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Summary

This environmental assessment has been prepared to comply
with Section 11-200-5 (b), Environmental Impact Statement Rules,
which states that " .. when an agency proposes to implement an
action to use state or county lands or funds, it shall be
sUbject to the provisions of chapter 343, Hawaii Revised
Statutes, and this chapter"; and, section 11-200-10 which states
that "agencies .. shall prepare an environmental assessment of
each proposed action and determine whether the anticipated
effects constitute a significant effect in the context of
chapter 343, Hawaii Revised Statutes, and section 11-200-12."

Description of the Action

The University of Hawaii (UH), Hawaii Natural Energy
Institute (HNEI), proposes to conduct a Scientific Observation
Hole (SOH) program to evaluate the geology, hydrology, and
subsurface thermal regime in the Puna District of the Island of
Hawaii within the Geothermal Resource Subzones of the Kilauea
Middle and Lower East Rift Zones. These holes are not designed
as production wells or to produce fluids, and they would not be
flow tested or produced.

As proposed, a scientific observation hole (SOH) would be
drilled to a depth of approximately 4,000 feet at each of four
locations within the designated Geothermal Resource Subzones
(GRS) in the Puna District of the Island of Hawaii. SOH 1 (TMK
1-4-01:2 por.) and SOH 2 (TMK 1-4-02:32 por.) are planned to be
located within the Kapoho section and SOH 4 (TMK 1-2-10:01 por.)
would be located within the Kamaili section of the Kilauea Lower
East Rift Zone GRS. SOH 3 (TMK 1-2-10:03 por.) is proposed for
the Campbell Estate geothermal exploration/development area
located within the Kilauea Middle East Rift Zone GRS.

At each SOH location, a 16-inch diameter hole would be
drilled to a depth of 100 feet and a 10-inch casing would be set
and cemented to the surface. A 5 1/4-inch core hole would then
be drilled from 100 feet to a depth of 1,000 feet and bottomed
in a competent formation. The hole would then be reamed to a
diameter of 9 7/8 inches; a 4 1/2 inch casing would then be set
to total hole depth and cemented through the casing to the
surface. A 4-inch-diameter bit would then drill out of the 4
1/2-inch casing and continue coring to the bottom of the hole.
Once core drilling begins, drilling would be conducted
continuously, 24 hours a day, seven days a week until the hole
is completed, between three and five months at each location.

S-l



to threaten the site, the drill rig
wellhead protected by burying it
After drilling the hole will be

Initial testing of the well would involve taking a series
of temperatures at depth to determine the rate of increase of
temperature with depth and the absolute bottom hole
temperature. Measurements would be made before and after the
hole has reached thermal equilibrium, and temperatures would be
monitored thereafter to note any changes in temperature which
can be related to natural processes.

Although final testing plans have not been determined,
reservoir analysis may be attempted by injecting water into the
hole and measuring the rate of fluid acceptance, the pressures
required to inject the fluids, the time required to achieve
pressure equilibrium after pumping, and the zone or zones that
would accept the fluids. If undertaken, this reservoir analysis
test would consist of pumping water down the hole using a
standard irrigation pump; the pumping would be continuous for 24
hours seven days/week, and typically for a period of time not
exceeding one month.

After testing of the hole is completed, a decision would
be made as to whether or not to continue monitoring the hole, to
cap the hole, or to plug and abandon it. If a decision is made
to continue monitoring the hole it is likely that the monitoring
would be completed within three years, then the hole would be
abandoned. When the hole is abandoned, the site would be
reclaimed and revegetated in accordance with regUlations and in
consultation with the landowner.

Summary of Potential Impacts and Mitigating Measures

Geologic Hazards

If lava flows were
would be removed and the
beneath volcanic cinders.
capped with a wellhead valve.

Air Quality

The SOH project will not adversely impact the ambient air
quality in the project area. Appropriate emission control
devices would be installed on all equipment on the site. The
holes will not be flow tested or produced, therefore, geothermal
gases will not be vented into the atmosphere.

Water Quality

Geothermal reservoir fluids would be preclUded from
migrating into the overlying groundwater system by cementing
casing into the hole to a depth of approximately 1,000 feet
before drilling into the geothermal reservoir. Drilling mud
additives and components are typically inert, and consist of

8-2
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nontoxic components. These fluids and the rock cuttings would
be pumped down the hole or distributed on the site, and would
percolate downward through the porous soil at the conclusion of
the drilling program. Drilling permit requirements will be
stringently enforced and maintained. strict adherence to these
requirements will insure that there is no significant impact to
the quality of water resources in the area.

Noise

A study of the potential acoustic impacts of the SOH
project by Darby & Associates is appended to this assessment.
Based on this analysis, it is predicted that Hawaii County
Geothermal Noise Guidelines should be met at 200 feet from the
drill rig during the daytime (55 dBA). At night when the
receptor is upwind of the rig, the 45 dBA limit should be
achieved as close as 350 feet. When there are trees and/or
minor topographical . features between the rig and the listener,
and the wind speed is over 10 mph, the nighttime 45 dBA level
should be met at downwind distances of 450 feet and greater.
When the wind is light and sound velocity gradients exist to
"bend" sound rays over trees and other obstacles, receptors at
distances of 800 feet and greater downwind should experience 45
dBA or less.

If sound focusing should occur during periods of strong
thermal inversions and very light winds, there may be short term
sound levels 5 to 10 dBA greater than those under normal weather
conditions. Under this worst case, levels of 45 to 50 dBA could
occur for short time periods for distances from about 400 to
1,500 feet downwind from the rig. It is believed that 45 dBA
would not be exceeded more than 10 percent of the time and that
the SOH project will not exceed County of Hawaii geothermal
noise guidelines.

Although drilling will be conducted on a 24 hour-a-day, 7
days-a-week basis once core drilling commences, only one hole
will be drilled to completion at any given site. Spacing of the
individual SOHs would be large enough to preclude cumulative
noise impacts.

During drilling operations, noise levels will be monitored
at several sites at and adjacent to the drilling rig, and
additional mitigating measures will be taken if noise levels
exceed acceptable levels. Even with appropriate mitigating
measures, however, the noise from drilling activities may still
be annoying to some residents. Any noise intrusion will be
temporary and will essentially cease when the hole is completed.

S-3



Flora and Fauna

Impacts to flora at both sites SOH 1 and SOH 2 (which are
located on fallow agricultural lands) would be minimal and no
additional botanical surveys or other mitigating measures are
recommended. It is not anticipated that additional field
surveys will be required at SOH 3 (which is located on
Conservation District land), however, UH (HNEI) will ask the
consulting botanist and biologist who surveyed the area to
review the plans for the site and access road in order to insure
that no sensitive biological areas would be affected by the
project.

No known flora or faunal field studies have been conducted
on or near SOH 4, therefore, prior to any construction taking
place, a botanist and an ornithologist will assess the
biological resources along the proposed access road and drill
site. The road and drill site could be relocated to a less
sensitive area if any endangered species are present. If
recommendations of the consulting botanist and ornithologist are
followed, the project should not adversely affect any sensitive
biological resources that might be present in the area.

The endangered Hawaiian Hawk has been observed near SOH 1
and 2. The Puna Geothermal Venture is currently monitoring this
bird. Prior to drilling at SOH 1, the individuals conducting
the monitoring program will be consulted and an ornithologist
will survey the area affected by SOH 2 to determine whether the
'1'0 is present. UH (HNEI) will follow the recommendations of
the ornithologists to minimize disturbance to the bird. The
drill site locations will be adjusted to avoid nesting hawks.
If further information is obtained which shows that the '1'0 is
being affected by noise levels from the project, efforts will be
made to reduce noise levels or to schedule drilling at times
other than the breeding season. If these recommendations are
followed there should be no significant adverse impact of the
SOH project on this endangered species.

The project should have no significant impact on the
Hawaiian Hoary Bat, an endangered species, and no mitigating
measures should be necessary, as any individuals of the species
would probably avoid the area during the drilling process and
forage in open forested areas elsewhere.

Archaeology

The potential for archaeological sites at SOH 1 and SOH 2
is minimal and further surveys should not be required. If any
archaeological sites or remains are discovered during
preparation of the SOH sites and access roads, the Historic
sites section of DLNR and the County of Hawaii Planning
Department will be notified and work will stop until appropriate
mitigation" is accomplished.
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No archaeological sites were found within the area
surveyed during an archaeological reconnaissance survey which
included the SOH 3 access road and drill site (Bonk, 1988). No
further archaeological work should be required for this site.

Although no archaeological sites would be expected to
occur in the SOH 4 siting area, an archaeological reconnaissance
survey will be conducted along the access road and on the well
site prior to any construction. If recommendations of the
archaeologist are followed, the project should not adversely
affect any archaeological resources present in the area.

Socio-Economic

The impact of up to twelve additional workers on the local
economy and local services for a short period of time would be
minimal but generally positive.

Some residents may feel that the project intrudes on their
right to peacefully enjoy their property. These intrusions will
be short-term, however, and perceived impacts to residents near
the sites will be mitigated by removal of the drilling equipment
once the hole is completed.

No existing pUblic access is anticipated to be closed
because of the project. There will be no impact on activities
such as hunting and foraging for plants.

SOH 1 is located less than one-half mile from Lava Tree
State Park. It is not anticipated that noise from the drill
site will impact the experience of park visitors; any potential
negative effects on park visitors will be short term, for the
three to five month duration of the drilling process.

Access and Traffic

The relatively light traffic generated by the project
should not impact existing traffic patterns in the areas near
the SOH sites or cause delays to residents. Air quality and
noise impacts would also be nonexistent or very low. Because
any necessary access roads and road improvements would be
provided by the project, there would be no impact on County or
State finances.

Infrastructure, utilities and Services

The method of supplying 7,500 gallons per day of water to
each of the four drill sites would be determined in coordination
with the Hawaii County Department of Water Supply and/or DLNR.
Because of the short term nature of the use, there should be no
adverse impact on existing water resources or distribution
systems.
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Disposal of liquid waste would not impact the groundwater
quality of the area. Chemical toilets will be used at the sites
and maintained by the drilling contractor.

Solid waste would be collected by the drilling contractor
and hauled periodically to a transfer station or landfill.
Clearance will be obtained from the State Department of Health
(Environmental Services) in the event that any toxic fluids or
solids would need to be disposed of in the existing landfills.

Non-local personnel associated with the drilling project
will be on temporary duty and will not bring their families.
There will be no impact on schools or recreational facilities in
the area from drilling operations.

There will be no impact on police and fire services in the
Puna area. Security for the site will be provided by the
drilling contractor; drilling water can be used to extinguish
any fires that may develop. In addition, drilling muds can be
pumped onto any fire that may develop in the vicinity of the
rig.

At least two persons with first-aid training will be
present on site at all t imes to handle medical emergencies.
Although dangerous levels of hydrogen sulfide gases are not
likely, a H2S safety system will be employed. The UH (HNEI)
will comply with any federal, state, county, or local rules
regarding environmental monitoring.

Visual Impact

Any adverse visual impact will be temporary and will end
when the drilling rig is moved off site.

Light Impacts

Copies of Hawaii outdoor Lighting Regulations will be
provided to the drilling contractor to insure compliance.

Determination

Any negative environmental effects would be short-term in
duration. Therefore, based on the significance criteria
outlined in in section 11-200-12, Environmental Impact Statement
Rules, the University of Hawaii has determined that the project,
as proposed, would have no significant long-term adverse effects
on the environment if the mitigating measures outlined in this
environmental assessment, those set forth in previous EISs, and
conditions that may be imposed upon the project by various
agencies during the permit process are followed and that an
environmental impact statement is not required.
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PART I: INTRODUCTION

A. OVERVIEW OF THE SCIENTIFIC OBSERVATION HOLE (SOH) PROGRAM

The University of Hawaii (UH), Hawaii Natural Energy
Institute (HNEI), proposes to conduct a Scientific Observation
Hole (SOH) program to evaluate the geology, hydrology, and
subsurface thermal regime in the Puna District of the Island of
Hawaii (Figure I-I) within the Kilauea Middle East Rift
Geothermal Resource Subzone (GRS) and the Kamaili and Kapoho
Sections of the Kilauea Lower East Rift GRS (Figure 1-2). The
primary objectives of the project are to confirm the presence
and extent of the geothermal resource in order to stimulate
geothermal resource development and to inventory the State's
energy and possible mineral resources. In addition, a major
scientific objective of the program is to create a clearly
defined methodology for analyzing geothermal resource
characteristics based on geologic, hydrologic, geochemical and
geophysical surveys when coupled with statistical methods
applied to slim hole data.

Although currently available geotechnical data indicate
the presence of a geothermal resource along the entire Kilauea
East Rift Zone on the island of Hawaii, only exploratory
drilling is capable of positively identifying a subsurface
geothermal system (DLNR, 1985). Data on the potential of the
subzones is necessary to demonstrate to private developers that
sufficient geothermal resources are present on the Big Island to
justify proceeding with the commercial development of 600
megawatts (gross) of geothermally-produced electricity and other
development activities.

The project would involve drilling four slim holes
(4-inch-diameter or less) to depths of 4,000 feet or more,
logging the core from the hole, taking temperature measurements
during and after the drilling operations, collecting water
samples where encountered, running downhole geophysical
measurements, and performing potential reservoir analysis
studies by injecting water into the holes. The proposed
locations of the SOHs are shown on Figure 1-2 and designated SOH
1 (TMK 1-4-01:2 por.); SOH 2 (TMK 1-4-02:32 por.); SOH 3 (TMK
1-2-10:03 por.); and SOH 4 (TMK 1-2-10:01 por.).

It should be emphasized that the purpose of the Scientific
Observation Holes is for scientific observation only. The holes
will not be flow tested or produced. The information to be
gained from the SOHs will provide an assessment of subsurface
geological conditions, ground water level and composition,

I-I
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temperature, drilling conditions, an inventory of possible
mineral and geothermal resources, and an eruptive history of the
island to the depth drilled. The SOHs, by themselves, in
combination with existing geothermal wells, or geothermal wells
to be drilled by producers, can be instrumented to provide data
relating to reservoir productivity.

The SOH program is being undertaken in cooperation with
the State of Hawaii; the University of Hawaii (HNEI); Hawaiian
Electric Company (HECO); the County of Hawaii; and, two private
geothermal developers, Puna Geothermal Venture and
True/Mid-Pacific Geothermal Venture. The Hawaii State
Legislature has appropriated $3 million for this effort with
cost-sharing from the private developers, HECO and the Electric
Power Research Institute. The total funding will be in excess
of $7.5 million over a one and a half to two year period.

B. BACKGROUND

Hawaii presently relies upon imported petroleum fuel to
supply 90 percent of its electricity, making the State
vulnerable to sudden shortages in supply or escalations in the
price of this diminishing source of energy. A major policy of
the Hawaii State Plan is to increase energy self-sufficiency
(Section 226-18, Hawaii Revised Statutes). As stated in the
State Energy Functional Plan (DPED, 1984), it is a priority
objective for the State to "Accelerate the transition to an
indigenous renewable energy economy by facilitating private
sector activities to explore supply options and achieve local
commercialization and application of appropriate energy
technologies." The State Energy Functional Plan also calls for
DBED to facilitate research, development, and demonstration
activities designed to resolve remaining technical barriers to
alternate energy technologies in order to expedite local
commercialization.

The Hawaii County General Plan also contains several
policies supporting the development of alternate energy
resources. Development of geothermal resources is consistent
with these goals and policies. Energy goals for Hawaii County
are to: strive towards energy self-sufficiency for Hawaii
County; and to establish the Big Island as a demonstration
community for the development and use of natural energy
resources.

County policies relating directly to geothermal energy
resource development are: the County shall encourage the
development of alternative energy resources; the County shall
encourage the expansion of energy research industry; the County
shall ensure a proper balance between the development of
alternate energy resources and the preservation of environmental
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fitness; and, the County shall strive to ensure a sufficient
supply of energy to support present and future demand.

