, and commercial mariculture and
energy activities and facilities, including construction of up to
15 additional warm and cold water intake pipelines, was approved by
the Board of Land and Natural Resources on July 23, 1986.
Conditions on this permit require monitoring of anchialine ponds --
as described in this SEIS -~ and approval of an acceptable seawater
disposal system for OC OTEC water.

o Hawaii Water Quality Standards and Permits: Coastal water quality

is protected by the federal Clean Water Act (33 USC 1251 et. seq.)
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and the State FEnvironmental Quality Act (Chapter 342, HRS),
administered by the Hawaii State Department of Health. The two
applicable regulations are Water Quality Standards and Watep
Pollution Control, Chapters 54 and 55 of Title 1 1, Administrative
Rules.

The waters off Keahole are classified as AA in the Water Quality
Standards. The objective of this class is to keep these waters in
their natural pristine state as nearly as possible with an absolute
minimm of pollution. Uses to be protected in this classification
include oceanographic research.

Discharge into a trench is not covered by any specifie
environmental regulation. However, Section 33 of Chapter 342
contains a general prohibition against the discharge of any
pollutant into state waters, which by definition include ground
water. Although a specific permit would not be required, the
proposed trench disposal system would need review by and approval
of the Department of Health before it is implemented.

Hawaii County General Plan: 1In conformance.

Hawail County Speeial Management Area: The County of Hawaii
Planning Department has reviewed the alternative disposal methods
and and determined that NELH Permit #77 should be amended.

The Hawaii State Plan: Objectives and policies (Part I) and

priority guidelines (Part IT) in relation to the economy, energy,
etc., as deseribed in the HOST/NELH FEIS.

Environmental Poliey: Chapter 344, HRS - State Envirorimental
Poliey Act - Conforms

Air Quality: Federal Clean Air Act, as amended (42 U.S.C. 185Th-7
et seq. and State Environmental Quality Act (Chapter 342 HRS) - No
effect expected

Fish and Wildlife Habitat: Fish and Wildlife Coordination fct
(16 U.S.C. Sec.661 et seq.) - Coordination is being accomplished
through U.S. Army Corps of Engineers permit process.

Historie and Cultural Properties: National Historie Preservation
Act of 1966, as amended (16 U.S.C. 1251 et seq.) - No historic
sites will be disturbed by construction of disposal facilities.

Necessary Reviews and/or Approvals

The following 1list of necessary reviews and/or approvals does not
include compliance activities to be undertaken by the U.S. DOE.
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Federal

Clean Water Act (33 USC 1251 et. seq.) .
—Administered by the State. See Department of Health

Federal Aviation Agency (FAA)

_Notice of construction within 20,000 feet of airport runways (14 CFR
VD)

U.S. Coast Guard
-If required, license to construct facilities on Coast Guard land.

State of Bawail

Department of Agriculture

“Mariculture operations culturing exotic species: Permit to import
non-indigenous species.

Department of Health :
_Trench Disposal: Review and approval for compliance with Section 33,
State Environmental Quality Act (Chapter 342, HRS)

-Disposal Via Canal: Existing National Pollution Discharge Elimination
System (NPDES) Permit must be modified if discharge exceeds 1500 gpm.
~Underground Injection Wells (UIC): Permit required even though

proposed site is in an exempted aquifer area.

a
-Mariculture operations involving shellfish: Shellfish Sanitation
Certificate.

-~Individual domestic wastewater disposal systems: Permit required.

Department of Land and Natural Resources
-Satisfaction of and request to remove condition #8 - approval of an

acceptable seawater disposal system for 16,100 gpm of OTEC water --
from CDUA HA-1862. :

-Historic Sites review.

~Approval of plans for construction within the Conservation District.
-Approval of all NELH tenants' subleases. '

Hawaii County

Special Management Area (SMA) Use Permit
—Amend existing SMA #77 if required.
Subdivision Application and Approval.

Plan Approval and Various Construction Permits.
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PART I: INTRODUCTION

A. NATURAL ENERGY LABORATORY OF HAWAIX

The Natural Energy Laboratory of Hawaii (NELH) was established by
the Hawaii State Legislature in 1974 by Act 213 to manage and operate
an outdoor research facility on approximately 322 acres of state-owned
land at Keahole Point on the island of Hawaii for research,
development and demonstration of natural energy  resources
(Figure I-1). Legislation passed in May 1984 amended the NELH
enabling legislation (Ch. 227, HRS) to allow on-site commercialization .
of successful research and development projects. NELH is governed by
a managing board consisting of seven ex-officio voting members. NELH
is placed within the Department of Planning and Economic Development
(DPED) for administrative purposes.

The Keahole site was selected for the NELH facility because of
the nearby availability of cold, deep ocean water; a warm ocean
surface layer not subject to strong seasonal cooling; high annual
solar insolation; accessibility to logistical support through
airports, harbors, and highways; and the presence of adjacent,
suitable undeveloped land. The unique characteristics of the site
make it an excellent environment for conducting ocean related research
such as Ocean Thermal Energy Conversion (OTEC) and aguaculture.

OTEC is a power generating system that uses the temperature
difference between warm surface water in the tropical ocean and the
cooler water at depth to run a heat engine. Research on two types of
operating cycles, closed and open, is presently being conducted at
NELH. In closed-cycle (CC) OTEC, a low-boiling point working fluid
(ammonia or Freon) flows through a series of components in a closed
loop. The main components are two heat exchangers, a turbo generator
and a feed pump. The working fluid is vaporized by heat from the warm
seawater and passed through a turbo generator to generate electricity.
To complete the cycle, the fluid is then condensed by the cold
seawater which has been transported to the surface via a cold water
pipe.

In open-cycle (OC) OTEC, warm surface water is used as the
working fluid. Prior to evaporation the water is degassed, removing
dissolved oxygen, nitrogen, carbon dioxide, and trace gases from the
water. Steam is produced after a partial vacuum is created over the
warm seawater. The steam, after passing through a turbine, is
condensed using cold ocean water. If condenser tubes are used, fresh
water can be produced; otherwise, the condensate is discharged with
the cold seawater.

The U.S. Department of Energy (U.S. DOE) is planning to expand
its funding of OC OTEC research at NELH. Expansion facilities to
support this research program will be constructed by the State of
Hawaii with the financial support of the U.S. DOE. Expanded

I-1
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facilities would include: (1) a water system test facility for
developmental research for OC OTEC; and (2) an expanded facility for
experiments with OTEC-related mariculture.

An operating open-cycle demonstration plant will be built at NELH
upon completion of approximately 3 to U4 years of heat and mass
transfer experiments. It is currently planned that this plant, which
will provide a gross output of approximately 165 kW, will utilize
16,100 gpm of warm and cold seawater (NELH, 1985).

The availability of high-quality deep cold seawater used for OTEC
experiments has also made possible many types of aquaculture with
commercial potential. The cold water, which is continuously pumped
ashore at NELH, has proven attractive for aquaculture operations
because of its abundance of nutrients, low level of pathogens, and
desirable temperature range for high-value temperate species. As a
result of the success of Hawaiian Abalone Farms (HAF) and the
Cyanotech Corporation, which have demonstrated the suitability of the
cold water for abalone culture and the commercial production of algae
for use as food supplements, fertilizers and pharmaceuticals,
aquaculture activities have become as great an interest to potential
researchers and developers as the energy-related projects of the
facility.

B. RELATIONSHIP TO THE HAWATI OCEAN SCIENCE AND TECHNOLOGY PARK

To demonstrate Hawaii's commitment to the development of high
technology enterprises, the 1983 Hawaii State Legislature created the
High Technology Development Corporation (HTDC). HIDC is empowered to
develop and administer industrial parks for high technology use and
issue special purpose industrial revenue bonds to finance <their
construction. In the early 1980s, the NELH Board and staff recognized
the need for providing additional sites when successful projects at
the laboratory would expand into commercial operations. As a result
one of the corporation's first development projects is the BRawaii
Ocean Science and Technology (HOST) Park, which broke ground in
November 1986, on 5U7 acres of state-owned lands located adjacent to
NELH (Figure I-1). A major reason for developing this particular site
for ocean-related "high tech" activities is its proximity to NELH,

The State of Hawaii (through HIDC) is the developer and owner of
the property, and will offer 35-year leases to qualified tenants. The
entire area is master-planned for industrial use. A major objective
in marketing HOST Park is to target industries that can utilize the
unique resources of the Keahole Point area which NELH has demonstrated
to be valuable for ocean-related high technology development. The
types of companies that were identified as being prospective occupants
of the park are high intensity aquaculture, alternate energy, marine
biotechnology, pharmaceutical development, oceanography and tropical
agriculture.

I-3
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Developing HOST Park on property adjacent to NELH is intended to
facilitate the transition from demonstration to full-scale commercial
operations. NELH will act as as an "incubator" for projects as they

row from the research stage to large-scale commercial production.
ogether, the NELH and the RDST Park will be offered as an attractive

and complementary package to high technology corporations which may be
interested in establishing their operations in Hawaii.

C. PURPOSE AND NEED FOR PROPOSED MODIFICATIONS

An envirommental impact statement for the Development Plan for
the Hawaii Ocean Science and Technology Park and Expansion of the
Natural Energy Laboratory of Hawaii (HOST/NELH FEIS) was accepted by
the Governor in September 1985 (HTDC, 1985),  Among the actions
assessed in the statement was the disposal of 42,000 gpm of seawater
return flows from OTEC and mariculture operations at NELH at full
development and the disposal of 100,000 gpm from fully developed
comercial operations at the proposed HOST Park. NELH discharge would
be disposed of on-site by trench, well, canal and/or mixed-water
discharge pipe, and HOST Park seawater return flows would be disposed
of in trenches on the park site.

At the time the HOST/NELH FEIS was accepted, the State of Hawaii
planned to install a cold water pipe and pump system for HOST Park and
the DOE was planning to fund a cold and warm water system for OTEC
research. Subsequently, the U.S. DOE learned that it would be unable
to fund the proposed expansion of OTEC facilities at NELH to the level
they had originally proposed. Rather than installing separate
seawater pipe systems, the U.S. DOE and the state entered into a
cooperative cost-sharing agreement to provide the required ocean water
for both projects with one seawater system. This combined system will
include cold and warm water intake pipelines and a pump station to
service both NELH and HOST Park activities.

The large-diameter (U48-inch) mixed-water discharge pipe that was
originally proposed as the means to dispose of the projected OQTEC
seawater at a depth of -200 feet MSL proved to be very expensive and
cannot be funded at the present time. Alternative, less costly
methods of disposal for a projected 16,100 gpm of warm and cold OC
OTEC seawater flows were then investigated. These jincluded direct
disposal via canal, disposal into shallow trenches, deep lined
injection wells and/or a combination thereof.

Because of NELH's concern for the preservation of the pristine
quality of the intake waters, detailed assessments of the effects of
0C OTEC discharges on nearshore and offshore water quality, including
an evaluation of impacts on the biological enviromment, were prepared.
Curmilative impacts of OC OTEC seawater return flows plus other on-site
discharges, such as from mariculture, were also evaluated prior to
recommending alternate method(s) to be used to dispose of 0OC OTEC
water.
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D.  ENVIRONMENTAL COMPLIANCE

In accordance with Section 11-200-27 of the Environmenta) Impact
Statement Rules, a request for determination regarding the proposed
modification to the methods of Seawater return flow disposal at NELH
(as disclosed in HIDC, 1985) was submitted to the State of Hawaii,
Office of Environmental Quality Control (OEQC). After review of the
Request for Determination and the subject FEIS, OEQC determined,
pursuant to the responsibility delegated to the accepting authority as
stated in Section 11-200-27, Environmental Impact Statement Rules,
that a supplemental statement was required because the alternative
disposal methods for OC OTEC seawater flows may have different impacts
than those described in the accepted FEIS,

This supplemental environmental impact statement has been
prepared to comply with Chapter 3Y43, Hawaii Revised Statutes and with
Section 11-200-27 of the Hawaii State Environmental Impact Statement
Rules regarding supplemental statements. The accepted HOST/NELK FEIS
is incorporated into this document by reference. The information
contained herein is also intended to provide the basis for, but not
substitute for, any environmental ecompliance activities required by
the Federal government.
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PART II: PROJECT DESCRIPTION

A. ENERGY PROGRAMS AND PROJECTS

(See Appendix A for a more detailed description of energy
programs and projects.)

1.0 Ocean Energy Technology

The U.S. DOE has identified the development of ocean energy
technology as one of its long-range missions. Research to date at
NELH has been associated with OTEC operating systems and related
research. Development of the pumping facilities necessary for a CC
OTEC experiment involved much research into corrosion of equipment and
cables in seawater, bio-fouling counter-measures, heat transfer, and
water quality analysis.

The following areas have been identified for future ocean energy
technology research (U.S. DOE, 1985): (a) research and analysis on
thermodynamics; (b) experimental verification and testing of
components; (e) materials and structural research; and (d)
oceanographic, environmental and geotechnical research.

2.0 0OC OTIEC

OC OTEC power is generated by a large low pressure turbine driven
by water vapor produced from the evaporation of warm surface seawater.
The evaporated seawater, the working fluid, is later condensed by cold
deep seawater. To increase the efficiency of the evaporator,
dissolved gasses, primarily oxygen and nitrogen, should be removed
from the warm seawater before it reaches the evaporator.

-0C OTEC research currently being conducted at NELH is concerned
with heat and mass transfer and gas sorption kineties experiments
which relate to degassifying warm and cold seawater. In the
degassification process the available forms of organic carbon and
other nutrients change due to 1lysing of plankton and other
microorganisms on the low pressure environment.

The U.S. DOE is planning to test OC OTEC components using a Heat
and Mass Transfer Scoping Test Apparatus (HMSTA) which was designed by
the Argonne National Laboratory. These tests are programmed to
commence in early 1987. In general, the experiments will focus on
development of optimal removal techniques for degassing both warm and
cold seawater. The apparatus will be varied from O up to 100%
degassing in order to determine the limits of the process. At the
present time it is predicted that 50 to 60% of the gasses, primarily
oxygen, will be removed. Reaeration techniques will also be tested
(Perney, 1986). Additional OC OTEC experiments anticipated for NELH
inelude tests of direct contact and conventional heat exchangers;
studies of non-condensible gases including basic sorption kinetic

II-1




studies and their effects on heat transfer; tests on turbine
materials; and, evaluation of the mist lift cycle (NELH, 1985).

It is anticipated that mixed seawater flows required to carry out
the OC OTEC heat and mass transfer experiments will range from 3,000
to 5,000 gpm. The duration of each experiment is expected to range
from a few hours to a few days.

3.0 165 kWe Open-Cycle Demonstration Plant

The U.S. DOE is also developing a research experiment ¢to
establish the feasibility of producing significant amounts of net
power from an OC OTEC system (Figure II-1). The experiment is sized
at 165 kW of gross power and will be used to evaluate turbine
performance and system process interactions for projection to a
comrercial market entry system of 5 to 15 oW of electrical power
(SERI, 1985). Figure II-2 presents a schematiec illustration of
large-scale OC OTEC experimental equipment anticipated to be installed
at NELH. .

It is anticipated that heat and mass transfer expériments will
continue for approximately 3 to 4 years. The 165 KwWe OC
demonstration, projected to be operating in 1991, is expected to run
24-hours a day for days to weeks extending over a period of 8 months
to one year (Lewis, 1986). '

4,0 Seawater Return Flows from Planned OC OTEC Experiments

When the OC OTEC 165 kW demonstration plant is in operation,
approximately 16,100 gpm of mixed seawater is anticipated to be
discharged. The seawater will be mixed in a ratio of (cold:warm)
1: 3.5. At the discharge point the temperature would be approximately
19°C; some additional warming will occur before the water reaches the
ocean. These ratios and temperatures will vary during the initial
3,000 to 5,000 gpm experiments.

5.0 Recommended Method of Seawater Return Flow Disposal
5.1 Discharge Into a Trench Within the NELH Compound

The disposal facility recommended for OC OTEC discharges is
a shallow trench located within the NELH compound (Figure II-3).
The recommended trench orientation is roughly perpendicular to
and approximately 250 feet from the shoreline at its closest
point. The specific location of the trench within the NELH
compound will be determined after a more detailed site analysis
is undertaken.

A trench with the capacity to dispose of 16,100 gpm of OTEC
water can be either S«foot-wide by 5-foot-deep by 193-foot-long
or 10-foot-wide by 10-foot-deep by T9-foot-long. In order to
allow for non-homogeneity of the hydrogeologic characteristics of
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Mist Turbine
Eliminator T=15.0°C

b= 164.8KW l |

Conden- 4 Cold
Warm Seawater
Seawater Evaporator Pume
Pump ‘ T=12.5°C T=8.0°C
Exhaust ' me413kg/s m=410kg/s
T=23.9°C Compressors p=36.8kW
T=27.0°C m=582kg/s p=29.6kW '
m= 585kg/s m=0.025kg/s
p=47.8kW 3% H,0
72% N2
25% 02
0.05% CO;

Net Power=164.8-47.8 -29.6-38.6=46.8kW

Source: SERI, 1985

Figure 11-1
'OC OTEC.
EXPERIMENTAL FLOW DIAGRAM
NATURAL ENERGY LABORATORY OF HAWAII
Keahole, North Kona, Hawail
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Figure 11-3
LAND USE AND OCEANWATER PLAN

NATURAL ENERGY LABORATORY OF HAWA 1
r Keahole, North Kona, Hawali
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1.0

the disposal area subsurface materials and to mitigate silting
and clogging problems that may occur in the initial start up
stage, the actual excavation should probably be twice the
required trench length. The exact dimensions of the trench will
be determined during the design of the facility. If the full
trench is not required for testing of the ocean water supply
system, a smaller trench might be tested and monitored with
lesser initial flows and the trench size could be modified based
on this experience. A cross-section of a proposed disposal
trench utilizing a perforated pipe and boulder or crushed lava
backfill is presented in Figure II-U.

5.2 Monitoring

An important consideration for any on-land disposal method
is monitoring. Because there are unknowns associated with OC
OTEC discharge water and its impact on the environment, it is
recommended that a water quality monitoring program be instituted
as soon as possible and continue throughout the 3,000 to 5,000
gpm heat and mass transfer experiments. The data collected in
this program should be continually evaluated during this three to
four-year period and alternative disposal facilities, such as
deep injection wells, should be constructed if adverse impacts
become evident. Because the identified potential impacts are
generally reversible (Part IV), the risk to the environment and
future OTEC research under these conditions is expected to be
minimal.

Monitoring should take place at the disposal site and other
onshore locations, at the warm water intake and offshore.
Because trench disposal could also affect the brackish water
lens, the anchialine ponds north of NELH should also be
monitored. A proposed water quality monitoring program is
presented in Appendix B of this SEIS.

Operations of the trench should be monitored to collect
operation and maintenance data., The ultimate size of the trench
would be determined by research and experience with lesser flows
associated with the preceding phases of the experimental process.
Testing and monitoring accomplished in the earlier phases could
indicate that smaller trenches are acceptable. This could be
another test objective of the phased OTEC expansion program at
NELH.

MARTCULTURE PROJECTS
Future Mariculture Projects

The availability of high quality deep cold seawater makes

possible many types of_ aquaculture with considerable cormmercial
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potential. Based on the experience of the past three to four years,
it appears that significant potential exists for commercialization of
several species of aquatic plants and animals, utilizing the
properties of low temperature, high nutrient content and lack of
pathogens that are found in the deep cold water. Appendix A in the
HOST/NELH FEIS (HTDC, 1985) recommends various mariculture projects
suitable for NELH and for the ad jacent HOST Park. The species
described below, and possibly others, could be grown as intermediate
products for consumption by other cultured species; as agricultural
feed supplments; for human consumptions for water treatment purposes;
for marketable geed stock; or for by-products such as beta-carotene or
agar. Briefly, they are:

o Microalgae, such as Chaetoceros, Dunaliella, Tetraselmis,
Spirulina, and Phaeodactylum;

o Macroalgae, such as Gelidium, Gracilaria, Laminaria, and nori
seaweed (Porphyra teneral;

o Marine Mollusks, abalone (Haliotis Sp.), oysi',er's (Crassostrea,

Crassostrea
Ostrea), clams (Tapes, Mercinaria, Tridacna), and opihi
{Celana SP-)3

o Crustaceans, such as shrimp (Penaeus) lobster (Homarus,
Panulirus) and brine shrimp (Artemia);

o Finfish, such as coho salmon, steelhead trout, rainbow trout,
millet, tilapia, carp and mahimahi.

2.0 Seawater Return Flows from Projected Mariculture Operations

At full development of NELH it is projected that an additional
25,900 gpm of seawater return flows from mariculture operations will
be generated. The constituents of the discharge water will depend on
the culture organism and its intended use. The overall warm and cold
seawater mix is assumed to be 1:H.

3.0 Seawater Return Flow Disposal (25,900 gpm)

3.1 Discharge Into 2 Trench Makai (Seaward) of NELH Access Road
(Figure 1I-3)

The disposal facility recommended for return seawater from
mariculture operations is a trench located adjacent to and makai of
the NELH access road. A potential location for this facility about
1,000 feet southward of the NELH compound, parallel to and
approximately 900 feet from the shoreline at its closest point, is
evaluated in Part IV of this SEIS. Because distance to the shoreline
from the access road increases towards the HOST Park site, relocation
of the trench in this area would result in lower concentrations of
discharge at the shoreline and less potential for biostimulation of

the algal turf than if the ftrench were located closer to the NELH
compound.

11-8

(-

et o s s

o

.

-

C

L1

oz 2 Ll

-
i

e e e v AT

g e o2

RIS

ermaiied Fay

-

e
Pt T



I

b

(WD TR SN U W

H

| WY B

[ Y

| WS

=

Disposal trench dimensions for the projected quantity of
mariculture discharge at full development of NELH (25,900 gpm) are
approximately 5-foot-wide by 5-foot-deep by 362-foot-long. if
necessary the length of the trench could be shortened by digging a
deeper trench. As with the trench recommended for the OC OTEC
discharges, the exact dimensions of the mariculture disposal trench
will be determined during the design of the facllity. Monitoring and
mintenance considerations described for OC OTEC water disposal would
also be applicable to mariculture discharges. The mariculture trench
would be similar in cross-section to that presented in Figure II-U.

3.2 Other Methods of Mariculture Discharge Disposal

Based on the analyses of the efficiency of algal mats for
treatment of OTEC and mariculture discharges prior to disposal (CGK &
Associates, Appendix B), and data from the existing canal and ponding
areas (HTDC, 1985), it is possible that low volumes of mariculture
discharge (less than 1,000 gpm) could be disposed of via canal and
pond systems without significant environmental impact. These systenms
would require approval of the Department of Health.

C. NELH DEVELOPMENT PLAN

The proposed NELH Land Use and Ocean Water Plan is presented in
Figure II-3. Figure II-5 illustrates proposed improvements and
expansion of the NELH laboratory compound (otherwise known as the
Seacoast Test Facility (SIF)).

1‘. 0 SIF Upgrades

As discussed in the HOST/NELH FEIS (HTDC, 1985), the U.S. DOE and
the state are currently in the planning and design phases of upgrading
the energy research and testing capabilities of the STF. The purpose
of the expanded test facility js to support experimental research on
critical elements of advanced OTEC cycles as described in Section A.
The facility is also being designed to support environmental,
oceanographic and ocean engineering experiments to aid the development

of diverse ocean energy Supply operations. These upgrades will
include: :

- An experimental test facility to be located within the present

laboratory property, occupying a space of approximately
1 acre;

- An improved road and new ol-foot wide driveway on the ocean
side of the laboratory property;

- Four holding tanks (to meintain the appropriate pressures
needed for the open-cycle experiment);
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A control building to house electrical power controls and a
pumping station;

- Two ocean water intake pipes (1 warm and 1 cold), capable of
delivering 9,500 gpm of warm surface seawater and 13,300 gpm

of deep cold seawater — 6,800 gpm of cold seawater will be
diverted to the adjacent HOST Park for use in commercial
aquaculture and other ocean-related industries (Figure II-6);

- An ocean water pump station;

- Ocean water distribution lines from the pump station to the
facility;

- A seawater return flow disposal facility for OTEC water; and

- New electrical power and control lines installed in under-
ground ducts to the pumping station and within the NELH
facility.

2.0 Future NELH Laboratory Compound Expansion

The proposed land use and ocean water plan (Figure II-3)
allocates an additional three acres north of the existing compound
fence for future energy project expansion. The laboratory will also
expand three acres to the south of the existing compound. The storage
area will be moved to this new location so that more space is
available near the laboratory building for initial research and
development of mariculture projects.

3.0 R & D Aquaculture Expansion

It is planned that mariculture companies would initially conduct
research and development activities to determine appropriate mixes,
temperatures and other water conditions for their products within the
laboratory compound, moving outside the compound fence after the
testing phases are completed. Approximately 60 acres, south of the
laboratory fence and makai of the NELH access road, will eventually be
subdivided into one to seven-acre lots for use or lease by R & D
firms.

4.0 Mariculture Commercial Demongtr'a’cion Modules

Two major commercial demonstration projects are currently in
operation on the NELH property: Hawaiian Abalone Farms (HAF),
21.3 acres and Cyanotech, 15 acres. An additional 18 acres (plus an
optional 42) has been allocated for future use as commercial modules.
These areas will be subdivided into 5 to 10 acre lots for lease to
qualified entreprenuers.
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5.0 Seawater Disposal Facilities

The preferred method of seawater disposal is via trenches behind
the shoreline. Other methods, such as injection wells, algal ponds
for pretreatment, and/or possibly some direct discharge canals, could
be employed in the future if monitoring results indicate their
adequacy, desirability or necessity.

6.0 Shoreside Marine Projects Expansion

Approximately 21 acres has been allocated for future shoreside
marine projects such as solar ponds, wave energy conversion, and
marine bicmass energy.

7.0 Public Shoreline Access

An area of approximately one acre at the southern boundary of
NELH (Figure II-3) is planned for future development as a public
parking area to accommodate approximately 15 to 20 vehicles. Funding
would also be requested from the Legislature for public restroom
facilities at the time the parking area is constructed.

An additional small parking area for approximately 5 to 10
vehicles may be located at the northern terminus of the jeep trail,
near Hoona Bay. This parking area, which would be used by fishermen
who utilize the nearby shoreline for both day and night fishing, would
not be graded or surfaced but merely delineated by poles or barrels
and identified by a sign.

8.0 Infrastructure and Utilities

Based on forecasted needs of committed projects, NELH projects a
demand for 100,000 gpd of fresh water by the end of 1995. This
requirement could triple at full development of the facility. Because
of the expected inerease in activity at the site, NELH will request a
water commitment from the County of Hawaii for up to 300,000 gpd.

When required for facility e:fpansion, a new road will be

constructed to the northern portions of the site. At that time, power
and commnication lines will be buried along the road.
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PART IIT: DESCRIPTION OF THE EXISTING ENVIRONMENT

A. LOCATION AND LAND USE
1.0 The Region

NELH is situated at Keahole Point, the westernmost portion of the
island of Hawaii, within the North Kona District of the County of
Hawaii (Figure III-1). According to the 1980 Census, North Kona had a
resident population of 13,748 people (DPED,1983). The major urban
center on the leeward side of the island, Kailua-Kona, is located in
the District. The basic industries in North Kona are tourism,
agriculture, and construction. The North Kona Coast is the County's
ma jor visitor destination area.

2.0 Land Use Designations

The NELH facility is located immediately makai of the Keahole
Airport building restriction line; the property is situated within
portions of the ahupua'a (land divisions) of Kalaca 1-4, and '0O'oma 1,
in Tax Map Key 7-3-43:42 (Figure III-2). It is within the State Land
Use Urban District as reflected on State Land Use District Map H-2
(Keahole). The County of Hawaii General Plan Land Use Pattern
Allocation Guide (LUPAG) Map designates the property as "Industrial"
and it is zoned General Industrial (MG~3a). The property lies within
the County of Hawaii's Special Management Area (SMA) and existing
activities at NELH are currently permitted under SMA Permit #77. A
Conservation District Use Permit (HA-1862) was recently approved by
the BLNR authorizing NELH use of 2900 acres of offshore and submerged
lands as an ocean use corridor. _

3.0 Adjacent Land Uses (Figure III-3)
3.1 HOST Park

HOST Park is located to the south of NELH. The 547-acre
site is being developed by the State of Hawaii High Technology
Development Corporation (HIDC). All except 39 acres of ocean
front land at the Park site have been classified Urban by the
State lLand Use Commission. The County of Hawaii General Plan
Land Use Pattern Allocation Guide (LUPAG) Map designates the
property as "Industrial™ and the Hawaii County Council recently
approved rezoning of the Urban portions of the parcel from Open
to Industrial (ML-3A and MG-34). Because the area is in the
County of Hawaii Special Management Area, an SMA Permit (#239)
was obtained. Proposed uses within the State Conservation
District were approved by the BLNR in July, 1986 (CDUA HA-1862).

