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PART I: INTRODUCTION

A. OVERVIEW

Hawaii presently relies upon petroleum fuel to supply 90
percent of. its total energy needs, making the State vulnerable
to sudden shortages in supply or escalations in the price of
this diminishing source of energy. A major goal for the State
in the State Enerqgy Functional Plan (DPED, 1984), is to reduce
Hawaii’s dependency on oil through the use of alternate forms of
energy. As stated in the Functional Plan, it is a priority
objective for the State to M"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."

Geothermal heat as an alternative energy source was first
explored for commercial wuse in Hawaii in 1961, when four test
holes were drilled in the Kilauea East Rift Zone by a private
company. Twelve years later, a research well was drilled at the
Kilauea summit to a depth of 4,141 feet. The temperature of
fluids at the bottom of the well was 275 degrees F and there
were 1indications of much higher temperatures at greater depths.
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 Lower East Rift Zone and
named the Hawaii Geothermal Project (HGP-A).

The State of Hawaii anticipates that by the year 2007 up
to 500 deliverable megawatts (MW or MWe) - of
geothermally-generated electricity would be needed for
transmission from the island of Hawaii to the islands of Maui
(up to 50 megawatts) and Oahu via an interisland cable system.
For this environmental review, the areas considered as potential
sources of this power are the three geothermal resources
subzones (GRS) within the Kilauea East Rift Zone on the Big
Island of Hawaii. Specifically, they are: (1) the Kilauea
Middle East Rift GRS; (2) the Kamaili Section of the Kilauea
Lower East Rift GRS; and, (3) the Kapoho Section of the Kilauea
Lower East Rift GRS (Figure I-1). -

B. GEOTHERMAL RESOURCE POTENTIAL

The successful operation and generation of electricity by
the HGP-A plant confirmed the resource potential of the east
rift zone. In addition, numerous geophysical, geological, and
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geochemical studies of the east rift 2zone that have been
performed in recent years further demonstrate the resource
potential of the area.

Studies c¢onducted by Holcomb (1980) have shown that the
surface volcanic expressions of the entire east rift zone
indicate 1little, if any, change in the geologic character of the
rift zone from upper to lower elevations. From these studies it
is presumed that the subsurface character will not be much
different between the upper and lower portions of the rift zone
(Niimi, 1985).

As indicated by the Department of Land and Natural
Resources (DLNR, 1985) '"Currently available geotechnical data
indicated the presence of a geothermal resource along the entire
Kilauea East Rift Zone. The assessment of geothermal resource
potential was based on a qualitative interpretation of regional
surveys based on the following types of data: groundwater
temperature, geologic age, geochemistry, resistivity, infrared,
seismic, magnetics, gravity, self-potential and exploratory
drilling. The evaluation of these data indicated that the
potential for a geothermal resource on this rift zone was
greater than 90 percent through its entire length." Figure I-2
delineates the estimated percent probability of geothermal
.resource potential in the GRS areas of the east rift zone. High
rainfall on the eastern portion of the Island of Hawaii, and
possibly seawater intrusion below the area, provide a large
source of water to supply the geothermal system. Further, DLNR
(1985) concluded that "...no single geothermal exploration
technique, except for exploratory drilling, is capable of
positively identifying a subsurface geothermal system...",

Data on the production potential of the subzones is
necessary to demonstrate to State agencies and private
developers of the interisland cable that sufficient geothermal
resources are present on the Big Island to justify proceeding
with the costly commercial deepwater cable program.

C. PUBLIC INVOLVEMENT

To facilitate the orderly development of geothermal energy
in Hawaii, the State Legislature adopted a number of bills
related to this subject in recent years. Act 135, SLH 1978,
granted geothermal developers a favorable (one-half of one
percent) general excise tax rate on the sale of energy produced
from geothermal resources. Act 296, SLH 1983, the Geothermal
Resource Subzone Act (amending Chapter 205, Hawaii Revised
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Statutes, provided for the designation of geothermal resource
subzones wherein proposals for geothermal development could be
considered by appropriate State and County permitting agencies.
This act authorized 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. Act 138, SLH 1985, 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 geothermal
development. Act 237, SLH 1985, tasks the DPED with
facilitating and coordinating actions by State agencies and the
processing of permits. Act 301, SLH 1988 provides for a
coordinated permitting process involving the various state and
county agencies that must approve the development of geothermal
enerqgy.

During the geothermal subzone assessment process 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, and community surveys (e.g., by the Puna Hui Ohana and
by SMS Research, Inc.).

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 the DLNR. In addition, on
July 29, 1985, DLNR mailed 1letters 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.