Geothermal heat as an alternative energy source was first
explored for commercial use in Hawaii in 1961, when four shallow
test holes were drilled by a private company in the Kilauea East
Rift Zone, District of Puna, Island of Hawaii (Figure I-I).
Twelve years later, a research well was drilled at the Kilauea
summit to a depth of 4,141 feet. At approximately the same
time, the University of Hawaii started an exploration program
for a second exploratory well. A 6,540 foot well was drilled in
1976 in the Kapoho Section of the Kilauea Lower East Rift Zone
and named the Hawaii Geothermal Project Abbott (HGP-A). A
3-megawatt wellhead generator was installed in 1981 that
regularly provides enough electricity to the Big Island utility
to meet the demands of over 2000 homes.

In recent years the State Legislature adopted a number of
bills to facilitate the orderly development of geothermal energy
in Hawaii . Among them:

o Act 296, SLH 1983, the Geothermal Resource Subzone Act
(amending Chapter 205, Hawaii Revised Statutes), which
provides for the designation of geothermal resource
subzones wherein proposals for geothermal development
could be considered by appropriate State and County
permitting agencies. This act authorizes subzones to be
established by the State Board of Land and Natural
Resources (BLNR) in areas of significant geothermal
resources where the potential positive environmental,
economic and social benefits of the development to the
State as a whole outweigh the potential negative
environmental and social impacts.

o Act 138, SLH 1985, which requires the BLNR to fix the
payment of royalties to the State for the use of
geothermal resources at a rate which will encourage new
and continued geothermal production and development .

o Act 301, SLH 1988 which provides for a coordinated
permitting process involving the various state and county
agencies that must approve the development of geothermal
energy and designates DLNR as the lead agency; and,

o Act 390, SLH 1988 which authorized funding to finance
construction for Geothermal Resource Development and
provided funding for the exploration program which is the
SUbject of this environmental assessment.
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C. PUBLIC INVOLVEMENT

During the geothermal subzone assessment process,
conducted pursuant to Act 296, SLH 1983, various channels and
methods of community input were involved to discuss the social,
environmental and economic impacts of geothermal development on
them and on the state as a whole. These channels included
agencies, public informational meetings, political
representatives, regulatory agencies, pUblic and contested case
hearings.

Throughout the process, from the enactment of Act 296 to
the Proposal for Designating Geothermal Resources by BLNR,
public comments and participation were encouraged. Eleven
pUblic informational meetings were held on the islands of Hawaii
and Maui. The objective of these meetings was to open lines of
communication between the pUblic and DLNR. In addition, on July
29, 1985, DLNR mailed letters to concerned parties requesting
written comments and information on the proposed geothermal
resource subzones. The meetings reported the most likely
locations of geothermal resources and focused on the
identification of impact issues.

More recent dialogue with the Puna community has
included: an environmental review workshop, sponsored by the
Puna Community council (PCC), to discuss the proposed 500 MW
geothermal development (November 9, 1988); a roundtable with
representatives of the PCC to discuss problems concerning
transmission lines (February 23, 1989); and a PCC meeting which
included the subject project on its agenda (February 28, 1989).
It is the intention of the state to continue to share
information. and obtain community input throughout the geothermal
planning and development process.

D. PURPOSE OF THIS ENVIRONMENTAL ASSESSMENT

This environmental assessment has been prepared to comply
with section 11-200-5 (b), Environmental Impact Statement Rules,
which states that " .. when an agency proposes to implement an
action to use state or county lands or funds, it shall be
sUbject to the provisions of chapter 343, Hawaii Revised
Statutes, and this chapter"; and, section 11-200-10 which states
that "agencies .. shall prepare an environmental assessment of
each proposed action and determine whether the anticipated
effects constitute a significant effect in the context of
chapter 343, Hawaii Revised statutes, and section 11-200-12."

SOH 1 is located in an area assessed in "Environmental
Impact Statement: Puna Geothermal Venture Project", prepared for
Thermal Power Company by Fluor Technology, Inc. (1987). SOH 3
is located within the area assessed in "Final Supplemental
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Environmental Impact statement to the Revised Environmental
Impact statement for the Kahauale'a Geothermal Project",
prepared by True/Mid-Pacific Geothermal Venture (1986). Both of
these above cited references are incorporated into this
environmental assessment and determination by reference.
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PART II: DESCRIPTION OF THE ACTION

A. GENERAL CHARACTERISTICS OF THE PROJECT

The proposed project would involve drilling a slim
(4-inch-diameter or less) scientific observation hole (SOH) to a
nominal depth of approximately 4,000 feet - about the top of the
geothermal reservoir in the vicinity of the HGP-A well - at each
of four locations within the designated Geothermal Resource
Subzones (GRS) in the Puna District of the Island of Hawaii.
The scientific research undertaken would include: logging the
core from the hole; taking temperature measurements during and
after the drilling operations; collecting water samples where
encountered; running downhole geophysical measurements; and,
possibly performing potential reservoir analysis studies by
injecting water into the holes.

A combination of cable tool, rotary, and core drilling
methods would be used to provide the maximum flexibility to
handle the variety of anticipated drilling conditions. The
height of the mast of the cable drill rig (used for initial
drilling from 0 to 100 feet), which is truck mounted at ground
level, would not exceed 30 feet. The drill mast of the
Universal 5000 (U-5000) rotary/core rig (used for drilling from
100 to 1,000 feet) would rise about 65 feet above ground level
when mounted on its eleven-foot-high metal substructure. The
mast of the Universal 1500 (U-1500) core rig, which would be
used to drill from 1000 feet to the bottom of the hole and would
also sit over the drill hole on an elevated sUbstructure, would
be slightly lower. Positioning the rigs on elevated
substructures permits easy access to the wellhead valves and
blow-out-prevention (BOP) equipment. (A diagram of a typical
rig is presented in Figure II-1).

Although details of the drilling program would vary
slightly from site to site, depending upon surface and
subsurface conditions, the drilling plan would be essentially
similar at all locations. The drill operator would bring three
two or three man crews, plus a drilling foreman and drilling
supervisor, into the area. Two of the three -crews would rotate
on 12-hour per day shifts, the third crew would be for relief.
Other technical personnel associated with the project would
include a mud technician, various suppliers and subcontractors,
the principle investigator, and several researchers and field
supervisors. The total number of workers actively engaged in
drilling would vary, depending upon the number of sites being
drilled at one time, but would probably average about 12 at any
one time.
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During the first phase of drilling activity a
truck-mounted water well cable rig would be used to drill a
16-inch diameter (or smaller) hole to a depth of approximately
100 feet into a competent rock formation. A 10-inch 1D casing
would then be set and cemented to the surface. A BOP would be
welded to the top of the casing and pressure tested. Following
a successful pressure test, a 5 1/4-inch core hole would be
drilled to a depth of approximately 1,000 feet and bottomed in a
competent formation. The hole would then be reamed to a
diameter of 9 7/8 inches. At this time drilling operations
would pause, and the hole would be logged to determine the
geophysical properties of the rock penetrated. After the
completion of logging operations, a 4 1/2-inch 1D casing would
be set to total hole depth and cemented through the casing to
the surface. The BOP would then be cut off of the 10 inch
casing, and a smaller BOP welded on to the 4 1/2-inch casing.

At this point, a smaller diamond core drill rig may
replace the first larger diamond core rig, which would be
released to move to another hole to drill the next 9 7/8 inch
hole to a depth of approximately 1,000 feet. Alternatively, the
larger drill could remain on the hole and complete the hole to
its total depth.

When drilling resumes, a bit with a diameter of
approximately 4 inches would drill out of the 4 1/2-inch casing
and continue coring to the bottom of the hole. Because the
holes are intended to be drilled to or through possible
geothermal cap rocks and into fractures connecting with the
reservoir, depending on conditions at each site, an individual
hole may be drilled shallower than 4,000 feet or down to a depth
as deep as 6,500 feet. The hole would be stopped if reservoir
conditions were encountered at shallower depths, or the hole
diameter could be reduced if severe drilling conditions were
encountered, which necessitated casing and the continued
drilling with a smaller diameter bit. Casing and cementing
programs, and the BOP equipment to be used would provide
protection from any potential loss circulation or overpressured
zones and allow the hole to be shut in at any stage during the
drilling after the upper 100 feet of surface casing is cemented
in place.

During drilling operations mud temperatures would be
continuously monitored, and the core logged and boxed for
further study by the University or others. Drilling would be
conducted continuously, 24-hours a day, seven days a week until
the hole is completed, between three and five months at each
location. The hole would be completed by running geophysical
logs, inserting casing or tUbing to total depth, removing the
BOP, and installing a wellhead valve. Figure 11-2 presents a
profile of the completed hole.
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These holes are scientific observation holes only. They
are not designed as production wells or to produce fluids, and
the SOHs would not be flow tested or produced. As the holes
would be drilled with mud, any gasses encountered during
drilling would not be vented to the atmosphere, as the
hydrostatic head of the drilling fluids would force subsurface
fluids back into the rock away from the hole.

Initial testing of the well would involve taking a series
of temperatures at depth to determine the rate of increase of
temperature with depth and the absolute bottom hole
temperature. Measurements would be made before and after the
hole has reached thermal equilibrium, and temperatures would be
monitored thereafter to note any changes in temperature which
can be related to natural processes.

This testing would consist of probing the hole with a wire
line thermometer several times during the first month to measure
thermal rebound and equilibrium temperature profiles.
Thereafter, the SOH will be probed about once a month to obtain
samples, pressure, and temperatures at various depths. The wire
line device is a trailer mounted unit with typically a 16
horsepower gasoline engine. Monitoring would usually be
accomplished within a six to eight hour period during the
daytime only.

Although final testing plans have not been determined,
reservoir analysis may be attempted by injecting water into the
hole and measuring the rate of fluid acceptance, the pressures
required to inject the fluids, the time required to achieve
pressure equilibrium after pumping, and the zone or zones that
would accept the fluids. If undertaken, this reservoir analysis
test would consist of pumping water down the hole using a
standard irrigation pump of about 200 horsepower. The pumping
would be continuous for 24 hours seven days/week, and typically
for a period of time not exceeding one month. The engine for
the pump would be fitted with a high-quality exhaust silencer
and acoustic enclosures with sound traps when operating near
noise sensitive areas.

After testing of the hole is completed, a decision would
be made as to whether or not to continue monitoring the hole, to
cap the hole, or to plug and abandon it. If a decision is made
to continue monitoring the hole it is likely that the monitoring
would be completed within three years, then the hole would be
abandoned. When the hole is abandoned, the site would be
reclaimed and revegetated in accordance with regulations and in
consultation with the landowner.
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B. SOH DRILL SITE CHARACTERISTICS

The proposed locations of the SOHs are shown in Figure 1-2
and designated SOH 1, SOH 2, SOH 3 and SOH 4. These locations
were selected on the basis of surface geological observations,
heat flow surveys, known geophysical features including
resistivity and aeromagnetic anomalies, and soil geochemical
studies. Wherever possible, within the constraints of the
scientific objectives of the project, sites were selected in
areas where disturbance of adjacent property owners would be
minimal and where only limited surface disturbance to the land
would be required. Table 2.1 summarizes the ownership
characteristics at each SOH site.

o SOH 1 TMK 1-4-01:2 (Por.)

SOH 1 is located within the Kapoho section of the Kilauea
Lower East Rift Geothermal Resource Subzone (GRS) at an
elevation of about 620 feet on fallow cane land. It is
situated approximately 3,000 feet northwest of the HGP-A
geothermal well, 2,000 feet west-northwest of the KS-IA
geothermal well and 3,800 feet west of KS-2 in a fallow
sugarcane field. It is located on land classified
Agriculture by the State Land Use Commission and lies
approximately one-half mile from residences at Leilani
Estates and one-half mile from Lava Tree State Park. The
geothermal mining lease on the property is held by Puna
Geothermal Venture, Ltd. (PGV).

o SOH 2 TMK 1-4-02:32 (Por.)

SOH 2 is also located within the Kapoho section of the
Kilauea Lower East Rift GRS at an elevation of about 270
feet. It is situated in the State Agriculture District,
approximately one mile to the north of the cinder pit at
Kapoho crater, 2,200 feet north-northeast of the
Halekamahina Crater and 4,800 feet north-northwest of the
Kapoho BM (166) beside a farm road in an area largely
devoted to papaya orchards. The proposed SOH 2 site was
formerly used for papaya orchards but it is presently
fallow. There are several residences located about one
fourth to one half mile from the property. The geothermal
lease on the property is held by PGV.

An agreement is being negotiated between the land owner,
Kapoho Land and Development Company, Limited, and the University
for permission to construct SOH 1 and SOH 2 on its property.

11-6



.-

Table 2.1: SUMMARY SITE aIARACI'ERISTICS OF SCIENI'IFIC

OBSERVATION HOlES

OWner of Mining Rights:

SOH 1 - Kapoho Land Partnership
SOH 2 - Kapoho I.arrl Partnership
SOH 3 - campbell Estate
SOH 4 - campbell Estate

I.arrl OWner:

SOH 1 - Kapoho I.arrl am Developnent Corrpany, Linrited
SOH 2 - Kapoho Land am Developnent Corrpany, Linrited
SOH 3 - campbell Estate
SOH 4 - campbell Estate

lessee of Mineral Rights:

SOH 1 - Puna Geothennal Venture, Ltd.

SOH 2 - Puna Geothennal Venture, Ltd.

SOH 3 - campbell Estate
SOH 4 - campbell Estate

state I.arrl Use Classification:

SOH 1 - Aqriculture
SOH 2 - Aqriculture

SOH 3 - Conservation

SOH 4 - Agriculture
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o SOH 3 TMK 1-2-10:3 (Por.)

SOH 3 is located at the 1,480-foot-elevation on State
Conservation District land within the Kilauea Middle East
Rift GRS. It is situated approximately one mile to the
north of the Heiheiahulu Crater and 5 1/4 miles southeast
of Pahoa. The site is located adjacent to Campbell
Estate's Well site 1 in its geothermal
exploration/development area A, as permitted under CDUA
HA-1830 (Figure 11-3).

SOH 4 TMK 1-2-10:01 (Por.)

SOH 4 is located at an elevation of about 1,220 feet, in
the Kamaili section of the Kilauea Lower East Rift GRS,
about one mile north of the Iilewa Crater and 3 1/3 miles
south-southwest of Pahoa within the State AgricUltural
District. The land is forested and presently unused. The
property is owned by Campbell Estate, however, it is not a
part of the adjacent geothermal exploration/development
areas permitted under CDUA HA-1830.

A memorandum of agreement, allowing the University to use
Campbell Estate Land for SOH 3 and SOH 4 is being negotiated.
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C. SITE PREPARATION

site preparation activities for drill pads would consist
of clearing and leveling an area of about 10,000 square feet
and, where the possibility of lava flows occur, constructing
shallow cellars so that the top of the casing valve can be
covered during the observation phase after the rig has moved off
the site. In some instances, an unpaved access road from the
nearest government road would also have to be constructed. The
site would be large enough to accommodate the drill rig; several
trailers, for storage, office space, and sleeping; pipe storage;
testing equipment; parking spaces; and turnaround room. A mud
pit lined with plastic sheeting would be constructed to collect
any waste water and drill cuttings. As these are scientific
observation holes, there would be no permanent structures, and
as the holes would not be produced there would be no brine
collection and disposal systems, power plants, or electrical
power distribution systems. A conceptual site plan for a
typical SOH is presented in Figure 11-4.

No buildings will be erected on the drill sites . other
than the mud pit described above, pipe racks for drill rods, a
mud cooler, and possibly one or two S,OOO-gallon storage tanks
for water and drilling fluids, only mobile equipment would be
brought on the site. After drilling operations are completed,
all equipment removed, and the site restored, the only permanent
structure remaining on site would be a length of steel tubing
with valves, approximately 1 1/2 to 2 feet high and 2 inches in
diameter (Figure 11-5).

D. ACCESS

Access to SOH 1 would either be via a newly constructed,
1,000 to 2,000-foot-Iong, 1S-foot-wide unpaved spur road from
Highway 132 (Pahoa-Kapoho Road) or via an existing unimproved
road from Highway 132 into the property and via an unpaved spur
road to the site. An alternative being considered is an access
road from Pohoiki Road to the site. The road, which would be
built by PGV, would cross a previously disturbed, fallow cane
field.