HOST Park is planned as a subdivision development with

improvements, including access roads, roadway lighting, cold and
warm ocean water systems, and potable water and electrical

I1I-1
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services, As  shown on Figure III-Y4, ¢the Property will be
Subdivided into 25 lots of approximately 3. acres for an
apbroximate total of 8g acres, and 16 lots of approximately 20+

acres for an afproximate total of 350 acres. The Jlots in the
subdivision will be leased to approved tenants by the HIDC. Each

tenant wi1a construet his oWn on-site improvements in conformance
with the standards ang eriteria set forth in the Development

1986. The primary users of HOST Park are anticipated tq be
mariculture operators Producing a variety of high-valye
mariculture Products  sych as: micr-oalgae; macroalgae;
crustaceans; and mollusks,

3.2 Other Uses of Adjacent Government Land

A lighthouse operated by the U.S. Coast Guard Occupies the
tip of Keahole Point, seaward of NELH, and the Keahole Airport
lies to the east of NELH, The State's Keahole Agricultural Park
és logated mauka of Queen Kaahumany Highway in an easterly
irection,

3.3 '0'om IT - Mixed Use Development

According to the Final EIS for '0'oma IT (Helber, Hastert et
al., 1986), the landowner proposes to develop a milti-use compiex
on the approximtely 314-acre site, The proposed development
will econsist of a self-contained "intermediate resort" areg
including gz hotel, multi-family residentiaj units, an 18-hole
golf course ang clubhouse, ang a marine park/visitop center. In
addition, a mjor part of the development will be oriented toward
growth of high-technology/aquaeultur'e in the Keahole area, with
land planneq for light industrial yses and an office park.,

A Cpua (HA-1936) fop consolidation ang resubdivision of the
parcel within the Conservation District hag been accepted fop
Processing by DLNR. This CDUA was sSubmitted by the landowner in
order to support a Proposal to exchange 85 acres of the northern-
wost portion of 'Ofoma IT with the State of Hawaii for 85 acres
of the existing HOST Park site. HOST Park 1ots arfected by the
exchange are anticipated to be lots 15, 16, 27 to 31 and a
portion of 12 (Figure ITI-Y), Environmental impacts of thig land

III-5
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exhange are addressed in the 10'oma II Final EIS (Helber, Hastert
et al., 1986).

Existing Land Use, Facilities and Projects at NELH
(Figure III-5 illustrates the existing conditions at NELH)
4.1 Energy Projects and Facilities

Mach of the current research at NELH is associated with open
and closed cycle OTEC systems and related research. Closed-cycle
prgjicts currently underway at NELHE include the following (NELH,
1985) ¢

o The Argonne Test Project which is testing biofouling as a
function of heat transfer fouling resistance. Also,
materials selection research is being conducted to find an
aluminum alloy or aluminum alclad alloy that will allow a
low heat transfer fouling resistance and provide resistance
to corrosion attack.

o A large-scale test of aluminum heat exchanger elements by
Alcan Aluminum, Inc. Several mlti-tube heat exchangers of
various alloys have been jnstalled in the 1laboratory for
continuous monitoring of heat transfer and corrosion with
6 ft/sec flow of both warm and cold water.

o The ALCOA Project which 1is conducting tests to find a
corrosion resistant aluminum material for closed-cycle heat
exchangers.

Open-cycle projects on-going or anticipated at NELH include:

o Research on gas desorption processes for the degassi-
fication of seawater. This project 1s designed to
demonstrate the difference between -degassification’ of fresh
water and seawater.

o Research to solve problems of foaming and the release of
non-condensable gases;

o Research on evaporator/condenser efficiency as a function of
spout size, length, configuration and fluid velocity;

o Testing effects of evaporator and condenser configurations;
and,

o Testing of gas desorption from seawater (Larsen-Bassee,
1983; 1985).

III-7
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Additional research includes:

o Materials research for the Hawaii Deep Water Cable Program;
and,

o The DUMAND (Deep Underwater Muon and Neutrino Detection)
project which plans to deploy a large array of sensors in
the deep ocean off Keahole Point.

Operational support facilities at NELH include:

o An extensive water quality laboratory to monitor flow,
temperature, salinity, suspended solids, pH and alkalinity,
nutrients, dissolved oxygen and residual chlorine; and,

o Monitoring of environmental factors such as wind temperature
and solar insolation on a milti-channel data logger.

Additional related project support activities include:

o Science education, using the unique resources of the
laboratory;

o Personnel training;
o Environmental studiess
o Equipment storage; and,

o] 'Project staging for submersible and research vessel cruises.

4.2 Mariculture Projects and Facilities

4,2.1 Research and Development

Facilities for mariculture research are located in the
main laboratory compound. Aquaculture tanks, vwhich are
plumbed with both warm and cold seawater, include: ten
600-gallon fiberglass tanks, five 100-gallon plastic lined
steel tanks, ten 800-gallon tanks divided into one cubic
meter sections, and various tanks, larval basins and growoub
baskets for the culture of Maine lobsters which are housed
in a 1000 square foot inflatable building.

Several species of macroalgae are currently produced at
NELH. They are: Macrocystis pyrifera (giant kelp) s
Porphyra tenera (nori) and a mixture of species used for
stripping inorganic lons from wastewater. Research 1is
ongoing to determine depth, flow and harvest manipulations
necessary for optimization of nutrient stripping in shallow
channels (Robichaux, 1986).

ITI1-9
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4.3

NELH has completed negotiations with the West Coast
Lobster Company for a 2l-month facilities use agreement with
NELH with an option to negotiate a commercial sublease when
appropriate. The company initially proposes to use 2 acres
of land with an option to expand into an additional 3 acres
if their project progresses well and the NELH Board
approves. The firm will first conduct research and
development activities to determine appropriate mixes,
temperatures and other water conditions for their lobster.
In addition, negotiations have been completed for an opihi
culturing project and several more university-sponsored
projects.

h.,2.2 Commercial Demonstration

Hawaiian Abalone Farms (HAF) has leased 21.3 acres on
the NELH site and is is currently operating a commercial
demonstration module. HAF facilities include two large
million-gallon kelp tanks (each 15 feet high and 105 feet in
diameter) and several acres of shade eloth structures
covering abalone tarks. HAF is currently expanding its kelp
growing capacity by constructing four H-acre ponds.

Following one year of research and development,
Cyanotech, Inc. has begun production of various marine
microalgae at NELH. Their facilities, located on a 15-acre
parcel adjacent to HAF, include lined raceways aerated by
paddlewheels and a field house/processing facility where
water is extracted and the algae is dried for packaging and
shipment. The firm is initially producing Spirulina, a
microalgae in great demand as a health food supplement.
Although Spirulina is normally grown in fresh water, the
company scientists have demonstrated that it will grow in
the pure seawater at NELH. The company is also culturing
microalgae for the production of Beta-carotene and
EPA/Omega-3.

Ocean Water Supply and Disposal Systems
4.3.1 Ocean Water Supply Systems

There are three 12-inch diameter ocean water intake
pipes offshore Kezhole Point serving NELH. These include
two warm water intake pipes (WWwP) and one cold water pipe
(CWP). All of the intake pipes terminate at the shoreline
near the Keahole Point Lighthouse. Three pumps are
currently located in the waters just offshore of NELH, for
the purpose of bringing cold water from 2,000 feet below sea
level. Four pumps located onshore bring warm water to the
facility from nearshore waters.
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A total of 15 future cold and warm water pipes were
approved in CDUA HA-1862. The maximum size of any pipe is
not to exceed UB-inches and the maximm total flow of all
pipes is not to exceed 142,000 gpm. Figure I1I-6 shows the
offshore corridors for the future pipelines.

Of these 15 pipes, two CWP {one 36 - 40 inches in
diameter and one 18 inches in diameter) and one WWP (24 -
28 inches in diameter) are presently being designed.
Construction of the 18-inch CWwP is planned for Spring 1987;
the 36 - U0-inch CWP and the 24 - 2B-inch WWP are
anticipated to be deployed in Summer 1987. A pump station
to service the larger cold and warm water pipes will be
constructed makai of the NELH compound {(Figure TI1-5); the
pump station for the 18-inch pipe will be located offshore.

y.3.2 Seawater Disposal Systems

The existing discharge from OTEC experiments at NELH
consists of approximately 1,000 gpm of extracted seawater
used in heat exchanger experiments. Up to 0.01 mgd of the
discharge is used in biofouling experiments; a max imum
10,800 gallons per day of the discharge recelves
chlorination at a rate of 70 ppb for one hour per day. The
extracted seawater enters Class AA waters via a natural,
rough canal approximately 60 meters long and 15 meters wide
which is located next.to the laboratory facility. Discharge
js permitted under National Pollutant Discharge Elimination
System (NPDES) Permit No. HI 0020893 which expires March 31,
1991. The discharge ig monitored daily in accordance with
conditions of the NPDES permit.

Approximately 800 gpm (1.2 mgd) of ocean water used by
Hawaiian Abalone Farms 1s disposed of into two injection
wells which are located just behind the shoreline fronting
the NELH facility. Approximately 200 gpm (0.3 mgd) of ocean
water used in other mariculture operations is disposed of
through surface spreading through a cinder layer placed over
graded lava (HTDC, 1985).

Utilities
h.4.1 Electricity and Telephone

Electrical power to the area is supplied by the Hawail
Electric Light Company, Inc. (HELCO) via a conduit running
under the runway from the substation at the Keahole Airport
to the makal airport boundary fence. Electrical power 1is
distributed to the NELH facilities via an overhead 12.47 KV
line running along a utility corridor from the makai airport
boundary to the NELH power center in the main compound.
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Hawaiian Telephone Company has an existing 3-inch conduit
serving the NELH facilities.

4.4,2 Water and Sewage

Fresh water for domestic use and fire protection is
supplied by the Department of Water Supply, County of
Hawaii, via a U4-inch water line comnected to the 12-inch
diameter transmission main located along Queen Kaahumanu
Highway which conveys water from the Kahaluu water storage
tanks to a 0.5 million gallon (MG) reservoir near the
entrance to Keahole Airport. The capacity of the 4-inch
diameter pipeline is approximately 200 to H00 gpm, 300,000
to 600,000 gpd. The current fresh water usage at NELH is
approximately 25,000 gpd. There is no county sewer system
in the area, and septic tanks are used.

4.4.3 Access

Access to NELH is via a two-lane 24 foot-wide asphaltic
concrete paved road with an 80-foot easement width. The
road is approximately two miles long from its intersection
with the Queen Kaahumanu Highway to the NELH laboratory
gate. There is no road to the northern portions of the NELH
-8ite and a Jeep trail is the only other access to the
coastal areas. The Queen Kaahumanu Highway intersection is
currently unimproved and direct right and left turns are
allowed there. There is a gate at the highway which is open
during the day and closed at night.

B. THE TERRESTRIAL ENVIRONMENT
1.0 Geology, Topography and Soils

The Keahole Point region consists of primitive basalts of the
Hualalai voleanic series, the prineipal effusive rock of Hualalai
voleano (Stearns and MacDonald, 1946). The series is composed of
heterogeneous, poorly-layered, 1laterally and vertically restricted
units of aa, clinker, and pahoehoe lavas consisting predominantly of
basalts and olivine basalts. Individual units extend laterally no
more than several hundred feet and vertically less than 100 feet. The
average lava flow thickness 1is about 10 feet. A late trachyte
effusion from Puu Waawaa occurs about 15 miles northeast of Keahole.
No unusual structural features exist in the region. The nearest rift
zone is at least five miles to the north. There is no evidence of
faulting or other regional deformation (Dames & Moore, Appendix C).

The topography of the NELH site at Keahole Point is generally
level and varies from sea level to approximately 20 feet above MSL.
The coastline is rocky and contains intermittent coral and basaltic
(black) sand beaches, as well as basalt boulder beaches. The
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shoreline varies from level areas to elevations up to 15 feet which
drop steeply into the ocean to depths of -10 to -20 feet. The nearly
vertical areas of the shoreline have numerous caves and lava tubes
extending horizontally under them (HTDC, 1985).

The U.S. Department of Agriculture Soil Conservation Service Soil
Survey report for the area designates soil types as aa (rlV) and
pahoehoe (rlW) lava flows. These lava flows have practically no soil
covering and are bare of vegetation except for mosses, lichens, ferns
and a few small ohia trees.

2.0 Climate

The climate in the Keahole region is arid in the coastal area but
changes gradually to humid in the Hualalai undissected upper slope.
The average temperature at the Keahole Airport is 750F with a maximm
recorded temperature of B89CF and minimum of S5YOF. The area receives
little tradewind rainfall; instead, much of the moisture is accounted
for by orographic showers that form within sea breezes which move
onshore and upslope. The mean annual rainfall in the coastal regicn
is less than 20 inches, with the wetter periods of the year occurring
between May and September (HTDC, 1985).

Pan evaporation is typically high, in the general range of
0.18 inches per day for the winter and 0.36 inches per day for the
summer as measured at Anaehoomalu (Kay, et al., 1977). There are no
pan evaporation data for the Keahole region.

The land masses of Mauna Loa, Mauna Kea and Hualalai block the
Prevailing northeast trades, and a land/sea breeze system predominates
in the area. The resulting winds are gentle offshore breezes during
the night, switching to onshore during the day due to the heating of
the land. Typical veloeities range from 3 to 14 knots. The exception
to this pattern occurs during the periods of so called "kona" weather
during the winter months when low pressure fronts may cause strong

southerly winds, in some instances approaching 30 to 40 knots (R.M.
Towill, 1976).

Solar radiation at the site is constant, with the days cloud-free
an estimated 95% of the year. The average daily total radiation on a
horizontal surface is 2,019 BTU per square foot (HIDC, 1985).

3.0 Hydrology

Groundwater recharge in the area comes primarily from the small
residual of rainfall after abstraction by evapotranspiration in the
upland area and to a lesser extent from the infrequent cyclonic~storm
rain affecting the entire area. All groundwater discharges are
natural as there is no groundwater development of any kind. These

discharges are primarily diffused and not usually visible along the
shoreline (Dames & Moore, Appendix C).
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An unconfined Ghyben-Herzberg lens underlies the coastal region
of western Hawaii from Keahole northward to beyond Kawaihae and
southward to beyond Keauhou. In the Keahole vicinity, the lens is

brackish, probably less than 125 feet thick and discharges freely
along the coast in a narrow band a few feet wide In the intertidal

zone (WRRC, 1980). The basal lens water does not meet the U.S.
Drinking Water Standards even at the top of the lens and at a distance
about 3 miles from the shoreline. Chloride, for example, was measured
to be about 5,000 milligrams per liter (mg/l) to 520 mg/l, and total
dissolved solids (TDS) to be about 10,000 to 1,200 mg/l over this
distance (Ibid.).

The brackish water of the 1lens flows toward the coast along a
regional gradient of about 1 foot per mile. The head in well 4360-1
(Kalaoa), 3 miles inland of Wawaloli Beach, was 3.2 feet when drilled,
implying an average gradient of 1.1 feet per mile. Kanehiro and
Peterson (1977) gave an average gradient of 1-to 2-feet per mile north
of Keahole for the reach between Kiholo and Puako. The brackish water
discharges preferentially at indentations in the coast. Groundwater
flow lines converge toward these indentations while diverging at head-
lands (Ibid.). The coastal part of the lens experiences appreciable
ocean tidal influence. At distances of up to 336 feet inland, tidal
efficiencies range from 69% to 100%. Further inland, at 600 feet, the
efficiencies decrease from 43 to 68% (WRRC, 1980).

4,0 Hazards

Keahole Point is sheltered from the major tsunami generation
centers for the Pacific (the Aleutians and Chile); however, the
effects of local quakes such as the one occurring in Ka'u in 1868,
reported to have been 7.5 on the Richter scale and to have generated a
wave as high as 45 feet, are more severe. Earthquakes are frequent in
the Kona area; a quake of magnitude 5 was recorded west of Kona in
1972.

As shown by Cox (1982), the near-shore 100-year tsunami runup
height in the Keahole area is estimated to be approximately 9.3 feet;
the Corps of Engineers estimate is 8.7 feet. Examination of flood
insurance rate maps for the area indicates shoreline areas in zones
V15 (areas of 100 year coastal flood with wave action; base flood
elevations and flood hazard factors determined) and A4 (areas of
100 year flood; base flood elevations and flood hazards determined)
(HTDC, 1985).

5.0 Vegetation and Fauna
5.1 Vegetation
The strand or beach =zone vegetation forms a narrow to
somewhat wide (up to 300 ft. in width) belt along the coast.

Clusters of naupaka (Scaevola taccada) shrubs are frequently
encountered. A few scattered, windswept thickets of kiawe
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(Prosopis pallida) are occasionally found along the landward edge
of the strand. Other species found along the shore include
hi'aloa (Waltheria indica var. americana), beach morning glory,

Bermuda grass or manienie, and tree heliotrope. No rare,
threatened or endangered plant species have been recorded in the

project area. The native species that are found on the NELH site
also occur in similar habitats throughout the West Hawaii area.

5.2 Avian fauna

Two species of endemic Hawaiian birds are known to exist in
the Keahole region: the endangered Hawaiian stilt, known to be
present in pond areas several miles to the north and south of the
site, may fly over the area and the Hawaiian Owl (Pueo) may feed
on rodents in the area. The Hawaiilan stilt prefers the pond
areas north and south of the project site and the Hawaiian owl
has a large home range over which it forages for rats and mice.
Other common, indigenous birds which have been observed in the
area are the golden plover, wandering tattler and ruddy
turnstone, which are all found elsewhere in the world.
Introduced species known to be present in the area include the
Indian grey francolin, barred dove, common mynah, Japanese white-
eye, house finch, house sparrow, cardinal and Brazilian cardinal,
among other species.

5.3 Land mammals

The Indian mongoose, the common house mouse, roof rat,
Polynesian rat, and feral cats are known to inhabit the
undeveloped portions of the NELH site.

5.4 Endangered and threatened species

The Hawaiian Hoary Bat, Hawaii's only endangered land
mammal, is found from sea level to the 13,200-foot elevation and
is known to occur in Kona. The bat probably feeds on insects
along the coastal area of the project site during the evenings
and night. No endemic birds are known to nest in the-area,
although the endangered Hawaiian stilt may fly over or
occasionally feed there.

6.0 Historical/Archaeological Resources

A total of 10 archaeological studies have taken place in the NELH
parcel. A Bishop Museum study (Clark, 1984) summarized much of this
work and concluded that all historic sites had been found--a total of
24. The State Historic Sites Section has recently conducted field-
checks of many of these sites (Cordy, Appendix D). The majority of
sites are concentrated along the coast. The sites are composed of
more than 60 individual features. Table 3-1 lists the sites and
briefly describes them; Figure III-7 shows their location on the NELH
property.
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Table

3-1

Ligt of Siteg in the NELH Parcel

Site Function Nature

Kalaoa 4 .- North of NELH Lab (13 sites)

Dl6-5 Permanent Dwelling Enclosure with papamu

Dl6-6 Permanent Dwelling Enclosure with internal
enclosure & external
Platform

D16-7 Permanent Dwelling Long, narrow enclosure & 2
platforms

D16-8 Permanent DPwelling 2-gided enclosure with
cement foundation

Dle-9 Permanent Dwelling Long, narrow enclosure,
C-shaped enclosure,
modified anchialine pona

Dl16-10 Unknown Enclosure

D16-11 Permanent Dwelling Enclosure

Dl6-12 Permanent Dwelling Enclosure, terrace

D16-~13, Short-term occupa. Cave

D16-14 Trail Opihi-shell lined

Dl16-15 Trail Opihi-ghell lined

D16-16 Trail Stepping stone

D16-17 Trail Opihi-ghell lined

Kalaoa 5 -~ South of the NELH Lab (11 sites)

D15-11 Permanent Dwelling 4 enclosures

D15-12 Permanent Dwelling Enclosure, 2 platforms

D15-13 Permanent Dwelling Platform

D15-14 Permanent Dwelling Platform, 2 enclosures

D15-15 Permanent Dwelling 10 features = 2 enclosures,

' pPlatform, 2 caves, 2 pools,
. ete.

D15.-21 Unknown 8+ filled crevices*

D1§-22 Unknown Filled crevice*

D15-23 Unknown Small platform, enclosure

D15-24 Short-term occupa. Cave, C-shaped enclosure

D15-25 Short-term occupa. Cave, platfornm

D15-26 Unknown Stone cairn

*A 1986 fieldcheck indicates that thege may not be historie

gites (Cordy 1986).

Source: Cordy, Appendix D

This is being further evaluated.
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A1l of the sites still contain significant information on the
prehistory of this area which must be recovered. NELH and: the State
Historic Sites Section have agreed that one site and a set of six
sites are also significant as excellent examples of types of sites
within the North Kona region and should be preserved. These are: (1)
Site D15-12, a prehistoric permanent dwelling site which includes a
walled enclosure with an internal house platform and external work
structures, at least one petroglyph and salt pans; and (2) Sites D16-6
through -11, a complex of historic period (mid-1800s to early 1900s)
dwellings and larger structures including two canoe-houses (Cordy,
Appendix D}.

C. THE MARINE ENVIRONMENT
1.0 Geology/Bathymetry

Figure III-8 shows the bathymetry off Keahole Point. Water depth
increases rapidly with distance from the shore, with depths of 2,500
feet found within a mile of the coast. The rocky basalt shoreline
drops abruptly to water depths of about 15 to 20 feet, then the ocean
bottom slopes gradually to a shelf break at about 40 to 50 foot
depths. The shoreline and nearshore foundation material is primarily
b}a;asilgé f|T1'1e nearshore bottom is virtually bare of sand at depths less
t eet.

Surveys of the seafloor by submersibles show that the bottom-

consists of basaltic lava flow, coral and volecanic rubble and thin
sediment. Lava flows from Hualalai form ridges and channels trending
perpendicular to the slope. Calcareous sand occurs in the channels
and in patches where the slope is gentle.

2.0 Physical and Chemical Oceanography

Currents offshore Keahole Point are dominated by two processes.
Tidal oscillations drive reversing currents with diurnal and semi-
diurnal periods. Typlcal maximal tidal current speeds are 3/4 to
1 knot. Tidal currents may be obscured for extended time periods by
large-scale eddies propagated from the Alenuihaha Channel. An eddy
off leeward Hawaii persisted and was tracked for 2 months (Lobel and
Robinson, 1984).

Offshore surface currents range in speed from 10-37 cm/sec or, on
average, less than half a knot (Bathen, 1975). Deep currents have
been measured in the range 1-10 cm/sec (Bretschneider, 1978).

At Keahole Point, the westernmost point on the island of Hawaili,
significant currents are dominated by large eddies (approximately 100
um in diameter) that reverse from time-to-time. These eddies have a
tendency to take nearshore water away from, rather than along, the
coastline. In general, waters entering the nearshore marine
environment around Keahole Point are not expected to remain in the

nearshore area for very long (Noda, 1986).
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The wave climate of the Kona coast is typically characterized by
two to four-foot waves with periods of 9 to 15 seconds. Wave heights
rarely exceed seven feet, except during the winter months. Larger

waves are generated by local "kona" storms and distant storms in the
north Pacific. The highest recorded wave along the west coast of

Hawaii over the past 20-year period was 25.5 feet (R.M. Towill, 1976).

Sea surface temperatures in Hawaij vary relatively 1ittle
annually or diurnally, ranging between 23-28.50C (Gundersen, 1974).
The wind-mixed surface layer extends 50 to 100 meters deep; the bottom
of the thermocline may extend to 150 meters.

Scalar (nondirectional) irradiance in the photosynthetically
active wavelengths (400-700 nm) has been measured through the water
column offshore NELH (Noda, et al., 1980). The photic zone extends to
about 125 meters. :

The results of water chemistry analyses on samples collected
offshore of the NELH facility indicate that salinity always increases
with depth in nearshore waters. Offshore there is a peak
concentration at 30~150 meters with low surface values and even lower
concentrations at 150~200 meters. Salinity values are highly variable
spatially and temporally, indicating large scale, rapid water mass
mixing or movement (Walsh, 1985).

Ocean water pH is maximal at the surface due to the combined
effects of carbon dioxide uptake and oxygen evolution in the
photosynthetic process. Decomposition and respiration increase with
depth, consuming oxygen and depressing pH. A pH minimum generally
coincides with the oxygen minimum.

Oxygen concentrations range between 4.8 and 6.3 ml/l in a mixed
layer extending to about 90 meters below the ocean surface. Surface
layer concentrations are at or above saturation wvalues. A broad
oXygen xani?ima (1.0 ml/1) occurs between 450 and 900 meters (Noda, et
al., 1980).

Three distinet nutrient layers have been identified in offshore
depth profiles (Noda, et al., 1980). In the mixed 1layer,
concentrations are low and uniform, the result of uptake by
phytoplankton. In the aphotic waters between about 150 and 400 meters
there is a rapid increase in nutrient values caused by dissolution of
particulate material from above and vertical diffusion. Maximal
values are found below 600 meters.

In general, inshore nutrient concentrations are 1low, but
consistently higher than in offshore waters (Walsh, 1985). Offshore
transects show that when nearshore salinities are lowest, nutrients
are highest, clearly reflecting shoreline seepage of nutrient-rich,
brackish basal water.
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Coastal waters near Keahole are classified AA by the Department
of Health (Chapter 54, Water Quality Standards). Waters classified AA
are intended to remain as nearly as possible in their natural pristine

state with a minimum alteration of water quality from any human-caused
source or action. Offshore waters, beyond 100-fathom depths, are

"oceanic," all Class A. The 1801 lava flow is a Class I, "protected
reef commnity,” sanctioned only - for passive, non-consumptive uses.
Other bottom areas, to 100~-fathom depths, are Class II, "lava rock
shorelines and solution benches."

Several studies (WRRC, 1980; R.M. Towill, 1982) have reported
that coastal water quality standards are exceeded near the shore.
This is not unusual as nutrient concentrations are generally elevated
as a consequence of a high proportion of groundwater in very nearshore
surface samples.

The quality of the surge channel water near Wawaloli Beach is
influenced by the basal lens discharge to the extent that the coastal
water quality standards are exceeded in terms of nitrogen and
phosphorus (WRRC, 1980}. The principal sources of the nutrients in
the basal lens are, however, believed natural rather than man-made.
The ocean water also exceeds the same nutrient standards (Dames &
Moore, Appendix C).

3.0 Marine Biological Environment

(See GK & Associates, Appendix B, and HIDC, 1985, for a complete
description of the marine biological environment)

The marine biological environment offshore of NELH/HOST Park was
described in the HOST/NELH FEIS (HTDC, 1985). Since then additional
surveys in the area have been completed for neighboring projects.
Dollar (1986) carried out a qualitative marine biological
reconnaissance survey of the area fronting the proposed 'Ofoma II
resort development immediately adjacent to and bounded on two sides by
the HOST Park. His description of the area conforms with those
previously summarized. Briefly, the following species were observed:

The seaweeds Ahnfeltia concinna and Ulva fasciata, encrusting red
algae, sea urchins and Jjuvenile fish are visible within tidepools
along the intertidal platform. Poeillopora meandrina, a sturdy coral
able to rapidly colonize new surfaces, is dominant along a shallow,
basaltic terrace extending from the shoreline to about 25 m offshore.
Porites lobata, found primarily as thick-lobed colonies, is the
dominant coral seaward of the terrace in a zone that extends offshore
about 55m into waters about 10m deep. Beyond this the dominant
"finger coral," Porites compressa, forms dense thickets. In addition
to the corals, sea urchins and sea cucumbers are common on the reefs.

Six categories of reef fish were found, including juveniles,
planktivorous damselfishes, herbivores, rubble-dwelling fishes,
swarming tetrodonts, and surge-zone fishes. The deep zone of finger
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coral harbors a high concentration of juvenile fishes. "Food fishes"
are not abundant, but parrotfishes, goatfishes, taape (Lut janus

kasmira - an introduced snapper), Jacks and groupers were observed.

4,0 Endangered and Threatened Species

Endangered Humpback Whales are often observed nearshore off the
northwestern coast of the island of Hawaii during winter months. The
threatened green sea turtle is also occasionally observed in the area

5.0 Anchialine Ponds

The first inventory of Kona coast ponds by Maciolek and Brock
(1974) noted the presence of nine anchialine ponds in the boundaries
of the combined NELH/HOST Park project area. Three of these ponds are
situated north of the NELH facility and six were located to the south,
along Wawaloli Beach. The latter have not been located in recent
surveys.