The preferred access to SOH 2 off of Highway 132 would be
via an existing unimproved road, owned by Kapoho Land and
Development Company, Limited, which runs along the eastern side
of Halekamahina Crater from the Highway to the project site.
The SOH 2 drill pad would be located directly adjacent to this
road. If necessary this road would be upgraded to accept the
additional traffic generated by the project.
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2" valve

valve locked

1-1/2 to 2'

Figure 11-5

4-1/2" casing
to 1000'

II
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Access to SOH 3 would be over the proposed
True/Mid-Pacific Geothermal Venture road to their well site 1.
From well site 1, the SOH project road (which is within the
Campbell Estate proposed drill road alignment) will turn
northward and continue for about 1,000 feet to the hole site.

Access to SOH 4 will follow along the True/Mid-Pacific
Geothermal Venture access road for a portion of its length then
turn southward about 1,100 feet. Because this area is
undeveloped, a spur road would have to be constructed from the
True/Mid-Pacific access road to the site. The alignment of this
spur road would be through the closest accessible route;
sensitive environmental areas will be avoided.

E. INFRASTRUCTURE AND SERVICES

During the drilling process, mud mixed with water would be
pumped down the hole to provide lubrication for the drill pipe,
to condition the hole and prevent loss of circulation, to cool
the drill bit, and to carry the drill cuttings to the surface.
cuttings are then separated from the drilling fluids which are
pumped into the mud tanks and re-circulated. It is estimated
that a maximum of 7,500 gallons of water per day would be
required to replace that which was lost down the hole.

The method of supplying water to each of the four drill
sites would be determined in coordination with the Hawaii County
Department of Water Supply and the DLNR. Among the options that
are being considered, depending on drill site location, are
construction of a temporary two-inch-diameter pipeline from the
closest, available metered source and hauling water by truck and
storing it on site. The possibility of developing an abandoned
well near SOH 2 is also currently under discussion with DLNR and
County of Hawaii water officials.

The drilling rigs are self-contained and require no other
source of electrical power. Communications would be via
cellular telephone, mobile radio or, if feasible, temporary
lines from the nearest GTE Hawaiian Tel pole.

Liquid and solid waste would be disposed of by various
means. The SOHs would not be flow-tested so no fluid would be
produced. Drilling mud and rock cuttings are expected to be
lost downhole. Any rock cuttings that may result from drilling
operations would be pumped into the mud pit and permitted to
dry. Accompanying fluids are expected to be nontoxic. They
would be tested, however, and if benign, would probably be
allowed to percolate into the ground. An alternative would be
to pump the fluids into a tank truck and dispose of them at an
waste disposal site acceptable to the County of Hawaii and the
State Department of Health. Trash and operational debris would
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be collected by
disposal site.
domestic sewage
maintained by the

F. SCHEDULE

the drilling contractor and hauled away to a
Chemical toilets, or other approved methods of

disposal, would be used at the sites and
drilling contractor.

Cable drilling operations are scheduled to start between
April and June, 1989, depending upon availability of the drill
rig, if all necessary permits have been secured by that time.
The core rig is scheduled to be mobilized from the Mainland in
Mayor July, 1989, and core drilling operations should commence
about two to four weeks later. Drilling time for each hole
should take approximately three to five months depending upon
drilling conditions and the depth of the holes. Any possible
reservoir analysis studies may take several years, and may be
associated with possible geothermal activities by producers.

The three types of drilling rigs described in Section A of
this chapter would rotate from site to site. For example, once
the cable drilling rig has completed its portion of the hole at
the first site, it will move on to the next while the
core/rotary drill moves into the first site. This procedure
will continue until all four holes are completed. Breaks with
no drilling activities could occur, however, between the
departure of one rig and the arrival of the next.
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PART III: DESCRIPTION OF THE EXISTING ENVIRONMENT

A. THE PHYSICAL ENVIRONMENT

o Climate

Long-term climatological information in the vicinity of
the GRS can be obtained from data collected at Hilo where
weather data has been compiled by the National Weather Service
(NWS) for over 40 years. The monitoring site is on the coast
approximately 25 kilometers (km) northwest of the proposed
geothermal development areas.

Meteorological data representative of the geothermal
resource subzones has been collected since March 1981 at the
Woods site in the vicinity of the HGP-A well site. This site is
shown in Figure 111-1 along with other air quality monitoring
sites in the region. A summary report of air quality and
meteorological monitoring for the Kilauea East Rift Zone was
prepared for the state in 1985 (DPED, 1985).

The Woods data include hourly observations of temperature,
wind speed and direction, relative humidity, precipitation,
insolation, and standard deviation of wind direction fluctuation
(sigma-theta) . From February 1982 through January 1983,
observations were recorded every three hours at this site.
Recent meteorological data collected at the woods site is
presented in Table 3.1.

As monitored at this station, northeast trade winds
prevail during daylight hours; westerly drainage winds prevail
during the nighttime hours. The annual average wind speed for
all hours is seven miles per hour (mph), while daytime wind
speeds average eight mph and nighttime wind speeds average six
mph (Fluor Technology, Inc., 1987). On a daily basis, winds are
strongest (9 mph) in mid-afternoon, and the lightest (4 mph)
between the hours of 8 and 11 in the evening.

Precipitation in Puna averages about 100 inches per year.
North of the rift, rainfall is about 140 inches annually, while
the southeast coast is drier with approximately 80 inches per
year. Recharge loss due to evapotranspiration is estimated to
be from 10 to 30 inches annually (Imada, 1984; Fluor Technology,
Inc., 1987).
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Table 3. 1 l'O:>[6 SITE M:>NIHLY MEI'IDROLOG1C'AL IY\TA SUMMARY

Temperature Wi.rx:l Precipitationa Relative

Month (Degree centigr.) Prevail. Speed nVsec nun nnnlday Humidity

/year Avg Min Max Direct. Avg. Min. Max. Total Min Max (%)

NOV86 22.4 19.8 24.8 N 2.7 1.9 4.2 499 0 94 89
DEC86 20.5 18.7 20.8 NNW 2.4 1.4 4.7 99 0 13 88
JAN87 20.2 18.6 23.3 NW 3.0 1.4 6.1 139 0 52 93

FEB87 20.1 18.4 22.8 NNW 2.7 1.7 4.7 92 0 25 89
MARS7 20.2 19.2 23.5 NW 2.9 1.0 4.6 90 0 36 82
APR87 20.6 19.4 23.8 WNW 2.7 2.0 4.5 161 0 42 88

MAY87 23.0 18.2 24.5 NW 2.7 1.1 4.2 175 0 47 93
JUN87 23.1 22.0 25.2 N 2.5 2.0 3.5 145 0 20 95
JUI.B7 23.2 22.7 25.1 NNW 2.4 1.8 2.9 381 0.3 194 96

AUG87 24.4 24.1 26.8 NW 2.3 1.7 3.0 71 0 13 94
SEP87 24.8 23.5 26.2 NNW 2.2 1.4 3.2 103 0 59 95
0CI'87 23.5 21.1 24.8 NW 1.8 1.4 2.2 118 0 60 94

EX'I'REME

AVERAGE 22.2 21.1 26.8 NNW 2.5 1.0 6.1 2072 0 194 91

a = Possible malfunction of rain gage during measurement period.
Rain gage sensor cable replaced october 28, 1987.

Source: Fluor Technology, Inc., 1987.

111-3



o Geology

SOH 1 and 2 are located in the Kapoho section of the
Kilauea Lower East Rift Zone; approximately 35 percent of the
section is covered by lavas erupted during the 1955 and 1960
events. The eastern portion is covered by flows from Kapoho
(1960), contains several large cinder cones and a few pit
craters, and has a very gentle slope. The slope steepens
slightly in the central portion where several pit craters are
located as well as one of the more prolific 1955 vents. Several
large ground cracks, a tangental fault system, a large cinder
cone and mUltiple pit craters are located in the western
sUbsection where the slope decreases slightly.

Elevations in the Kilauea Middle East Rift GRS (where SOH
3 is located) range from 1,200 to 2,000 feet; approximately 15
percent of the section is covered by recent lavas which erupted
in 1961, 1963 and 1977. Most of the volcanic features are
located in the southern portion where the slope drops off
steeply to the south, and recent lava flows (1973 and 1977),
cinder cones, and Heiheiahulu Cone are located. A small 1961
lava flow and many large ground cracks are found along the
flattened central rift axis. The slope of the northern section
steepens slightly to the north where a few large ground cracks
are located.

SOH 4 is located in the Kamaili section of the Kilauea
Lower East Rift GRS; approximately 15 percent of the section is
covered by 1955 lava flows. The northern portion has a slight
slope to the north away from the rift axis and is in
homesteads. The central rift axis is a flattened region with
few geologic features. Most of the volcanic features such as
cinder cones, pit craters, ground cracks and recent lava flows
(1955) are located in the southern section where the slope drops
steeply off to the south from the rift axis.

o Geologic Hazards

The proposed SOHs are located in the active Kilauea ERZ
where a constant source of heat (evidenced by the recent
volcanic activity) creates a hazardous environment. Lava flows,
explosive eruptions, ground deformation, subsidence and
earthquakes are the potential hazards . Volcanic activity
producing lava flows has occurred in the ERZ historically at
intervals ranging from 4 years, based on the period from 1950 to
present, to about 40 years, based on the period from 1790 to
1950 (True/Mid-Pacific Geothermal Venture, 1986). Activity at
Pu'u 0'0, beginning in 1983, is one of the longest eruptive
series and has included numerous eruptive phases spaced at
intervals of a few weeks (Fluor Technology, Inc., 1987).
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In the past 30 years, activity has been concentrated in
the upper and lower ERZ and lava flows have entered all three
subzones. Volcanic activity has been rather uniformly
distributed along the entire length of the ERZ from the historic
perspective (1790 to 1988). Any given plot of ground within the
ERZ has approximately a 5 percent probability of being buried
within a century according to historical records
(True/Mid-Pacific Geothermal Venture, 1986).

o Hydrology

Kilauea, the island's youngest volcano, has only minimal
soil development and few interlayered ash beds allowing
precipitation to percolate rapidly into the ground . There are
no permanent surface streams and only one small lake, Green Lake
in Kapoho Crater, which results from a localized ash layer
causing a perched water table.

Ground water occurs in porous, permeable and secondarily
fractured basalt layers. The cap rock surrounding geothermal
reservoirs is relatively impermeable but leakage of geothermal
fluid into the ground water occurs where the seal is locally
broken by geologic structure. The amount of fluid escaping from
the cap rock is sufficient to completely alter the fresh water
character of the ground water in some locations (Fluor
Technology, Inc., 1987).

Hydraulic gradients along the northeast coast of Puna
range between two and four feet per mile with water table
elevations of 12 to 18 feet above sea level five to six miles
inland (Druecker and Fan, 1976). Circulation within the East
Rift Zone itself is probably minimal and is thought to be
parallel to the rift (Fluor Technology, Inc., 1987).

Groundwater level, which normally follows the contour of
the surface, is expected to be at a depth of about 600 feet at
SOH 1 and approximately 200 feet at SOH 2. The depth of the
groundwater table is unknown in the vicinity of SOH 3 and 4, but
is expected to be at least 600 to 700 feet below the surface.

Very little specific hydrologic information is available
for the SOH 3 and 4 GRS areas. The nearest wells are the Pahoa
wells (2986) just north of the Kamaili Section, and the
Keauohana wells (2487) just south of the Kamaili section (Figure
111-2) . These wells are similar in depth (740 - 805 feet) and
both are used for domestic supply purposes. The Pahoa wells
produce water of excellent quality. It is anticipated that this
is generally representative of all areas within these subzones
which are northwest of the rift structure. It is thought that
ground water north of the rift zone flows to the ocean in a
northeasterly direction, generally perpendicular to topographic
contours (Fluor Technology, Inc., 1987).
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The Keauohana wells (2487) are somewhat warmer and more
saline. It is anticipated that ground water in and south of the
rift zone in this area will be somewhat saline, depending upon
the extent of seawater intrusion and geothermal leakage into the
aquifer. Discharge to the ocean from this aquifer is expected
to be direct in a southeasterly direction.

More information is available for the Kapoho section of
the Lower East Rift GRS (where SOH 1 and SOH 2 are located) as a
result of the development of HGP-Aand other geothermal wells
within the section. The hydrology of this area is influenced by
the major structural break (transverse fault) of the East Rift
Zone at the southwest end of the section. All ground water
downgradient of the transverse break appears to be geothermally
affected, displaying elevated temperatures and mineral levels
(Fluor Technology, Inc., 1987).

South of the rift zone, ground water flows southwest to
the ocean. Permeability in the area is high, with the exception
of the ash layer found near Kapoho Crater. All water wells
within and south of this section display elevated temperatures
and relatively high mineral contents suggesting geothermal
influence and a poorly developed basal lens. There are no
recorded water wells north of the section, but the high quality
of water from Pahoa wells suggests that groundwater quality may
improve in a northerly direction.

o Noise

Local terrain and vegetation features have a large effect
on noise levels since terrain and vegetation can act as noise
buffers. The geothermal subzones exhibit a large variation in
terrain features and vegetation. Vegetation varies from light
to dense, consisting of papaya orchards, woodlands, other
natural vegetation, and barren lava (Fluor Technology, Inc.,
1987). The terrain in the subzones is also quite varied. One
feature which would have significant local noise shielding
effects consists of several volcanic hills (puus). Each puu in
the vicinity of a geothermal power plant or noise receptor would
potentially reduce noise impacts.

An environmental noise survey was conducted by Fluor
Technology, Inc. (1987) as part of the Puna Geothermal Venture
(PGV) EIS noise impact analysis. Noise monitoring stations were
located at two residential locations near the PGV site. (These
stations are identified on Figure 111-1 as Brees and Gilman).
Background noise levels during the survey ranged from 34.2 dBA
(7 PM) to 53.2 dBA (5 AM), which exceeds the County nighttime
noise guidelines of 45 dBA. The high background noise level was
due to moderate winds and precipitation in the area during the
noise survey. Monitored noise levels from the PGV study are
presented in Table 3.2. In general, background noise levels
remained well below 45 dBA during most hours of the survey.
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Table 3.2 NOISE KlNI'IDRING mTA

Off-Site Residence Off-site Residence
Brees station Gilman Station

Time Period L90a rsf L90a !sf
(Hoor EJ'rlin;J) (dPA) (dPA) (dPA) (dPA)

13:00 36 51.8
14:00 35 43.9 36 53.3
15:00 35 43.3 34 46.7
16:00 34 42.7 32 40.7
17:00 35 44.6 32 59.2
18:00 33 43.2 35 37.1
19:00 32 34.2 40 43.7
20:00 35 36.7 50 52.1
21:00 34 36.6 39 41.8
22:00 34 35.8 39 41.2
23:00 34 36.0 38 44.8

0:00 35 36.8 41 44.5
1:00 35 37.0 42 44.3
2:00 35 37.2 44 49.4
3:00 35 37.0 48 50.1
4:00 35 37 .1 49 51.9
5:00 34 36.6 51 53.2

. 6:00 34 36.4 50 52.2
7:00 35 46.4 43 47.3
8:00 34 43.9 35 43.8

9:00 34 46.8 ' 36 43.3
10:00 34 48.4 35 42.9
11:00 37 43.6 34 43.8
12:00 40 46.3 33 43.0
13:00 34 51.2

a WO is the A-weighted SOUI'Xi pressure level that is exceeded 90
percent of the time. 'Ibe specified time period is one hour ,

b I.eq is the equivalent SOUI'Xi level, which is the energy average
of the a-weighted SOUI'Xi pressure level. 'Ibe specified time
period of one hour. 'Ibe energy average is the constant noise
level for an hour that has the same energy as the actual
fluctuatin;} level durin;} the hour.

Source: Fluor Technology, Inc. (1987)
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The Occupational Safety and Health Administration (OSHA)
requirements for the workplace specify that no worker should be
exposed to 115 dBA for more than 15 minutes, or to 90 dBA for
more than eight hours. The u.S. EPA (1978) recommends that
"noise limitations should conform, as an initial minimum, to the
regUlations issued by the u.S. Geological Survey for geothermal
operations on Federal lands; i.e., not to exceed 65 dBA at the
lease boundary or one-half mile from the source, whichever is
greater."

There are currently no noise standards with numerical
limits in effect. The County of Hawaii Planning Department has
developed Geothermal Noise Level Guidelines based on a noise
study in the Puna District. These guidelines are based on u.S.
Environmental Protection Agency noise criteria and could be
applied to projects within the GRS. Noise guidelines are
presented in units of average frequency weighted decibels (dBA)
to account for human response to a range of sound frequencies.
The County of Hawaii Planning Department noise guidelines
specify 55 dBA during the daytime (0700 to 1900) and 45 dBA
during the nighttime (1900 to 0700) as satisfactory for
residential areas. Short duration (less than 1 second) impact
noise limits are 10 dBA higher than the daytime and nighttime
limits but may not be exceeded more than 10 percent of the time
in any 20-minute period. (Please refer to the Acoustic Impact
Study study by Darby & Associates, which is appended to this
assessment, for a complete discussion of these guidelines and
other noise issues.)

B. THE BIOLOGICAL ENVIRONMENT

o SOH 1

SOH 1 is located on agricultural land. Botanical and
faunal surveys conducted during the Puna Geothermal Venture
(PGV) environmental studies (Char and Kjargaard, 1984), also
included the SOH 1 site. Figure 111-3 depicts the vegetation
types within the Kapoho Section of the Kilauea Middle East Rift
GRS.

The 1984 PGV study described the vegetation on SOH I as
fallow sugarcane fields largely overgrown with weedy species.
Molassesgrass (Melinis minutiflora) and Californiagrass
(Brachiaria mutica) formed the dominant plant cover. Often
these two grasses were found intermixed with Desmodium sp.,
Desmodium cajanifolium, and sensitive plant (Mimosa pUdica).
Scattered shrubs of pluchea (Pluchea odorata) and guava (Psidium
guajava) were common. Smaller shrubs such as Jamaica vervain
(Stachytarpheta jamaicensis) , comb hyptis (Hyptis pectinata),
and BUddleja asiatica were also frequently found. A number of
scrub thickets occurred within the fallow fields. These
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thickets apparently were left undisturbed by farmers to serve as
windbreaks. They occurred as long, narrow bands across SOH 1.
The thickets were very dense, and were composed primarily of
shrubs such as Pipturus hawaiiensis, Pluchea odorata, BUddleja
asiatica, and trees of Trema orientalis and Melochia umbellata.

No threatened or endangered plant species were recorded
from SOH 1 in the PGV study.

A list of eleven bird species recorded from the PGV study
site (Kjargaard In Char and Kjargaard, 1984) is presented in
Table 3.3. Species which frequented the agricultural areas
(actively cultivated and fallow fields) were the Kolea, Barred
Dove, Japanese White-eye, Common Myna, Northern Cardinal, and
House Finch. The endangered '1'0 or Hawaiian Hawk may utilize
SOH 1 for feeding.

The native Hawaiian Hoary Bat or Ope'ape'a (Lasiurus
cinereus semotus) was not observed on the PGV site in spite of
two nocturnal visits to the site. The species, which .r oos t s
singly in trees, probably occurs throughout the GRS,
preferentially foraging in forest openings, along forest edges,
or over bodies of water. It has been observed in introduced
trees such as macadamia nut and kiawe as well as native trees
(Tomich, 1969; Kramer, 1971; van Riper and van Riper, 1982).
Unfortunately, the nocturnal habits of this species makes
detection and observation difficult.

The non-native mammals common to the site were found
almost exclusively in agricultural areas and included the Small
Indian Mongoose (Herpestes auropunctatus), rats (Rattus rattus,
Rattus exulens, Rattus norvegicus) and mice (Mus musculus). One
feral cat (Felis catus) was seen in the nearby papaya fields.

o SOH 2

SOH 2 is located near the old Kapoho Landing Strip on land
formerly in agricultural use (Figure III-3). Lamoureux and
Williams (1982) in their survey of the Pahoa-Kapoho region
included SOH 2 in the i - "vegetation type 2". This vegetation
type consisted of semi-cultivated areas, chiefly papaya groves,
which appeared to be poorly maintained. Large weed patches were
present, dominated by such woody species as guava (Psidium
guajava), Melochia umbellata, and guaruma (Cecropia
obtusifolia), while the major herbaceous components were
butterfly bush (Buddleja asiatica), napier grass (Pennisetum
purpureum), and comb hyptis (Hyptis pectinata)

No threatened or endangered plant species were recorded
from "vegetation type 2" in the Lamoureux and Williams survey.
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Table 3.3 LIST OF BIRDS RECORDED FROM SOH PROJECT
SITES 1 TO 3, PUNA DISTRICT, HAWAII

SPECIES

Buteo solitarius
Hawaiian Hawk, '1'0

Phaeornis obscurus
Hawaiian Thrush, 'Oma'o

Chasiempis sandwichensis
'Elepaio

Hemignathus virens
'Amakihi

vestiaria coccinea
'I'iwi

Himatione sanquinea
, Apapane

Pluvialis dominica
Lesser Golden Plover, Kolea

Phasianus colchicus
Ring-necked Pheasant

Lophura leucomelana
Kalij Pheasant

Tyto alba
Barn Owl

streptopelia chinensis
Spotted Dove

Geopelia striata
Barred Dove

Garrulax canorus
Melodious Laughing-thrush

Zosterops japonicus
Japanese White-eye

Acridotheres tristis
Common Myna

Lonchura punctulata
Spotted Munia

Passer domesticus
House Sparrow

Cardinalis cardinalis
Northern Cardinal

Carpodacus mexicanus
House Finch

STATUS+

N,E

N

N

N

N

N

M

F

F

F

F

F

F

F

F

F

F

F

F

SOH SOH
1* 2

+ +

+ +

+

+ +

+ +

+

+ +

+ +

+

+

+

+ +

+ +

SOH
3

+

+

+

+

+

+

+

+

+

+

+STATUS: N = native, endemic to the Hawaiian Island
M = regular migrant visitor
F = foreign introduced species
E = endangered

*Recorded (+) or absent (-)

No comparable studies have been conducted for SOH 4.
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,
Conant (1982) conducted an ornithological survey of the

lands around Halekamahina and the Kapoho Lava Flow of 1960.
This study area also included SOH 2. The ten bird species
observed or believed to occur in or near the Halekamahina-Kapoho
section by Conant are presented in Table 3.3. with the
exception of the endangered '1'0 or Hawaiian Hawk (an endemic
species) and the Kolea (an indigenous, migratory visitor), all
the other species are introduced or exotic.

o SOH 3

SOH 3 is located on Campbell Estate property in the State
Conservation District. Vegetation types in this subzone are
presented in Figure 111-4. Access to SOH 3 will be over the
True/Mid-Pacific Geothermal Venture road to their well site 1.
From well site 1, the SOH project road will turn northward and
continue for about 1,000 feet through 'ohi'a-uluhe woodland.

A survey of the vegetation and birdlife found along the
proposed True/Mid-Pacific Geothermal Venture access road and
well site 1 was conducted by Lamoureux, et al. (1988).
Vegetation along most of the road and well site consisted of wet
'ohi'a forest with native species and exotic shrubs, and is
delimited on Figure 111-4 as "ohia-a(2)". The 'oh'ia trees
(three varieties of Metrosideros collina) were mature, ranging
from 20 to 60 ft. in height . In some places the canopy was
closed (>60 percent cover) with most or all trees healthy, in
other places the canopy was more open and many of the trees were
dead. The more common subcanopy trees included both native
species [kopiko (Psychotria hawaiiensis), kawa'u (Ilex anomala),
and hame (Antidesma platyphyllum)] and introduced species [guava
(Psidium guajava) and strawberry guava (Psidium cattleianum)].
Tree ferns, hapu'u (Cibotium glaucum) and hapu'u 'i'i (Cibotium
chamissoi) were common. The dominant shrub throughout the area
was the introduced, weedy Malabar melastome (Melastoma
malabathricum), but some native species were relatively common,
including kanawao (Broussaisia arguta), mamaki (Pipturus
hawaiiensis), 'ohelo (Vaccinium calycinum), Clermontia
parviflora, and Cyrtandra paludosa, along with the introduced
thimbleberry (Rubus rosaefolius). Lamoureux, et al. (1988)
found that in more closed parts of the forest the trees, tree
ferns , and shrubs supported dense masses of epiphytes, including
many ferns, mosses and liverworts. In more open places there
were extensive patches of uluhe ferns (Dicranopteris emarginata
and ~. linearis) 3 to 8 feet deep.

The proposed access road and well site also crossed over
areas dominated by dense uluhe ferns with widely scattered
'ohi'a trees (designated as "ohia-uluhe" on Figure 111-4).
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Trees of two candidate endangered species, Bobea
timonioides and Tetraplasandra hawaiiensis, were found in the
ohia-a(2) forest. It was recommended that the road alignment be
changed slightly to avoid these trees. Feral pig (Sus scrofa)
activity was evident throughout the area and a sow with young
was encountered during the survey.

Ten species of birds were found during the
True/Mid-Pacific Geothermal Venture access road and well site
survey (Kjargaard In Lamoureux, et al., 1988) and are presented
in Table 3.3. Native birds ('Amakihi, 'Apapane, 'I'iwi, 'Oma'o
and 'Elepaio) were most frequent in the less disturbed upper
portion of the study area; one substantial population of
'Elepaio was also noted in this less disturbed area. Although
not observed during the study, the endangered 'I'o or Hawaiian
Hawk was expected to utilize the habitat. It was recommended
that the roadway be deviated away from the area with the high
.'Elepaio popUlation and vigorous stands of 'ohi'a. It was also
recommended that impact on native forest bird populations could
be reduced by locating the activity in areas of stand-level
dieback and/or high alien plant species density where native
bird popUlations have already been depressed.

o SOH 4

SOH 4 is located in a forested area within the State
Agriculture District. Unlike the other three SOH sites, there
have been no walk through surveys which specifically included
SOH 4. The discussion which follows is based on the vegetation
types mapped for the area encompassing SOH 4 by Char and
Lamoureux (1985a) (Figure 1II-5). These vegetation types were
delineated from interpretation of recent aerial
orthophotographic quads and from the U.S. Fish and wildlife
Service's maps (Jacobi, 1985). Representative vegetation types
were ground checked and correlated with the orthophotographic
quads to prepare a general description of each of the vegetation
types mapped.

Access to the SOH would most likely follow along the
True/Mid-Pacific Geothermal Venture access road for a portion of
its length then turn southward through 'ohi'a forests with
exotic subcanopy and shrub layers, designated as "ohia-b" on
Figure 1II-5. SOH 4 is sited in 'ohi'a woodland with uluhe;
designated as "ohia-uluhe".

Ohia-b vegetation is dominated by exotic subcanopy and
shrub layers. The forests may consist of medium to tall stature
trees with open or closed canopies. This type of forest is
often hard to distinguish from the ohia-a(2) forests (wet 'ohi'a
forest with native species and exotic shrubs) on the aerial
photographs, especially if the canopy is closed. The understory
layers have been greatly disturbed as exotic species dominate.
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Tall strawberry guava forms a dense subcanopy layer, 6 to
7 m tall, while smaller guava plants, 1 to 3 m tall, make up the
shrub layer. Malabar melastome is usually a common component of
the shrub layer and, in some areas may be the dominant component
of shrub layer. The ground beneath is usually heavily shaded
and groundcover often consists of basketgrass, thimbleberry
(Rubus rosaefolius), downy woodfern (Christella dentata),
'awapuhi-kua-hiwi, and strawberry guava seedlings of all sizes.
other exotics found in this type of 'ohi'a forest include
honohono (Commelina diffusa), Spathoglottis plicata, fireweed,
ti, pi'ia, a number of ginger species (Hedychium spp.), Hilo
grass, and rose apple.

Native species such as lama, tree ferns, 'ie'ie, and
kopiko are occasional ·t o common. The more open areas of these
forests are usually filled with tangled mats of uluhe.

The 'ohi'a-uluhe woodland type vegetation covers large
areas of Puna, especially on the relatively young lava flows
below 1000 ft. elevation near Pahoa.

The 'ohi'a-uluhe woodland is interpreted as one of several
stages in the normal succession leading to 'ohi'a forest on
relatively wet 'a'a and pahoehoe flows. This vegetation type
is often not uniform. Atkinson (1970) observed that even on the
same flow there is a wide variation in the proportions of uluhe
and 'ohi'a. It may vary from an uluhe "fernland" with few
'ohi'a trees to an 'ohi'a/uluhe "treeland": gradations from
"fernland" to "treeland" are not uncommon. Jacobi (1985) noted
that the rate of vegetation development may be significantly
influenced by the type of lava flow the plants have to grow on.
In wet habitats the fastest rate of development towards an
'ohi'a forest is found on broken lava substrates--'a'a or
"shelly" pahoehoe.

In places the 'ohi'a-uluhe woodlands have been burned at
some time or another (Atkinson, 1970) or logged (Char and
Lamoureux, 1985b). These disturbed woodlands have large patches
of broomsedge (Andropogon virginicus) scattered throughout;
clumps or thickets of Malabar melastome (Melastoma
malabathricum) and waiawi (Psidium cattleianum) are also common.

The dense fern cover prevents the establishment of many
seedlings and as a result only a few scattered plants such as
kopiko (Psychotria hawaiiensis), 'uki (Machaerina spp.), Malabar
melastome, and bamboo orchid (Arundina bambusaefolia) are found
in the thick uluhe mats. The uluhe may be up to 3 m tall in
some places. This vegetation type is difficult (and dangerous)
to botanize as the thick carpet of matted ferns often obscures
the large earth cracks, fissures, and tree molds beneath.
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There have not been any faunal studies on or near SOH 4.
It is expected that the avifauna listed for SOH 3 would most
likely be present on SOH 4.

C. ARCHAEOLOGY

o SOH 1 and 2

As shown on Figure 111-6, most of the known archaeological
sites in the vicinity of SOH 1 and 2 are located at or near
cinder cones. At the northeast end of the Kukii Cinder Pit a
heiau (Kukii Heiau) and spring have been recorded.
Kaholuao-kahawai to the west is a possible holua slide with
mythological connections to the goddess Pele. In the south
central portion is a holua slide and an agricultural complex
recorded by Hudson (1932). These sites lie to the west of the
1955 lava flow. Further to the west a lava tUbe was recorded by
Bonk (1980a,b) and the Rycroft Coffee Plantation appears on
Loebenstein's 1895 map. The two caves reported by Loebenstein
in the east part of the Kapoho were almost certainly inundated
by the 1960 lava flow. The entire eastern section of the
subzone, except for the higher cinder cones and small kipukas,
has been inundated by the 1960 lava flow. Because Kukii Heiau
is on higher ground it has survived this flow. The 1955
eruption inundated large areas in the east central portion;
lands between the 1955 and 1960 lava flows are used for sugar
cane.

o SOH 3

Bonk (1988) found no archaeological sites, features or
data supporting human activity within the area surveyed during
an archaeological reconnaissance survey along the access road
and first drill site (the location of SOH 3) for
True/Mid-Pacific Geothermal Venture. As shown on Figure 111-7,
Haun and Rosendahl (1985) recorded some possible cairns at
Heiheiahulu (under cane in 1985) and Holmes (1985) recorded a
trail (the Kaimu Trail) and some possible bird catching
shelters. It is probable that portions of the Kaimu Trail have
been covered by post-1982 lavas in the south central portion of
the subzone.

o SOH 4

There are no recorded archaeological sites in the vicinity
of SOH 4; the southern and north central areas of the GRS have
been covered by the 1955 and 1840 flows respectively.
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D. SOCIO-ECONOMIC ENVIRONMENT

o Population and Land Use

The state has estimated Puna's mid-1986 population at
18,400 suggesting an average growth rate of 7.4 percent per
year (DBED, 1987). Much of the district's recent growth has
been taking place in lower Puna (Census Tract 211), which
increased its share of the overall Puna population from 26
percent in 1970 to 40 percent in 1980. Pahoa, which is located
in C.T. 211, is the Census Defined Place (CDP) nearest to the
SOHs, showed no population increase during the 1970s. In lower
Puna, the subdivisions, rather than the town, have attracted new
residents.