In their study, Maciolek and Brock (1974} found one of the three
NELH ponds to be less than 10 square meters in surface area while the
two adjacent pools were between 10 and 100 square meters. Depths were
shallow { 0.5 m), pond bottoms rocky with some sand and sediment, and
salinities ranged between 7 and 8 ppt. Algae and plants present
included the encrusting carbonate alga, Schizothrix coricola; the
alga, FRhizoclonium sp.; and the aquatic flowering plant, Ruppia
maritima. In the vieinity of the ponds were kiawe (Prosopis pallida),
naupaka (Scaevola taccada), fountain grass (Pennisetum setaceum),
pohuehue {Ipomoea pes—caprae) and pickleweed (Bacopa sp.). Fauna
inventoried in these ponds included an unidentified oligochaete, the
anails Assiminea sp. and Melania sp., the limpet Theodoxus cariosa in
one pond, opaeula (Halocaridina rubra) in one pond, and opae'o'haa
(Macrobrachium grandimanus) present in two of the three ponds.

Ziemann (1985) examined ponds in the vicinity of NELH and noted
five bodies of water. It is suspected that coralline rubble washed
ashore and into these ponds by storm surf may have subdivided them
temporarily creating additional pools. These rubble barriers have
subsequently broken down leaving a three pool complex at high tide.
In any case, Ziemann (1985) found higher salinities ranging from 10 to
11 ppt. Shoreline vegetation present included the sedge Cladium sp.,
fountain grass, pickleweed, pohuehue, Indian pluchea (Pluchea indica),
naupaka, akulikuli (Sesuvium portulacastrum), and kiawe. In the
mr{ds, Ziemann (19:?5)1 noted thed alga Enteromorpha sp., the snail

ania sp., opaeula in two ponds only and opae'o'haa in one pond.
A11 species were noted as being abundant.

In September, 1986, GK & Associates examined the NELH ponds
(Appendix E). Three ponds were located, suggesting that rubble seen
by Ziemann in 1985 had broken down. Further evidence for this was
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seen at high tide on 27 September, 1986, when a very shallow surface
interconnection between two of the ponds was observed. The more
northerly situated pond of the pair presently has a surface area of
about 20 sguare meters and is about 38 meters inland of the ocean.
The basin is rocky, attaining a maximum depth of about 46 cm.
Salinity in this pool was 8 ppt. Deeper portions of this pond harbor
growths of the green filamentous alga Cladophora sp. and a large snail
population (Melania sp.). Neither fish nor shrimp were observed in
this pond.

The more southerly adjoining pond is slightly deeper (about 75
cm). A single fish, possibly an aholehole (Kuhlia sandvicensis) and
the crab Metopograpsus thunkar were observed. This pond has a surface
area of about 11 square meters at high tide. Opaeula (H. rubra) were
seen in one partially isclated portion of this pond. A third area of
this pond is a nearly isclated circular depression about 1.2 m in
diameter and 0.75 m deep which also harbors opaeula. In the two
depressions vwhere H. rubra are present, the flora is dominated by the
typical anchialine pond cyanophyte (Schizothrix and Lyngbya)
commmnity.

The third pond is located approximately 30 m south of the above
ponds. This pool has a surface area of about 70 square meters at high
tide and a maximum depth of one meter (high tide on 27 September 1986
was about +73 cm). This pond is situated beneath a fringing canopy of
kiawe and around it are naupaka and pickleweed. This pond is slightly
seaward of the two open ponds; as a consequence surface salinity was

slightly higher (10 ppt). No fish or shrimp were observed in this
pond.

Photographs of the anchialine ponds at NELH are included in
Appendix E. 5
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PART IV: POTENTIAL ENVIRONMENTAL IMPACTS AND MITIGATING MEASURES

A. INTRODUCTION

The primary objective of this environmental impact analysis is to
assess the effects of alternative methods of on-land disposal of
Seawater return flows that will be generated by proposed open-cycle
(OC) OTEC experiments at NELH and evaluate the impacts of these
effects on the terrestrial and marine resources on and offshore the
Keahole facility. In addition, because the success of OTEC
experiments is dependent upon the continued high quality of the ocean
water resource, impacts on existing operations at NELH and cumilative
impacts of combined OTEC and mariculture seawater return flow disposal
are also addressed.

In many cases, the long-term environmental impacts of particular
actions are unknown. Therefore, mathematical models are used to
identify the degree of risk involved in undertaking a particular type
of action. Modeling the effects of an action where the actual effects
are unknown, although theoretical and based on stated assumptions of
the behavior of a particular system, allow criteria to be developed
that will enable the effects of the action to be monitored as
development progresses. It also facilitates the formulation of
recommendations for mitigating measures to minimize risks.

The environmental impact analysis of seawater return flow
disposal will be based on the following discharge scenarios:

16,100 gpm of OC OTEC water discharged into a canalj;
16,100 gpm of OC OTEC water discharged into injection wells;

16,100 gpm of OC OTEC water discharged into a trench within the
- NELH compound (two alternative loecations); and

25,900 gpm of mariculture water discharged into a trench makai of
the NELH access road (two alternative locations).

In addition, the following cumulative scenarios are assessed:

42,000 gpm mixed OC OTEC and mariculture discharge into a trench
at location M1 makai of the NELH access road.

16,100 gpm of OC OTEC discharge into a trench at location 0-2
within the NELH compound, plus 25,900 gpm of mariculture
discharge into a trench at location M2 along the NELH access
road.

Figure IV-1 shows the discharge facility locations analyzed in
each of the above scenarios.
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The reviewer is directed to the following appendices for complete

discussions of the assumptions, methodologies and models used in
evaluating specific actions, technical analyses, impact assessments
and related recommendations:

1.0

Appendix A: Disposal of Open Cycle Ocean Thermal Energy
Conversion Water "Via Canal" - Oceanit Laboratories, Inc.

Appendix B: Impacts of OC OTEC and Mariculture Discharges from
the Natural Energy Laboratory of Hawaii on the Nearby Marine
Environment - GK & Assoclates

Appendix C: Technical Evaluation of Seawater Return Flow
Disposal by Deep Injection Wells and Shallow Trench - Dames &
Moore

Appendix D: Historie Preservation Concerns At NELH - Dr. Ross
Cordy, Department of Land and Natural Resources, Historic Sites
Section.

Appendix E: Impacts of Open Cycle OTEC and Mariculture
Discharges from the Natural Energy laboratory of Hawaii on Nearby
Anchizaline Ponds - GK & Associates

Appendix F: Cost Estimate Data - Proposed Disposal Facilities
Expansion at NELH - Dames & Moore

0C OTEC SEAWATER RETURN FLOWS
Characteristics of the Discharge Water
1.1 Overview

As stated in Part I of this SEIS, in OC OTEC warm seawater
is used as the working fluid. Prior to evaporation the water is
degassed, removing dissolved oxygen, nitrogen, carbon dioxide,
and trace gases from the water. Steam is produced after a
partial vacuum is created over the warm seawater. The steam,
after passing through a turbine, is condensed either by direct
contact with cold seawater or by surface contact with cold water
heat exchangers. In the OC OTEC process both warm and cold
seawater are exposed to low pressure environments to accomplish
degassification. The water quality of OC OTEC mixed seawater
c(i'ifschar'ﬁe )is expected to be low in oxygen and high in nutrients

able 4-1).

Hybrid-cycle OTEC is a variation of 0C OTEC. As in OC OTEC,
seawater is evaporated under vacuum conditions to produce steam.
In this case, however, heat in the water vapor is transferred to
a closed-cycle heat exchanger system via a working fluid such as
ammonia. The major advantages of hybrid-cycle OTEC are the
production of fresh water (using steam produced through the
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evaporation of warm seawater) and the lack of warm water heat
exchanger corrosion. Steam is condensed on the warm heat
exchanger side of the closed-cycle subsystem. This effectively
eliminates seawater contact on the warm heat exchanger; thereby
eliminating corrosion. In this process only the warm seawater is
degassed.

It is expected that nitrogen in the discharge from mixed
coldswarm hybrid-cycle OTEC discharge would be higher than that
found in OC OTEC. This is because the cold seawater from greater
depths contains a significantly greater amount of nitrogen than
warm seawater from shallow depths. In addition, degassing the
warm seawater would reduce the oxygen in the water used in the
hybrid-cycle process. The mixed discharge from the hybrid-cycle
OTEC process, as in OC OTEC, is expected to be low in oxygen and
high in nutrients (Table 4-1).

With the exception of oxygen, water quality characteristics
of the discharge from both open and hybrid-cycle OTEC would be
approximately the same. Because both cold and warm seawater are
degassed in the O0C process, the oxygen jevel of the OC OTEC
discharge would be approximately 30% less than the discharge from
the hybrid-cycle.

Both cycles would cause lysing of microogranisms in
seawater. The effect of lysing in the hybrid-cycle would be less
than in the open-cycle because in the hybrid process only the
warm seawater is subjected to a low pressure environment.
Because warm sSeawater contains more microorganisms, lysing
effects of the two types of cycles are not expected to differ
significantly.

The OC OTEC process does not produce dissclved metal ions
and would very likely not utilize chlorination because direct
contact heat exchangers would be used (L. Lewis, 1986). Although
some hybrid-cycle research may be undertaken at NELH, the
environmental impact analysis which follows is based on .the
characteristics of the discharge water from OC OTEC experiments.
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Table 4-1: Characteristics of Mixed Seawater Discharge
from OC OTEC and Hybrid-Cycle OTEC

S o 4 -

Cold Warm 1:1.5

Seawater Seawater mix

D.0. (ppm)* 1.0 1.2 1.1
D.0. {ppm)*¥ 0.2 1.2 0.8
NOzNO3 (ug/NL) 554.0 2.4 223.0
POy (ug/PL) 93.0 4.7 40.0
pH¥*¥# 7.6 8.3 8.0
Temp (C) 8.3 26.1 19.0
TN (ug/NL) 590.0 57.6 270.6
TP (ug/PL) 94.0 10.9 4y .1
Si (ug/L) 2180.0  97.0 930.2

D.0.=dissolved oxygen; N02+N03=nitrate+nitr' ites
POy=orthophosphate; TW=total nitrogen; TP=total
phosphorus; Si=zsilicon

#tiybrid-cycle - after 80% of gas is removed from warm seawater only
®¥OC OTET - after 80% of gas is removed from both warm and cold
seawater

##¥Not including pH changes from removal of gasses, eg., CO2

Source: Penney and Althof, 1985; Krock, 1986; Larsen-Basse, 1985b;
Daniel, 1985.

1.2 Lysing Constituents

Due to the pressure decrease In the evaporator, lysing
(disintegration or dissolution of tissues) of microoganisms in
the OC OTEC water would occur because of internal boiling due to
the drop in pressure. This would change the available nutrients
in the water into more easily assimilated forms. Table 4-2
illustrates the percent weight composition of the most prevalent
elements found in microorganisms (Gaudy & Gaudy, 1980).

Assuming that the organic content of warm seawater at NELH
would be approximately 100 ug/l, and that most of these materials
would be from 1living animals and plants, the increase in
available nutrients in the mixed discharge water would be 14 ug/l
of additional nitrogen or approximately 0.014 ppm. An increase
to 1,000 ug/l of organic matter, would result in an increase of
0.14 ppm in the discharge plume -- an increase in nitrogen by up
to 50% above that previously calculated using a 1:1.5 mixture of
warm and cold seawater. Total nitrogen content would not change,
lysing only changes the molecular state of the avaliable nitrogen
not the total nitrogen. Similarly, available phosphorus could
inerease by 0.003 to 0.03 ppm -- an increase of 5 to 60%,
although the total phosphorus would remain constant.
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Table 4-2: Elemental Cell Composition (16)

Element Percent Dry Weight

Carbon 50
Oxygen 20
Nitrogen 14
Hydrogen 8
Phosphorus
Sulfur
Potassium
Sodium
Calcium
Magnesium
Chlorine
Iron

All Others

ODOO0OO0O0=a=aa

Source: Gaudy & Gaudy, 1980.

1.3 Dissolved Gases Removed During OC OTEC

Degassing OC OTEC water prior to evaporation removes
-dissolved oxygen, nitrogen, carbon dioxide, and trace gases such
as Ar, He, and Xe from seawater. Initial results indicate that
about half of the nitrogen and oxygen normally found in cold deep
seawater would be removed under conditions that simulate OC OTEC
degassification (Sansone, 1985). Later research done at NELH
using warm and cold seawater indicates that up to 95% of the
dissolved gases could be removed under OC OTEC conditions (Krock,
-1986). The majority of the gases removed would be oxygen and
nitrogen. Because most usable nitrogen in the seawater is in the
form of nitrate, nitrite, ammonia and kJjeldahl nitrogen, the
nitrogen gas removed during degassification could be considered
inert for most biological purposes and would not be expected to
impact on the environment. Removal of dissolved oxygen would
change the dissolved oxygen levels of the discharge water to
values significantly below those found in the ambient seawater —
the discharge plume would be oxXygen poor compared to surrounding
waters.

From an OTEC system viewpoint, there are two considerations
regarding the discharge of degassified seawater: the first is
environmental, the second is related to the efficiency of the
system. Due to the parasitic power losses that result from
removing gases and pumping them to atmospheric pressure for
disposal, there is interest in reinjecting the gasses back into
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the seawater prior to disposal. This ceould have a two-fold
benefit; it could discharge puch more environmentally-acceptable
seawater and could decrease parasitic power losses associated
with pumping the gases. According to Oceanit Laboratories
(Appendix A), regassification of the discharge plume is of
interest and concern to all parties that were interviewed in
preparing this study; it will be the subject of future OC OTEC
research efforts.

1.4 Trace Metals

Trace metals released 1n seawater from corrosion and erosion
of metallic members within an OTEC facility could increase
metallic ion concentrations in receiving waters. Based on
caleulations shown in Appendix A, 1if aluminum is the primary
source of metallic lons, concentrations would be less than
concentrations found in the ambient seawater.

1.5 Chlorine

Very little chlorine will be used in an OC OTEC operation
because there are no warnm seawater heat exchangers in the
evaporator and, depending on the specific OC OTEC design, there
may be no cold seawater heat exchangers in the condenser. In the
event that heat exchangers are employed in the condenser, very
1ittle chlorine, if any, will be used to control biofouling
because of the very Ilow rate of biofouling found 1in cold
seawater.

1.6 Nutrients From Mixing Warm and Cold Water

Nutrient levels in the discharge plume would change as a
function of the cold:warm gseawater ratio in the mixture. Table
1T-3 in Appendix A summarizes the nutrient content of OC OTEC
discharge water if 1.5 parts of warm seawater is mixed with 1.0
part cold seawater.

Alternative Methods of Disposal

2.1 Disposal Via "Canal"
2.1.1 Analysis

Tncreasing the flow of the existing direct discharge of

OTEC water via canal was analyzed. The model, which was
developed to estimate the concentrations of conservative
materials that are discharged in the seawater outfall and
track the paths of water particles as they leave the shore
and enter the ocean, is presented in Appendix A.

The advection process in a coastal area is controlled
by longshore currents that are produced from wave action,
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ocean currents, wind stresses, ete. The resulting currents
change their magnitude and direction as 2 result of
prevailing conditions. A second type of current is due to
the tides. Usually the flood and ebb tides are in opposite
directions.

Ocean mixing begins to occur jmmediately after used
seawater is discharged. The geawater is discharged with a
particular injection veloeity that ultimately decays. The
nearfield is the region where the plume velocity is
depreciated to no less than 10% of the injection velocity.
Dimensions and behavior of the nearfield plume depend on the
density difference between the discharged waters and the
receiving waters, the velocities of discharge and receiving
water, and the characteristies of the diffuser and its
alignment.

After initial dilution, the discharged water particles
are moved mainly by random motions due to turbulent
diffusion and advection. The turbulent diffusion occurs in
such a way that the standard deviation of the concentration
of any effluent pateh increases with the square root of
elapsed time.

In order to simulate advection the longshore mean
current was estimated at 0.33 feet/sec and the amplitude of
the semidiurnal tidal currents at 0.44 feet/sec (Bathen,
1975). Results from work done by Noda (1986a) indicate that
the currents at Keahole Point generally flow in the northern
or southern direction.

A simulation model was run for the following test
cases:

a) sinusoidal tidal current with period 12.5 hours and
amplitude O0.4Y4 feet/sec superimposed on a longshore
current of 0.33 feet/sec flowing away from the QTEC
warm water intakes

b) similar combination as in case a), except with the
longshore current moving towards the OTEC warm water
intake;

e) sinusoidal tidal current in the absence of any
longshore current.

Caleulations indicate that the concentrations of OC
OTEC discharge water constitutents at the intake under
conditions a and b are extremely low, on the order of
1X10~10  times concentrations in the discharged seawater
(Appendix A). However, in the absence of a longshore
current, the discharge plume could potentially cross
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directly over the warm water intake. The resulting
concentration of the seawater plume at the warm water
intake, under the worst condition of coastal currents, is
estimated to be 6X10-3 of the concentration at the discharge
outlet for a flow of 16,100 gpm. The worst conditions were
found to occur only when ebb tidal currents were present
(condition e). Under these conditions the highest
concentrations occur 6 to 9 hours after the ebb tide begins.

In general, concentrations at the warm seawater intake
were found to be sufficiently diluted during most tidal and
current conditions so that water quality would not be
affected. During an ebb tide, however, without external
currents, constituent concentrations of the discharged water
at the warm seawater intake would be diluted by
approximately one part in 200. A1 : 1.5 mixture of cold
and warm Seawater coupled with a dilution of one part in 200
would result in levels of dissolved oxygen slightly below
the ambient and total nitrogen levels slightly above the
ambient.

2.1.2 Disposal Facility Requirements

The size of the "eanal" with ponding area would
increase as discharge volumes increase. If constructed,

this type of facility should be shallow enough to allow
shortwave radiation to penetrate and warm the discharge --as
is ecurrently the case with the discharge flow of 1,000 gpm.
If we assume a shallow basin that is 1.5 feet deep and we
assume the discharge velocity in the existing canal is
approximately 1.4 f/m, the width of the canal at various
discharge rates is as follows:

Discharge Flow (gpm) Width of Canal (ft)

1,000 60
3,000 180
5,000 300
16,000 960

The analysis in Appendix A assumes that the disposal
facility would be in approximately the same location as the
existing discharge point (Figure IV-1). As shown in the
preceding table, the canal and ponding area required for
disposing of 16,100 gpm of discharge would require a very
large land area. Before considering this disposal option
for such a large volume of discharge, a site study should be
undertaken to determine whether or not this method of
disposal is even possible, considering the implications of
comnitting such an extensive area of shorefront land to this
purpose.




2.2 Disposal Via Deep Injection Wells

2.2.1 Analysis

Disposal by deep injection wells would take advantage
of the storage capacity, porosity, and the filtration effect
of the lava formation to provide dispersion, diffusion and
residence time before the water 1s discharged to the ocean.
An analysis of discharge of OC OTEC water via deep injection
wells, assumed to be located immediately seaward of the NELH
laboratory, is presented in Appendix C. The location
analyzed is indicated on Figure IV-1.

The disposal of OC OTEC discharges by deep wells was
modeled using an analytical computer model based on the
Theis non-equilibrium equation. Because of temperature
considerations, and relatively close proximity to the
shoreline, the injected seawater was modeled based on the
flow being confined to a zone from elevation -300 to ~400
feet. Injection below =300 feet was selected based on
keeping the emergent plume below the ocean thermocline.

It is anticipated that the discharge might not be

confined to the -300 to -400-foot zone, but may go deeper

due to lower temperatures and consequent higher densities
relative to the ambient groundwater. There may also be a
tendency for the seawater return to rise because of
hydraulic head increases caused by injection. This tendency
would, however, be somewhat counteracted by the density
(temperature) gradients and by the constant head condition
imposed by the ocean when the seawater return water reaches
areas overlain by the ocean.

Upon emergence, it is calculated that 85% of the
discharge would occur over a horizontal distance of
30,000 feet along the -300 foot bathymetric contour, an
average of 660 gpd/foot (Figure IV-2). Assuming that the
flow was distributed evenly between the -300 and -U400 foot
contours, the discharge flow would average 1.2 gpd/ft2 of
ocean bottom in this zone. Discharge would actually be
greater in offshore areas in near proximity to the injection
point. At these locations, the flow would be approximately
2.9 gpd/ft2 between the =300 and -H00 bathymetric contours.
A minimm residence time of approximately three months is
estimated.

2.2.2 Disposal Facility Requirements
For a2 disposal requirement of 23 mgd (16,100 gpm), it
is estimated that 4 wells (2 primary and 2 backup) would be

needed. The wells would be approximately 2 feet in
diameter, U400 feet deep and spaced at least 100 feet apart.
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They would be cased with solid casing from 0 to -300 feet to
1imit discharge to a depth below ~-300 feet and with either
open hole or slotted casings from ~-300 to -H00 feet. The
wells may need to be deepened if low permeability zones
which reduce capacity are encountered. The wells would
utilize gravity as the prime moving force and thus conserve
energy.

It 4{s estimated that each well could handle about
11.5 mgd (8,000 gpm). Therefore, for 16,100 gpm, only 2 of
the 4 wells would be operating. The extra wells would be
standby capacity for planned maintenance or in case of one
or more wells becoming inoperative due to clogging. The
piping system and well head design would require careful
engineering for smooth operation and ease of maintenance.

Disposal Via Shallow Trench Within the NELH Facility
2.3.1 Analysis

The disposal of OTEC discharges in a shallow trench was
modeled for two alternative locations within NELH (Figure
IV-1) using an analytical computer model based on the Theis
non-equilibrium equation. For alternative location 0-1,
parallel to and approximately 100 feet from the shoreline,
the results of the model indicate that 67% of the discharge
would occur over a distance of 600 feet along the shoreline,
an average of 26,000 gpd/ft. Assuming that the flow was
distributed evenly between the 0 to -50-foot bathymetric
contour, discharge seepage would average 26 gpd/ft2 of ocean
bottom in this zone. Discharge would be greater in offshore
areas closest to the discharge trench. At these locations,
the flow would be approximately 72 gpd/ftz. Because of the
proximity of the shoreline, minimum residence times would be
less than one day.

For alternative location 0-2, perpendicular to and
approximately 250 feet from the shoreline at the closest
point, the model calculates that 80% of the discharge would
oceur over a horizontal distance of 4,100 feet along the
shoreline, an average of 1,500 gpd/foot. Again, assuming
that the flow was distributed evenly between the 0 and
-50-foot bathymetric contours, discharge sSeepage would
average 4.5 gpd/fi:.2 of ocean bottom in this zone. Discharge
would be greater in offshore areas closest to the discharge
trench. At these locatlions, seepage would be approximately
6.6 gpd/ftz. Minimm residence time before emergence at the
shoreline would be between one and two days.

The proximity of each alternative trench location to

the shoreline and the location on a point (Keahole) limits
effects on the groundwater table. The land configuration
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results in much 1less groundwater flow occurring under the
site (due to the groundwater divergence caused by the
presence of a point of land), and the presence of two ocean
boundaries in near proximity to the discharge locations
results in relatively rapid migration of discharges to the
coastlines.

In each case, the disposal plume would displace the
existing groundwater flow in the immediate viecinity of
Keahole Point. The area of displacement would vary with the
amount of discharge and location of the trench. Flow nets
showing flow patterns for 16,100 gpm of discharge into
trenches at two alternative locations within the NELH
compound are schematically depicted in Figures IV-3 and
Tv-li., Location 0-2 is recommended because discharge there
would result in lower concentrations at the shoreline and
greater minimum residence time than at loecation 0-1.

The advection of the plume in coastal waters would
depend on the waves and currents present at the time of
discharge. During the advection process, the discharge
plume would be expected to remain relatively low because of
its greater density. As the plume moves from the immediate
nearshore marine environment it would become more dispersed
as more turbulent mixing occurs.

The concentrations from the trench disposal scheme
would be expected to be more diluted at the warm water
intake than they would be if discharged into the canal.

2.3.2 Disposal Facility

The disposal trench would utilize gravity as the prime
moving force In order to conserve energy. In order to
dispose of 23 mgd (16,100 gpm) of ocean water foom OC OTEC
experiments, the required trench size for recommended
location 0-2 would be 5 feet wide by 5 feet deep by 193 feet
long. To be conservative, the design length should be
extended by a factor of two. The trench could be filled
with crushed lava or gravel to Iincrease the filtration
effect of the lava formation and to provide greater
dispersion and diffusion before the water is discharged to
the ocean as underwater seepage flow along the coast.

3,0 Environmental Impact Analysis

3.1 Impacts on the Nearshore Marine Environment

Of potential concern to the nearshore marine environment

ecosystem are altered oxygen and nutrient concentrations and
lowered temperatures. - The dissolved oxygen concentration in the
mixed discharge could be as low as 3.98 ppm without degassing.
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Recent research indicates that as much as 80% of the oxygen could
be degassed (Penney and Althof, 1985). The impact of reduced
oxygen concentrations on the marine biota in areas affected by
the discharge would depend on the disposal method and Jocation
chosen and whether or not reaeration was employed. If reaeration
is employed, the method would affect discharge concentrations.
Direct replacement of gasses removed in the OC OTEC process would
result in a discharge water oxygen level close to that calculated
for the raw non-degassed seawater mix, about 4 ppm. This would
be about two-thirds the ambient warm water concentration and
about 60% saturation. Physical reaeration could produce
essentially saturated oxygen concentrations. Most marine
organisms are physiologically adapted to tolerate wide variations
in oxygen concentration and generally respiratory consumption of
oxygen is independent of oxygen concentration down to very low
levels (Richards, 1957). Sixty percent saturation would not
impose undue stress on offshore populations, even in the absence
of the dilution with more oxygenated waters which would occur at
entry to the ocearn.

In the absence of reaeration, discharge concentrations would
depend on the efficiency of the degassification process. If both
seawater streams were 80% degassed then discharge concentrations
would be about 0.8 ppm, or about 12% of the ambient warm water
saturation value. This ecould cause severe stress on benthic
populations, especially at night when respiration proceeds in the
absence of photosynthesis. The location and magnitude of
potential impacts would vary with disposal methods.

Due to turbulence and exposure to the atmosphere, canal
discharge of OTEC waters would have the effect of aerating the
discharge stream, probably to values near saturation.
Photosynthesis in the canal would add oxygen during daylight
hours; respiration would decrease oxygen during the night.

Oxygen in waters disposed of into injection wells would
remain at much the same concentration through the substratum
which could potentially impact resident marine communities near
seepage areas. Seepage from injection wells would enter the sea
at depths between ~300 and -400 feet. These depths are generally
above or near the top of the thermocline, and dissolved oxygen
concentrations are near saturation. At these depths biomass is
lower than in shallower waters, photosynthesis and diurnal
variability in oxygen concentrations are negligible and turbulent
mixing from wave energy is minimal. Again, it would appear that
reacrated OTEC waters would not significantly impact biota, but
degassed discharges could have severe Impacts. Although
discharges from injection wells would be diffused over land
areas, poor mixing at these depths could result in a near-bottom
boundary layer which would essentially bathe infaunal and
epifaunal organisms in the discharge for extended periods, or
perhaps indefinitely at steady-state. Significant mortalities
could result.
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OC OTEC waters disposed of into a trench at NELH would not
benefit from the turbulence and photosynthesis which would
characterize passage through a canal and ponding area. Oxygen
concentrations would 1likely further decrease somewhat due to
bacterial activity in the trench. Seepage from a trench would
enter the sea at depths between 0 and -50 feet. Turbulent mixing
by waves is significant in this range. Formation of a near-
bottom boundary 1layer is less 1likely, but at steady-state,
sessile biota near seepage points could still be affected if OC
OTEC discharges are not reaerated. These depths harbor
relatively high densities of coral which in turn provide habitat
for commnities of reef organisms, particularly Jjuvenile fish.
Sustained exposure to very 1low oxygen concentrations could
severely impact these communities.

0C OTEC discharge water temperatures would be above 19°C,
and lethal impacts are not expected on any affected populations.
Impacts would be greatest on the sessile biota; these components
may experience physiological and metabolic alterations due to the
lowered ambient temperatures. These changes may include reduced
spawning periods and lowered metabolic rates. The growth of
major space occupiers such as corals may decline retarding
overall reef growth (carbonate accretion) and in the long-term
altering community structure by changing the competitive balance
among species. Species dominance in the benthos would probably
change and macrothalloid algae (particulary crustose forms) may
become more evident. The physical and biological alteration
could lead to avoidance by some motile forms such as fishes but
many herbivorous fish and invertebrate species ecould locally
become more abundant due to increased food resources (fleshy
algae and detritus).

On the other hand, it should be noted that many of the
nearshore species found along the Kona coast ocecur in the
northwestern Hawaiian Islands (Grigg and Tanoue, 198U) where
winter sea surface temperatures dip to 19.20C (Dana, 1971).

Canal discharge of OTEC waters would provide considerable
warming, especially during the day. Thermal impacts from this
discharge method would be very minimal.,

OTEC waters disposed of via injection wells would not
receive an appreciable amount of warming in disposal, but would
receive high dilution prior to entry into receiving waters and
would enter waters of low ambient temperature. At =300 to -400
feet, ambient temperatures vary between about 20° and 25°C
depending on depth and season. Impacts of adding water of 19°C
or greater would be very slight.

Trench disposal would afford some warming and would greatly
diffuse the flux and allow for high initial dilution in the
receiving waters.
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Nutrient concentrations in OC OTEC discharges would be
elevated over those of receiving waters. Nutrient subsidies
could increase algal uptake rates, growth rates and standing
crops. Fleshy macroalgae are notably sparse off the coast except
in the surge 2zone where grazing is inhibited, so impacts of
stimulation of the benthic algal community beyond the surge zone
might be expressed as increased population sizes of herbivores
and higher trophic levels rather than elevated algal standing
crops. Offshore phytoplankton densities are very low in these
clear, oceanic waters. Nutrient subsidies may increase uptake
and growth rates, but the time lag between uptake and growth
responses (on the order of a day), advection by offshore currents
and grazing by herbivorous zooplankton would all act to minimize
elevations of phytoplankton concentrations.

Complete nitrogen removal is not necessary. The offshore
ecosystem is adapted to a constant influx of nutrient-rich
brackish groundwater. Walsh (1984) found an inverse relationship
between nitrogen and salinity in nearshore -surface seawater
samples off Keahole Point which indicates that groundwater of
about 8 ppt would be expected to have a nitrogen concentration
very similar to that of the mixed OC OTEC discharge. Groundwater
seepage along this coast has been estimated a2 2-5 mgd/mile.

The offshore benthic algal community is maintained at a very
low standing crop by grazing and physical stresses. Nutrient
subsidies would be expected to increase macroalgal standing crop
only in the surge zone where grazing is inhibited. Even there,
however, pounding by waves would reduce this build-up. The
impact would primarily be aesthetic and its significance would
depend on individual perceptions of the degree of visual
degradation caused by its presence.

Disposal via canal of 16,100 gpm of OC OTEC discharge would
require a very large ponding area (+ 900 ft) for complete nitrogen
removal. About 920 pounds dry weight of algae would be produced
daily in this situation. Without significant nutrient removal,
the impact of canal discharge would likely be localized visible
stimilation of the algal turf in the surge zone.

Disposal of OC OTEC waters via injection well would result
in high nutrient concentrations at the point of entry into the
marine environment because of the lack of opportunities for
biological treatment within the disposal system. According to
modeling done by Noda and Associates (1985) for the deep-ocean
outfall concept, the density of the OC OTEC discharge plume would
match ambient densities at -250 feet in summer and -380 feet in
winter. The former is at the lower limit of the mixed layer, but
above the ¢top of the nutricline. Some stimulation of
phytoplankton production 1s possible but mixing and advection
would likely obscure these impacts. Entrainment of these waters
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in an eddy system could have the indirect impact of raising the
bottom of the photic zone and the nutricline depth range.

The deep injection wells would provide a residence time of
about three months, and would create seépage through the bottom
between =300 and U400 feet depths. While this would avoid
potential biostimulation of the algal turf at the shoreline, it
would come at substantial additional cost.

Algal nutrient uptake in trench disposal would be minimal.
Bacterial action would serve to reduce nitrogen concentrations
somewhat and flux into the receiving waters would be more
diffused than from a canal. As it appears that this water would
be similar in nutrient content to existing groundwater flux,
impacts would result not from concentrations themselves but from
elevated flux rates. Wnere grazers have access to algal growth,
it is likely that the same processes now acting to remove fleshy
algae from the benthos would mitigate impacts. Some localized
increase in herbivore population sizes could be expected.

Phytoplankton growth responses would lag nutrient uptake by
a day or more, during which time advection would carry the cells
away from the area and mixing would dilute cell concentrations.

In summary, .in comparison to ambient waters, OC OTEC
discharges would be altered in some physicochemical parameters
and would contain elevated concentrations of inorganiec nutrients.
0C OTEC would not introduce supplemental concentrations of heavy
metals, and chlorine additions are unlikely. With appropriate
mitigation, impacts of on-land disposal on the marine environment
are anticipated to be low. Because of the relatively short time
frame anticipated for the programmed OC OTEC experiments, it is
expected that any adverse impacts would also be reversible.
Because of unknowns associated with OTEC discharge, however, a
monitoring program should be a condition of any discharge method
chosen.

3.2 Impacts on Anchialine Ponds

Of the optional methods of disposal of waters from NELH,
injection wells or a canal would not be expected to impact the
ponds. Disposal of the waste waters of NELH into trenches would,
however, displace the groundwater beneath the existing anchialine
ponds on the property. The natural groundwater lens beneath
Keahole Point occurs as an unconsolidated lens of mixohaline (5
ppt) water approximately 38 m thick and has a flow rate averaging
2-5 mgd/mile. At maximum development, the volume of water
disposed of via trench would be 60 mgd. Dilution of the
discharge by groundwater would be insignificant. During the OC
OTEC experimental program, and for an indeterminate time after,
the aquifer surrounding Keahole Point would be expected to
experience reduced temperatures, increased salinity, increased
solute concentrations, and greater localized groundwater head.
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Because of the extent of the resultant altered groundwater plume,
it does not appear to be possible to mitigate this impact by
changing the locations of trenches; rather, if mitigation Iis
necessary, either an alternative to the disposal trenches could
be implemented or new nabitat could be created outside of the
zone of impact. Alternatives to the trench disposal method are
more expensive, however, and may have greater overall negative
impacts on nearby marine communities and/or NELH operations.

There is very little credible biological information on
anchialine flora and fauna. What is known has been summarized by
Brock (1985). Hence, with 1little thard" data conclusions
regarding significance of impacts are thest guesses" based on
qualitative and observational (field) information. The expected
jmpacts on the anchialine biota with the implementation of the
project are discussed below.

Salinity

With trench disposal, groundwater galinities in the areas of
anchialine ponds are expected to rise from the present condition
(6-12 ppt) to something close to normel seawater (i.e., 35-36
ppt). Little is known about the salinity tolerances of
anchialine species, however, many of the common epigeal forms are
invaders from marine or estuarine habitats (e.g., Theodoxus
cariosa, Metopograpsus thunkar, Palaemon debilis,  Kunlia
sandvicensis and probably the cyanophyte mat--Schizothrix-
ngbxa) ~ Other epigeal species are usually freshwater forms;
these include Cladophora SP., Melania sp., Macrobrachium
randimanus (adults only--larvae enter the sea), and pond insect
jarvae (midges, dragonfly nymphs and mosquito larvae, etec.). It
is expected that those forms derived from freshwater habitats
would be unable to cope with high salinities and would disappear
from ponds in the project area. These species include M.
grandimanus, Melania sp. and Cladophora sp.; none of these
species are restricted to the anchialine habitat.

Obligate anchialine species (hypogeal species) that have
been seen in the NELH ponds include H. rubra and Metabetaeus
lohena. M. lohena has been found in salinities Trom 2 to 30 DPPL;
most commonly, however, this species and H. rubra are found in
waters with salinities between 2 and 30 ppt. However, Brock
(unpublished) has maintained H. rubra in the laboratory in
seawater (36 ppt) for several months Wwith no noticable negative
effects. In the field in deeper water exposures or vwhen wind
stress and mixing are low, vertical stratification of temperature
and salinity will frequently occur. Both M. lchena and H. rubra
move through these  gradients with~ Tmpunity, implying
euryhalinity. Taken together, these observations suggest that
negative impacts due to salinity increases may be non-existent
for adults of the Kknown obligate anchialine species present in
the NELH ponds. Nothing may be said about potential impacts
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associated with increased salinity on the fecundity or survival
of juvenile stages of these Species,

Temperature

With the proposed trench disposal operation, the temperature
of the groundwater could decrease to 190C. Ziemann (1985)

Brock (1985) noted that M. lohena and H. rubra are usually found

Lower temperatures will reduce physiological and metabolic
rates and processes. The long~term impacts of a thermal
alteration to anchialine organisms are unknown, but colder water
could affect reproductive success. The altered thermal regime
resulting from trench disposal would probably be near the lower
thermal limits of many species. The lowest temperature recorded
in an anchialine pond was 199C (Maciolek and Brock, 1974); fauna
present in this pond ineluded H. rubra, M. andimanus and M,
thunkar, Thus, the most common and characteristic anchialine

warming subsequent to Passage through the 0C OTEC experimental
module.

Oxygen

Discharges from OC OTEC experiments may be degassed. If the
discharge is not reoxygenated, many of the anchialine species in
the ponds situated on the Project site may disappear. The ponds
would be expected to recolonize, however, once OXygen levels
return to normal.

There is some evidence to suggest that some of the rare
hypogeal shrimp Species are able to live in very low (about 0.3
ppm) oxygenated waters (Kensley and Williams, 1986). These rare
hypogeal forms are known from only one water exposure on Hawaii
Island more than 80 km away. None of the anchialine species
present in the NELH ponds are known to co-oceur with the above
rare forms.

Reoxygenation of the disposal waters is strongly
recommended.

Nutrients

The conecentrations of inorganic plant nutrients (e.g.,
nitrate, nitrite, phosphate, ammonium, silicate) are expected to
increase in the groundwaters due to high cold water
concentrations, cell lysis and mariculture discharges. Nutrient
loading may stimulate benthic algal and phytoplankton
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communities. Brock and Norris (1986) found no detectable
biological response by anchialine pond organisms to significant
man-induced nutrient loading in a large system of ponds over a
nine-year period. In their study, nutrient levels increased by
360% for nitrates (to 65 aM/1), 320% for phosphates (to 3.71
AM/1) and 100% for ammonium (to 1.01 mM/1l). Algae and shoreline
plants with roots reaching the watertable strip the nutrients as
the water passes seaward through the anchialine system. Uptake
by algae is not however manifested by large increases in algal
standing crops; rather these authors attribute the 1lack of
response by benthie algae or phytoplankton to be related to the
grazing pressure exerted by herbivores (H. rubra and Melania
sp.), thus maintaining the dominant cyanophyte mat community.
Additionally, they suggest that phytoplankton response could be
limited by short water residence times.

Nutrient concentrations in insular groundwaters are quite
variable and frequently high, particularly for nitrates.
Johannes (1980) reported groundwater nitrate levels between 115
and 380 AM/1 from Perth, Australia. Marsh (1977) noted nitrate
levels in Agana, Guam groundwater at 178 M/l and Kay et al.

(1977) found Kona groundwater nitrate levels to range between 29
and 91 uM/1.

Anchialine ponds appear to naturally exist under a highly
variable nutrient regime imposed by groundwater. This suggests
that if the anchialine community is intact, it ean function
normally under some level of loading.

Groundwater Head

The disposal of large volumes of water into a trench would
ereate a localized elevation (or head) of the groundwater. These
changes in groundwater head are given on equipotential contour
charts in Appendix C; they show a maximal local elevation greater
than 30 cm. This localized rise in the groundwater could lead to
the creation of new water exposures at any location where
depressions in the lava field are deep enough to intersect the
elevated watertable. If environmental conditions permit the
existence of anchialine biota in the altered watertable, the
newly created ponds should be rapidly colonized.

3.3 Impacts on Existing Operations at NELH

Of the discharged nutrients, nitrite + nitrate could
increase to levels significantly above the ambient. In OC OTEC
research where lysing occurs, the usability of nutrients in the
discharge would be expected to increase. In addition, dissolved
oxygen would be expected to decrease. An increase in organic
material would result in increased rates of biofouling in closed-
cycle heat exchangers and low dissolved oxygen levels could
adversely affect heat exchanger corrosion rates.
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Impacts on OTEC experiments dependent on consistently high
quality of warm intake water (such as materials testing) could be
adverse if degassed cold seawater is discharged via canal without
reoxygenation. Under ebb tide conditions and in the absence of
other currents, the resulting plume would pass over the warm
water intake. Because of the dilution that occurs at the intake
when other currents are active impacts would be insignifiecant.
Impacts on OTEC research not affected by nutrient loading and
oxygen depletion would be minimal.

Existing operations at NELH, particularly those using the
warm ocean water, would not be adversely affected if OC OTEC
seawater return flows are discharged into deep injection wells.
The discharge plume would not be expected to affect either the
warm or cold water intakes.

Nutrients from a trench discharge might also affect the warm
water intake during ebb tide conditions. It might be desirable
to reduce nutrients in the discharge to protect the warm water
source and minimize biofouling of various experiments.

Existing and future mariculture activities at NELH could be
negatively impacted by OC OTEC discharges if these discharges
were recycled through either the warm or cold water supply
systems, and if the OC OTEC discharges were less suitable for
mariculture than the unaffected water suppplies. In Appendix A,
Oceanit Laboratories analyzes the potential for contamination of
the ocean water supply systems. Disposal inte injection wells
would not affect either water supply. Disposal of OC OTEC waters
via canal has the potential under certain current regimes to
contaminate the warm water supply. Under these same conditions,
disposal into a trench could also affect the warm water supply by
slightly elevating nutrient concentrations, decreasing
temperatures and possibly reducing oxygen. Effects, if any,
would be slight. The cold water supply would not be affected.
The ratio of warm to cold water expected to be used for NELH
mariculture is 1:4. Therefore, any effects on the warm water
supply would only involve 20% of the mariculture source water.

Elevated nutrient concentrations would benefit mariculture.
Reduced temperature would be a negative impact, but, in any
event, the mixture of source waters requires warming prior to use
in mariculture. Reduced oxygen content of the warm water supply
would be of most concern, but mixing and aeration during transit
from seepage points to the intake would minimize this reduction.
Most culture systems would require supplemental aeration to
elevate oxygen concentrations in the cold water and replace that
used by respiration of the culture organisms so that a slightly
reduced oxygen concentration in the raw warm water would not be
of concern.

Iv-23




3.4 Impacts on the Terrestrial and Human Environment

Discharge of OC OTEC waters via canal would not impact the
flora, fauna or archaeological sites on the NELH property. The
land (or rock) area required as a ponding area at 16,100 gpm of
discharge would be very large (960 feet wide). Finding a
suitable site of sufficient size may not be possible without
seriously restriecting the public shoreline area.

Discharge of OC OIEC waters via deep injection wells would
not impact the flora, fauna or archaeological sites on the NELH
property.

The primary effect caused by disposal of OC OTEC waters in
shallow trenches would be the disruption and displacement of the
existing brackish water lens. The 1lens 1is unsuitable for
groundwater development, but is probably the source of water for
some small stands of kiawe trees located about 1/4 mile north of
Keahole Point. Trees that have deep root systems that reach the
groundwater level may not survive the displacement of the
brackish water lens by the saline ocean water plume. If this
should occur, they could be replaced with trees with a greater
tolerance to salinity such as coconut palm (cocos nucifera),
heliotrope (messershmidia argenta), or milo (phesbesia populinea)
(Char, 1986).

The on-site anchialine ponds are not a habitat for sea
birds, therefore, there would be no impact on avifauna; in
addition, no impacts from trench disposal on archaeological sites
would be expected to occur. A trench would have minimal impact
on recreational uses of the coastal area.

3.5 Mitigating Measures
3.5.1 Canal Disposal

Canal disposal of OC OTEC discharges would provide
considerable in situ treatment which could mitigate some
possible impacts. As discussed previously, due ¢to
turbulence and exposure to the atmosphere, canal discharge
of OTEC waters would have the effect of aerating the
discharge stream, probably to values near saturation.
Additionally, photosynthesis in the canal would add oxygen
during daylight hours, and supersaturation would be likely;
but respiration would decrease oxygen during the night.
Even without supplementary reaeration, impacts would likely
be restricted to canal areas nearest the discharge point and
would not extend to the sea.

Canal discharge would also provide the opportunity for

solar warming of the discharge stream. Monitoring of the
present NELH canal discharge shows temperatures at the

Iv-24

{1

R PRI

-

lw
s

PP

Vi DL GF 1l LA LU

PSSRl B TR



12

|

-1

i1

(-1

(3

| G

i

seaward end of the canal at and above ambient receiving
water temperatures.

In canal disposal of oC OTEC water, uptake of solutes
by aquatic vegetation could be important in the waste
treatment process. Approximately five species of marine
algae dominate effluent streams now existing at Keahole
Point. These commnities are capable of removing inorganic
nitrogen and phosphorus at rates of 1.2 g/me/day and 0.67
g/m2/day respectively (Robichaux, 1986). In addition, they
are effective in removing CO> at rates of over 26 g/mk/day.
Trace metals such as iron, copper and zinc are absorbed at
rates in the range of 1-10 micrograms/m2/day, when
concentrations are non-toxic.

The only potential reason for reducing nutrient content
in the discharge would be because stimilation of the
nearshore algal turf is aesthetically unaceceptable. In this
case, nutrient gtripping using intensive algal culture or
nitrifying bacteria on 2 npotating biological contactor"
(RBC) might be possible. Either method would require
disposal of biomass generated in the process. If a
commercially valuable seaweed could be utilized in a canal
system and sufficient land area could be made available then
this might be 2 technically and economically viable

treatment system. It appears, however, that the amount of .

jand required would be prohibitive and a more intensive
nutrient stripping process would be required.

If there are longshore currents present in addition to
purely tidal currents, discharge flows of 16,100 gpm via
canal would not impact existing .operations at NELH by
affecting the warm water source. Results of modeling
jndicate that the quality of the water at the warnm seawater
intake could be compromised if OC OTEC water is discharged
into a canal during ebb tide conditions (Oceanit

Laboratories, Appendix A). Therefore, an alternative

disposal method should probably be chosen as a means to
mitigate this impact.

3.5.2 Disposal Via Injection Wells

Disposal of the OC OTEC discharges via injection wells
would require reoxygenation to avoid damage to sessile bicta
in the area of seepage.
3.5.3 Disposal Via Trench

Trench disposal of OC OTEC waters could stress
nearshore marine penthic commnities due to low oxygen

concentrations. Seepage into shallow waters would be
rapidly diluted, but deeper areas (=25 to -50 feet) might
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not receive adequate mixing under some conditions, and 2
relatively stagnant boundary layer could develop which would
jeopardize benthic communities. To mitigate this impact,
some form ‘of reaeration would be necessary, either
reinjection of gasses removed from source waters or

mechanical aeration.

Filling the trench with crushed lava or gravel would be
expected to increase the filtration effect of the lava
formation and to provide greater dispersion and diffusion
before the water js discharged to the ocean as underwater
seepage flow along the coast. This would not enable
maintenance of the trench, but the end of the trench would
be designed to enable extension should clogging occur or if
additional capacity is required.

Cc. MARICULTURE SEAWATER RETORN FLOWS
1.0 Characteristics of the Discharge Water

At full development, it 1is estimated that appr'oximately
25,900 gpm of mixed warm and cold seawater would be discharged by
mariculture operations at NELH. Cold, nutrient-rich and pathogen-free
ocean water would be pumped to the operations from pipelines deployed
in waters off Keahole with intakes at approximately the -2100-feet
depth. Warm ocean water would be provided either by pumping it ashore
from appr'oximately the -60-feet depth, warming the cold water on-site,
or by re-using water from OTEC or other mariculture operations. The
overall ratio of cold to warm water resulting from all mariculture
operations is estimated to be B:1,

Constituents of discharges derived from mariculture operations
could be characterized by examination of solute levels resulting from
continuous operation and from periodic manipulations to the system
such as harvesting, cleaning or feeding which typically would result
in brief, low-volume, but concentrated, pulses of waste material.
Sparrow (1979) found that up to 25% of thne wastes from typical
salmonid hatcheries were generated in cleaning the tanks. Waste
products of mariculture could be characterized ast (a) organic wastes
from crop metabolism and unused feeds; (b) inorganic fertilizers; (e
antibiotics and other digease treatments; (d) chemicals used for
maintenance of water quality or facility disinfection, and (e) larvae
or other propagules (G.K. & Associates, Appendix B).

The following is a partial list of chemicals in popular use among
mariculturists. Tt is by no means comprehensives; however, many of the
chemicals not found in the following list are similar or identical to
those presented below. Microalgal culture media that were described
previously are not repeated here.
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Aquatic Herbicides/Selective Toxicants

Aquathol-K (oxabicycloheptane-dicarboxylic acid): A contact weed
killer for use on submerged aquatic vegetation along pond margins,
also toxie to phytoplankton. Used in concentrations around 100 ppm.
Probably would not be used at NELH because weeds would not be a

problem on lava. Large ponds there require impervious liners.

Copper Control/Cutrine-Plus (Copper~triethanolamine-diethanolamine
complex): Control of filamentous and planktonic algae. Chelated
copper used in concentrations of up to 1.0 ppm. Periodieity ranges
from several times per year in stagnant ponds to daily in high
intensity raceways. Average concentration in current high-tech shrimp
culture is slightly over 1 ppm on an annual basis. Potential use in

crustacean and finfish culture at NELH.

Copper sulfate: Traditionally used as an algecide in fresh water and
to a limited extent in marine waters in concentrations up to 10 ppm.
Limited application at NELH because of its limited effectiveness in
Seawater.

Diquat (1,1-ethylene-2,2-bipyridylium dibromide cation): A commonly
used herbicide 1lethal to most vascular aquatic plants such as
duckweed, hydrilla and water hyacinth. Probably would not be used at
NELH because vascular aquatic plants would not be a problem.

Rotenone: Toxic to fish at concentrations of 0.2-20 ppm. Is used for
nonselective irradication of fish from ponds and lakes. Limited
application at NELH, except perhaps as part of an anchialine pond
restoration program.

Disinfectants

Argentyne (Polyvinylpyrrolidone-iodine, 10%): Time release iodine for
disinfection of eggs suspended in hatchery tanks. Used as a 100 pPpm
solution for short periods during hatchery operations. Total amounts
depend on hatchery size and frequency of the hatchery cycles. Very
small quantities might be used. Maximmm strength before dilution in
the discharge would be non-toxic to eggs.

Benzalkonium Chloride (N-alkyl quaternary amines): Disinfectant for
tanks and other hard surfaces. Used as a 1-2% solution as necessary
for cleaning equipment.

Chlorine (Sodium or calcium hypochlorite): The most widely used
disinfectant for hard surfaces, equipment and tanks. Used as 200-~1000
ppm solutions as necessary.

Antibiotics/Antiparasitics

Antibiotics: Many of the traditional antibioties (Erythromyein,
Neomyein, Penicillin, Sulfamerazine) are used to reduce bacterial
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contamination in phytoplankton stock cultures or as treatment for
culture animals. Due to the expense, these chemicals are not
generally used in 1large quantities. One popular antibiotie,
Chloramphenicol, has been restricted, and is no longer sold over the
counter in the United States.

Chloramine-T (Sodium par'a-toluene-sulfonchloramide): Chlorine-based
treatment for bacterial gill disease in salmonids and other finfish.
Concentrations of 6-10 ppm not more than 1/day.

Formaldehyde: The universal bacteriocide. Used for in gitu disinfec-
tion of fish and shrimp, and preservation of specimens.
Concentrations of 5-50 ppm are used for short intervals in culture
water. Average additions for operational shrimp culture facilities
are 2 ppm in the effluent stream on an annual basis.

Malachite Green: Traditionally used in conjunction with formalin as
antiparasitie, antibacterial, and antifungal agent. Concentrations of
0.05-0.1 ppm are effective. Regulations restrict its use in the
United States due to its resistance to natural degradation.

Potassium Permanganate: Used in concentrations of 1-5 ppm to relieve
oxygen shortage, rotenone detoxification, removal of organic contami-
nants, and bacterial/parasitic control.

Prefuran/Furance/P 7138 (Nifurpirinol): A general treatment for
bacterial, fungal and parasitic infections. Used either as treatment
of known infections (1-2 ppm), or as a prophylactic (0.05-0.1 ppm) .

Trichlor'fon/Masoten/Dylox/Dipter'ex/Chlorofos/Metrifonate/Neguvon
(Dime-thyl—trichlor'o-hydroxyethyl) phosphonate: Used commonly for
treatment of ectoparasites such as anchorworm, flukes or isopods.
Concentration is roughly 0.25 ppm; treatment no more frequently than
once per week.

New chemicals will undoubtedly be added to this list in the

future. Each of these chemicals is toxic to some organisms at some .

concentrations, and each mariculture operation should be required to
demonstrate that its chemical additives and patterns of usage would
not detrimentally effect other mariculturists, OTEC experiments, the
treatment system, the anchialine ponds or offshore ecosystems.
Surveilance and monitoring are recommended.
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2.0 Seawater Return Flow Disposal

2.1 Analysis

The proposed disposal method for mariculture discharges
analyzed in this SEIS is via a trench located along the makai
side of the NELH access road towards HOST Park. Two locations
along this road were analyzed: location M-1, which is roughly
parallel to and approximately 750 feet from the shoreline at a
ground elevation of approximately 10 feet above sea level; and
location M-2, which is southward of location M-1 along the NELH
access road approximately 900 feet from the shoreline at its
closest point (Figure IV-1).

Disposal of mariculture discharges into shallow trenches at
two alternative locations was modeled using analytical computer
models based on the Theis non-equilibrium equation (Dames &
Moore, Appendix C). Based on results of the model, it 1is
estimated that 85% of the discharge from a trench at location M-1
would occur over a distance of 4,300 feet along the shoreline, an
average of 7,300 gpd/ft (Figure IV-5). If the flow is assumed to
be distributed evenly between the 0 to -200-foot bathymetric
contour, it would average 1.9 gpd/ft2 of ocean bottom in this
zone. Discharge would be greater in offshore areas closest to
the discharge trench. At these locations, the flow would be
approximately 4.2 gpd/ft2. A minimum residence time of 5 to 35
days was calculated for this location (see Appendix C).

The model predicts that 76% of the discharge from a trench

at location M-2 would occur over a distance of 6,200 feet along
the shoreline, an average of 4,600 gpd/ft (Figure IvV-6). If the
flow is assumed to be distributed evenly between the 0 and ~200-
foot bathymetric ccntour, it would average 1.2 gpd/f‘t"2 of ocean
bottom in this zone. For a distance of 1200 feet along the
shoreline, approximately parallel to the proposed trench, the
flow would be approximately 2.6 gpd/f"c.2 of ocean bottom In this
zone. Minimum residence times would average from 9 to 61 days
(Appendix C). '

Location M-2 is the recommended location for the mariculture
disposal trench because the concentrations at the shoreline would
be less than at location M-1. In addition, location M-2 is also
the preferred location based on operational considerations at
NELH.

Waste water discharged from mariculture facilities would be
subjected to a variety of processes or treatment mechanisms as it
(1) flows through trenches enroute to the disposal trench, (2)
infiltrates into the aquifer system, and (3) mixes with the
ground water underlying Keahole Point. The prinecipal mechanisms
include biological absorption, physical filtering, precipitation
reactions, and dilution.
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Trench disposal would serve to remove solids, precipitate
some of the phosphorus and metals, allow decomposition to break
down some of the organic material, and provide a matrix for
nitrifying bacteria. After entering the aquifer, the rate of
adsorption and oxidation of organic chemicals and metabolites is
considerably slowed. Inorganic ions in the effluent, including
ammonia, will pass through the ground relatively unaffected due
to the short residence time (less than 61 days) and lack of soils
or clays in the Keahole Point region.

Organic material entering the disposal trench system would
be remineralized to end products which would depend largely on
the amount of available oxygen. Under aerobic conditions,
carbohydrates and proteins are oxidized to CO2, H20, NO3, SOy,
and microbial cell tissue. In the absence of oxygen, the same
inputs become reduced end products such as methane, hydrogen,
ammonium, hydrogen sulfide, and a variety of intermediate
products such as organic acids, alcohols, amines and mercaptans.
It is 1likely that the proposed disposal trench would be
predominantly aerobic; however, pockets of particulate
accumulation may provide reducing environments which would allow
denitrification of nitrates and nitrites to ammonia, nitrogen gas
or nitrous oxide.

2.2 Disposal Facility Requirements

Trench dimensions for disposal of 37 mgd (25,900 gpm) would
be approximately 5-feet wide by 5-feet deep by 362-feet long at
location M-1 and 5-feet wide by 5-feet deep by 3TU-feet long at
location M=2. Although the available length of the disposal area
is more than 2,000 feet, the length of the trench could be
shortened by digging a deeper trench. In order to allow for non-
homogeneity of the hydrogeologic characteristics of the proposed
disposal area, subsurface materials and to mitigate silting and
clogging problems that may occur in the initial start-up stage,
the actual excavation should probably be twice the theoretical
trench length.