No data for the subdivisions that might be affected by the
SOHs are available. A door-to-door survey in 1984 found 152
households in the Leilani Estates subdivision, with a population
approaching 400 (Anderson and Oyama, 1987). The only available
indication of (actual or potential) population in the nearby
subdivisions is the number of lots into which they are divided
(on tax maps), they are: Hawaiian Holiday Estates, 88 lots;
Lanipuna Gardens, 110 lots; Leilani Estates, 2,266 lots; and,
Nanawale Estates, 4,289 lots. If past trends continue, it can
be expected that a large proportion of the currently vacant
parcels will be developed with residences rather than being used
primarily for agriculture.

Because Puna is relatively undeveloped, residents enjoy a
variety of activities that can also produce supplemental
income. These include hunting, fishing, limu and opihi
gathering, and foraging for plants. It is common for people of
the area to grow produce and fruit for their own consumption;
excess production is sold to the pUblic.

The Puna District is particularly well endowed with
natural recreational areas. There are three beach parks and
three parks that are rural or mountain types. Added to this are
several state parks (including Lava Tree state Park near SOH 1)
and thousands of acres of federal forest reserve.

o Infrastructure and utilities

state Highway 11, Volcano Road, is the primary
Hilo-Puna-Ka'u route. This highway serves the upper Puna
region. The primary routes connecting lower Puna to Keeau and
Hilo are the Pahoa Road (Hawaii 130), which runs from Keeau
through Pahoa to Kalapana-Kaimu; the Kapoho Road (Hawaii 132),
from Pahoa to Kapoho; the Puna Coast Road (Hawaii 137), which
links Kapoho to Kalapana-Kaimu; and a portion of the Chain of
Craters Road which is covered by lava for approximately 2 1/2
miles near Highway 130. The Hawaii Belt Road, Chain of Craters
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Road, the Kalapana-Kaimu bypass road and the majority of the
Keeau to Pahoa road are all weather surfaced; those not sUbject
to inundation by lava are in excellent to good condition. The
others are in need of repair, widening or other improvements
(u. S. MMS and DPED, 1987).

other pUblic streets and roadways within the district are
under County jurisdiction and are periodically maintained and
improved by them. Pohoiki Road, which serves the geothermal
development area near SOH 1, branches off from Highway 132 near
Lava Tree State Park and continues to the lighthouse at Cape
Kumukahi. This road is paved, narrow in places and in poor
condition (Albert Matos, personal communication).

Puna's industrial infrastructure was put in place to serve
agricUlture; arterial roads and highways are adequate to handle
the truck traffic associated with various agricUltural
endeavors. "Haul cane" roads provide access to former sugar
lands; this type of road is privately owned and the
responsibility of the landowner and/or the lessee.

water, electricity and telephone services are basically
confined to the older developed areas of Keeau, Pahoa and Kapoho
and along the Volcano Highway from Keeau to Mountain View.
Water and telephone service also extends to the Kalapana area
but not all of that area is served.

Telephone service is provided by Hawaii Telephone Company
which offers service throughout the district. Electrical power
is provided by HELCO and serves the most populated areas of the
district. Power transmission is by overhead lines; the poles
are typically shared by the telephone system.

The pUblic water supply and distribution system is
operated and maintained by the County Department of Water
Supply. There are five major pUblic systems in the Puna
District; these are located at Olaa-Mountain View, Pahoa,
Kapoho, Kalapana and Keeau (substation of Olaa-Mountain View).
Residents of areas without centralized water systems (including
many in the Kapoho area), rely on roof catchment for their water
supply. During periods of drought, the County assists families
who rely on rain catchment in replenishing their water supply.

The Keeau system is planned to be extended toward Pahoa
Drive; this expansion is anticipated to take place soon. A
portion of the Pahoa system has been extended from Kaniahiku
Village to Lava Tree state Park and to the HGP-A geothermal well
site. Depending on funding there may be an expansion toward
Hila of this system. The goal is to connect with the Keeau
system after it is expanded. Eventually the Kapoho system will
be supplemented by tapping into the Pahoa system. Because of
source problems, no definite date is set for expansion (Craig
Shimabukuro, personal communication).

111-22

..-



There is no municipal sewer system in Puna. Sewage
disposal in the district is by means of individual cesspools,
septic tanks, or aerobic treatment units.

o Public Facilities and Services

The County has implemented a solid waste management
program for Puna. Open dumps have been closed and solid waste
is now deposited at transfer stations, (large containers into
which rubbish 1S disposed) and then transported for final
disposal in landfill sites at either Hilo or Kona. Transfer
stations are located at Kalapana, Pahoa, Keaau, and the Volcano
Area. There is no municipal solid waste collection in Puna; the
service is either provided by private contractors or individuals
take their "rubbish" to the transfer station or landfill
themselves.

There is no facility available exclusively for industrial
waste. Clearance must be obtained from the State Department of
Health (Environmental Services) before this type of waste can be
disposed of in the existing landfills.

Pahoa has one
clinic run by the
hospitals in Puna.

full-time doctor. There is also a private
Hilo Medical Group in Pahoa. There are no

There are three schools in the Puna District: Keeau
Elementary and Intermediate School; Mountain View School; and
Pahoa High and Elementary. Public schools in the Puna district
are operating at capacity level. A new elementary school (K-6)
is planned for the Pahoa/Keeau area; the school is planned to
open in 1991 (Edward Matsushige, personal communication).

Two fire stations are located in the District at Pahoa and
Keeau; both facilities are 24-hour a day operations. In
addition, trucks manned by volunteers are stationed in Paradise
Park and Hawaiian Beaches sUbdivisions. A volunteer program in
the Volcano community is also planned (Ralph Yoshizumi, personal
communication). One police station, located in Keeau, serves
the entire Puna District.
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PART IV: POTENTIAL IMPACTS AND MITIGATING MEASURES

A. INTRODUCTION

The proposed drilling program is for scientific
observation purposes only. The holes will not be flow tested or
used for production of geothermal or other fluids.
Environmental effects will be transitory in nature, and limited
mainly to the time that the drilling rig is on site and
drilling; about three to five months depending on the depth
drilled and the type of rock formation encountered. Wherever
possible, drill sites will be selected on previously disturbed
land, so as to cause minimum impact, and appropriate mitigating
measures will be taken to reduce potential impacts.

Areas of
be limited to
airstrips, or
activities will

temporary and permanent surface disturbance will
the drill sites and access roads. No camp sites,
other support facilities will be constructed; all
be confined to the drill site and access road.

If the rift zone were
SOH sites and flows
sites, the drill rig
protected by burying it

B. GEOLOGY AND SOILS

o Drainage

Surface drainage in the area is poorly developed, with
most of the precipitation percolating downward through the
porous soils and lavas and flowing slowly toward the sea.
The SOH sites will be constructed so that surface water
runoff would drain into a mud pit.

o Geological Hazards

to become volcanically active at the
were to threaten the rig and the

would be removed and the wellhead
beneath volcanic cinders.

C. AIR QUALITY

Temporary effects of site preparation would include
increased dust and particulate matter in the air from clearing
and leveling the site and access road and, where the possibility
of lava flows occur, constructing shallow cellars so that the
top of the casing valve can be covered during the observation
phase after the rig has moved off the site. A mud pit lined
with plastic sheeting would be constructed to collect any waste
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water and
area would
dust level
periodically

drill cuttings. Dust disturbances from the working
be minimal. Precautions would be taken to keep the

low; roads and working areas will be watered
if necessary.

The cable and core drilling would have little impact on
air quality. The largest source of emissions would be diesel
emissions from the drill rig, which are comparable to emissions
from heavy earthmoving equipment. Appropriate emission control
devices would be installed on all equipment on the site. Some
additional vehicular emissions could also occur. Rock dust
particles produced by drilling would be entrained in the
drilling fluids and collected in the drilling mud tanks.

Mud drilling has negligible gaseous emissions, as the
drilling mud tends to from a cake on the hole walls, sealing the
hole from fluid entry. Also, the hydrostatic head of the
drilling fluids tends to prevent fluid entry into the hole. The
holes will not be flow tested or produced, therefore, geothermal
gases will not be vented into the atmosphere. ' The SOH project
will not adversely impact the ambient air quality in the project
area.

D. WATER QUALITY

Groundwater level, which normally follows the contour of
the surface, is expected to be at a depth of about 600 feet at
SOH 1 and approximately 200 feet at SOH 2. The depth of the
groundwater table is unknown in the vicinity of SOH 3 and 4, but
is expected to be at least 600 to 700 feet below the surface.
There are no surface streams or ponds in the vicinity of the
proposed drill sites.

In the Puna area, the underlying groundwater has mixed
water quality characteristics, indicating the influence of the
geothermal resource at greater depth. At the Noi'i 0 Puna
geothermal facility the brines have a total dissolved solids
concentration of 5,000 to 36,000 ppm, and mix with the
geothermally-influenced groundwater below the surface.

Geothermal reservoir fluids would be precluded from
migrating into the overlying groundwater system by cementing
casing into the hole to a depth of approximately 1,000 feet
before drilling into the geothermal reservoir.

Drilling mud additives and components are typically inert,
and consist of nontoxic components. Geothermal drilling fluids
are not considered hazardous by the Environmental Protection
Agency (EPA). These fluids and the rock cuttings would be
pumped down the hole or distributed on the site, and would
percolate downward through the porous soil at the conclusion of
the drilling program.
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The SOHs will not be flow tested or produced, and
geothermal brines, other than that which may mix with the
drilling fluids, will not be carried to the surface and
discharged. Drilling permit requirements will be stringently
enforced and maintained. strict adherence to these requirements
will insure that there is no significant impact to the quality
of water resources in the area.

E. NOISE

An
proposed
and is
analysis

analysis of the potential acoustical impacts of the
SOH project was undertaken by Darby & Associates (1989)

appended to this assessment. The results of this
are summarized below.

o Noise Sources

Construction Operations: The building of roads and site
preparation for the SOH's will involve standard
construction equipment - bulldozers, graders, trucks, etc.
operating in the same manner, and over a limited time
period, as any other similar project; e.g., county road
building, clearing of agricultural land, etc. No unusual
noise events of long duration are involved. The drill
pads will be located to minimize grading and environmental
impact and thus minimizing noise impact as well.

Cable Drilling Ooerations: A water well cable drilling
rig will be used to drill a 16 inch diameter hole to
approximately 100 feet. A casing will be cemented into
the full depth involving concrete mixing trucks. All
operations in this phase will be done only during the
daytime and are estimated to require approximately two
weeks to one month total. No adverse noise impacts are
anticipated from this phase of the SOH operation.

Rotary/Core Drilling: A Universal 5000 rotary/core
drilling rig will be used to drill to a ,depth of about
1,000 feet. This drilling will occur 24 hours/day and
seven days per week for approximately one to one and
one-half months. The Universal 5000 rig will use a 410
horsepower diesel engine to power the hydraulic top head
drive and an electric generator. It is estimated that
noise levels of 60 to 62 dBA are to be expected at a
distance of 100 feet from the rig. Noise from this rig
during drilling can be characterized by a steady sound due
to the use of the hydraulic head drive as opposed to the
fluctuating noises often emanating from production
drilling rigs. This noise level could be reduced further
by installing noise mitigation enclosures at the bottom as
well as on the sides and top of the diesel engine
compartment of the rig.
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Two diesel powered mud pumps, and possibly smaller pumps
to agitate the mud tanks, would be associated with the
drilling. The larger mud pumps will have about 140
horsepower diesel englnes and will be located on the
ground adjacent to the mud tank. The noise from the mud
pumps and other ancillary pumps can be reduced to that of
the drill rig, or lower, if full enclosures and quality
exhaust silencers are used.

The handling of drill rods and casing sections will be the
source of impact noises; and, on occasion, may be audible
at closer distances during quiet times and under certain
sound propagation conditions. The cementing of the casing
will probably use the mud pumps and not outside concrete
mixing trucks. Some sites will be tied to the nearest
water well and will have a pump powered by a small
gasoline engine. An adequate muffler and acoustic
enclosures will be implemented to the pump unit if found
necessary when near noise sensitive areas.

Core Drilling: Either the Universal 5000 or a smaller
Universal 1500 drilling rig will be used to complete the
drilling of the hole to the final depth of 4,000 to 6,500
feet. This operation will also involve 24 hours/day and 7
days per week for about two months. The Universal 1500
rig is similar in design to the Universal 5,000 rig except
smaller in size with a 230 horsepower diesel engine. The
Universal 1500 rig will get noise control treatment
similar to that on the larger rig before operating in
Hawaii. Due to its smaller size and lower horsepower, it
should produce no more noise than the larger, quieted
Universal 5000. If the rig and all ancillary diesel or
gasoline powered pumps are treated as delineated above,
then the drilling operations during this phase can also be
characterized as causing 60 to 62 dBA at a 100 foot
distance.

Monitoring and Testing: After drilling is completed, the
hole will be probed with a wire line thermometer several
times during the first month to measure thermal rebound
and equilibrium temperature profiles. Afterwards the SOH
will periodically be probed with a wire line to obtain
samples, pressure, and temperatures at various depths.
The wire line device is a trailer mounted unit with
typically a 16 horsepower gasoline engine. Monitoring
will be usually completed within a 6 to 8 hour period
during the daytime only. No adverse noise impacts are
anticipated during this process.

After drilling is completed, a reservoir analysis test may
be made using a standard irrigation pump of about 200
horsepower. During this test, the pumping would be
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continuous for 24 hours seven days/week, typically for a
period of time of less than one month. The engine for the
pump will be fitted with a high-quality exhaust silencer
and acoustic enclosures with sound traps such that no more
than 60-62 dBA at 100 feet will be generated when
operating near noise sensitive areas.

The SOHs will not
geothermal fluids
associated noise.

o Impact Analysis

be
will

flow
be

tested
vented,

or produced.
there will

As no
be no

Basic Considerations: In the Puna area on Hawaii, it has
been found that the sound transmission path can be very
variable and a major factor in controlling the propagation
of geothermal activity noises. The following excerpt from
the Geothermal Noise Level Guidelines of the Hawaii County
Planning Department describes these propagation
considerations:

"In general, there are
combinations of factors
attenuation of sound . . .

three distinct
which affect

conditions
the rate

or
of

"Condition 1 - Cylindrical spreading based on 3 dB loss
per doubling of distance which is the worst case
theoretically. This condition exists when compound
sound velocity gradients in the atmosphere cause the
ducting of sound . . . "

"Condition 2 Spherical spreading based on 6 dB loss
per doubling of distance plus excess attenuation for
propagation through air only. This condition exists
when sound velocity gradients exist to "bend" sound
rays over trees and other obstacles."

(Experience has shown that when strong winds exist, the
probability of sound effectively refracting over trees
and topography is very low. This phenomenon is due to
the high degree of turbulence in the boundary layer
tending to more randomly scatter the sound energy, as
opposed to the fairly well defined, and relatively
stable wind gradient pattern associated with light to
moderate winds. Thus, for strong wind situations, 8 dB
per double distance propagation loss is assumed for
receptors that are downwind of the source).

"Condition 3 Spherical spreading based on 6 dB loss
per doubling of distance plus excess attenuation for
propagation through air (Condition 2), plus ground
attenuation due to the absorption and scattering caused
by trees and other foliage."
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(Accurate estimates of noise levels using sound
propagation Condition No. 3 from the Guidelines depends
on accounting for attenuation from topographical
features and flora in the sound path. It can be shown
that sound traveling through about 850 feet or more of
Ohia Forest will cause excess attenuation of 20 dB if
no refractive phenomena are in effect. For the
purposes of this analysis, a generally conservative
case of the sound level attenuating 8 dBA for every
doubling of the distance was used for Condition No.3).

Condition 4 - An additional sound propagation condition
has been included to account for the case when the
receptor is upwind of the noise source. Sound rays
traveling upwind are refracted upwards causing a
so-called acoustic shadow zone over a large sector
upwind of the noise source. This upwind condition is
estimated by assuming that there is excess attenuation
of 5 dB per 300 feet up to a maximum of 25 dB in the
upwind sector 67 0 more or less about the average wind
direction.

Noise Imoact Predictions: Condition No. 2 is the
prevalent downwind sound propagation situation in the Puna
area; that is, about 75 percent of the time in the daytime
and 95 percent of the time at night. Based on
calculations presented in the appendix, and assuming that
the on-site operations generate 60 dBA at 100 feet, noise
from SOH drilling operations would be less than 45 dBA at
800 feet downwind from the rig during sound propagation
Condition No.2,. If a major topographical feature is
located between the drill rig and the downwind receptor,
the receptor could be even closer to the rig without
exceeding the 45 dBA limit. If the receptor is located
upwind of the drill rig (Condition No.4), the sound would
attenuate to 45 dBA about 350 feet from the drill site.

Condition No.1 (worst case sound propagation), most often
occurs when there are moderately to extremely stable
atmospheric conditions; these conditions usually occur
about one hour before sunset and may continue to about one
hour after sunrise when there is the proper combination of
light wind and minimal cloud cover. As shown in the
Appendix, an "extremely stable" condition occurs generally
less than 5 percent of the time and the "moderately
stable" condition occurs less than 30 percent of the
time. There is a slight probability that under sound
propagation Condition No.1, temporary sound level peaks
of 45 dBA may exist to about 3,000 feet from the drill
rig; however, they would generally be fluctuating such
that the temporal conditions in the County Guidelines
would probably not be exceeded.
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In summary, based on the analysis presented in the
Appendix, Geothermal Noise Guidelines should be met at 200
feet from the drill rig during the daytime (55 dBA). At
night when the receptor is upwind of the rig, the 45 dBA
limit should be achieved as close as 350 feet. When there
are trees and/or minor topographical features between the
rig and the listener, and the wind speed is over 10 mph
(Condition No.3), the nighttime 45 dBA level should be
met at downwind distances of 450 feet and greater. When
the wind is light, and Condition No. 2 exists, receptors
at distances of 800 feet and greater downwind should
experience 45 dBA or less. If sound focusing should occur
during periods of strong thermal inversions and very light
winds (Condition No.1), there may be short term sound
levels 5 to 10 dBA greater than those levels shown for
Condition No.2. Thus, under this worst case, levels of
45 to 50 dBA could occur for short time periods for
distances from about 400 to 1,500 feet downwind from the
rig. It is believed that 45 dBA would not be exceeded
more than 10 percent of the time and that the SOH project
will not exceed County of Hawaii geothermal noise
guidelines.

o Additional Mitigating Measures

An aerial survey will be made prior to siting the hole
locations, and aerial photographs provided to show the
locations of any structures likely to be affected by noise
or the drilling operations. During drilling operations,
noise levels will be monitored at several sites at and
adjacent to the drilling rig, and mitigating measures will
be taken if noise levels exceed acceptable levels.

Although drilling will be conducted on a 24 hour-a-day, 7
days-a-week basis once core drilling commences, only one
hole will be drilled to completion at any given site.
Spacing of the individual SOHs would be large enough to
preclude cumulative noise impacts.

The SOH sites are located in agricultural areas, away from
urban population concentrations. The nearest known houses
to SOHs 1 and 2 are approximately 1/4 mile away. No known
houses are near to SOHs 3 and 4. Even with appropriate
mitigating measures, however, the noise from drilling
activities may still be annoying to some residents. Any
noise intrusion will be temporary and will essentially
cease when the hole is completed.
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F. FLORA AND FAUNA

o SOH 1 and SOH 2

Flora: No threatened or endangered plant species were
recorded from SOH 1 during the PGV environmental studies
(Char and Kjargaard, 1984). No threatened or endangered
plant species were recorded from "vegetation type 2" in
the Lamoureux and Williams (1982) survey which included
SOH 2.

Birds: A list of eleven bird species recorded from the
PGV study site including SOH 1 (Kjargaard In Char and
Kjargaard , 1984) is presented in Table 3.3. Hawaiian
Hawks (an endangered species) were sighted in the vicinity
of SOH 1 during a 1985 survey of the PGV area (Jefferies,
1985) . The endangered 'I'o (an endemic species) may
utilize SOH 1 for feeding.

An ornithological survey of the lands around Halekamahina
by Conant (1982) also included SOH 2. with the exception
of the endangered 'I'o and the Kolea (an indigenous,
migratory visitor), all the other species are introduced
or exotic. There is no available documentation of where
the 'I'o sightings occurred during the Conant survey.

Noise levels associated with the SOH program should not be
loud enough to affect the 'I'o. The drilling noise is
expected to be constant as opposed to fluctuating. Hawks
have become accustomed to human activity such as the use
of agricultural machinery and should not be bothered by
similar noise levels from the drill rig (Char, personal
communication). Potential impacts of geothermal
activities on the endangered 'I'o were addressed in Fluor
Technology, Inc. (1987).

Mammals: The native Hawaiian Hoary Bat or Ope'ape'a
(Lasiurus cinereus semotus) was not observed on the PGV
site in spite of two nocturnal visits to the area.
Unfortunately, the nocturnal habits of this species makes
detection and observation difficult.

Mitigating Measures: Impacts to flora at both sites SOH 1
and SOH 2 would be minimal and no additional botanical
surveys or other mitigating measures are recommended.

The Puna Geothermal venture is currently monitoring the
Hawaiian Hawk. Prior to drilling at SOH 1, UH (HNEI) will
consult with the individuals conducting the monitoring
program and follow their recommendations to minimize
potential disturbance to the Hawk. An ornithologist will
survey the area affected by SOH 2 to determine whether

IV-8



The project should
Hawaiian Hoary Bat,
necessary, as any
probably avoid the
forage in open
elsewhere.

I •

! there are 'I'o in the area. If nests are present, UH
(HNEI) will follow the recommendations of the
ornithologist to minimize disturbance to the bird. The
drill site locations will be adjusted to avoid nesting
Hawks. If further information is obtained which shows
that the 'I'o is being affected by noise levels from the
project, then efforts will be made to reduce noise levels
or to schedule drilling at times other than the breeding
season. If these recommendations are followed there
should be no significant adverse impact of the SOH project
on this endangered species.

not have a significant impact on the
and no mitigating measures should be
individuals of the species would

area during the drilling process and
forested areas and coastal margins

o SOH 3

Flora: Trees of two candidate endangered species, Bobea
timonioides and Tetraplasandra hawaiiensis were found in
the ohia-a(2) forest by Lamoureux, et al. (1988). The
survey area included the SOH 3 site and access road. The
road alignment was changed slightly to avoid these trees.

Birds: Native birds ('Amakihi, 'Apapane, 'I'iwi, 'Oma'o
and 'Elepaio) were frequently observed in the less
disturbed upper portion of the Campbell Estate property
which includes SOH 3; one substantial population of
'Elepaio was also noted in this less disturbed area
(Kjargaard In Lamoureux, et al., 1988). The endangered
'I'o was not observed during the study. It was
recommended that the roadway be deviated away from the
area with the high 'Elepaio population and vigorous stands
of 'ohi'a. It was also recommended that impact on native
forest bird populations could be reduced by locating the
activity in areas of stand-level dieback and/or high alien
plant species density where native bird populations have
already been depressed.

Mitigating Measures: It is not anticipated that
additional field surveys will be required, however, UH
(HNEI) will ask the consulting botanist and ornithologist
to review the plans for the SOH 3 site and access road in
order to insure that no sensitive biological areas would
be affected by the project. If required, the SOH site
location could be adjusted to avoid important flora and
fauna. If the consultants recommendations are followed,
the project should not adversely impact the biological
resources of the area.
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o SOH 4

Flora: Unlike the other three SOH sites, there have been
no walk through surveys which specifically included SOH
4. SOH 4 will be sited in 'ohi'a woodland with uluhei
designated as "ohia'uluhe".

Fauna: There have not been any faunal studies conducted
on or near SOH 4. Of the three SOH sites discussed above,
it is expected that the avifauna listed for SOH 3 would
most likely be present on SOH 4.

Mitigating Measures: Prior to any construction, a
botanist and ornithologist will assess the biological
resources along the access road and SOH site with the
survey engineers. The proposed road and hole site could
be relocated to a less sensitive area if any endangered
species are present. If recommendations of the consulting
botanist and ornithologist are followed, the project
should not adversely affect biological resources in the
area.

G. AR~O~Y

o SOHs 1 and 2

The two proposed SOH locations are on fallow cane and
papaya fields respectively. The potential for
archaeological sites at these locations is minimal and
further surveys should not be required (H. Hammatt,
personal communication). If any archaeological sites or
remalns are discovered during preparation of the SOH sites
and access roads, the DLNR Historic sites section and the
county of Hawaii Planning Department will be notified and
work will stop until appropriate mitigation is
accomplished.

o SOH 3

Bonk (1988) found no archaeological sites, features or
data supporting human activity within the SOH 3 access
road and drill site area. No further archaeological work
should be required for the SOH site. Prior to
construction, HNEI will ask the consulting archaeologist
to review the plans for the site and access in order to
insure that there are no archaeological sites present in
the SOH siting area.
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o SOH 4

Although no archaeological sites would be expected to
occur in the SOH siting area (H. Hammatt, personal
communication), an archaeologist will conduct a
reconnaissance survey along the access road and on the
drill site with the survey engineers prior to any
construction. The proposed road and drill site could be
relocated to a less sensitive area if any sites are
found. If recommendations of the archaeologist are
followed, the project should not adversely affect
archaeological resources in the area.

H. SOCIO-ECONOMIC

The total number of workers actively engaged in drilling
would vary, depending upon the number of sites being drilled at
one time, but should average about 12 at anyone time. Some
jobs could be filled by local hires. Local suppliers and
contractors would be used wherever possible. Mainland workers
would probably stay in local hotels and leased apartments, most
likely in the Puna or Hilo area. Occasionally the drill foreman
and the drill supervisor would remain at the site in a trailer.

The duration of the project is from twelve to twenty
months. The impact of up to twelve additional workers on the
local economy and local services for a short period of time
would be minimal but generally positive.

Within the constraints of the scientific objectives of the
project, ~very attempt was made to locate the SOHs in
agricultural areas away from urban population concentrations.
The widely distributed population in the Puna area, however,
makes it nearly impossible to find a location that would be
remote from all residences. Some residents may feel that the
project intrudes on their right to peacefully enjoy their
property. These intrusions will be short-term, however, and
perceived impacts to residents near the sites will be mitigated
by removal of the drilling equipment once the hole is completed .

The drilling equipment will be roped off for safety
reasons; signs will be posted at the site boundary restricting
access to authorized persons only. The restricted area will be
small; no existing pUblic access is anticipated to be closed
because of the project. There will be no impact on activities
such as hunting, hiking, camping, and foraging for plants.

SOH 1 is located less than one-half mile from Lava Tree
State Park. It is not anticipated that noise from the drill
site will impact the experience of park visitors, however,
during certain weather conditions noise from the drill site may

IV-II



be discernible in that area. The potential negative effect on
park visitors will be short term and will only occur during well
drilling activities at SOH 1, approximately three to five
months.

The economic benefits and security implications of
reducing Hawaii's dependence on imported fuels from energy
production have been recognized for a long period of time at all
levels of government. This has resulted in a general policy of
support for alternative energy research and development.
Results of the SOH program could lead to development of
indigenous geothermal resources for the general social and
economic well-being of the residents of Hawaii.

I. ACCESS AND TRAFFIC

o Traffic

Three separate drill rigs will be used to drill one SOH.
Once a drill rig is on-site, it will remain there until
its portion of the work is done; it will then be moved to
another SOH site. Every .a t t empt will be made to move
drill rigs at hours when the potential of obstructing
traffic is low. ' Other construction equipment which would
be brought to the site and left there until the site
preparation activities are completed could include
bulldozers, graders, front-end loaders and cement mixers.

At the beginning of the project, large trucks will deliver
pipes and other materials to the site. Additional
materials may be delivered during the course of the
project. If water cannot be conveniently piped to the
site, water trucks would be used; up to six trips per day
could be required. It is intended that diesel fuel would
be brought in with the drillers at each shift change. It
may be necessary, however, to have fuel trucks service the
site two or three times a week during the three to five
months duration of the drilling project. Vehicle round
trips by drill crews, other technical personnel associated
with the project and various suppliers and subcontractors
would probably average ten to fifteen per day. Most of
these vehicle trips would occur during the daytime, during
off-peak hours, although it may be necessary for the water
truck to service the site at night. In any event, traffic
to and from the site would not be concentrated at anyone
time of the day.

The relatively light traffic generated by the project
should not impact existing traffic patterns in the areas
near the SOH sites or cause delays to residents. Air
quality and noise impacts would also be nonexistent or
very low.
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o Access

SOH 1: If permitted by the State Department of
Transportation (DOT), access to SOH 1 would be via a newly
constructed or existing unpaved road from Highway 132
(Pahoa-Kapoho Road) into the property and via an unpaved
spur road to the site. The road would cross a fallow cane
field. The intersection with Highway 132 would conform to
the DOT requirements. If this access is not acceptable to
the DOT, the County of Hawaii will be approached for
permission to use Pohoiki Road.

SOH 2: Access to SOH 2 off of Highway 132 would be via
one of a network of unimproved roads present in the area;
preferably the unpaved road which runs along the eastern
side of Halekamahina Crater from the Highway to the
project site. Any improvements that would be required to
handle the projected truck and vehicle traffic would be
constructed with project funds or provided by the land
owner.

SOH 3: Access to the site would be over the proposed
True/Mid-Pacific Geothermal Venture road to their well
site 1. SOH 3 would be adjacent to this road.

SOH 4: Access to SOH 4 would follow along the
True/Mid-Pacific Geothermal Venture access road for a
portion of its length then turn southward. The alignment
of this spur road would be through the closest accessible
route. Sensitive environmental areas, if present, will be
avoided.

Because any necessary access roads and road improvements
would be provided by the project, there would be no impact
on County or State finances.

J. INFRASTRUCTURE AND UTILITIES

o Water

It is estimated that a maximum 7,500 gallons of water per
day would be required for the drilling process. In
addition, another 100 200 gallons per day would be
needed for domestic use. The method of supplying water to
each of the four drill sites would be determined in
coordination with the Hawaii county Department of Water
Supply and DLNR. SOH 1 will probably be supplied from the
portion of the Pahoa system by constructing a temporary
two-inch-diameter pipeline from the nearest county line to
the site. The possibility of developing an abandoned well
near SOH 2 is currently under discussion with DLNR and
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county of Hawaii water officials. In the absence of an
existing or easily developed source, water would probably
have to be hauled to the SOH sites. Because the use is
for a short-period of time, the SOH program should not
impact the water sources or distribution system of the
County of Hawaii.

o Industrial and Domestic Liquid Waste

Chemical toilets, or other approved methods of handling
human wastes, will be used at the sites and maintained by
the drilling contractor. Liquid project wastes would be
disposed of by various means. If any fluids must be
disposed of they would be tested and, if not toxic, would
probably be allowed to percolate into the ground. An
alternative would be to pump the fluids into a tank truck
and dispose of them at an waste disposal site acceptable
to the County and the State Department of Health. Liquid
was disposal would be expected to impact the groundwater
quality of the area.

K. PUBLIC FACILITIES AND SERVICES

o Solid Waste

Trash and operational debris would be collected by the
drilling contractor and periodically hauled to a transfer
station or landfill. Because there is no facility on the
Big Island available exclusively for industrial waste,
clearance will be obtained from the State Department of
Health (Environmental Services) before any toxic fluids or
solids would be disposed of in the existing landfills.

o Schools and Recreation Facilities

There will be no impact on schools or recreational
facilities in the area from population growth due to
drilling operations. Non-local personnel will be on
temporary duty; they will probably not bring their
families.

L. HEALTH, SAFETY AND PROTECTIVE SERVICES

o Police and Fire

There will be no impact on County Police and Fire
services. Security for the site will be provided by the
drilling contractor; drill personnel will be present
24-hours a day. Hawaii County Police will only be called
in an emergency or when a criminal act has occurred.
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In addition to fire extinguishers, water used in drilling
operations can be used to extinguish any fires that may
develop. In addition, drilling muds can be pumped onto
any fire that may develop in the vicinity of the rig. The
Hawaii County Fire Department would be called only in a
major emergency.

o Public Health and Safety:

Although dangerous levels of hydrogen sulfide gases are
not likely, a H2S safety system will be employed.
Hydrogen sulfide monitors will be operable at the drill
site during rotary and core drilling operations. The
University (HNEI) will comply with any federal, state,
county, or local rules regarding environmental monitoring.

M. AESTHETICS

The visual impact of the project will depend on the
location, and the surrounding land forms and vegetation. The
drilling sites will be located to utilize existing vegetation
screens wherever possible and to reduce adverse impacts on
residents and visitors. Any adverse visual impact will be
temporary and will end when the drilling rig is moved off site.