As for the OC OTEC trench, the preferred construction method
is excavation, placement of a perforated discharge pipe, and
backfilling with crushed lava or gravel. As mariculture
discharge volumes gradually increase, the operation of the trench
should be monitored to collect operation and maintenance data for
subsequent phases of the expansion program. Assuming that the
technical parameters used in the theoretical computations can be
validated by the actual performance, the disposal trench could
then be incrementally extended to handle more disposal quantity
as mariculture facilities expand.
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3.0 Environmental Impact Analysis

3.1 Impacts on the marine environment

Mariculture operations at NELH would result in discharges
with the following components and characteristics of most
concern:

o elevated concentrations of plant nutrients;

0 increased concentrations of dissolved and particulate
organic matter;

0 pulses of chemicals used to treat oculture organisms, clean
facilities or maintain water quality in culture containers
(especially chlorine compounds); and

o exotic species or other propagules.

Nutrient concentrations in marieculture discharges would be
quite variable depending on specific source water mix ratio,

- fertilization, culture organisms, stage of life cycle, intensity

of culture, efficiency of culture operations and other variables.
In general, these discharges will contain levels of nutrients
higher than those expected from OC OTEC discharges, although this
may not be the case for some macroalgal culture systems.

Seepage from either alternative mariculture trench location
would enter the sea at depths between the surface and =200 feet.
Nutrient subsidies could increase algal uptake rates, growth
rates and standing crops. Fleshy macroalgae are notably sparse
off the coast except in the surge zone where grazing is
inhibited, so impacts of stimulation of the benthic algal
community beyond the surge zone might be expressed as increased
population sizes of herbivores and higher trophic levels rather
than elevated algal standing crops. Offshore phytoplankton
densities are very low in these clear, oceanic waters. Nutrient
subsidies may increase uptake and growth rates, but the time lag
between uptake and growth responses (on the order of a day),
advection by offshore currents and grazing by herbivorous
zooplankton would all act to minimize elevations of phytoplankton
concentrations. '

Dissolved organic matter present in the mariculture
discharges would also provide a nutrient subsidy to nearshore
marine commnities. Particulate organic matter would be filtered
out in the trench and perhaps the aquifer, eventually decomposing
and entering the sea as dissolved organic and inorganic material.

Of the compounds identified as having potential uses in NELH

mriculture operations, most are added to cultures of 1living
organisms, some at very fragile stages of their life cycles. At

Iv-33




I e

the maximm dosages they are intended to kill or inhibit
bacteria, fungi or small parasites. Deactivation in culture
gystems, and dilution in the disposal system, would render them
completely irmocuous to anchialine pond or marine biota.

Of more concern are those compounds, essentially all
chlorine-based, used in higher concentrations when living culture
organisms are not present. There is the potential for excessive
use of chlorine compounds by technicians in washdown operations,
although in a practical sense, the very high cost of these
compounds will induce management oversight and use restrictions.
It is likely that dilution in washdown and comingling with other
discharges in the waste stream will provide adequate mitigation
of potential impacts.

Formalin (dilute formaldehyde) is used in mariculture
operations te reduce bacterial, fungal and parasitic infections.
Biological degradation of formalin ocecurs with or without oxygen
to end products of CO2 and Hp0. This breakdown, measured as
standard BOD, shows only 40% activity after 5 days. Residence in
the substratum should be sufficiently long to insure its complete
oxidation prior to reentering the source waters. Wastewater
treatment methods for formalin include adsorption on activated
charcoal (adsorbability: 0.018 g/g-Carbon, 9.2% reduction at 1
g/l influent concentration); absorption in trickling filters (up

£o 3.U5 1bs/eubic yd.) or in activated sludge filters (G.K. &
Associates, Appendix B).

The probable concentrations of formalin appearing in
effluent from mariculture operations would be absorbed by
bacteria and algae in the supply and disposal trenches. Assuming
the average residence time in the ground is greater than 30 days,
it is doubtful that any formalin will reach the receiving waters.
Preliminary treatment in the disposal trench is dependent on the
standing crop of bacteria which is susceptible to poiscning by
infrequent pulses of formalin above concentrations of 20 ppm in
the discharge. It is recommended that any formalin used as a
disinfectant be diluted out into the discharge stream as

necessary to prevent high concentrations from appearing in the
disposal trench.

Cutrine-plus and copper control are used to reduce
phytoplankton populations in ponds or biofouling in tanks.
Cutrine-plus and copper control are more effective than copper
sulfate in marine systems because of the chelating agent
triethanolamine which oxidizes very slowly. After 20-day BOD
tests only 6.2% of the theoretical oxygen demand was met. As a
result, the copper triethanolamine complex is likely to remain
active through all of the treatment processes described above.
Both copper and triethanclamine can be removed by activated
charcoal (0.067 g/g-carbon). Triethanolamine is toxic to algae
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and bacteria in concentrations in the range of 2-60 ppm
(Appendix B), but the copper complex would not be expected to
appear in the discharge 1in concentrations higher than 1 ppm.
(Federal regulations restrict the discharge of copper from power
plants and other point sources to concentrations less than 1
ppm.) Further dilution by mixing of the various waste streams in
the disposal system will preclude negative impacts on anchialine
pond and marine biota.

Certain chemical additives, unknown at the present time,
could potentially impact the marine environment. For example,
isopods and other parasites have been reported to infest oysters
grown in dense cultures and natural waters. At the present time,
there is no effective chemical for treatment of these
endoparasites; however, if some treatment is developed, the
nature of the chemical should be investigated prior to Iits
introduction into the discharge system, as it may significantly
impact the resident epifauna.

Tmportation of exotic species to Hawaii is controlled by a
multi-tiered review and permit system administered by the Plant
Quarantine Branch of the Hawaii Department of Agriculture. All
potential imports and the facilities for holding them must
undergo a thorough review prior to approval. Disposal of
mariculture effluents into a trench would effectively preclude
escape of exotic species under normal operating conditions.

3.2 Anchialine Ponds

Potential impacts on anchialine pond systems of disposal of
mariculture waters via trench are discussed here, but a major
qualification is necessary. In the case of simultaneous
discharge, a dedicated trench is used to dispose of 0OC OTEC
waters, and the flow net analyses that follow in Section E-1.0
show that these waters, not waters of mariculture origin, would
displace groundwaters in and beneath the anchialine ponds.
Impacts of the OC OTEC discharge on anchialine ponds were
previocusly described. '

Components of the mariculture discharge of concern to the
anchialine pond system are the same as those of concern to the
nearshore marine enviromment, i.e., nutrients, organics, chemical
additives and exotic species.

Anchialine ponds appear to naturally exist under a highly
variable nutrient regime imposed by groundwater. This suggests
that if the anchialine community is intact, it can function
normally under some level of loading.

The potential impacts of aguaculture additives and release
of exotic species would be as desecribed in Section 3.1 above.
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3.3 Impacts on Existing Operations at NELH

Mariculture operations could impact other NELH uses if the
source waters are affected. Seepage from a mariculture trench is
expected to emerge at depths between the surface and -200 feet.
The cold water intake would not be affected. There is a
possibility that the warm water intake could receive very diluted
amounts of mariculture discharges. Components of interest would
include nutrients and additives, the respective effects of which
would be opposite. That is, increased nutrient levels would
encourage biofouling, but the additives 1likely to be present
would tend to inhibit fouling organisms. It is likely, however,
that dilution of the additives in the discharge trench and
receiving waters would render them undetectable at the warm water
intake.

3.4 Impacts on the Terrestrial and Buman Environment

Impacts on the terrestrial and human environment would be
similar to those discribed in Part IV, Section B 3.4,

3.5 Mitigating Measures

Using mariculture for treatment of wastes has been
suggested. The primary purpose of a mariculture waste treatment
facility at NELH would be to reduce the nutrient content of the
discharge. Algal uptake experiments at NELH indicate that only a

. small percentage of the nutrients in the discharge would be

removed in an open trench or canal system. To significantly
reduce nutrient loading would require a very large land area,
probably more land than would be feasible to commit to this use.
Some treatment, however, would occur incidental to mariculture
operations at NELH. Algae culture would serve to reduce nutrient
loading; but culture of higher organisms would increase loading.

In a treatment system, accumulation of algal biomass beyond
the densities which may be supported in non-limited growth would
hinder biological absorption of pollutants. Consequently,
regular removal of the algae produced in the treatment system
would be required.

A more fundamental question than whether mariculture waste
treatment is appropriate 1is whether nutrient removal is
necessary. Although it may be desirable to reduce nutrients in
the discharge to protect the warm water source and minimize
biofouling of various experiments, nutrient enrichment of the
waters offshore Keahole Point could be beneficial to the 1local
fishing industry.

Chlorine-based compounds, used in higher concentrations when

living culture organisms are not present, could be of concern.
Although dilution in washdown and comingling with other
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discharges in the waste stream would probably provide adequate
mitigation of potential impacts, monitoring of residual oxidants
in the disposal trench Iis recommended. If excessive
concentrations occur, a policy of neutralization of washdown
waters with sodium bisulfate could be instituted.

D. COMBINED SEAWATER RETURN FLOWS GENERATED BY OTEC AND MARICULTURE
OPERATIONS

1.0 Characteristics of the Discharge Water

At full development, it 1s estimated that approximately
42,000 gpm (60 mgd) of mixed warm and cold water discharge will be
generated by OTEC and mariculture operations at NELH. Maximum volumes
of water projected to be disposed of at NELH (by use) are as follous:

OTEC--23 mgd (16,100 gpm--6,500 gpm cold, 9600 gpm warm)
Marioulture Uses--37mgd (25,900 gpm--20,720 gpm cold, 5,180
gpm warm}.

2.0 Combined Disposal Via Trench Along the NELH Access Road
2.1 Analysis

The disposal of combined OTEC and mariculture discharges of
42,000 gpm in a shallow trench was modeled using an analytical
computer model based on the Theis non-equilibrium equation (Dames
& Moore, Appendix C). The modeling Indicates that 77% of the
discharge would occur over & shoreline distance of 3,800 feet, an
average of 12,200 gpd/foot. If the flow is assumed to be
distributed evenly between the 0 and =200 feet bathymetric
contours, it would average of 3.2 gpd/ft2 of ocean bottom in this
zone. Discharge would be greater in offshore areas closest to
the discharge trench. At these locations, the flow would be
approximately 5.9 gpd/ftz. Minimum residence times of from 3 to
23 days were calculated using expanding sphere and expanding
cylinder models (Appendix C).

The disposal by ‘trenches would displace the existing
groundwater flow in the immediate vicinity of Keahole Pt. A flow
net showing flow patterns for the combined discharge is presented
in Figure IV-T.

Dames and Moore (Appendix C) noted the probable occurrence
of lava tubes and other zones of high permeability in the
subsurface geology. If lava tubes are present in close proximity
to the diffusion trench, discharges may have a hydrologic
residence time considerably less than expected, and suspended
solids passing into the receiving water may be higher than
expected. If no direct channels are encountered, the lava
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structure is expected to provide a matrix for accumulation of
bacterial biomass which allows limited biological treatment.

2.2 Disposal Facility

The disposal trench analyzed in Appendix C (location M-1,
Figure IV-1) is located along the makai side of the NELH access
road towards HOST Park roughly parallel to and approximately 750
feet from the shoreline. The ground elevation in the area is
approximately 10 feet above sea level.

Trench dimensions for a disposal quantity of 60 mgd {42,000
gpm), would be approximately 5-feet wide, 5-feet deep, and 587-
feet long. Although the available length of the disposal area is
more than 2,000 feet, the length of the trench could be shortened
by digging a deeper trench.

Environmental Impact Analysis
3.1 Impacts on the Marine Environment

Comingling of OC OTEC and mariculture discharges in a single
disposal trench would produce a hybrid water type. If the OTEC
discharge consisted of 6,500 gpm cold and 9,600 gpm warm and the
mariculture discharge was derived from source waters in a ratio
of four cold to one warm (20,720 gpm cold, 5,180 gpm warm), then
the mixed water would be about two-thirds of cold origin. The
dominant component, nearly half the total, would be cold water
used for mariculture. Anticipating the impacts of this discharge
suffers the same uncertainty as for an isolated mariculture
discharge, i.e., the mariculture crops and processes are
presently undefined. In general, however, in comparison with the
OC OTEC discharge, the mixed discharge would be considerably
warmer due to warming in the culture systems and higher in oxygen
content due to aeration in the cultures. Two of the rmajor
concerns with the OC OTEC discharge would be mitigated somewhat
by mixing these waste streams.

Nutrient concentrations would stiil be high, as they would

be high in each of the discharge streams. Biostimulation of =

algae in nearshore wates could result but, as explained
previously, accumilations of algal biomass are unlikely except in
the surge zone. Even there, wave action would tend to break up
algal accumilations. Any additives in the mariculture discharge
would be diluted to a greater extent than they would in an
isolated mariculture disposal trench and impacts would be even
less likely.

3.2 Impacts on Anchialine Ponds

The flow net analysis done by Dames and Moore (Appendix c)
for this scenario again shows that the groundwater in and beneath
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the NELH anchialine ponds would be replaced by the discharge
plume. The impacts of this mixed discharge plume would be
moderated over those of the pure 0C OTEC plume in the same manner
as discussed above for impacts on the marine environment. Water
temperature would be warmer and oxygen content higher than of the
pure OC COTEC discharge. The anchialine system appears. well
adapted to high nutrient influx so minimal impacts would be
expected from this source. Mariculture additives would receive
greater dilution than in a dedicated mariculture disposal trench
so impacts from this source are even less likely.

3.3 Impacts on Existing Operations at NELH

Seepage from a combined discharge would enter the sea at
depths between the surface and -200 feet. The plume would be
considerably more dilute and generally deeper than that from a
dedicated OC OTEC discharge trench and would thus provide
mitigation of potential impacts on the warm water intake. Again,
the main potential problem would be enhancement of biofouling due
to elevated nutrient concentrations

3.4 Impacts on the Terrestrial and Human Environment

Impacts would be similar to those described in Part IV,
Section B. 3.4.

3.5 Mitigating Measures

- Mitigating measures would be similar to those described
previously for trench disposal, and could include procedures for
reduction of nutrient and mariculture additives concentrations.

CUMULATIVE IMPACTS

Similtaneous Disposal of OC OTEC and Mariculture Discharges into
Two Dedicated Trenches

1.1 Analysis

‘Modeling was conducted to analyze the effects of
simultaneous discharge of OC OTEC return flows of 16,100 gpm into
2 trench within NELH (Figure IV-1, Jocation 0-2) and mariculture
return flows of 25,900 gpm into a trench along the NELH access
road (Figure IV-1, location M.2).  Results of this modeling
indicate that 76% of the discharge would occur over a horizontal
distance of 5,900 feet along the shoreline, an average of 7,800
gpd/ft. Assuming that the flow was distributed evenly between
the 0 to =150 -foot bathymetric contour, discharge seepage would
average 2.8 gpcl/ft2 of ocean bottom in this zone. Minimum
residence times would be between one to two days for 0C OTEC
discharge and from 9 to 61 days for mariculture discharge.
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Please refer to Appendix C, Addendum II, for more detailed
explanations of these calculations.

After reaching its equilibrium configuration, the water from
the two disposal trenches would remain relatively separate except
at the interfaces between the two plumes and the existing ground
water. In simple terms, water introduced into the OTEC trench
could be identified as water "X" and the water entering the
mariculture trench could be identified as water "Y". After the
waters are introduced, except for interaction with tidal motions
and the interfaces between the two plumes, the water would remain
as X and Y (Appendix A).

Flow nets illustrating simultaneous discharge from the two
aforementioned locations are presented in Figure Iv-8. The
mixing and/or the specific displacement of the ground water by
these seawater return flows would be very site-specific.
Theoretically, the streamlines resulting from steady discharge
from the two locations would not cross; there would be no mixing.
Due to unpredictable inconsistencies in the geology, however,
such as lava tubes, discharge via trench might not always behave
in this simple manmer. Site testing and monitoring would be
required to validate the model results.

Although simultaneous discharge into the two trenches would
be expected to result in the return seawater entering the marine
environment at average depths of from 0 to -150 feet, because of
the differences in density and volume between the types of
discharge and differences in location of the respective trenches,
it is expected that the distribution of OC OTEC discharge would
be weighted toward the upper jevels of the 0 to -150-foot region,
i.e., 0 to =50 feet; and that the discharge from the mariculture
trench would be distributed at the lower depths of this range
(Oceanit Laboratories, Appendix A).

1.2 Environmental Impacts Analysis
1.2.1 Impacts on the Marine Environment

- Disposal of 0C OTEC and mariculture discharges into two
separate dedicated trenches would have much the same impacts
as described previously for each disposal trench separately.
As stated previously, the 0C OTEC discharge seepage would
enter the ocean between O and =50 feet, while the
mariculture discharge would seep through the bottom from the
surface to -200 feet. Cumulative impacts could oceur in the
0 to -50 feet range, however, the only cumulative agent
would be nutrient concentrations. Potential biostimulation
under the dual disposal scenario would be greater than for
either scenario separately, at least in the 0 to =50 feet
layer. In addition, the affected area along the shoreline
would be greater than for either disposal trench considered
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separately. Nevertheless, the analysis above would still
apply and accumulations of algal biomass would not be
expected, except perhaps very near to shore, in the surge
zone where grazing is inhibited.

1.2.2 Impacts on the Anchialine Ponds

The flow net analysis produced by Dames and Moore for
the simultaneous discharge scenario indicates that the
subsurface area of the NELH anchialine ponds would only be
affected by the 0OC OTEC discharge plume. Impacts would
therefore be as described previously for the O0OC OTEC
discharge plume alone.

1.2.3 Impacts on Existing Operations at NELH

The primary potential impact would be inecreased
biofouling potential if nutrient concentations in the warm

water intake are increased. The likelihood of this-

occurring would be greater with two operating disposal
trenches situated as planned because their areas of maximum
flux would straddle Keahole Point and alongshore currents in
either direction would move high nutrient water toward the
intake. Mixing and advection would provide the primary
means of mitigation. _

1.2.4 Impacts on the Terrestrial and Human Environment

Impacts on the terrestrial and human environment would
be the same as for each disposal trench separately.

1.3 Mitigating Measures

Mitigating measures would be as described for each disposal
trench separately.

2.0 NELH and HOST Park

At maximum development, the adjacent HOST Park anticipates an
eventual discharge of 100,000 gpm into a trench. This discharge would
be increased gradually from an initial flow of 6,800 gpm in 1987 to
full development of the park in approximately 10 years.

HOST Park discharges would reflect the mixture of park uses as it
develops. The area of influence of the combined NELH and HOST Park
plumes would be dominated primarily by the HOST Park mariculture plume
and secondarily by the NELH mariculture Plume. The combined area
influenced would include waters along the coast fronting the NELH, the
HOST Park and adjacent properties from the shoreline out to bottom
depths of at least -200 feet. Concentrations of discharge waters
would be highest directly offshore of the respective disposal trenches
and less at increasing distances. Concentrations of plume tracer
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parameters could be expected to exhibit a relative minimum off'shore
between the two mariculture plumes.

The offshore bathymetry of the area of concern indicates that the
_200 feet contour lies at only about 600-800 feet offshore. Beyond
this, the bottom slopes more gently to depths of =400 feet at about
2,000 feet offshore. The benthic commnity out to depths of
approximately -200 feet is dominated by several species of coral,
encrusting algae and sea urchins. Beyond this the rocky slope grades
into a )sandy plain harboring large aggregations of taape (Lutjanus
kasmira).

In the water column above the benthos are populations of
phytoplankton, zooplankton (including fish eggs and larvae),
micronekton and nekton. Marine mammals and threatened or endangered
species may also pass through these waters.

Degradation of water quality parameters is a negative impact to
the extent that biota are affected or that human use and enjoyment of
the environment is compromised. Present plans for both facilities
include a gradual increase in volumes of water to be used. This would
allow a monitoring program to provide early detection and
quantification of any impacts. In addition, the potential impacts are
peversible. That is, if discharges of toxic substances harmful to the
environment (as evidenced by results of the monitoring program) are
halted or mitigated, the affected ecosystems could be expected to
revert to baseline conditions.

Disposal of the seawater return flows from NELH and HOST Park
into trenches would displace the groundwaters beneath the existing
anchaline ponds at NELH. Because of the extent of the resultant
subsurface plume, it does not appear to be possible to mitigate this
impact by altering the locations of the trenches. As stated in Part
IV, Sections B and C, the anchialine ecosystem is expected to adapt to
increased salinities and nutrient loading, and impacts are anticipated
to be minimal.

OI Consultants, Inc. (1985, 1986) examined the anchialine ponds
at Kohanaiki, a land parcel immediately south of 'O'oma II which is
slated for resort development. The comprehensive baseline survey of
anchialine ponds of the Kona coast by Maclolek and Brock (1974)
jdentified the Kohanalki ponds as having exceptional value, and
potential impacts on these ponds were addressed in the modeling and
analysis done for the HOST/NELE FEIS (HTDC, 1985). The OI surveys
found a number of ponds not previously mentioned in the literature,
bringing the total number known from that area to about 60. However,
the biota of many of the ponds originally surveyed in 1972 by Maciolek
and Brock (those in the northern half of the parcel, closest to the
HOST Park/NELH site) has changed appreciably.  Topminnows (family
Poeciliidae) are now present in these ponds, evidently at the expense
of crustaceans and many algal species. The ponds in the southern half
of the parcel remain of exceptional value in that they evidence the
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rich algal diversity and endemic orustacean fauna formerly found in
the northern ponds. If the subsurface plume should reach these ponds,

(estimated to require 10-30 years (HTDC, 1985)), the adverse impacts

on the anchialine ecosystems would be similar to those deseribed for
the NELH ponds. The proposed monitoring program, however, would
identify any adverse impacts long before they would oceur, thus
allowing appropriate mitigation in a timely manner. -

3.0 West Hawail Development

The recent surge of resort development planning for West Hawaiil
has implications for operations at NELH. Adjacent to and south of the
HOST Park site are the proposed 10'ema II and Kohanaiki developments,
respectively. Each is anticipated to include golf courses and
substantial other landscaped areas. Domestic wastes are projected to
be disposed of into or onto the ground. Coastal waters nearby may
receive additional nutrient subsidies as well as rations of various
pesticides and other pollutants typical of urban runoff. Although it
is anticipated that these could be quickly diluted and advected out to
sea, there is a potential long-term impact to the warm water intakes
at NELH and HOST Park. This situation should be carefully monitored
and appropriate mitigating measures taken if adverse impacts occur.

F. OVERALL MITIGATING MEASURES
1.0 Water Quality Monitoring Program

The HOST/NELH FEIS (HTDC, 1985) and the Master CDUP for pipelines
off NELH and HOST Park (CDUA HA-1962) specify development of
monitoring programs for offshore waters and anchialine ponds. It is
recommended that monitoring of appropriate water quality and
biological parameters be done. The goals of the monitoring program
should be to protect the natural ecosystems present in the anchialine
ponds and coastal waters and to maintain the quality of the warm and
cold source waters for NELH and HOST Park. Because of past and
ongoing OTEC research at NELH, water quality parameters off Keahole
Point are well-studied; considerable baseline data are available for
the monitoring program (see HIDC, 1985; Marine Sciences Group, 1986).
Although baseline data are available, implementation of at least
portions of the monitoring program should take place as soon as
possible to supplement existing data for selected parameters.

The monitoring program, which is outlined in Appendix B, has been
designed to detect the effects of all major anticipated environmental
perturbations by using sampling stations offshore, in the anchialine
ponds, at shoreline seepage points (e.g., the springs at Wawaioli),
and at inshore wells. Offshore sampling locations and depths have
been suggested in the plan (Figure 3, Appendix B).

Parameters to be monitored should be varied depending on the
impacts which are possible at a given state of development. For
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example, during construction turbidity, habitat loss and protected
species activities should be documented. Baseline and operational
monitoring should include both bioclogical and water quality

parameters. Water quality parameters should include temperature
salinity, dissolved oxygen, turbidity, nutrlents, indicators of fecal

contamination, chlorophyll, chlorine residuals and copper. Biological
monitoring should include documentation of faunal assemblages offshore
and in the anchialine ponds, as well as human activities in the area.
Measures of variability should ineclude species present, biomass,
density, diversity, frequency of occurence and others if appropriate.
Along the shoreline of NELH/HOST Park, the distribution and abundance
of fleshy macroalgae should be closely monitored. Recreational
fishing effort and catch composition should also be monitored.

To understand the offshore dynamics of the system, ongoing
current measurements should be continued. Data on disposal rates,
tidal state and basic climatology are also necessary to evaluate
results of the monitoring program.

The suggested frequency of monitoring has been designed to allow
early detection of potential impacts. Frequency should be greatest
during construction and start-up and later be reduced when consistent
patterns are established with confidence. Whenever possible,
monitoring should also be done when special situations, such as
washing down of tanks, occur. The monitoring plans should be
frequently reevaluated to provide for modifications based on new
results as they become available.

2.0 Reoxygenation Through Aeration

Dissolved oxygen could be substantially lowered if one or both of
the source water streams are degassed prior to use in 0C OTEC
experiments. If degassing of the OC OTEC waters does take place, then
an aeration pretreatment may be beneficial prior to discharge in order
to minimize metabolic stress to communities resident in the ponds and
nearshore.

Relatively 1little information 1is available on the aeration of
seawater. However, if conventional wastewater procedures are followed
we can estimate the cost and volumetric requirements for the aeration
of 16,100 gpm of OC OTEC discharge. Results indicate that costs will
range from $34-57 per day with volumes of 43,000 cubic feet (10' X 65'
X 65'). Initial investigations on the aeration of seawater indicate
that costs could be reduced.

According to some scientists contacted by Oceanit Laboratories
(Appendix A), it would be environmentally and economically beneficial
to reinject the removed gases into the water prior to discharge.
Researeh at U.H. indicates that this is very possible. One secientist
says that his research will include effects of degassification.
Reinjection studies will be part of his research effort at NELH.
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Another scientist says that the U.S. DOE will be looking at
degassification and regassification problems associated with OC OTEC.
The impact on the environment from discharging oxygen-poor water is a

concern. One possibility would be to aerate by using a spout.
Another possibility is with a hydraulic pump that could recombine the

gases removed in an earlier state of the OC OTEC operation.

In any event, monitoring will be an important consideration of
any research done on this problem as the degree of environmental
impact of discharging oxygen-poor water is unknown. The proposed
monitoring program should provide early detection of any adverse
impacts so that, if required, alternative disposal methods can be
instituted. As stated previously and in Appendix B, any adverse
impacts on the environment are reversible and can be mitigated by
ceasing to discharge oxygen-poor water in a manner that affects the

nearstiore environment.

G. COMPARISONS AND RECOMMENDATIONS
1.0 Comparative Analysis of Disposal Alternatives

Based on existing research, it is assumed that OC OTEC return
waters will be characterized by low dissolved oxygen, low temperature,
high nutrient concentrations and possibly a very small amount of
chlorine, but no additional heavy metals. The low dissolved oxygen
concentration could cause some reductions of metabolic rates of
nearshore commmities and reaeration may be required. This mitigation
would be required for trench or well disposal.

Discharges via either canal or very nearshore shallow trench (such
as optional location 0-1 for NELH OC OTEC disposal trench) have the
most potential to elevate nearshore nutrient concentrations, and some
effects may be experienced at the warm water intake. It should be
noted, however, that several studies (WRRC, 1980; R. M. Towill, 1982)
have reported that coastal water quality standards are exceeded near
the shore. This is not unusual as shoreline nutrient concentrations
are generally elevated as a consequence of a higher proportion of
groundwater in  very nearshore samples. Elevated nutrient
concentrations could be beneficial to commereial and recreation fishing
activities that take place in the area.

As proposed, the deep injection wells would provide the greatest
residence time for discharge waters, about three months, and would
create seepage through the bottom between ~300 and =400 feet depths.
While this would avoid potential biostimulation of the algal turf at
the shoreline, it would come at substantial additional cost.

Theoretically, discharge into a canal and ponding area appears to
be an environmentally acceptable method of disposing of OC OTEC return
flows. The 1,000 gpm of seawater currently discharged by this means
does not produce a nutrient-rich plume or any measureable adverse
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environmental impact with mixtures of 1:1 to 1:6 cold to warm
seawater. This is because significant nutrient stripping by maecro-
algae takes place in the inter-tidal ponding area. However, before
the same type of ponding area can be used for larger discharge
volumes, additional investigations would be required to determine the
physical characteristics that cause the pond to act as a "reactor
vessel" that adds oxygen, removes nutrients and increases the
discharge water temperature to approximately that of the ambient

- seawater. For this reason, and the fact that the land area required

for this disposal method might be prohibitively large in relation to
the area available to NELH, discharge of 16,100 gpm of OC OTEC waters
via canal was determined to be unfeasible at the present time. It is
strongly recommended, however, that additional research be undertaken
before this method is completely rejected for lower volumes of
discharge.

Trench disposal would serve fo remove solids, precipitate some of
the phosphorus and metals, allow decomposition to break down some of
the organic material, and provide a matrix for nitrifying bacteria.
Pretreatment requirements would primarily be for reoxygenation through
aeration. Although the rate of discharge to the sea per unit bottom
area is greater for the trench discharge within NELH than for deep
injection wells rapid dilution, advection, low toxics conecentrations,
algal uptake capacity, warming in process systems, and reaeration, if
necessary, would act to mitigate most impacts.

Assuming a homogeneous subterranean environment (i.e., no lava
tubes, etc.), disposal of the waste waters into trenches would

displace the groundwaters beneath the existing anchialine ponds at .

NELH. The area of displacement would vary with the amount of
discharge and location of the trench. Disposal via deep injection
wells would not affect this system. The anchialine pond ecosystems
which may be affected by this plume are expected to adapt to the
change in salinity of the water (G.X. & Associates, Appendix E).

A cost comparison between trenches and deep injection wells is
presented in Appendix F. In general, deep injection wells are
approximately 15 times more costly to construct and operate than
disposal by trench within NELH. Without empirical data from
monitoring a trench system, the theoretical minimal improvement in
avoiding impacts to the environment by disposing via injection wells
does not appear to warrant the additional cost.

2.0 Recommendations

!

Based on current assumptions concerning OC OTEC discharge water,

and the relatively short time frame within which the O0OC OTEC
experiments will be conducted, the analysis shows that adverse

1V-48

-

el

5




l,—-—-l i.___i

P

LE

environmental impacts resulting from each of the three methods of
disposal are reversible and/or can be mitigated. There are still many
unknowns, however, associated with the processes involved. It is

therefore recommended that initially OC OTEC discharges (U% to a
maximm 5,000 gpm) be disposed of into a research trench within the

NELH compound. A trench for volumes up to 5,000 gpm would be
approximately 5 feet by 5 feet by 45 feet long. It has been suggested
that a full-sized trench with a capacity of 16,100 gpm is required for
initial testing of the full ocean water system. Although this would
be more costly if research and monitoring indicate that an alternative
disposal method should be used during the 16,100 gpm 165 kW
experiment, it is still in keeping with this recommendation.

During the 3 to 4 year period of heat and mass transfer
experiments, an intensive water quality monitoring program should be
conducted in order to determine the actual impacts associated with the
discharge flows. Various mitigating measures, such as filling the
trench with crushed lava or gravel to increase filtration, and various
reaeration pretreatment techniques could be tested at the same time. .
The research would generate valuable information on discharge water
constituents and their environmental impact that could possibly be
transferred to larger-scale experiments or operating plants.

It appears from the analysis that a combination of existing and
trench methods would be acceptable for mariculture discharges,
depending upon the flows involved. ' It would be valuable, however, to
initially construct a mariculture research trench along the NELH
acecess road. Various hypotheses concerning temperature, filtration
and nutrient stripping could be tested at relatively low volumes of
discharge so that any undesirable effects could be identified and
mitigation measures could be developed. Monitoring would also be an -
important requirement for mariculture discharge, for both
environmental and economic reasons.

H. OTBER ALTERNATIVES

Disposal of OC OTEC water via a mixed-water deep ocean discharge
pipe was assessed in the HOST/NELH FEIS (HTDC, 1985). Impacts of
outfall disposal would be similar to those of injection wells,
however, a pipe would produce a point source of concentrated discharge
water rather than the diffuse flow through the bottom produced by on-
land disposal methods. Impacts on water column organisms would be
greater than other methods due to the more concentrated discharge and
possible entrainment in the plume.

As the plume density from the outfall would exceed ambient
seawater density at the anticipated discharge depth, it would sink and
flow downslope along the bottom. This would expose benthic
commnities in the plume path to more concentrated discharges than
would result from on-land disposal.
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In general, outfall discharge {mpacts would be more intense over
smaller areas than injection well disposal impacts. Mitigation of the
jmpacts of the low oxygen content of OC OTEC discharge would be more

ciitical for the case of the more concentrated outfall discharge
plume.

I. NO PROJECT

In terms of this SELS, the project is defined as on-land disposal
of OC OTEC seawater return flows. No project would mean no further
funding by the U.S. DOE for both the proposed ocean water supply
system and future research programs for 0C OTEC at NELH until such a
time as funds became available and a mixed-water discharge pipe could
be designed and constructed. U.S. DOE OC OTEC research at NELH could
be delayed for several years. HOST Park, however, would proceed to
obtain its final permits to construct the 28-inch cold water pipe and
pumping system that they originally planned before joint funding with
the U.S. DOE for a larger system became a possibility.

No project would also mean that research opportunities to monitor
low-cost disposal methods would be lost. This could be significant in
that a potential opportunity to transfer cost-effective, reliable
disposal technology to other countries would be lost. In addition,
the State of Hawaii is actively seeking high-tech mariculture
enterprises to diversify the economy of the State. A cost-effective
disposal technique might make the difference between success and
failure for ngtate-of-the-art" fledgling businesses.

Jd. D!PACTSOFLANDDEVELOP!MAHD(BANGESINLA}DUSE

The proposed NELH Land Use and Ocean Water Plan is presented in
Figure II-3. Figure II-5 illustrates proposed jmprovements and
expansion of the NELH laboratory compound (also known as the Seacoast
Test Facility (STF)).

Certain aspects of the NELH land use plan have changed since the
previous EIS. This section will assess the environmental impacts of
these changes on various aspects of the environment.

1.0 Construction Impacts
1.1 Anticipated construction activities.

Construction of on-land seawater return flow disposal
facilities would involve drilling, ripping, blasting and/or
grading. Construction of public parking areas and restrooms,
future road extensions to tenants'! parcels and research areas
would require ripping, grading and surfacing.
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1.2 Impacts and Mitigating Measures

Temporary construction related impacts include noise,
inereased dust and particulate matter in the air, and increased
vehicular traffic along the NELH access road. Construction of a
trench makai of the NELH compound may affeet the nearshore area
of the facility. These impacts would be mitigated by existing
governmental regulations which control roise, air quality and
water quality.

Construction of improvements would destroy vegetation on the
site. Vegetation in the area is generally sparse and scattered.
No rare, threatened or endangered plant species have been
recorded from the project area. Because the native species that
are found on the project sites also occur in similar habitats
throughout the West Hawaii area, the proposed developments would
have minimal impact on the total island populations of the native
components (HIDC, 1985).

Construction of the proposed improvements would lead to the
loss of habitat on land cleared of vegetation; however, the
project area provides only a marginal habitat for birds and
animals and the impact would be insignificant (HTDC, 1985).

Shoreline recreation may be impacted during construction
activities as the contractor would most 1likely close off
construction areas because of safety considerations.

Construction impacts on historical/archaeclogical sites are
addressed in a following section (L-1.0) of this part.

Subdivision
2.1 Anticipated Activities

The mariculture areas of NELH are planned to be subdivided
into individual parcels of minimum one-acre size. Approximately
60 acres would consist of one to seven-acre lots for research and
development activities. Land to be utilized for commercial
demonstration parcels would consist of larger lots, minimum
5-10 acres in size. These lots will be offered to tenants via
If"lgcil:u:fuas use agreements and/or 35-year leases with the State of

wali.,

Each lessee would construct access roads and utility
connections to his own Jot and construct on-site facilities,
including buildings, ponds, raceways, ete. Each user would also
provide individual sewage disposal systems meeting State
Department of Health requirements. Local drainage from each lot
would be the responsibility of the lessee.
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The increased number of people on-site and increased
industrial activity would generate a demand for additional
potable water supply. NELH would provide water, at a cost, for
each tenant's use.

2.2 Impacts and Mitigating Measures

Subdivision of land would involve the surveying and staking
out of boundary pins so that land parcels can be readily located,
identified, and verified. Subdivision would provide conveyable
real estate property title and rights for individual or
collective development of NELH Board approved projects.
Development of the parcels would result in added jobs, more
people and associated people oriented impacts. The vacant areas
on the site would become available for higher and more beneficial
uses. The lessee would be bound by covenants in his lease and by
rules and regulations governing NELH.

Roadways would be located, graded, paved, and marked to
permit access to each parcel. Because the lava flow is
geologically recent, 1little filora, fauna, or environmentally
sensitive areas would be disturbed. Roadways would permit access
to each property and would facilitate economical and efficient
movement of people and products to their desired destinations.

A1l plans for tenant improvements would be subject to
approval by the NELH Board of Directors as well as appropriate
State and County agencies. Right of approval of jmprovement
plans will insure that the improvements enhance the aesthetics of
the property.

At a minimum, septic tanks and seepage fields would be
constructed for domestic sewage treatment and disposal. No
hazardous wastes or process waters would be allowed to be
disposed of in the septic tanks. Planting of grass and shrubs
above the leaching fields could enhance the beauty of the area
and reduce the amount of sewage effluent that could reach the
ocean.

Drainage could be handled with swales, ponding areas,
seepage pits and other on-site drainage improvements. Drainage
improvements are necessary to protect people and property from
flooding, and to assure that storm runoff will be handled in an
environmentally safe marnner. NELH will also monitor fresh water
usage by its tenants in order to insure that appropriate
conservation measures are being undertaken.
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K. SOCIO-ECONOMIC IMPACTS

Socio-economic impacts were addressed in the HOST/NELH FEIS
(HTDC, 1985) and are incorporated by reference.

L. SOCIO-CULTURAL ATTRIBUTES AND RECREATIONAL RESOURCES

1.0 Bistoric/Archaeological Sites

Actions described in this SEIS have the potential of disturbing
and/or destroying historic/archaeological sites. Please refer to
Appendix D, which was prepared by Dr. Ross Cordy of the State Historic
Sites Section, for an evaluation of the sites at NELH, and assessment
of potential impacts and a proposed archaeological preserva-
tion/mitigation plan.

Briefly, as discussed in Appendix D, adverse impacts to all of
NELE's sites could occur as a result of land alteration, pipeline
expansion and increased public access to the site. Mitigation plans
have therefore been developed by NELH in consultation with the state's
Histogic Sites Section (DLNR HSS); some have already been put into
effect.

Seven sites in the two site groupings that are significant as
examples of types have been set aside for preservation. These are
sites D15-12 and D16-6 though D16-11 (Figure I11-7). These sites are
in "o build" areas, and buffers to prevent direct and indirect damage
have been determined in consultation with the DLNR HSS. The remaining
17 asites, those signficiant solely for their information content, will
be protected until archaeological data recovery occurs. = To ensure
protection, the borders of the accessible sites have been marked in
company with DLNR HSS staff and will be located on base maps, so their
locations will be known to present and future users at NELH.

Archaeological data recovery plans have been prepared in detail
by the DLNR HSS. These plans are summarized in Appendix D, Table b,
To ensure that data recovery work is done correctly, the DLNR HSS and
the County of Hawaii Planning Department will review and approve each
detailed scope of work, verify the satisfactory conclusion of
fieldwork, and review and approve the final archaeological report.

2.0 Recreational Resources
Impacts on recreational resources were addressed in HOST/NELH
FEIS and are incorporated by reference. Of the alternative methods of

disposal, only direct discharge by canal has the potential of
affecting recreational resources.
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PROBABLE ADVERSE ENVIRONMENTAL EFFECTS WHICH CANNOT BE AVOIDED
Construction Impacts

1.1 Traffic:

There would be an unavoidable increase in traffic during the
construction pericd in order to bring construction equipment and
materials to the site. This jmpact would be intermittent but it

would continue for some time into the future as various projects
come on-line.

1.2 Air Quality:

Inereased traffic and the use of heavy construction
equipment would lead to the temporary generation of emissions
from internal combustion engines. . Construction activities would
Jead to increased dust and particulate matter in the air. These
impacts would be mitigated by existing governmental regulations
concerning air quality.

1.3 Vegetation:

Construction of portions of the disposal systems and future
1and development activities at NELH may destroy some vegetation.
Vegetation in the area is generally sparse and scattered. Native
species that are found in the project area also occur in similar
habitats throughout the West Hawaii area So there would be

minimal impact on the total {sland populations of the native
components.

1.4 Terrestrial Fauna:

Resident fauna in the areas directly disturbed by
construction would be affected. Other fauna inhabiting the site
may be temporarily frightened away. The area has a low
concentration of wildlife Dbecause of its sparse vegetation.
There are no known officially designated endangered or threatened
terrestrial species that inhabit the project site.

1.5 Archaeological Sites:

Archaeological sites directly affected by construction
activities would be destroyed. Archaeological data recovery
plans have been prepared in detail by the DLNR Historics Sites
Section. To ensure that data recovery work is done correctly,
the Historic Sites Section and the County of Hawaii Planning
Department would review and approve each detalled scope of work,
verify the satisfactory conclusion of fieldwork, and review and
approve the final archaeological report.
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1.6 Recreation Activities:

Some disruption of beach recreation can be expected during
the construction period due to concerns for public safety.

Operations
2.7 Water Quality

Potential degradation of water quality parameters is a
negative impact to the extent that biota are affected or that
human use and enjoyment of the environment is compromised. A
proposed water quality monitoring program has been designed to
provide insights to an understanding of these impacts. Present
plans for NELH include a gradual increase in volumes of water to
be used. This would allow the monitoring program to provide
early detection of any impacts. In addition, the potential
impacts are reversible. That is, when OC OTEC experiments are
terminated and/or an alternative method of disposal is
instituted, the ecosystems affected by OC OTEC discharge could be
expected to revert to baseline conditions. The same situation
would hold true for mariculture discharge.

2.2 Seawater Return Disposal Effects
2.2.1 Vegetation

The on-land disposal of ocean water into a shallow
trench could disrupt and displace the existing brackish
water lens for some distance inland and along the coast. In
the long-term, trees with deep root systems that reach
groundwater level may not be able to survive the change in
salinity caused by the ocean water plume. This impact can
be mitigated by planting trees with a greater tolerance to
salinity. )

2.2.2 Anchialine Ponds

The aquifer surrounding Keahole Point is expected to
experience reduced temperatures, increased salinity,
increased solute concentrations, and greater localized
groundwater. - Groundwater salinities iIn the areas of
anchialine ponds are expected to rise from present condition
§2-12t§>pt) to something close to normal seawater (i.e., 35-

Ppt).

Anchialine species observed in the NELH ponds include
H. rubra and M. lohena. M. lohena has been found in
salinities from 2 to 36 ppt; most commonly, however, this
species and H. rubra are found in waters with salinities
between 2 and 30 ppt. In the field, in deeper water
exposures or when wind stress and mixing are low, vertical
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gtratification of temperature and salinity will frequently
occur. Both species move through these gradients with
jmpunity, implying euryhalinity. Negative jmpacts due to
galinity increases may be non-existent for adults of the
known obligate anchialine species present in the NELH ponds.
The potential impacts associated with inereased salinity on
the fecundity of survival of juvenile stages of these
gpecies is unknown.

Discharges from oc OTEC experiments mway be degassed.
If the discharge is not reoxygenated, many of the anchialine
species in the ponds situated on the project site may
disappear, abt least temporarily. Reoxygenation of the
disposal waters is strongly recommended.

The concentrations of inorganic plant nutrients (e.g-y
nitrate, nitrite, phosphate, ammonium, gilicate) are
expected to increase in the groundwaters due high cold water

- concentrations, cell lysis and mariculture discharges.

Nutrient concentrations in insular groundwaters are
quite variable and frequently high, par'ticular'ly for
nitrates. Anchialine ponds appear to naturally exist under
a highly variable nutrient regime jmposed by groundwater.
This suggests that if the anchialine commnity is intact, it
can function normally under some jevel of loading.

Chemicals and waste products from mariculture
operations in concentrations that would be harmful to
nearshore marine organisms would also probably have negative
jimpacts on the anchialine biota. Discharges of known toxic
materials would be prohibited and regulations enforced.
addition, discharges ghould be monitored in order to ensure
that toxic concentrations of substances are not present in
the discharge waters.

2.2.3 Marine Environment

0C OTEC discharges containing reduced concentrations of
oxygen would tend to depress metabolic activity of the
coastal comminity, but trench disposal would considerably
diffuse entry of these waters to the sea and rapid mixing at
entry would tend to minimize this impact. Reoxygenation by
?eration would be peneficial in mitigating this potential
mpact.

Potential impacts from discharging geawater atb
temperatures cooler than the ambient water temperature of
the receiving waters could include reduced metabolic rates,
especially of corals. This could retard reef growth and in
the very long-term alter community structure by changing the
competitive balance among species. Trench disposal would
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afford some warming and would greatly diffuse the flux and
allow for high initial dilution in the receiving waters. If
permit conditions requiring a minimum discharge temperature
- of 199C are adhered to, it does not appear that the

magnitude of the potential temperature depression would
' cause mortalities in the benthice community, but monitoring
— of commmnity structure should be required to provide
quantitative estimates of this impact.

Nutrient concentrations in OTEC discharges would be
- elevated over those of receiving waters. The offshore
benthic algal comunity is maintained at a very low standing
crop by grazing and physical stresses. Nutrient subsidies
— would be expected to increase macroalgal biomass in the
surge 2zone where grazing is inhibited and increase

herbivorous fish biomass elsewhere.

In OC OTEC research where lysing occurs, the usability

N : of nutrients in the discharge would be expected to increase.
In addition, dissolved oxygen would be expected to decrease.
- An increase in organic material could result in increased

5 rates of biofouling in closed-cycle heat exchangers and low

. - dissolved oxygen 1levels could adversely affect heat
exchanger corrosion rates. The situation should be

monitored in order to determine the significance of this
impact, if it should occur.

L_.d

I

Certain chemical additives used in mariculture
operations, unknown at the present time, could potentially
impact the marine environment. The nature of all new
chemicals should be reported and investigated prior to their
introduction into the discharge system as they may
significantly impact the resident biota.

o
{
. N. mmnmmamwmsmmmusasopm'smvmmm
THEMAINTENANCEANDMANMIOFLONG—THMPRODUCINITY
. a
; '_* The energy research activities at NELH would benefit society by
; developing renewable energy resources. The knowledge gained would be
- disseminated throughout the scientific community and effects would be
| 7 felt worldwide. In addition, as techniques for cold water mariculture
o are continually refined, new industries may develop which would
utilize the techniques being developed in Hawaii and many would choose
"f Hawaii as the location of their production facilities. This could
- further enhance the opportunities for economic diversification in the
state.
Y |
Lﬁ The major tradeoff of disposal of OC OTEC and mariculture
discharges into shallow trenches rather than injection wells or
11 outfalls would be between potential sub-lethal impacts to some
i nearshore biota and the extremely high cost of avoiding these impacts
]
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completely. The State of Hawaii is actively seeking high-tech
mariculture and energy enterprises to diversify the economy of the
state. An environmentally acceptable, cost-effective disposal

technique might make the difference between success and failure of
these businesses.

The proposed water-quality monitoring activities at NELH would
enhance knowledge of coastal and ocean processes and facilitate the
development of standards for OTEC, mariculture and other ocean-related
research and development activities throughout the state and the
world. This item is top priority because preservation of the
integrity of the cold and warm ocean water resources is fundamental
for the continued growth and success of the proposed projects.

The on-land disposal of seawater return flows and other
activities would result in a commitment of land within and adjacent to
the NELH site. If monitoring disecloses that there are adverse
effects, the trenches and canal could be filled and any injection
wells could be plugged. Therefore the commitment only needs to be of
a temporary nature.

This SEIS has been prepared to disclose the potential
implications of proceeding with the alternative disposal methods. "It
will be the responsibility of various state, federal and county
officials to evaluate the tradeoffs between research goals and effects
on the natural environment and to make informed decisions based on
knowledge of the potential consequences. Mitigating measures, as
outlined in this report, should be incorporated into the design of the
disposal facilities.

0. IRREVERSIBLEA!U)IRREIRIEVABLECGMMHOFRESOURCES

The construction and operation of the alternative disposal methods
and other NLEH development activities discussed in this SEIS would
involve the irretrievable commitment of certain natural and fiscal
resources. Major resource commitments include land, money, construc-
tion materials, manpower and energy. The impacts of using these
resources should be weighed against the economic and research benefits
to the residents of the state and other countries.

Land committed to the projects is adjacent to airport industrial
activities and thus would be a continuation of an existing land use
pattern. The capital committed to the construction of the disposal
facilities and other NELH improvements described in this SEIS would be
irrevocably committed, although some may be recovered In the lease
rents paid by future commercial tenants. The commitment of resources
required to accomplish the project includes labor and materials, which
are mostly unrenewable and irretrievable. Benefits would accrue to the
County of Hawaii construction industry. The operation of the project
would create new Jjobs for West Hawail residents, but would also
increase the consumption of potable water and petroleum-generated
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electricity which also represents the irretrievable commitment of
resources.

If properly monitored, almost all of the potential negative
environmental effects of the project on natural resources can be

reversed and/or mitigated.

P. SUMMARY OF UNRESOLVED ISSUES

Various approaches to reoxygenation of degassed OC OTEC waters are
being discussed. The process is in the research stage. Although
reaeration could easily be accomplished by a fountain or any other
turbulent motion in the air, it 1is believed that it would be
environmentally and economically beneficial to reinject the removed
gases into the water prior to discharge. This would remove the problem
of discharging deoxygenated water. The specific process for this
mitigating measure is unresolved and will be the subject of research.
Monitoring of effects of degassed discharged water on nearby marine
commnities would serve both to identify adverse impacts and to test
the effectiveness of various alternative processes during the research
stage. If adverse impacts continue to occur, an alternative method of
disposal would be instituted.

Future mariculture crops and processes are currently undef'ined,
although most are anticipated to be similar to those described
previously in this SEIS. The significance of impacts of mariculture
discharge are, however, uncertain. Based on the analysis presented in
this SEIS, with appropriate controls by NELH management (to insure that
211l chemicals to be used in various mariculture processes are fully
disclosed and concentrations are within the 1limits set by federal and
state agencies and the NELH Board of Directors) and a comprehensive
monitoring program, adverse environmental impacts would be minimal.
Various mitigating measures, as suggested in Part IV of this SEIS,
could be instituted if adverse impacts should occur. Mitigation could
include diverting discharge to an alternative disposal system.

There is very little credible biological information on anchialine
flora and fauna. Therefore, conclusions regarding significance of
impacts are "best guesses" based on qualitative and observational
(field) information. The proposed monitoring program is intended to
facilitate quantification of any adverse impacts that might occur =0
that appropriate mitigating measures can be instituted.

The monitoring program is intended to provide additional
information to resolve the above issues. Because discharge quantities
are expected to increase gradually, both for OC OTEC and mariculture,
the trench disposal system is still recommended, even though some
issues remain unresolved.
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PART V: 'IHERELATICKSHIPOFTHEPROPOSEDACIIMTOLHNDUSEPLANS,
POLICIES AND CONTROLS FOR THE AFFECTED AREA

A. STATE LAND USE LAW

The NELH site is in the Urban District, therefore there is no
conflict.

B. HAWAIT COASTAL ZONE MANAGEMENT OBJECTIVES AND POLICIES

The relationship of the proposed project to the objectives and
policies of the Hawaii State Coastal Zone Management Program (HRS
2054-2) was discussed in the HIDC FEIS. Modification of the proposed
action will not result in reduction of public access to the shoreline,
destruction of historic sites or degradation of scenic and open space
resources. The regional water quality monitoring program that has
been recommended will "improve the technical basis for natural

resource management."

The CZM objective relating to coastal ecosystems is to "protect
valuable coastal ecosystems from disruption and minimize adverse
impacts on all coastal ecosystems." The research trench, the NELH
ponds and the nearshore area will be monitored for changes in these
gystems. Because the initial flows are anticipated to range between
3,000 and 5,000 gpm for three %o four years, injection wells can be
constructed if the results of the monitoring program indicate adverse
environmental impacts. Any potential Iimpacts are expected to be

reversible.

The proposed modifications are also in conformance with CZM
policies and objectives regarding economic uses, coastal hazards and

managing development.

Coastal Zone Consistency Certification is being addressed through
the U.S. Army Corps of Engineers permitting process.

C. CONSERVATION DISTRICT POLICIES AND REGULATIONS

The proposed disposal facilities will be constructed in the State
Urban District, although waters from canal disposal will traverse
Conservation District Lands. A Conservation District Use Permit
(CDUP) for use of approximately 2040 acres of ocean waters and
submerged lands for ocean research, alternative energy and mariculture
research, and commercial mariculture and energy activities and
facilities, including construction of up to 15 additional warm and
cold water intake pipelines, was approved by the Board of Land and
Natural Resources on July 23, 1986. Conditions on this permit require
monitoring of anchialine ponds ~- as deseribed in this SEIS -- and
approval of an acceptable seawater disposal system for OC OTEC water.
This SEIS is directed towards fulfilling the latter condition.




D. HAWATI WATER QUALITY STANDARDS AND PERMITS
1.0 Ocean Discharge

Coastal water quality is protected by the federal Clean Water Act
(33 USC 1251 et. seq.) and the State Environmental Quality Act
(Chapter 342, HRS), administered by the Hawaii State Department of
Health. The two applicable regulations are Water Quality Standards
and Water Pollution Control, Chapters 54 and 55 of Title 11,
Administrative Rules.

The waters off Keahole are classified as AA in the Water Quality
Standards. The objective of this class is to keep these waters in
their natural pristine state as nearly as possible with an absolute
minimm of pollution. Uses to be protected in this classification
inelude oceanographic research.

The Water Pollution Control rules define the requirements for
National Pollution Discharge Elimination System (NPDES) permits. The
NELE Seacoast Test Facility has a NPDES permit valid until March,
1991, If the canal discharge option is chosen, this permit may need
to be modified.

2.0 Underground Injection Wells (UIC)

Groundwater quality is protected under the Hawaii Safe Drinking
Water Act (Chapter 3UOE HRS). Under this Act, rules have been adopted
to regulate injection wells (Chapter 23, Administrative Rules,
Underground Injection Control). Even though the NELH site is in an
exempted aquifer area, that is, designated as unsuitable as an
underground source of drinking water, a permit is required from the
Department of Health if injection wells are used.

3.0 Trench Discharge

Discharge into a trench |is not covered by any specific
environmental regulation. NPDES permits apply only to direct
discharges to surface waters; a UIC permit is required only for a
well, defined as "“a bored, drilled or driven shaft, or a dug hole,
whose depth is greater than its widest surface dimension."

However, Section 33 of Chapter 342 contains a general prohibition
against the discharge of any pollutant into state waters, which by
definition include ground water. Although a specific permit would not
be required, the proposed trench disposal system would need review by
and approval of the Department of Health before it is implemented.
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E. HAWAII COUNTY SPECIAL MANAGEMENT AREA

In the Keahole area, the special management area runs from the
ocean to Queen Kazhumanu Highway. A Special Management Area Use
Permit (SMA 77) controls uses on NELH property. The County Planning
Department has determined that an amendment to this permit is required
in order to permit alternative methods of seawater return flow
disposal at NELH.

F. POLICIES AND PLANS INCORPORATED IN THIS SEIS BY REFERENCE

The Hawaii State Plan: Objectives and policies (Part I) and
priority guidelines (Part II) in relation to the economy, energy,
etc., as desceribed in the HTDC FEIS. _

Environmental Policy: Chapter 344, HRS - State Environmental
Policy Act - Conforms

Air Quality: Federal Clean Air Act, as amended (42 U.S.C. 1857h-
7 et seg. and State Environmental Quality Act (Chapter 342 HRS) - No
effect expected

Fish and Wildlife Habitat: Fish and Wildlife Coordination Act
(16 U.S.C. Sec.661 et seq.) - Coordination is being accomplished
through U.S. Army Corps of Engineers permit process.

Historic and Cultural Properties: National Historic Preservation
Act of 1966, as amended (16 U.S5.C. 1251 et seg.) - No historic sites
will be disturbed by construction of disposal facilities.

Hawaii County General Plan: As discussed in the HIDC FEIS, the

proposed action conforms to County of Hawaii economic and energy
policies.

G. AN INDICATION OF WHAT OTHER INTERESTS AND CONSIDERATIONS OF
GOVERNMENTAL, POLICIES ARE THOOGHT TO OFFSET THE ADVERSE
ENVIROMMENTAL RFFECTS OF THE PROPOSED ACTION

The various federal, state and county agencies which have issued
or are processing permits for the implementation of the proposed
projects at NELH and the adjacent HOST Park that were described in the
HETDC FEIS, have imposed conditions and restrictions that will help
insure that adverse environmental impacts are properly monitored and
mitigated. The most significant consideration that will offset
adverse effects is the importance of the pristine quality of the
nearshore and offshore water resource to the success of OTEC and other
activities at NELH. This will ensure that all activities, whether on
land or in the water, will be monitored in order that the integrity of
these waters is not compromised.
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PART VI: LIST OF NECESSARY REVIEWS ARD/OR APPROVALS

The following list of necessary reviews and/or approvals does not
include compliance activities to be undertaken by the U.S. DOE.

Federal

Clean Water Act (33 USC 1251 et. seq.)
-Administered by the State. See Department of Health

Federal Aviation Agency (FAR) '
_Notice of construction within 20,000 feet of airport runways {14 CFR
77)

U.S. Coast Guard
~If required, license to construct facilities on Coast Guard land.