N. LIGHT IMPACTS

As drilling will be conducted on a 24 hours-a-day, 7
days-a-week basis once the core drilling commences, the drill
site will be lighted during the hours of darkness to permit
continuous operations, and to provide safe working conditions.
The rig will be sited so as to be as unobtrusive as possible,
and will conform to all Hawaii outdoor lighting regulations.
Copies of Hawaii outdoor Lighting Regulations will be provided
to the drilling contractor to insure compliance.
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PART V: DETERMINATION

The potential impacts of the proposed scientific
Observation Hole (SOH) project have been fully disclosed in this
environmental assessment. Any negative environmental effects
would be short-term in duration, lasting from three to five
months at each hole site . Therefore, based on the significance
criteria outlined in in section 11-200-12, Environmental Impact
Statement Rules, the University of Hawaii has determined that
the project, as proposed, would have no significant adverse
effect on the environment and that no environmental impact
statement is required. This assessment and notice should
therefore be considered a negative declaration under the
provisions of Chapter 343, Hawaii Revised Statutes.

This determination of no significant impact is conditioned
on the fact that UH (HNEI) will strictly adhere to the
mitigating measures outlined in the environmental assessment for
the SOH project, relevant mitigating measures set forth in
previous EISs encompassing two of the sites, to conditions that
may be imposed upon the project in the drilling permit and
Hawaii County Geothermal Resource Permit, and to relevant
conditions imposed on the existing Conservation District Use
Permit covering the area encompassing SOH 3.
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PART VI: ORGANIZATIONS AND AGENCIES CONSULTED

The following agencies and organizations were consulted
during the preparation of this environmental assessment:

State of Hawaii

Attorney General's Office

Department of Business and Economic Development
Energy Division

Department of Health
Underground Injection Control

Department of Land & Natural Resources

Department of Transportation

University of Hawaii
Environmental Center

County of Hawaii

Planning Department

Department of Water Supply

Department of Public Works

Private Corporations and Organizations

Campbell Estate

Hawaii Electric Light Company

Hawaiian Electric Company, Inc.

Kapoho Land and Development Company, Limited

Ormat Energy Systems, Inc.

Puna Community Council

True-Mid Pacific Geothermal Venture

VI-l



PART VII: REFERENCES CITED

Anderson, Bruce S. and Neil M. Oyama. 1987. A Study of the
Health status of Residents in Puna, Hawaii Exposed to Low
Levels of Hydrogen Sulfide. Hawaii State Department of
Health, Research and Statistics Office, RNS Report No. 56.

Atkinson, I.A.E. 1970. Successional Trends in the Coastal and
Lowland Forest of Mauna Loa and Kilauea Volcanoes,
Hawaii. Pacific Science 24(3) :387-400.

Bonk, William. 1980a. An Archaeological Survey in Keahiakala,
Puna, Hawaii. Prepared for Geothermal Exploration and
Development Corp. MS available at Bishop Museum Library
and State Historic site office.

Bonk, William . 1980b. An Archaeological Survey in Keahiakala
and Pohoiki, Puna, Hawaii. Prepared for Geothermal
Exploration and Development Corp. MS available at Bishop
Museum Library.

Bonk, William. 1988. An Archaeological Reconnaissance Survey
in the Geothermal Resource Subzone of Upper Kaimu and
Makena, Puna, Hawaii. Prepared for Mid-Pacific
Geothermal, Inc.

Char, W.P. and M.S. Kjargaard. 1984. Terrestrial Biological
Survey, Puna Geothermal Venture Studies, Puna, Hawaii.
Prepared for Bechtel Group, Inc. & Thermal Power Co.,
April 1984. 68 pp.

Char, W.P. and C.H. Lamoureux. 1985a. Puna Geothermal Area
Biotic Assessment, Puna District, County of Hawaii.
Prepared for Hawaii State Department of Planning and
Economic Development. 127 pp. + maps and figures.

Char, W.P. and C.H. Lamoureux. 1985b. Botanical Survey of the
Potential Geothermal Areas in state-owned Land in the
Middle East Rift Zone of Kilauea, Puna District, Island of
Hawaii. Prepared for True/Mid Pacific Geothermal, July
1985. 41 pp.

VII-1



Conant, S. 1982. Baseline ornithological Survey.
Ecotropics. Environmental Baseline Survey in
Keahialaka-Pohoiki-Kapoho-Kula Prospect Areas.
Geothermal Ventures. Prepared for Thermal Power.
1982. 65 pp. + plates.

In:
the

Puna
June

Crozier, S.N. and Dorothy B. Barrere. 1971. Archaeological and
Historical Survey of the Ahupua'a of Pualaa, Puna
District, Island of Hawaii. Report 71-1. Department of
Anthropology, Bishop Museum, Honolulu.

Department of Business and Economic Development (DBED). 1987.
Research and Economic Analysis Division. HSDC Newsletter,
Vol. 4, No.2.

Department of Land and Natural
Proposed Kilauea Middle East
Subzone (Puna Forest Reserve).

Resources (DLNR).
Rift Geothermal

Circular C-114.

1985.
Resource

Department of Planning and Economic Development (DPED). 1984.
state Energy Functional Plan.

Department of Planning and
Quarterly statistical and
1987. Honolulu, Hawaii.

Economic Development. 1987.
Economic Report, First Quarter

Druecker, M. and
Groundwater
pp . 339- 350 .

P.F. Fan. 1976. Hydrology and Chemistry of
in Puna, Hawaii. Ground Water. Vol. 14, no. 5,

Fluor Technology, Inc. 1987.
Puna Geothermal Venture
Power Company.

Environmental Impact Statement:
Project. Prepared for Thermal

Haun, A. and Paul Rosendahl. 1985. Limited Archaeological
Reconnaissance Survey Proposed Geothermal Development Area
Wao Kele 0 Puna Natural Area Reserve, Puna District,
Island of Hawaii.

Holmes, Y. 1985. A Preliminary
Archaeology of the Puna
Natural Area Reserve.
Geothermal, Inc.

Report on the Early History and
Forest Reserve/Wao Kele 0 Puna
Prepared for True/Mid-Pacific

Hudson, Alfred E. 1932. Archaeology of East Hawaii. MS in
Department of Anthropology, Bishop Museum, Honolulu.

Imada, J.A. 1984. Numerical Modeling of the Groundwater in the
East Rift Zone of Kilauea, Hawaii. Thesis for Master of
Science in Geology and Geophysics, University of Hawaii,
Honolulu Hawaii.

VII-2



Jacobi, J.D. 1985. Summary of the Biological Information
Collected During the u.s. Fish and Wildlife Service's
Hawaii Forest Bird Survey in the Puna Study Area on the
Island of Hawaii. u.S. Fish and Wildlife service, Mauna
Loa Field station. May 1985. 16 pp. + maps and tables.

Jeffries, J. 1985. Observations of Hawaiian Hawk Activity.
Spring 1985. Field Data Report Prepared for Thermal Power
Company.

Kramer, R.J. 1971. Hawaiian Land Mammals. C.E. Tuttle Co.,
Ltd., Rutland vt.

Lamoureux, C.H. and J. Williams. 1982. Botanical Survey within
the Proposed Geothermal Drilling sites of the Pahoa-Kapoho
Region. Prepared for Ecotropics. 17 pp.

Lamoureux, C.H., W.P. Char, P. Higashino and M.S. Kjargaard.
1988. Biological Survey of the Proposed Access Road and
Well site 1, BLNR Designated Geothermal Resource Subzone,
Middle East Rift Zone of Kilauea, Island of Hawaii.
Prepared for True/Mid-Pacific. May 1988. 22 pp.

Loebenstein,
Hawaii.

A.B. 1895. Survey Map
Hawaii State Survey Office.

of a Portion of Puna,

Loo, Virginia H. and William J. Bonk. 1970. A Historical site
Study and Evaluation of North Hawaii. Prepared by
Anthropological Research International for the Department
of Planning , County of Hawaii.

Tomich, P.Q. 1969. Mammals in Hawaii. B.P. Bishop Mus. Spec.
Publ. - 57, Honolulu. 238 pp.

Final Supplemental
to the Revised

for the Kahauale'a

Venture. 1986.
Statement

Statement

True/Mid-Pacific Geothermal
Environmental Impact
Environmental Impact
Geothermal Project.

u.S. Environmental Protection
Control Guidance for
Cincinnati, Ohio.

Agency (EPA). 1978. Pollution
Geothermal Energy Development.

u.S. Department of the Interior, Minerals Management Service and
Department of Planning and Economic Development. 1987.
Draft Environmental Impact Statement. Proposed Marine
Mineral Lease Sale in the Hawaiian Archipelago and
Johnston Island Exclusive Economic Zone.

van Riper, S.G. and C. van Riper, III. 1982. A Field Guide to
the Mammals of Hawaii. Oriental Publ. Co., Honolulu. 68
pp.

VII-3



Personal Communication

Char, Winona. Char & Associates.

Hammatt, Hallett. Cultural Surveys Hawaii .

Matos, Albert. supervisor, Puna Highway Maintenance Department.

Matsushige, Edward. Research Statistician, Information System
Services Branch, Department of Education.

Shimabukuro, Craig. civil Engineer, Hawaii County Department of
Water Supply.

Yoshizumi, Ralph.
Department.

Battalion

VII-4

Chief, Hawaii County Fire



APPENDIX

ACOUSTIC IMPACT STUDY
DARBY & ASSOCIATES





89-10
March 8, 1989

MCM Planning
703 Honua street
Honolulu, Hawaii 96816

Attention: Ms. Marilyn Metz

SUbject: Evaluation of and Recommendations for the
Potential Acoustic Impact From the University
of Hawaii Scientific Observation Hole Program,
Hawaii and Maui, Hawaii

Dear Ms. Metz:

In response to the request from Mr. Harry Olson on March

1, 1989, I provide the following regarding the sUbject

project:

I. General Background and Noise Propagation

The following "Geothermal Noise Level Guidelines" were

established by the Hawaii County Planning Department in May,

1981:

"1. That the acceptable geothermal noise guidelines
should be at a level which reasonably assures that
the Environmental Protection Agency and U.S. De
partment of Housing and Urban Development criteria
for acceptable indoor noise levels can be met . . .

"2. That the sound level measurements should take place
at the affected residential receptors.

"3. That, in conjunction and appreciation of the other
guidelines the acceptable noise levels for geother
mal development are as follows:

"a. That a general noise level of 55 dBA during
daytime and 45 dBA at night not be exceeded
except as allowed under b. For the purposes
of these guidelines, night is defined as the

PAU PALMS PLAZA • 970 NO. KALAHEO AVENUE. SUITEA-311
KAILUA, HAWAlI 96734. (808)254-3318 . FAX (808) 254-5295
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hours between 7:00 p.m. and 7:00 a.m.;

"b. That the allowable levels for impact noise be
10 dBA above the generally allowed noise
level. However, in any event, the generally
allowed noise level should not be exceeded
more than 10 percent of the time within any
20-minute period;

"c. That the noise level guidelines be applied at
the existing residential receptors which may
be impacted by the geothermal operation; and

"d. That sound level measurements be conducted
using standard procedures with sound level
meters using the "A" weighting and "slow"
meter response unless otherwise stated.

Ambient noise (or background noise) refers to the noise

levels which exist in the environs of the project site at 10-

cations where people reside, play, or work. Typical ambient

noise sources are the wind in foliage, motor vehicular traf-

fic, aircraft, lawn mowers, TV and radios, home generators,

etc. It has been shown that the use of an "A" weighted noise

level approximates the frequency characteristics in the human

hearing mechanism. Thus sound levels measured in decibels

"A" weight (or dBA) are adequate for most community noise

surveys and evaluations. Also, human response varies widely

between individuals - what may seem loud to one person may

not to another. Table I provides a comparison between noise

levels and typical sUbjective interpretations for common

sounds.

The residual ambient noise level in very rural areas

distant from the surf is usually controlled by wind in the



TABLE I

COMPARISON OF SOME COMMON SOUNDS AND HOW THEY RANK WITH RESPECT TO
SUBJECTIVE RESPONSE TO A TYPICAL SUBURBAN DWELLER

-----------------Sound Levels and Human Response -------------------

Common Sounds

Carrier deck
Jet operation
Air raid siren

Jet takeoff (200 feet)
Thunderclap
Discotheque
Auto horn (3 feet)

Pil e dri vers

Garbage truck

Heavy truck (50 feet)
City traffic

Alarm clock (2 feet)
Hair dryer

Noisy restaurant
Freeway traffic
Man's voice (3 feet)

Air conditionin unit
(20 feet)

Light auto traffic (100 feet)

Livingroom
Bedroom
Quiet office

Library
Soft whisper (15 feet)

Broadcasting studio

Noise Level
(dBA)

140

130

120

110

100

90

80

70

60

50

40

30

20

Subjective Response

"Pai nfully l-oud"

"Very 1oud"

[Hearing damage (8 hours/day)]

"Loud" (Telephone use difficult)

"Moderately Loud"

"Normal "

"Quiet"

"Very quiet"

10 "Just audible"

o (Hearing begins)

*Note: To the ear, each 10 dB increase seems approximately twice as loud
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foliage, birds, and insects during periods of time between

motor vehicular and aircraft events occurring within several

miles. Observations in the Puna area indicate that during

the daytime, distant transportation noise and distant con-

struction projects often control the residual noise levels

in a range of 30 to 40 dBA, but the listener is usually not

conscious of the noise sources due to the fact his own move-

ments and activities readily mask such low level noise. How-

ever, at night when persons are trying to sleep, the sounds

of an individual vehicle movement within several miles of a

residence in a remote rural area may be very detectable. At

night, the outdoor residual levels may range from 25 to 35

dBA while interior noise levels in naturally ventilated

Hawaiian housing would be 5 to 10 dBA less when there are

no inside noise sources, e.g., when the refrigerator is not

running. From the above discussions and Table I, it can be

seen that in rural areas, ambient noise levels would be sub-

jective1y jUdged to range from "Very Quiet" to "Quiet".

It is to be noted that large homestead tracts which now

have relatively few homes, but are gradually developing, will

have ambient noise levels which are continuously increasing

as a function of the density of popUlation. The building of

new homes involving site preparation with bulldozers, con-

struction noises, the transportation of supplies, etc.,

readily cause daytime ambient levels to increase significant-
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lye After the new homes are occupied, each unit usually gen-

erates numerous trips with vehicles, and use of lawnmowers,

power tools, TV, radios, home generators, etc., which all

tend to "fill-in" the quiet periods that may have existed

before. Thus, the ambient noise in such communities tends

to raise from the "Very Quiet", through the "Quiet" condition

and to the "Normal" condition as the community grows.

The noise level measurable from a source depends on the

strength of the source and the sound propagation loss, or

attenuation, that occurs in the sound transmission path be-

tween the source and the listener. In the Puna area on

Hawaii, it has been found that the sound transmission path

can be very variable and a major factor in controlling the

propagation of geothermal activity noises. The following

excerpt from the Geothermal Noise Level Guidelines of the

Hawaii County Planning Department describes these propaga-

tion considerations:

"As sound waves move through the atmosphere, the energy
of the waves are weakened (attenuated) as the distance
from the source increases. The factors affecting the
amount or level of attenuation include the distance
traveled, the frequency of the sound waves, the relative
humidity, temperature, and wind velocity.

"In general, there are three distinct conditions or com
binations of factors which affect the rate of attenua
tion of sound • . •

"Condition 1 - Cylindrical spreading based on 3 dB loss
per doubling of distance which is the worst case theor
etically. This condition exists when compound sound
velocity gradients in the atmosphere cause the ducting
of sound . • •
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"Condition 2 - Spherical spreading based on 6 dB loss
per doubling of distance plus excess attenuation for
propagation through air only. This condition exists
when sound velocity gradients exist to "bend" sound rays
over trees and other obstacles.

"Condition 3 - Spherical spreading based on 6 dB loss
per doubling of distance plus excess attenuation for
propagation through air (Condition 2), plus ground at
tenuation due to the absorption and scattering caused by
trees and other foliage.