State of Hawaii

Department of Agriculture
-Mariculture operations culturing exotic species: Permit to import
non-indigenous species.

Department of Health
-Trench Disposal: Review and approval for compliance with Section 33,
State Environmental Quality Act (Chapter 342, HRS)

-Disposal Via Canal: Existing National Pollution Discharge Elimination
System (NPDES) Permit must be modified if discharge exceeds 1500 gpm.
~Underground Injection Wells (UIC): Permit required even though

proposed site is in an exempted aquifer area.
-Mariculture operations involving shellfish: Shellfish Sanitation
Certificate.

-Individual domestic wastewater disposal systems: Permit required.

Department of Land and Natural Resources

-Satisfaction of and request to remove condition #8 -- approval of an
acceptable seawater disposal system for 16,100 gpm of OTEC water --
from CDUA HA-1862, '

-Historic Sites review.

-Approval of plans for construction within the Conservation District.
-Approval of all NELH tenants' subleases.

Hawali County

Special Management Area (SMA) Use Permit
-Amend existing SMA #77

Subdivision Application and Approval

Plan Approval and Various Construction Permits.
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PART VII: AGENCIES, ORGANIZATIONS AND {NDIVIDUALS CONSULTED IN THE
PREPARATION OF THE DRAFT SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT

A. AGENCIES, ORGANIZATIONS AWD INDIVIDUALS CORTACTED

_This SEIS was prepared under a contract with R.M. Towill
Corporation, the prime contractor for plamning and engineering of HOST
Park and the HOST/DOE ocean water supply systems.

The following jndividuals and firms were contacted for
professional services and/or specialized advice during the preparation
of the SEIS. Sub-consultants in the preparation of this SEIS are
indicated with an asterisk (*).
¥Dames & Moore Hydrology and Seawater Return Fiow

Disposal Via Deep Injection Wells and
Shallow Surface Trenches

#GK & Associates Water Quality, Mariculture Characteris-
tics, Marine Impacts and Anchialine Ponds

#0ceanit Laboratories, Inc. OTEC Characteristics and Discharge of
OTEC Water Via Canal

Federal Agencies
U.S. Department of Comuerce, National Marine Fisheries Service
Mr. John J. Naughton Western Pacific Program Office
U.S. Department of Energy
Mr. Carmine Castellano
Dr. Lloyd Lewls Wind/Ocean Technologies Division
Dr. John W. Shupe Director, Pacific Site office, Honolulu
U.S. Department of the Interior, Fish & Wildlife Service
Mr. John Ford Office of Environmental Services
State Agencles
Department of Accounting and General Services

Mr. Ralph-Yukumoto Planning Branch
Mr. Jerry Nishida Project Management

Department of Health

Mr. Dayton Frain Environmental Permits Branch

Mr. Steve Chang

Mr. Brian Choy Environmental Planning
VII-1
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Department of Land and Natural Resources

Mr. John Corbin
Mr. William Brewer

Mr. Dean Uchida
Dr. Ross Cordy

Aquaculture Development Program

Planning Office

State Parks, Outdoor Recreation and
Historic Sites

Department of Planning and Economic Development

Dr. Takeshi Yoshihara
Mr. Gerald Lesperance

Energy Division

Natural Energy Laboratory of Hawail

Dr. Thomas Daniel

Laboratory Director

High Technology Development Corporation

Mr. William Bass
Ms. Kay Yamada
Mr. George Mead

University of Hawail
College of Engineering
Dr. Paul Yuen

Dr. Hans-Jurgen Krock
Dr. John Craven

Executive Director

HOST Park Manager

Dean
Chairman, Department of Ocean Engineering
Prof. Em, Department of Ocean Engineering

College of Tropical Agf‘iculture and Human Resources

Mr. David Robichaux
Mr. Mark Underwood

Department of Agricultural Engineering

Hawaii Institute of Marine Biology

Dr. Richard E. Brock

Hawaii Natural Energy Institute

Mr. E. Chipman Higgins

County of Hawail
Planning Department
Mr. Albert Lono Lymah

Director
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Other Institutions, Private Businesses and Organizations

Mr. David K. Barclay Argent Chemical Laboratory
m. g*ieven Katase Hawaiian Nori Company
. Richard Krauss Aquaculture Research Corporation
Dr. Noam Lear
Dr. Kelly Moorhead Cyanotech, Inc.
Dr. C. B. Panchal Argonne National Laboratory
Dr. Terrence Penney Solar Energy Research Institute
Dr. David Johnson
Mr. Garret Vuillemot Oceanic Institute
Mr. Peter Steel Hawaiian Abalone Farms
Mr. Bruce Tsuchida R.M. Towill Corporation
Mr., Bud Vuillemot R.M. Towill Corporation
Ms. Andrea Wangler Hawaiian Electric Company

B. COMMENTS ON THE SEIS PREPARATION NOTICE (NOP)

The SEIS Preparation Notice (NOP) was officially filed with the
State Office Of Environmental Quality Control on July 16, 1986.
Comments on the NOP were requested on or before August 22, 1986. All
comments received up to October 5, 1986 were acknowledged. 4 total of
20 letters were received; 9 expressed "no comment"” and therefore did
not require a response. No letters were received by individuals
requesting to be consulted parties. The following agencies,
organizations and jndividuals received copies of the NOP; those
identified with asterisks (*) responded; respondents with substantive
comments are identified by double asterisks (#*) and their comments are
included in this section of the draft SEIS.

Federal
Advisory Council on Historic Preservation

U.S. Department of the Army
# Army Engineer District
Army Engineer Operations Branch

U.S. Department of Commerce
National Oceanic & Atmospheric Administration
#% National Marine Fisheries Service, Western Program Office

U.S. Department of Energy

U.S. Department of the Interior
Environmental Protection Agency, Region IX
Environmental Services

#% Pish & Wildlife Sevice

# Geological Survey

U.S. Department of Transportation
United States Coast Guard
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State

Board of Directors, High Technology Development Corporation
Board of Directors, Natural Energy Laboratory of Hawaii
Department of Accounting & General Services
* pepartment of Budget and Finance
% Department of Health
** Department of tand & Natural Resources
* Department of pPlanning and Economic Development
* Department of Transportation
office of Envirormental Quality Control
University of Hawaii
x* Environmental Center
Hawaii Institute of Marine Biology
** Hawaii Natural Energy Institute
J. K. K. Look Laboratory of Oceanographic Engineering
pacific International Center For High Technology Research
Sea Grant Marine Advisory Program
* Water Resources Research Center

State Legislature
Senate

President

Senators, Island of Hawaii
Senate Committees

Economic Development
Energy

Finance

Tourism and Recreation

House of Representatives

Speaker
** Representatives, Island of Hawaii
House Committees
Finance
*% Ocean & Marine Resources
Planning,Energy, Ecology and Environmental Protection
Water, Land Use, Development & Hawaiian Affairs

County of Hawaii

Mayor's Office
** County Council
Housing and Community Development Office
* parks and Recreation
** Planning Department
* public Works Department
Research and Development
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Organizations and Individuals

S

Conservation Council, Hawaii Island
Construction Industry Legislative Organization, CILO
Mr. Gerald Cysewski, Cyanotech
Hawaii Audubon Society
Hawaii Electric Light Company (HELCO)
Hawaii Leeward Planning Conference
* Hawaiian Telephone Company

L}

A

L

j
: Mr. George Lockwood, Hawaiian Abalone Farms
A ** Mrs. Mae Mull, Hawaii Island Chapter, Hawaii Audubon Society
i } Dr. Edward K. Noda, Oceanographic Consultant
P Sierra Club, Hawaii Chapter
=
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U.S. DEPARTMENT OF COMMERCE

NATIONAL MARINE FISHERIES SERVICE

Southwest Region ¢ Western Pacific Program O#i
2570 Dole 5t. » Honotulu, Hawaii 98822-%39"6' e

August 20, 1986 F/SWR1:JJN
The Natural Energy Laboratory of Hawaii x
220 S. King Street, Suite 1280 RE(IE'VED
Honolulu, Hawaii 96813 ' AUGZE\ 1986
ATTENTION: Mr. Jack P. Huizingh, Executive Director NELH
-1 1
Gentlemen:

Subject: Environmental Assessment (EA} and Supplemental
Impact Statement Preparation Notice - Development
Plan For The Hawaii Ocean Science and Technology
(HOST) Park and Proposed Expansion of the Natural
Energy Laboratory of Hawaii (NELH) at Keahole,
North Kona, Hawaii: Modification of Proposed Action
To Permit Alternative Methods of Seawater Return
Flow Disposal At NELH.

The National Marine Fisheries Service (NMFS) has received the
subject Supplemental Impact Statement Preparation Notice and EA

for the modification to the proposed action. We offer the following
comments for your consideration in preparing the Supplemental
Environmental Impact Statement (SEIS).

NMFS was involved in the development of the original EIS for the
subject project, the final of which was accepted by the Governor
in September 1985. We understand that, subsequently, the U.S.
Department of Energy (DOE) learned that because of Federal budget
cuts it would be unable to fund the proposed expansion of OTEC
facilities at NELH to the level they had originally proposed.

The mixed-~water discharge pipe that was to be used to dispose

of the 16,100 gpm of seawater that will be used in forthcoming
OTEC experiments will not be funded. Alternative disposal methods
for this seawater, including direct disposal via canal, trenches
and deep injection wells (and/or a combination thereof), are being
investigated.

NMFS concurs with your conclusion that the on-land disposal of

OTEC seawater flows may have different impacts than those described
in the accepted Final EIS. We understand that NELH is presently
preparing a supplemental EIS for the purpose of assessing the
environmental impacts of alternative methods of seawater rxeturn
flow disposal. In addition, the cumulative impacts that could
occur as a result of on-land disposal of seawater return flows

from both OTEC experiments and future research, development and
mariculture operations at NELH are also being reevaluated.

£
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In our original comments on the Draft EIS (report dated August

21, 1985) one of our major concerns dealt with the possibility

of on-land disposal of seawater. NMFS continues to feel that
potential impacts from on-land disposal, via canal, trenches or

deep injection wells, could have major adverse impacts on anchialine
pond and neashore marine biota.

In conclusion, NMFS considers the evaluation of on-land disposal
of seawater from OTEC experiments to be critical. Please refer

to our original report on the project Final EIS for a more detailed
description of our concerns. For further assistance in preparation
of the Supplemental EIS, please contact Mr. John J. Naughton of

my staff.

Sincerely yours,

Doylg E. Gates

Administratoxr

cc: F/SWR, Terminal Is., CA
F/M4, Washington, D.C.
EPA, Region 2, (P-5)
FWS, Honolulu
Corps of Engineers, Honolulu
Hawaii State Div. of Aguatic Resourxces
'MCM Planning (Ms. Marilynn Metz)
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___ The Natural Energy

Laboratory of Hawaii

October 14, 1986

Mr. Doyle E. Gates, Administrator

U.S. Department of Commerce

National Oceanic and Atmospheric Administration
National Marine FPisheries Service

2570 Dole Street

Honolulu, Hawaii 96822-2396

Subj: Environmental Assessment and Supplemental EIS Notice of Preparation -
Modification of Proposed Action to Permit Alternative Methods of
Seawater Return Flow Disposal at NELH, Keahole, North Kona, Hawaii

Dear Mr. Gates:

Thank you for commenting on the subject ROP. Your concerns will be
addressed in the draft SEIS. Mr. George Krasnick, biological oceanography
consultant to the project, will be contacting Mr. Naughton for assistance in
preparing his draft SEIS report.

We look forward to your comments on the dEIS.

cc: MCH Planning

0 220 South King Street, Suite 1280 = Honolulu, HI 96813 « (808) 548-7017
O P.O. Box 1749 « Kailua-Kona, HI 96745 » (808) 328-7341

ks



United States Department of the Interior

FISH AND WILDLIFE SERVICE \§ NEPLY RETCA TO:
300 ALA MOANA BOULEVARD ES
P.0. BOX 50167
HONOLULU, HAVAIl 56850 HEGE'VED Room 6307
ey AUG 2 & 1986
nUE 25 1986
Mr. Jack P. Huizingh, Executive Director NELH

The Natural Energy Laboratory . of Hawail
220 South King Street, Suite 1280
Honolulu, Hawaii 96813

Re: Environmental Assessment and Supplemental Impact Statement
Preparation Notice, Modification of Proposed Action to
Permit Alternative Methods of Seawater Return Flow Disposal
at the Natural Energy Laboratory of Hawaii (NELH)

Dear Mr. Huizingh:

We have reviewed the Environmental Assessment (EA) and notice of
preparation for the Supplemental Environmental Impact Statement
(SEIS) and offer the following comments for your consideration.

General Comments

The SEIS is being prepared because the mixed-water discharge pipe
that was proposed as a means to dispose the seawater from Ocean
Thermal Energy Conversion (OTEC) experiments will not be funded
by the Department of Energy. The SEIS will discuss alternative
methods to dispose the seawater including direct disposal via =
canal, trenches, deep lined injection wells, and/or a combination
of these techniques.

Our primary concerns with the alternative methods of disposal of
seawater from the NELH are the potential long-term adverse
impacts to anchialine ponds and nearshore marine water quality
and fishery resources from altered nutrient and salinity levels,
and reduced temperatures.

Specific Comments

a. Page 21. Anchialine Ponds. We disagree with the
statement that the anchialine ponds on the NELH site "are not
considered biologically significant.” The proposed development
of numerous luxury resorts along the West Hawaii coastline may
affect a substantial number of anchialine ponds and the
cunulative loss of anchialine ponds may be significant. We

strongly urge that potential impacts to anchialine ponds be =&
factor in selecting the dispgsal method.

CONSERVE
AMERICA'S

ENERGY

Save Energy and You Serve America!
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g b. The discussion of the proposed disposal methods should
discuss the effects of lava tubes intercepting the flow field.

c. We support the additional analyses to determine an
appropriate disposal method.

Lo

We appreciate the opportunity to comment.

Sincerely,

Yl R

gf Ernest Kosaka
Project Leader
O0ffice of Environmental Services

S R
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cec: MCM Flanning
CE, Operations Branch
m NMFS - WPPO
: EPA, San Francisco
T DLNR
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Subj:

; Dear Mr.

T Qe

b.

_ The Natural Energy

October 13, 1986

Mr. Ernest Kosaka, Project Leader
Office of Envirconmental Services
U.S. bepartment of the Interior
Fish and Wildlife Service

P.0O, Box 50167

Honolulu, Hawaii 96850

Environmental Assessment and Supplemental EIS Notice of Pfeparation -
Modification of Proposed Action to Permit Alternative Methods of
Seawater Return Flow Disposal at NELH, Keahole, Horth Kona, Hawaii

Kosaka:

Thank you for commenting on the subject NOP. Your concerns will be
addressed in the draft SEIS.

In response to your specific comments:

The anchialine ponds at NELH have been surveyed again as part of the
preparation of the draft SEIS. Two of the three ponds are very small
(120 sq. £t. and 220 sg. ft.) and shallow (2 feet deep at the deepest
point at high tide). The third pond is larger (750 sq. ft.) and
deeper (3 feet deep at its deepest at high tide). Only one of the
smaller ponds supports a typical anchialine pond community. The
draft SEIS will address the significance of these small, shallow
ponds in relation to the cumulative effect of losing larger, more
gignificant ponds to resort development. The ponds will not be
dredged or filled and they will be monitored for a minimum ten years
under the conditions of the CDUA permit issued by the Board of Land
and Natural Resourcas for construction of the proposed offshore
pipelines,

The effects of lava tubes intercepting the flow field will be
addressed to the extent possible in the dsSEIS.

We look forward to your comments on the dSEIS.

Best ~egards

cc: MCM Planning
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0 220 South King Street, Suite 1280 » Honolulu, Hi 96813 » (808) 548-7017
D P.O. Box 1749 « Kailua-Kona, Hi 96745 « (808) 329-7341
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GEORGE R. ARIYOSH!
GOVERNOR OF HAWAN

H EUE i.\.’ E D LESLIE 5. MATSUBARA

DIRECTOR OF HEALTH

[ % 1386
STATE OF HAWAII NFI -
DEPARTMENT OF HEALTH -
P, 0. BOX 3373
HONOLULY, HAWAIl 98301 In reply, Dlease refer 102
EPHSD
August 18, 1986 .

Mr, Jack P. Huizingh, Executive Director
The Natural Energy Laboratory of Hawaii
220 S. King St., Suite 1280

Honoluly, Hawaii 96813

Dear Mr, Huizingh:

Subject: Environmental Assessment and Supplemental Impact Statement
Preparation Notice - Development Plan for The Hawaii Ocean Science
& Technology (HOST) Park and Proposed Expansion of the Natural
Energy Laboratory of Hawaii (NELH) at Keahole, North Kona, Hawali:
Modification of Proposed Action to Permit Alternative Methods of
Seawater Return Flow Disposal at NELH

Thank you for allowing us to review and comment on the subject preparation
-notice.

The comments in our letter and memorandums dated April 25, 1985,
August 2] , 1985 and March 4, 1986 (all attached), still apply.

Sincerely,

/
P’

}v‘ JAMES K. IKEDA
Deputy Director for
Environmental Health

Attachments

ce:  DHO, Hawaii
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April 25, 1985

Mr. William M. Bass, Jr.

Executive Director

High Technology Development Corporation
Central Pacific Plaza, Suite 252

220 S. King St.

Honolulu, Hawali 96813

Dear Mr. Bass:

Subject: Environmental Impect Statement Preparation Notice - Development Plan for

the Hawaii Ocean Science & Technology Park and Proposed Expansion of the
Natural Energy Laboratory of Hawaii at Keahole, N. Kona, Hawali

Subsequent to our letter dated April 22, 1985, the following additional comments

were generated by our staff.

Surface Disposal of Wastewater

Aquatic developments, proposed by the H.0.S.T. Park, may be subject to one of the

fallowing NPDES regulations:

A.

Aquaculture Projects

The EPA defines an aquaculture project as a managed water area in which
"discharged pollutants” are used for the maintenance or production of harvestable
freshwater, estuarine, or marine plants and animals. The State does not have
delegation to issue this type of NPDES permit. Therefore, aquatic projects
involving the use of wastewater sources would be directed to EPA.

Concentrated Agquatic Animal Production Facilities

A hatchery, fish farm, or other facility is a concentrated aquatic animal production
facility if it contains, grows, or holds fish species or aquatic animals in ponds,
raceways, or other similar structure which discharge at least 30 days per year.
These operations are point sources subject to the State NPDES Program. Facilities
that may be exempted from permit requirements include the following:

l. Cold Water Aquatic Animals (i.e., Salmon and Abalone):

a., Facilities which produce less than 20,000 pounds harvest weight of aquatic
animals per year; and
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Mr. William M. Bass, Jr.

April 25, 1985 F"-E CUP Y

Page 2

b. Facilities which feed less than 5,000 pounds of food during the calendar
month of maximum feeding.

2. Warm Water Aquatic Animals (i.e., Prawn, Shrimp and Catfish):
a. Closed ponds which discharge only during periods of excess runoff; or

b. Facilities which produce less than 100,000 pounds harvest weight of aquatic
animals per year.

Specific permit requirements or exemptions will be reviewed by the Department on
a case-by-case basis with respect to the water quality standards of the receiving water.

Subsurface Disposal of Wastewater

Even though the subject site is located in an area which has been designated as an
exempted area under the Underground Injection Contro! (UIC) Program, the permitting of
the injection wells will depend upon the quality and content of the wastes. If the
wastestream will contain industrial wastes, close scrutiny will be required to assure that
the wastes are not hazardous in accordance with 40 CFR 26l. The disposal of wastes of
this nature would result in the classification of the injection wells as Class IV wells which
are prohibited under the State UIC Program.

This condition is also applicable to any individual disposal systems which may be

"propaosed by the tenants.

Sincerely,

- a
MELVIN OE’?SMI
Deputy Directot’ for

Environmental Health

ce: DHSA, Hawaii
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August 2i, 1985

MEMORANDUM

To: Ms, Letitia N. Uyehara, Director
Office of Environmental Quality Control

From: Deputy Director for Environmental Health
Subject:  Draft Environmental Impact Statement (EIS) - Development Plan for Hawaii

Ocean Science & Technology Park and Proposed Expansion of Natura!l Energy
Laboratory of Hawali, Keahole, North Kona, Hawali

Thank you for allowing us to review and comment on the subject draft EIS. We
provide the following comments.

Shellfish Sanitation

Shellfish sanitation requirements need to be addressed for the applicable type of
aquaculture projects. They should comply with Chapter 35 of Title 1, Administrative
Rules, Department of Health.

Surface Disposal of Wastewater

Aquatic developments, proposed by the H.0.S.T. Park, may be subjzct to ene of the
following NPDES regulations:

A. Aquaculture Projects

The EPA defines an aquaculture project as a managed water area in which
"digcharged pollutants” are used for the maintenance or production of harvestable
freshwater, estuarine, or marine plants and animals. The State does not have
delegation to issue this type of NPDES permit. Therefore, agquatic projects involving
the use of wastewater sources would be directed to EPA.

B. Concentrated Aquatic Animal Production Facilities

A hatchery, fish farm, or other facility is a concentrated aquatic animal production
facility if it contains, grows, or holds fish species or aquatic animals in ponds,
raceways, or other similar structure which discharge at least 30 days per year. These
operations are point sources subject to the State NPDES Program. Facilities that
may be exempted from permit requirements include the following:
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RECEIVED

STEPHEN K. YAMASHIRO JAMES L. K. DAHLBERG

—  Chairman & Presiding Officer R0 1986 FRANK DE LUZ
© SPENCER KALANI SCHUTTE TAKASH! DOMINGO
Vice Ghairman NE! & ROBERT N, HERKES
T LORRAINE R. ITCHAKU-INOUYE
- RUSSELL 5. KOKUBUXN
; COUNTY COUNCIL MERLE K. LAI
L2 . Counal Members
County of Hawaii
- Hawaii County Building
__' 25 Aupuni Streel
Hile, Hauaii 96720
- In Reply Refer
i August 5, 1986 To: (24 f
. 0. C-705

Mr. Jack P. Huizingh, Executive Director
The Natural Energy Laboratory of Hawaii
220 south King Street, Suite 1280
Honolulu, Hawaii 96813

)

{

Dear Mr. Huizingh:

]

Thank you for your letter of July 23, 1986, informing
us as to the status of the Seawater Return Flow
Disposal project.

i

e

Please be informed that your communication has been
referred to the Council's Committee on Economic
Development, and will be discussed at its meeting on
Tuesday, August 12, 1986, at the Honokaa District
Courthouse.

‘ ol

.

We will provide assistance in the preparation of the
supplemental EIS as requested and whenever possible.

B

Very truly yours,

i
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L aboratory of Hawalii

August 21, 1986

Mr. Stephen K. Yamashiro, Chairman
Hawaii County Council

25 Aupuni Street

Hilo, Hawaii 96720

Subj: Environmental Assessment and Supplemental EIS Preparation
Notice - Modification of Proposed Action to Permit
Alternative Methods of Seawater Return Flow Disposal at
NELH, Keahole, North Kona, Hawail

-
}

T

Dear Mr. Yamashiro:

Thank you for your letter concerning the subject preparation
notice. We look forward to comments from the Committee on Economic
Development. We hope that you will also review the forthcoming
draft EIS. A copy will be sent to you when it becomes available.

¥

0 220 South King Street, Suite 1280 « +onolulu, H1 96813 « (808) 548-7017 - -
O P.O. Box 1749 = Kallua-Kona, HI 96745 « (808) 329-7341 ;:a 3
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PLANNING DEPARTMENT

25 AUPUN] STREET HILO, HAwA 08720 DANTE K. CARPENTER

(808) 081-8288 Mayor
COUNTY OF . . .
HAWAII . o ALBERT LONOD ID\;::D?:
HELIE ' VED ILIMA A, PHANALA
Crem oL Degm, Director

1S TS 1986

NE’H August 7, 19g¢

Mr. Jack p, Huizingh
Executive Director
The Natural Energy Laboratory

of Hawaii
220 South King Street, Suite 1280
HBonolulu, gr 96813

Dear Mr, Ruizingh;

Thank you for the opportunity to review the Environmenta]
Assessment apg Supplemental Environmental Impact Statement (EIS)
Preparation Notice for the above-captioned matter, :

funding for the construction of the mixed-water discharge pipe to
dispose of the anticipated 16,100 gpm (23 mgd) of Seawater is not
available, . Alternative disposal methods for thig Seawater,
including direct disposal via canal, trenches, ang deep injection
well are being investigated,

It appears that the assessment on environmental impacts of
alternative methods of seawater return fiow disposal has already

een discussed in Appendix ¢ {Technical Evaluation of Seawater
Return Flow and Wastewater DisgosaI Systems at NELE/HOST ParE, Danes
& Moore, June 1985) of the Final EIS for the Develo ment Plan for
the Hawaii Ocean Science and Technolo Park and Ex ansion of t he
Natural Energx Y + We ther

to prepare a su 1

T Tt e g i e



Mr. Jack P. Huizingh
August 7, 1986
Page 2

Enclosedfor your'information are comments from the County of

Hawaii Department of Public Works.

Sincerely,

G.J),..QD__

ALBERT LONO LYMAN
Planning Director

NH:aeb
enclosure

cc: MCM Planning
P. O. Box 27506
Honolulu, HI 96827 ,
Attn: Ms. Marilyn C. Metz
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DEPARTMENT OF PUBLIC WORKS
COUNTY OF HAWAII
HILO, RAWAII

DATE
July 31, 1986

|
|
:
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SUBJECT:
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Planning Department I\u_,“
ot BN

chief Engineer

Environmental Assessment and Supplemental Impact Statement Preparation Notice

Development Plan for HOST and Proposed Expansion of NELH
Keahole, N. Kona, Hawaii

We have reviewed the subject document and our comments are as follows:

The alternative disposal method whether canal, trench or injection well

shall not be located within the road right-of-way.

HUGH Y. ONO 7% /- 832/

Chief Engineer

nuIM/ans

et e e ki it b AN
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______The Natural Energy

Laboratory of Hawaii

October 14, 1886

Mr. Albert Lono Lyman, Director
Hawaii county Planning Department
25 Aupuni Street

Hilo, Hawaii 96720

subi: Environmental Assessment and supplemental EIS Notice of Preparation -
Modification of Proposed Action to Permit Alternative Methods of
geawater Return Flow pisposal at NELH, Keahole, ¥orth Kona, Hawaiil

pear Mr. Lyman:

Thank you for commenting on the subject NOP. The SBEIS is being written
because the on-land disposal of OTEC water was not discussed in the previous
EIS. In response to the concerns of the Department of Public Works, aisposal
facilities will not be located in the road right—of-way.

We look forward to your review of the draft SEIS.

cc: MCM Planning
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Ms. Letitia N. Uyehara
August 2], 1985
Page 2

l. Cold Water Aquatic Animals (i.e., Salman and Abalone):

a. Facilities which produce less than 20,000 pounds harvest weight of aquatic
animals per year; and

b. Facilities which feed less than 5,000 pounds of food during the calendar
month of maximum feeding.

2. Warm Water Aquatic Animals (i.e., Prawn, Shrimp and Catfish):

8 Closed ponds which discharge only during periods of excess runoff; or

b. Facilities which produce less than 100,000 pounds harvest weight of aquatic

animals per year.

Specific permit requirements or exemptions will be reviewed by the Department on a
case-by-case basis with respect to the water quality standards of the receiving water.

Subsurface Disposal of Wastewater

Even though the subject site is located in an area which has been designated as an
exempted area under the Underground Injection Control (UIC) Program, the permitting of
the injection wells will depend upon the quality and content of the wastes. If the
wastestream will contain industrial wastes, close scrutiny will be required to assure that
the wastes are not hazardous in accordance with 40 CFR 26l. The disposal of wastes of

this nature would result in the classification of the injection wells as Class IV wells which
are prohibited under the State UIC Pragram.

This condition is also a

pplicable to any individual disposal systems which may be
proposed by the tenants.

Proposed Ocean Outfall

The proposed mixed-seawater (wastewater) discharge of 16,000 gpm (23 MGD) for the
forthcoming OTEC experiments at NELH is subject to the above-mentioned surface
disposal requirements. If the ocean outfall disposal is selected over on-land disposal for

the full development flow of 183 MGD (HOST Park 144 MGD and NELH 39 MGD), these
will also be subjected to the surface disposal requirements.

In accordance with the Administrative Rules (AR), of the Department of Health,
Title 1l, Chapter 54, Water Quality Standards, the receiving water is classified as Class
AA, which requires that these waters remain in their natural pristine state as nearly as
possible with an absolute minimum of pollution or alteration by human activity. The
beneficial uses shall be protected so in the strict interpretation and intent of the Ar, no
construction activity and disposal are desirable in Class AA waters.




Ms. Letitia N. Uyehara
August 21, 1985
Page 3

Progoaed Dn-L‘and DisEasal

applicable to gl] waters as contained in Section 1]-54-

high natural value," which should be further
addressed such ag g comparison to other anchialine ponds in the vicinity.

pment and degradation of some of the existing
anchialine ponds dye to destructive human intrusion. As part of this consideration, very

intense long-term bio-monij toring of the anchialine pond biota js pProposed.

Another concern jg the "leakage" of the harmful
disease that may be used in aquatic rearing faciliti

enter the anchialine ponds.  Pretreatment of some sort should be considered when
hecessary for each individua} wastestream (prior to comminali

Class AA Water Status

Please address air, water, solid w
construction plans. We reserve the right
the project at the time final plans are submitted to this office

cc: Mr. William M, Bass, Jr.
Ms. Marilynn C. Metz

04. According to the draft EIS, it
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logy Park, kaahole, Hawaii

: (HTDC) J.et.t.or (itam No. 4) of

OhEe £  -Office of (Environmental Quality

: - e Ogpartinant’ Dated Au?gu?s’tzl, 1985, indicates that a Zone of
Mixing. (ZOM) is not’ mm‘lrad. It shou!'d be emphasized that a ZOM is not required, if the

yater gus @), mpets:bolfithe hasic Wil criteria and the gpecific WQ criteria -

. he £15. Tha *ATmIeT2 ¥ive Rillss CAR), Title Il Chapter 54, Water:
Y ty Standards, Secﬂon ll-54-06(b)(3) contalna tha !peciflc WQ criteria.

Unless strlngent -gontrols are upphed t.o the effluent WQ and treatment
raqulranenta, degradation will come to the point where the intake water may not be
pristine enough to serve as rearing media for the aquatic facilitles.

Please be informed that we have no objections to granting the permit.

LESLIE 5. MATSUBARA

cc: OEQC
' High Technology Dev. Corp.
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The Natural Energy

October 14, 1936

Mr. James K. Ikeda

Deputy Director for Environmental Health
State Department of Health

P.0O. Box 3378

Honolulu, Hawaii 96801

Subj: Environmental Assessment and Supplemental Notice of Preparation
Notice — Modification of Proposed Action to Permit Alternative
Methods of Seawater Return Flow Disposal at NELH, Keahole, North
Kona, Hawaii

Dear Mr. Ikeda:

Thank you for commenting on the subject NOP. Comments from your letters
of April 25, 1985, August 21, 1985 and March 4, 1986 will be addressed in the
dsSEIS.

We look forward to your comments on the draft SEIS.

Besjé;fijigs'
=
Jack P. Hu

Executive

cc: MCM Planning
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GEORGE R. ARIYOSK!
GOVERHOR OF HAWAI

Lt oA WHo
Ni=i b

STATE OF HAWAII
DEFARTMENT OF LAND AND NATURAL RESOQURCES

P. O. BOX 821
HONOLULU, HAWAI(I 96809

b

SUSUML ONO, CHAIRMAN
SOARD OF LAND & NATURAL RESOURCES

EDGAR A, HAMASU
DEPUTY TO THE CHAIRMAN

DIVISIONS:

AQUACULTURE DEVELOPMENT
PAOGRAM

AQUATIC RESOURCES

CONSERVATION AND
RESOURGCES ENFORCEMENT

CONVEYANCES

FORESTRY AND WILDLIFE

LAND MANAGEMENT

BTATE PARKS

WATER AND LAND DEVELOPMENT

'QEP 1 O 1986 DOCUMENT NO.: 1707B

Mr. Jack P. Huizingh, Executive Director
The Natural Energy Laboratory of Hawaii
220 South King Street, Suite 1280
Honolulu, Hawaii 96813

Dear Mr. Huizingh:

SUBJECT: Environmental Assessment and Supplemental Impact
Statement Preparation Notice-Development Plan For
the Hawaii Ocean Science & Technology (HOST) Park
and Proposed Expansion of the Natural Energy
Laboratory of Hawaii (NELH) at Keahole, North Kona,
Hawaii: Modification of Proposed Plan Action To
Permit Alternative Methods of Seawater Return Flow

Disposal At NELE

We have completed our review of the subject document and offer the

following comments:

2As the EA notes (p. 17), NELH is working with this Department
on an archaeological mitigation plan to preserve sites and
protect others until archaeological data recovery can occur.
We will soon be providing NELH with details for data recovery.
NELH has already agreed to preservation of specific sites.

The EA notes that the plan will be in the Draft EIS. This

action is acceptable for our concerns.

There are no public park concerns but environmental impacts on
public use of the shoreline area should be addressed. Impacts
on public use of nearshore and offshore waters could be of

particular concern.

The initial proposal called for disposal of 16,100 gpm of
gseawater return flow by a mixed-water (warm and cold)
discharge pipe in offshore areas. Budget cuts have since
forced consideration of alternate seawater disposal methods,
including direct disposal by canal, trenches, deep injection
wells and/or a combination therecf. The disposal method
chosen must not degrade the intake water vital to the facility

operation.




Mr. Jack P. Huizingh -2 - poOC., NO.: 1707B

our concern is for the protection of groundwater resources.
although no adverse impacts are expected (page 21, item B),
monitoring of the onland disposal seawater to assess the
impact to groundwater should be included as it was in the
Final EIS for the project.

We appreciate the opportunity to comment on your document. Should
you have any questions, feel free to contact our Office of
Conservation and Environmental Affairs at 548-7837.

Very truly yours,

éQSUMﬁ ONO, Chairperson

Board of Land and Natural Resources

OEQC

MCM Planning

P.0. Box 27506

Bonolulu, Hawaii 96827
Attention: Ms. Marilynn C. Metz
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The Natural Energy

October 14, 1986

Mr. Susumu Ono, Chairperson
Board of Land Natural Resources
P.QO. Box 621

Honolulu, Hawaii 96809

Subij: Environmental Assessment and Supplemental EIS Notice of Preparation -
Hodification of Proposed Action to Permit Alternative Methods of
Seawater Return Flow Disposal at NELH, Keahole, North Rona, .Hawaii

Dear Mr. Ono:

Thank you for commenting on the subject NOP. In response to your specific
concerns:

a. Impacts on public use of the affected shoreline will be addressed in
the draft supplemental statement,

b. Monitoring of onland disposal seawater to assess the impact to
groundwater will be a recommended mitigating measure in the draft

statement. In addition, a regional offshore monitoring program is
also being proposed.

We look forward to Your comments on the 4EIS.

Besl regards
14%
Jack P, “Hu
Executive’Dir

cc: MCM Planning

0 220 South King Street, Suite 1280 » Honolulu, HI 96813 » (808) 548-7017
O P.O. Box 1749 » Kailua-Kona, H| 96745 » (808) 329-7341




HEGEIVED .

@ University of Hawaii at Manoa .7 2% 196

Environmental Center NE’—H
Crawford 817 « 2550 Cempus Road
Honolulu, Hawaii 96822
Telephone (808) 848-7361

August 21, 1986
PN: 0048

Mr. Jack P. Huizingh

The Natural Energy Laboratory of Hawaii
220 South Xing Street, Suite 1280
Honolulu, Hawaii 96813

Dear Mr. Huizingh

Envirenmental Assessment / Supplemental Impact Statement
Preparation Notice
HOST and NELH
Keahole, North Kona, Bawaii

The above cited document outlines the potential envircnmental impacts to
be discussed in the supplemental EIS being prepared to address alternative
methods of seawater return flow dispesal at the Natural Energy Laboratory of
Hawaii, Keahole Point, Hawaii. This review was prepared with the assistance

of Keith Chave, Oceanography; Frank Peterson, Geclogy: and Walington Yee,
Environmental Center.

In general the document is an excellent example of scholarly work that
clearly outlines and succinctly addresses the major issues that will be
encountered by the proposed project. The drafters of this Environmental
Assessment/Preparation Notice should be commended for a job well done. We

offer the following comments for your use in developing the draft
supplemental EIS.

Tt is proposed that the SEIS will have a comprehensive evaluation of the
varicus waste disposal alternatives so as to assure non-contamination of the
intake water supplies to NELH or HOST operations. In this discussion,
consideration should be given to the possiblity of clogging problems either
in drainage ditches or injection wells. The dimensions and physical
characteristics of the proposed disposal trenches should be fully explained
in the text and appropriate dimensional and geographical lustrations
provided to assure that the reader of the SEIS will fully understand what is
being proposed and where it will reside. For example, the lining of the
trenches, if any, should be indicated. If lining is not anticipated then
the potential seepage effects of the effluent on the nearshore coastal
environment should be discussed in the SEIS. Biological clean-up of
nutrients in the waste effluent should be systematically evaluated along
with the other mechods of disposal. ‘

AN EQUAL OPPORTUNITY EMPLOYER
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acclimated to the environment., The data en which this statement is based
should be referenced in the document.

The lst of candidate Species (p. 9) contains a number of organisms
incorrectly listeq under the "Crustaceanst heading., Oysters (Crassostrea,
(ncte spelling Correction) Ostrea) Abalone, Opihi, Giant Clams (Tridacna)
and Scallops, should be listed under & general "Mollusca' heading.

Cn page 15 para. 6, lines 4-5 it is incorrectly stateq that XKiholo ang
Puakeo are several miles south of Keahole, They are north, .

The anchialine ponds on the NELH site are saig to have no biological

Yours truly,

Jacquelin N. Miller
Acting Associate Director

cc: Patrick Takahashi
MCM Planning
OEQC
Keith Chave
Frank Peterson
Walington vee




subj:

a.

b.

Ce

d.

€e

The Natural Energy

october 14, 1986

Ms. Jacgquelin N. Miller
Acting Associate Director
Environmental Center
University of Hawaii at Manoa
crawford 317

2550 Campus Road

Honolulu, Hawaii 96822

Environmental Assessment and supplemental EIS Notice of Preparation -
Modification of proposed Action to Permit Alternative Methods cf
seawater Return Flow pisposal at NELH, Keahole, North Kona, Bawaii

pear Jackie:

Thank you for the compliments on the gubject NOP. In response to your
specific concerns:

The possibility of clogging problems will be addressed in the dSEIS.
The dimensions and locations of the various disposal facilities will
be described in the document. It is not anticipated that the
trenches will be 1ined, therefore, the seepage effects of the
seawater on the nearshore coastal environment is discussed.
Biological cleanup of nutrients will also be addressed.

The rapid decrease of trace metals in the discharge will be
documented in the 4SEIS.

The list of candidate species has been corrected as you suggest.

We are aware that Kiholo and Puako are north, however, the word
processor keeps forgetting. We will correct it again and hope that

this time it stays corrected. Thanks for pointing the error out to
us,

The anchialine ponds at HELH have been surveyed again as part of the
preparation of the dSEIS. Two of the three ponds are very small {120
sq. £t. and 220 sd. ft.) and shallow (2 feet deep at the deepest
point at high tide). The third pond is jarger (750 sgq. ft.} and
deeper (3 feet deep at its deepest at high tide). Only one of the
smaller ponds supports 2 typical anchialine pond community. The
draft SEIS will address the significance of these small, shallow
ponds in relation to the cumulative effect of losing larger, more

Laboratory of Hawaii

——
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_____ The Natural Energy

significant ponds to resort development. The ponds will not be
dredged or f£illed and they will be mon
under the conditions of the CDUA permi
and Natural Resources for co

pipelines.

We look forward to your comments on th

cc: MCM Planning

jtored for a minimum ten years
t issued by the Board of Land
nstruction of the proposed offshore

e draft SEILS.

BGack P. Huizingh
Executive Director

|_aboratory of Hawaii
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University of Hawaii at Manoa NE 1
i
Hawaii Natural Energy Institute
Holmes Hall 246 « 2540 Dole Street  Honolulu, Hawaii 86822

August 6, 1986

The Natural Energy Laboratory of Hawaii

220 S. King Street, Suite 1280

Honolulu, Hawaii 96813

Attention: Mr. Jack P. Huizingh, Executive Director

Dear Mr. Huizingh:

As requested by your letter of July 23, 1986, I have reviewed the
Development Plan for The Hawaii Ocean Science and Technology (HOST) Park and
Expansion of the Natural Energy Laboratory of Hawaii (NELH) dated July 1986.

This document is in accord with the facts known to me at this time, with
the addition to paragraph 3.0 Open-Cycle OIEC Research of the following
sentences on page 8. "These tests lead to the integration of the acquired
information into a system which produces electrical energy and fresh water.

This integration will be attempted in an Open Cycle OTEC test of about 200
KW output at the NELH.

I have retained the copy of the draft document as it contains much
information about the NELH in a concise authoritative format. '

Sincerely, -~

- e -

cc: Patrick K. Takahashi
MM Planning

AN EQUAL OPPORTUNITY EMPLOYER
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»@ |aboratory of Hawai

August 21, 1986

Mr. Chipman Higgins

Hawaii Natural Energy Institute
University of Hawaii

Holmes Hall 246

2540 Dole Street

Honolulu, Hawaii 96822

Subj: Enviroumental Assessment and Supplemental EIS Preparacfon
Notice - Modification of Proposed Action to Permit
Alternative Methods of Seawater Return Flow Disposal at

NELH, Keahole, North Kona, Hawaii

Dear Mr. Higgins:

Thank you for commenting on the subject preparation notice.
Your suggested addition to paragraph 3.0 will be incorporated into
the draft EIS. We are looking forward to your comments on the draft

EIS.
& it S
L_,,»M/:‘%% . ‘-7-'1-
‘_/""7’Jack P. -Huiéi‘ﬁ"gh oy
Executive ‘irecfor

0 220 Scuth King Steeet, Suite 11,30 + Honoluly, Hi 66813 + (808) 84L-T01T7
O PO. Box 1749 + KalluarKona, HL 98748 + (808) 320-7341
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HOUSE OF REPRESENTATIVES AUSHES

STATE OF HAwWAII
STATE CAPITOL
HONOLULU, HAWAII 96813

July 25, 1986

Mr. Jack Huizingh

The Natural Energy Laboratory of Hawaii
220 South King Street, Suite 1280
Honolulu, Hawaiil 96813

Dear Mr. Huizingh:

I acknbwledge receipt of your letter dated July
23, 1986, regarding alternative methods of
seawater return flow disposal.

Please be assured that if I have any comments -
it will be sent to you prior to your August 22,
1986 deadline.

I also want to thank you for sending me a copy
of your "Environmental Assessment and Notice of
Preparation of Supplemental Environmental Impact
Statement: Modification of Proposed Action to
Permit Alternative Methods of Seawater Return
Flo i sal at NELH".

> - /
ey e
AYNE ME F -

Hawaii Btate Representative
Third District
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_________ The Natural Energy Laboratory of Hawaii

_'i August 21, 1986
-
The Honorable Wayne Metcalf
— Room 325
1 State Capitol
- Honolulu, Hawaii 96813
‘ Subj: Envirounmental Assessment and Supplemental ELS Preparation
- Notice - Modification of Proposed Action to Permit
Alternative Methods of Seawater Returm Flow Disposal at
7 NELH, Keshole, North Kona, Hawaii
|
- Dear Representative Metcalf:
} Thank you for your letter conmcerning the subject preparation
- notice. We look forward to your comments on the preparation notice
and on the forthcoming draft EIS. We will send you a copy of the
o draft EIS when it is available. .

-

(!
N\
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O 220 South King Street, Suite 1280 + Honolulu, Hi 9€ 313 » (808) 548-7017
O P.O. Box 1748 » Kallua-Konaz, HI 96745 « (808) 329-7341
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HOUSE OF REPRESENTATIVES

STATE OF HAWAII NELH
STATE CARPITOL
" HONOLULU, HAWAI 96813

July 31, 1986

The Natural Energy Laboratory of Hawaii
220 South King Street, Suite 1280
Honolulu, HI 96813

Attn: Mr, Jack Huizingh

Dear Mr/., _ ngh:

Tﬁgrik you for the opportunity to comment on the environmental assess-
ment and’ preparation notice entitled: Development Plan for the Hawaii Ocean

Science and Technology (HOST) Park and Expansion of the Natural Energy

Laboratory of Hawail (NELH). 1 would appreciate it if the iinal environmental

impact statement addresses the following questions:

1)

(3)

Discharges from the existing OTEC experiments and the Hawaiian
Abalone Farm are currently being disposed of via a canal and two
injection wells respectively. Since both disposal methods are among
the alternatives under consideration, has NELH developed data on
the impact of the various discharges on the brackish water lens and

. the open ocean that can be applied to the planned changes?

When fully developed, discharges from the OTEC experiments and
mariculture projects may contain a wide variety of chemicals and
particulates. Have the specific types of projects already been
determined? If not, on what basis can the quality of the
discharges be discussed with any accuracy?

According to the environmental assessment (p. 21), there are three
anchialine ponds on the NELH site that would be impacted by the
disposal of discharge from injection wells and trench. Are there
additional anchialine ponds near the NELH site that may &lso be
affected by such disposal methods?

RECEIVED
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July 31, 1986
Page 2

project,

PETER AFPO

Chairman

Committee on Ocean and Marine
Resources

cc: MCM Planning

I look forward to reviewing the environmental impact statement on this




_______ The Natural Energy

August 26, 1986

The Honorable Peter Apo, Chairman
Committee on Ocean and Marine Resources
state of Hawaii

State Capitol, Room 439

Honolulu, Hawaii 96813

Subj: Environmental Assessment and Supplemental EIS Preparation Notice =

Modification of Proposed Action to Permit Altermative Methods of
Seawater Return Flow Disposal at NELH, Keahole, North Kona, Hawaii

Dear Representative Apo:

We appreciate your careful review of the subject preparation notice. In

response to your specific comments:

1.

2.

3.

NELH has a continuing water quality program that monitors the canal and
nearshore waters. Several intensive studies have also been made which
indicate no adverse affects from the canal system. The studies that are
being conducted in conjunction with the supplemental EIS will address the
effects on the environment of increasing the seawater return flows by a
substantial factor. .

There is general agreement on the types f projects (both OTEC and
mariculture) that will likely locate at NELH. The environmental impact

analysis will attempt to characterize and project the effects of various
chemicals and other substances that are used in these projects and their

jmpact on the biological resources of the area. Acceptance of projects at

NELH also requires the users to inform the Board and staff of the
environmental aspects of their operations. In some cases, and, because
NELH is a research and development facility, there are unknowns associated
with each new project. Continuation and expansion of the existing
monitoring program will be an important component of the disposal
system(s) selected. The purity of the source waters is vitally important
to the success and future of NELH.

NELH has 3 anchialine ponds located on its property in the northern
portion past the end of the jeep trail. Although experts have stated that
the ponds on the NELH site are biologically insignificant, they will be
monitored as a condition of the recently approved CDUA for the project.
The draft EIS will discuss the anchialine ponds in the area and identify
those that might be affected by this project.

Thank you for your informed and perceptive comments on the subject NOP,

We will address your concerns in the draft EIS and look forward to your
comments at that time.

Bes egffds,

Jack P. Huizingh
Executive Director
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aMVay, For the Protection of Hawaii’s Native Wildlife
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4(f  HAWAI AUDUBON SOCIETY =0 >=7
'oN <O Volcano, HI 96785

August 22, 1986

REGCEIVED

The Natural Energy Laboratory of Hawaii

220 S. King Street, Suite 1280 U954
Honolulu, HI 96813 AUt 25 1986
Attention: Mr. Jack P. Buizingh, Executive Director NE,H

Dear Mr. Huizingh:

Thank you for sending me the Environmental Assessment and Supplemental
Impact Statement Preparation Notice — Development Plan for the Hawaii Ocean
Science 7 Technology (HOST) Park and Proposed Expansion of the Natural
Energy Laboratory of Hawaii (N’EI..H) at Keahole, North Kona, Hawaii: Modification
of Proposed Action to permit Alternative Methods of Seawater Return Flow
Dimpersal at NELH. .

The concerns of the Hawaii Audubon Society focus on adverse impacts on
native terrestrial and aquatic habitats from the several proposed
alternative projects.

In particular, the Society will be looking for evaluations of potential
damage to the following elements from the aliernative systems for disposing
of ocean water discharges from OTEC experiments and mariculture processes:
damage to sirand vegetation commwmnities, damage to marine biota, damage to
Hawaiian Stilt and Hawaiian Owl habitat, damage to ground water quelity and
to offshore water quality.

Thank you for the opportunity to make these comments.

Sincerely yours,

Mar €. Mudl

Mae E. Mull
Member, BoaRD OF Directors and
Island of Hawaii Representative

e St



October 14, 1986

Mrs. Mae Mull

Hawaii Island Representative
Hawaii Audubon Society
Volcano, Hawali 96785

Subj: Environmental Assessment and Supplemental EIS Notice of Preparation -
Modification of Proposed Action to Permit Alternative Methods of
Seawater Return Flow Disposal at NELH, Keahole, North Kona, 'Bawaii

Dear Mrs., Mull:

Thank you for commenting on the subject NOP. Damage to strand vegetation
comnunities and Hawaiian stilt and Hawaian Owl habitat were addressed in the
previous EIS which was accepted by the Governor on September 20, 1985. Damage

to marine biota, ground water quality and offshore water quality will be
addressed in the draft SEIS.

We look forward to your review of the draft SEIS.

cc: MCM Planning
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APPENDIX A

DISPOSAL OF OPEN CYCLE OCEAN ENERGY.

CONVERSION WATER "VIA CANAL®

OCEANIT LABORATORIES, INC.
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Fig. II-3 0C OTEC experimental flow diagram (3).

i i1 I il

ENV IRONMENTAL CONCERNS

Major environsental coacerns regardiog iarge scala OC OTEC focus
on potentiszl effacts of discharging substantial quantities of
deozygennted seawster as well as subatantial guantities of carbon
dioxide and other gases suspected of promoting & greeohouse
nnmnon. ~ However, problems amgociated with a axmall =ckle
prototype facllity, such as the 165 kw OC OTEC fmcility planned
for NELH, are coosiderably szaller, and include the diacharge of

daeoxygenated mnd nutrient-rich ssswator.

Currently, the 1000 gpm of seawater diacharged st Keabhole Point
does not produce a autrient=rich plume or any measureable adverse
environmental impact, vtesulting from the mixture of l:1 to 1:8
cold to warm seawater. This is because the inter-tidal ponding
ares transforms the nutrieots 1loto algse aod seawsed {34].
However, hafore the same type of ponding ares can be used for
larger discharge volumes, additiooal iovestigations are required
to determice the physical characteristics that cauase the pond to
Act as & rqn-onnn vessel™ that adds oxygen, removes nutrients and
increases the discharge witer temperature to approximately that

of the amblent seawater.
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Magnasium
Zinc
Aluminum

Copper
QO Chromlum

B

40

o) Manganese

. LOG(T)
HRS

A-40

S

Calculations were

1200 meters
, &Bsuming uniform attack, at

aluminum heat exchanger tubing.

made for warm seawater corrosion

flow rates of 8,000 gpm,

Fig. A-1 MNetallic ion concentrations versus time for
of one-inch

O |

£

L.l
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TABLE A-3

L]

Calculated maetallic lon concentrations in OTEC effluent
from the corrosion of mluminum alloys 5052, 3003 and 7072

Time
{min)

ppm
Zo

ppR
Al

ppa
NE

ppa
cr

ppa
Mo

ppa
Cu

+0004440
.0001987
«0001405
.0001148
.0000948
0000812
0000575
0000470
.0000333
.0000282
.0000200
0000142
- 0000064
.0000048
.0000033
.0000027

.0433835
.0194108
.0137303
.0112137
.0082623
»0079341
0058150
0045877
.0032488
0027592
.0019558
0013878
0006297
.0004500
.0003230
.0002868

0011101
. 0004987
003513
0002889
.0002370
.0002030
.0001437
0001174
.0000831
.0000706
0000500
-0000355
.0000161
.0000115
0000083
.0000088

0001110
.0000497
0000351
.0000287
.0000237
0000203
.0000144
.0000117
0000083
.000007%
.0000050
.0000038
.0000016
.0000012
0000008
+0000007

+0005329
.0002384
.0001686
.0001377
.0001138
0000975
.0000680
Q000583
«0000398
.0000339
.0000240
+0000170
.0000077
0000055
.0000040
.0000033

.0000533
.0000238
.0000169
.0000138
.0000114
.Q000097
+0000089
.0000058
.0000040
.0000034
.0000024
.0000017
.0000008
.0000006
. 0000004
.0000003
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APPENDIX B

1

(-

IMPACTS OF OC OTEC AND MARICULTURE DISCHARGES FROM
THE NATURAL ENERGY LABORATORY OF HAWAII
ON THE NEARBY MARINE ENVIRONMENT
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cultures of mollusks as filter feeders would concentrate the copper
adsorbed on particulate matter, and grazing mollusks such as abalone
and opihi utilize filamentous algae as feed. Isopods and other
parasites have been reported to fafest oysters grown in dense cultures
and natural waters. We are not aware of any effective chemical for
treatment of these endoparasites; however, if there is a chemical
treatment the nature of the chemical should be investigated prior to
its introduction into the discharge system, as it may significantly
impact the resident epifauna in the discharge trench.

CRUSTACEAKS

Potentia) species of crustaceans for cultivation at NELH are shrimp
{Penaeus}, lobster (Ranarus, Panulirus) and brine shrimp {Artemia). oOf
these species, Artemia is the only tilter feeder. Artemia cultures
would utilize phytoplankton or other particulate organic feeds which
would subsequently be discharged intact or as wastes. Artemia aiso
produce extramely durable cysts undr some circumstances, Dut thefr
escape would only provide food for resident fish species.

Both shrimp and lobster are osnivorous and require high protein feeds
for adequate nutrition in cultivation. Their metabolic wastes, uneaten
feeds and residuals of various chemical treatments would appear in the
discharge stream. The fdentities of all potential chemicals which
might be used in crustacean cultures at NELH are not known; however,
the waste stream from an existing shrimp culture enterprise was
characterized by AECOS, Inc. (1982} (Table 4). The discharge in that
case is an order of magnitude lower in nutrients than that of a typical
Oahu secondary sewage treatment plant discharge. With filtration, the
shrimp discharge would be comparable to that of a tertjary STP.

In addition to the parameters shown in Table 4, the discharge permit
for this operation includes provisions for regular -additions of
formalin and a chelated copper compound which act as in situ
antibacterial and antifouling agents, respectively. formalin was
expected to appear in the effluent at a concentration of 7.1 ppn for
approximately 50 hours per week, Similarly, the copper compound
{Cutrine-plus) was reportedly used at concentrations of 4-6 ppm in
tanks; resulting in effluent concentrations of 0.3 ppm for periods of
10 hrs per day. Additional chemical wastes may be generated in
cleaning tanks with chlorine or other disinfectants.

FINFISH

Potential species of finfish for cultivation at NELH are primarily
carnivorous or oanivorous. Techniques which have been developed at
NELH (Katase, et al. 1985) for coho salmon, steelhead trout, and
rainbow trout utilized flow-through culture systems with regulated
feeding of formulated feeds. Discharges from these tanks could be
expected to have elevated levels of ammonia, nitrate and phosphate, and
reduced levels of dissolved oxygen. Tanks were periodically drained
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TABLE 4 - A SUMMARY OF WATER QUALITY INFORMATION

mg/l
0
0

Turbidity
(==NTU--)

ug/t

20,
10,

0.50
0,20

0.20
0.1%

20.0
16,0

7.0
5.0

150
110

35
2.0

Nitrite Ammonlum Nitro

Nitrate-

(geometric means) .

Cpen Counstal Waters
wet period

Ceametric mears of aita survey

State Water Guality Standards
dry season

dry period

1.6

32 220 1.9 7.4 0.03 0,75+

34

Combined Effluent Character-

B-10

5.3

11.2

14,9

395

1278 2646 148

288

Istles of propoesed shrimp

operation

(arlthmetic means)

&7

-1

6.6
5.4

8,000
7,000

24,000

Primary STP (1,2)

20

37

17,000

Sscondary STP (2,3)
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APPENDIX C

TECHNICAL EVALUATION OF SEAMATER RETURN FLOW DISPOSAL
BY DEEP INJECTION WELLS AND SHALLOW TRENCH

DAMES & MOORE
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APPENDIX D

HISTORIC PRESERVATION CONCERNS AT NELH

ROSS CORDY, Ph.D.
DEPARTMENT OF LAND AND NATURAL RESOURCES
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APPENDIX G

COMMENTS AND RESPORSES ON THE DRAFT SUPPLEMENTAL
ENVIRONMENTAL IMPACT STATEMENT
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Historic Sites in the NBLH Parcel (Clark 1984).
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APPENDIX E

IMPACTS OF OPEN CYCLE OTEC AND MARICULTURE DISCHARGES
FROM THE NATURAL EMERGY LABORATORY OF HAWAIL
ON NEARBY ANCHIALINE PONDS
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