The following additional findings are reported in the guide-

lines:

"(1) The propagation loss may vary by 15 to 20 dB dur
ing a 24-hour period for a given distance between the
source and listener ... , indicating the generation and
disappearance of sound velocity gradients which bend
sound rays over trees and other foliage (Conditions Nos.
1 and 2).

"(2) Usually propagation loss was not less than Condi
tion 2, but there are strong indications implying that
energy in the lower frequencies . . .do experience a
compound sound velocity gradient at times (Condition No.
1) •

"(3) For estimating noise levels in residential areas,
a reasonable average value for sound propagation loss is
to use Condition No. 2 as a worst case understanding
that when there are compound sound velocity gradients,
noise levels in the low frequencies may be 5 to 10 dB
greater."

It is to be realized that accurate estimates of noise levels

using sound propagation Condition No. 3 from the Guidelines

depends on accounting for attenuation from topographical

features and flora in the sound path. It can be shown that

sound traveling through about 850 feet or more of Ohia Forest

will cause excess attenuation of 20 dB if no refractive phe

nomena are in effect (Reference 1). However, in the noise
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level estimates given below, a generally conservative case

of the sound level attenuating 8 dBA for every doubling of

the distance is used for Condition No.3.

Experience has shown that when strong winds exist, the

probability of sound effectively refracting over trees and

topography, as in propagation Condition No.2, is very low.

This phenomenon is due to the high degree of turbuience in

the boundary layer tending to more randomly scatter the sound

energy as opposed to the fairly well defined, and relatively

stable wind gradient pattern associated with light to moder-

ate winds (Reference 2). Thus, for strong wind situations,

8 dB per double distance propagation loss (as for Condition

No.3) is assumed for receptors that are downwind of the

source.

A sound propagation Condition 4 should be included in

the Guidelines for the case when the receptor is upwind of

the noise source. Sound rays traveling upwind are refracted

upwards causing a so-called acoustic shadow zone over a large

sector upwind of the noise source. This upwind condition is

estimated by assuming that there is excess attenuation of 5

dB per 300 feet up to a maximum of 25 dB in the upwind sector

+ 67 0 about the average wind direction (Reference 1).

Table II shows a summary of wind conditions obtained in

the Fern Forest (Reference 3) as related to the downwind

sound propagation conditions. Although the percentage in the



TABLE II

FREQUENCY (%) DISTRIBUTION OF WINDS AND DOWNWIND

SOUND PROPAGATION CONDITIONS BASED ON WIND DATA FROM FERN FOREST
October 1982 to December 1984

Type Wind Direction Speed {mph) Total %

(1 to 4 5 to 9 10 to ) 15

Daytime (Bam - Bprnl :

Trades and NW to N 3.9% 7.4% 1.6% 12.9%

Northerlies NNE to E 7.5% 42.3% 21.5% 71.3%

Southerlies ESE to SW 3.5% 7.2% 1.9% 12.6%

Westerlies WSW to WNW 1.8% 1. 1% 0.1% 3.0%

TOTAL % 16.7% 58.0% 25.1% 99.8%

Nighttime (8pm - 8am) :

Trades and NW to N 17.9% 23.9% 1.8% 43.6%

Northerlies NNE to E 6.3% 12.1% 2.3% 20.7%

Southerlies ESE to SW 3.2% 3.9% 0.4% 7.5%

Westerlies WSW to WNW 14.0% 13.7% 0.2% 27.9%

TOTAL % 41.4% 53.6%" 4.7% 99.7%

Sound Propagat ion C Condition----il ~ Condition",
Condition No. 2 No. 3

Possiblyi
~Con di ti on

No . 1

.
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wind direction categories may vary somewhat from site to

site, the Table is believed to be representative of the gen-

eral wind conditions in the Puna area. It can be seen that

Condition No. 2 is the prevalent downwind sound propagation

situation; that is about 75% of the daytime and 95% of the

nighttime.

II. Noise Sources Involved in the Drilling and Monitoring
of Scientific Observation Holes (SOH)

Following is a discussion of the noise events and noise

levels expected from the preparation, drilling and monitoring

of the observation holes. It is understood that the basic

drill plan is the same for each of the four Scientific Obser-

vat ion Holes to be drilled on the islands of Hawaii.

The plan is generic and may be modified to meet specific

drilling conditions or to reflect experience from previous

holes.

A. Construction Operations: The building of roads, and

the sites for the SOH's will involve standard construction

equipment - local bulldozers, graders, trucks, etc. operating

in the same manner, and over a limited time period, as any

other typical project; e.g., county road building, clearing

of agricultural land, etc. No unusual noise events of long

duration are involved. Figure 1 shows noise levels typically

caused by standard construction equipment. The types of

equipment involved with site propagation probably will in-
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elude compactors, front loaders, backhoes, tractors, trucks,

concrete mixers, and possibly jackhammers. The drill pads

will be approximately 80 x 120 feet, and will be located to

minimize grading and environmental impact.

B. Drilling Operations:

1. Cable Drilling - A local water well cable drill-

ing rig will be used to drill a 16 inch diameter

hole to approximately 100 feet. A casing will

be cemented into the full depth involving con-

crete mixing trucks. All operations in this

phase will be done only during the daytime and

are estimated to require approximately two weeks

to one month total.

2. Rotary/Core Drilling - A Universal 5,000 rotary/

core drilling rig will be used to drill to a

depth of about 1,000 feet. This drilling will

occur 24 hours/day and seven days per week for

approximately one month to one and one-half

months. The Universal 5,000 rig will operate on

a platform about 11-1/2 feet above the ground

using a 410 horsepower diesel engine to power

the hydraulic top head drive and an electric

generator. Figure 2 is a copy of a letter

showing noise levels obtained from the rig last

summer in geothermal operations on the mainland



Los Alamos National Laboratory
Los Alamos.New Mexico 87545

TO: Jamie Gardner, ESS-1 (0462)

memorandum
OATE: August 4, 1988

FROM :

SYMBOL:

SUBJECT:

Stella Vigil, HSE-5 W
HSE-5-88-526

DRILL RIG NOISE SURVEY RESUllI'S

MAIL STOPITELEPHONE: K486/7-6234

On July 26, 198e, HSE-5 conducted a noise survey of the Drilling Rig
at Sulfur Spri.n:1s. 'Ihe survey was conducted using Gen. Radio sourrl level
Ireter #170 and Iretrosonic dosimeter #268. 'The noise levels did not exceed
the occupational exposure level (OEL) of 8'4 dB (A) , the results are as
follOW'S:

Location Frgn Rig

Approximately 70' southwest
Beneath rig m:>tor
Approximately 40 I in front
Approximately 80 I northwest
At core trailer
C1mul.ative dose at rig platforms
(9:30 ,- 10:40)

Noise 'Level dB CAl

58.4
78.0
68.0
62.0
59
72.7

Q:!mnents

UsiIg GR #170
Using GR #170
Using GR #170
Using GR #170
Using GR #170
UsiIg metrosonic
dosimeter #268

'Ihe c::unulative dose is not high eno..lgh .to require that personnel be
placed on the I..ab:::>ratory's Hearin:J conservatii.on~ at this time. If
the operation chanqes , where noise levels are increased, please corrcact;
Ire. Sorre ear plugs were provide:i to personnel at the core trailer, but
they are not require:i. If you have any questions concerrrinq this merrD,
please call me at 7-6234.

SLV:cam

xc: Wayne Morris, ESS-l (0462)
Janeen Robertson, HSE-5 (K486)
1D:ln1itParker.JlSNL,.Dept~3J.l..1

~-4 (2) (AlSO)

SLV88019

Figure 2.
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by the Los Alamos and Sandia National Labora-

tories. Extrapolation of the data indicates

that at a distance of 100 feet from the rig,

noise levels of 60 to 62 dBA are to be expected.

It is understood that noise from this rig during

drilling can be characterized by a steady sound

due to the use of the hydraulic head drive as

opposed to the fluctuating noises often emanat-

ing from production drilling rigs. It is also

understood that while noise mitigation enclos-

ures have been implemented on the sides and top

of the diesel engine compartment of this rig, no

treatment had been applied to the bottom. Thus,

there is the possibility of further reducing the

noise levels.

There will also be two diesel powered mud pumps

servicing the hole, and possibly smaller pumps

to agitate the mud tanks associated with the

drilling. The larger mud pumps will have about

140 horsepower diesel engines and will be

located on the ground adjacent to the mud tank.

The noise from the mud pumps and other ancillary

pumps can be reduced to that of the drill rig,

or lower, if full enclosures and quality exhaust

silencers are implemented. The enclosures
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typically would involve using steel or wood

panels of at least 2-1/2 pounds/square foot

faced with 2 inch thick acoustic duct liner on

the inside and sound traps for the intake and

discharge ventilation air openings.

The handling of drill rods and casing sections

will be the source of impact noises; and, on

occasion, may be audible at closer distances

during quiet times and under certain sound prop-

agation conditions.

The cementing of the casing will probably use

the mud pumps and not outside concrete mixing

trucks.

Some sites will be tied to the nearest water

well and will have a pump powered by a small

gasoline engine. An adequate muffler and acous-

tic enclosures will be implemented to the pump

unit if found necessary when near noise sensi-

tive areas.

sites which do not have access to we water

will have a diesel powered truck delivering

water as required by the drilling operation. In

the worst case, the maximum number of truck

loads of water required is estimated as six per

day; e.g. one every four hours.



Fuel will most likely be brought in with the

f-· ·
I
· .
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crew in a pick-up truck daily. Alternately, a

diesel powered fuel truck will make a delivery

once or twice per week.

other vehicle movements will include occasional

truck deliveries of materials or parts for the

equipment and occasional visits by geologists.

3. Core Drilling - Either the above mentioned Uni-

versal 5,000 rig or a smaller Universal 1,500

drilling rig will be used to complete the drill-

ing of the hole to the final depth of 4,000 to

6,500 feet. This operation will also involve

24 hours/day and 7 days per week for about two

months.

The Universal 1,500 rig is similar in design to

the Universal 5,000 rig except smaller in size

with a 230 horsepower diesel engine. The rig to

be used is presently in Utah and has not had

noise mitigation equipment installed at this

time. It is understood that the Universal 1,500

rig will get noise control treatment similar to

that on the Universal 5,000 unit before operat-

ing in Hawaii. Due to its smaller size and

lower horsepower, it should produce no more

noise than the larger, quieted Universal 5,000.
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Thus it is assumed that if the rig is treated

and all ancillary diesel or gasoline powered

pumps are also treated as delineated above, then

the drilling operations during this phase can

also be characterized as causing 60 to 62 dBA at

a 100 foot distance.

other possible noises from this phase _will be

similar to those cited in the Rotary/Core Drill-

ing phase above.

4. Monitoring and Testing - After drilling is com-

pleted, the hole will be probed with a wire line

thermometer several times during the first month

to measure thermal rebound and equilibrium temp-

erature profiles. Thereafter periodically, e.g.

once/month or less, the SOH will be probed with

a wire line to obtain samples, pressure, and

temperatures at various depths. The wire line

device is a trailer mounted unit with typically

a 16 horsepower gasoline engine. Monitoring

will be usually completed within a 6 to 8 hour

period during the daytime only.

After drilliing is completed, a reservoir anal-

ysis test will be made using a standard irriga-

tion pump of about 200 horsepower. The pumping

will be continuous for 24 hours seven days/week,
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and typically for an extended period of time,

probably not exceeding one month. The engine

for the pump can be fitted with a high-quality

exhaust silencer and acoustic enclosures with

sound traps such that no more than 60-62 dBA at

100 feet will be generated when operating near

noise sensitive areas.

It is to be noted that the SOH's will not be

vented directly to the atmosphere.

III. Noise Impact Predictions

since SOH drilling occurs 24 hours per day and 7 days

per week over a period of about 3-1/2 months, it is poten-

tially the greatest noise source associated with the proposed

program. Figure 3 shows estimations of sound levels caused

by drilling operations in terms of dBA levels versus distance

for the various sound propagation conditions. From this

figure it can be seen that in order for SOH drilling opera-

tions to cause less than 45 dBA during sound propagation Con-

dition No.2, a downwind receptor must be between about 800

feet distant; if all equipment is quieted such that the site

generates 60 dBA at 100 feet. If a major topographical

feature, such as Heiheiahulu, was located between the drill

rig and the downwind receptor, they could be located much

closer without exceeding the 45 dBA limit. If the receptor

is located upwind of the drill rig (Condition No.4), dis-
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tances of only about 350 feet should be adequate to reduce

noise levels to 45 dBA.

The probability of the worst case sound propagation

(Condition No.1) occurring can be estimated using meteoro-

logical data from General Lyman Field in Hilo (Reference 4).

Condition No. 1 most likely occurs when there are moderately

to extremely stable atmospheric conditions, such as Pasquill

Atmosphere Stability Classes "F" and "G" respectively (Ref-

erence 5). These conditions usually occur about one hour

before sunset and may continue to about one hour after sun-

rise when there is the proper combination of light wind and

minimal cloud cover. Figure 4 shows the percentage of occur-

ence for the Pasquill Classes "F" and "G" for 12 months at

Hilo. It can be seen that the "extremely stable condition G"

occurs generally less than 5% of the time and the "moderately

stable condition F" occurs less than 30% of the time. Thus,

there is a chance that sound propagation Condition No.1,

temporary sound level peaks of 45 dBA may exist to about

3,000 feet from the drill rig, but they would generally be

fluctuating such that the temporal conditions in the County

Guidelines should not be exceeded.

Knowledge of the noise source levels and the sound prop-

agation conditions allow control of the noise levels from

SOH drilling such that they will not exceed the acceptable

levels in the County Guidelines at residences. Several large
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production wells have been drilled since 1982 near the HGP-A

site using noise abatement measures on the rig and ancillary

equipment. It is understood that no noise complaints have

been received from residents living less than one mile dis-

tant even though they were often downwind of the rig and

worst-case sound propagations must have occurred. This is

considered evidence that adequate noise mitigation-measures

can be applied to the drill rig and ancillary equipment for

the SOH program.

From Figure 3 it can be seen that the Geothermal Noise

Guidelines should be met at 200 feet from the drill rig dur-

ing the daytime (55 dBA). At night when the receptor is up-

wind of the rig, the 45 dBA limit should be achieved as close

as 350 feet. When there are trees and/or minor topographical

features between the rig and the listener, and the wind speed

is over 10 mph (Condition No.3), the nighttime 45 dBA level

should be met at downwind distances of 450 feet and greater.

When the wind is light, and Condition No. 2 exists, receptors

at distances of 800 feet and greater downwind should exper

ience 45 dBA or less. If sound focusing should occur during

periods of strong thermal inversions and very light winds

(Condition No.1), there may be short term sound levels 5 to

10 dBA greater than those levels shown for Condition No. 2 in

Figure 3. Thus, under this worst case, levels of 45 to 50

dBA could occur for short time periods for distances from
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about 400 to 1,500 feet downwind from the rig. It is be-

lieved that 45 dBA would not be exceeded more than 10% of the

time and thus satisfy the noise guidelines.

The above considerations involve only the impact of

noise on humans. Studies have shown that animal behavior

also may be affected by excessive noise (Reference 6). For

example, in some wildlife species, changes in mating be-

havior, predator-prey relationships, and territorial behavior

have been observed. To date, levels of noise have not been

identified to protect wild animals as has been done for

humans. However, if further information is obtained which

shows that specific animal species protected by current law

are being endangered due to noise levels from the project,

then efforts will be made to reduce noise levels to mitigate

the impacts on such animals.

RAD:dba
enclosures
References: 1. "Electric Power Plant Environmental Noise

Guide", Edison Institute, 1978.

2. "Propagation of Sonic Pressure Waves and
Ground Vibration", L.C. Sutherland, Wyle
Laboratory Report No. WR68-2, March 1968.

3. Data received on July 30, 1985 from P.
Haraguchi, Pacific Weather, Inc.

4. Local Climatological Data, Monthly Summary,
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General Lyman Field, Hilo, Hawaii; National
Oceanic and Atmospheric Administration.

5. "A Stability Classification Based on Hourly
Airport Observations" from "On-site Meteoro
logical Programs", Atomic Energy Commission,
February, 1972.

6. "Effects of Noise on wildlife and Other
Animals", P. Dufour; u.s. EPA 550/9-80-100;
July, 1980.