An environmental review workshop sponsored by the Puna
Community Council to discuss the production of 600 MW of
geothermal energy was held in Pahoa on November 9, 1988.
Appendix A provides an overview of the workshop.
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D. ENVIRONMENTAL CONSIDERATIONS

The establishment of a geothermal industry in Hawaii
requires a sound understanding of the environmental impacts of
geothermal development and suitable regulations to protect the
environment and the health of the populace. This comprehensive
review, synthesis and evaluation of existing environmental
information has been undertaken in order to assess the potential
environmental effects of generating 500 (net) megawatts of
geothermal energy within the Kilauea East Rift Zone.

An environmental assessment for an interisland cable system
that would deliver a net 500 MW of geothermal-generated
electricity to Maui and Oahu from the Kilauea East Rift Zone was
recently prepared by Parsons Hawaii under the Hawaii Deep Water
Cable Program (Parsons Hawaii, 1987). This environmental review
is intended to complement the interisland cable assessment and
possibly form the basis for a future Environmental Impact
Statement (EIS) for the generation and transmission of
geothermally-generated electricity. At the least, this
comprehensive environmental review should form the basis for
future environmental impact analyses of individual developments
as they prepare to come on-line.

E. ORGANIZATION OF THE ENVIRONMENTAIL REVIEW
This report is organized in the following manner:

o. Part I gives an overview of the geothermal development and
discusses the potential resource and public involvement.

o. Part II describes the development concept being reviewed
in this report and sets forth the assumptions on which the
evaluation was based. It also discusses the technical
characteristics of a generic 500 (net} MW geothermal
development.

Q. Part III describes the physical, terrestrial and cultural

environment in the vicinity of the proposed development.

o Part IV discusses social 'and economic characteristics of
the proposed geothermal development.

0. Part V identifies potential impacts of developing 500 (net)
" MW of geothermal power on the environment and includes
mitigating measures and recommendations for further study.

o. Part VI discusses policies and plans that relate to the

proposed development and 1lists permits required for each
individual project. '
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PART II: DESCRIPTION OF THE DEVELOPMENT CONCEPT

A. OVERVIEW OoF THE GEOTHERMAL ENERGY TO ELECTRICITY
CONVERSION PROCESS

To understand the potential of geothermal energy it is
necessary to understand what is happening beneath the surface of
the 1land. Deep in the earth’s crust (usually 20 miles) is a
mass of molten rock called magma. In some areas, such as Hawalil
this magma is closer to the surface due to crustal fractures and
it heats the layers of rock above it., If underground water is
present, a geothermal reservoir is created. It is this
liquid-vapor reservoir which is tapped to provide the source for
geothermally-generated electricity.

The production wells and pipes bring the geothermal fluid
to the separator for flashing; a process that separates the
steam from the fluid or brine. The majority of the dissolved
minerals remain in the brine and any gasses remain in the steam

fraction. The separator discharges steam into the steam
gathering system. The steam gathering system then transports
the steam to the turbine in the power plant. The brine

gathering system is responsible for the transportation and
disposal of the brine into the injection wells.

Electricity 1is generated in the power plant through the
use of a steam turbine coupled to an electric generator. The
steam turbine converts the energy of the steam into
electricity. The steam from each turbine exhausts into a steam
condenser/heat exchanger which condenses the steam. The steam
condensate drains from the top of the condenser into the hotwell
in the bottem. The non condensable gases and uncondensed steam
would be discharged to a state-cof-the-art gas abatement system.
The resultant process fluids would be combined with the spent
brine and reinjected or reinjected separately depending on the
type of systems designed into the plant (Figure II-1).

In the development concept presented in this report, the
electrical power g¢generated would be transmitted as AC to a
Converter Station where it would be converted into DC and then
exported via the transmission line to the termination station of
the submarine cable.

B.  BASIC ASSUMPTIONS
1.0 Development Scenario

For the purpose of this environmental review, the areas
considered as potential sources of geothermal-generated power
are the three geothermal resource subzones (GRS) within the
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Kilauea East Rift Zone on the Big Island of Hawaii.
Specifically, they are: (1) the Kilauea Middle East Rift GRS;
(2) the Kamaili Section of the Kilauea Lower East Rift GRS; and,
(3) the Kapoho Section of the Kilauea Lower East Rift GRS
(Figure I-1).

The review and evaluation of potential environmental
effects associated with the production of 500 net MW of
geothermal energy from the three GRS which follows, is based on
the following basic assumptions:

o. Delivered capacity is assumed to be 500 MW. In order to
account for line 1losses and maintenance downtine,
however, generating capacity would be somewhat higher, up
to a total 600 MW. A conceptual 600 MW system, which is
most likely an overestimate of the generating capacity
required to yield 500 MW (net), is used in this analysis
in order to evaluate the worst case scenario for air
quality and other environmental factors.

o. The underground reservoir in each GRS is assumed to be
uniformly distributed and thus each GRS would be capable
of producing at least 200 MW of gross power.

o. For purposes of evaluating environmental effects, the
conceptual geothermal development scenario for each GRS
consists of four hypothetical 50 MW power plants and
associated well fields. This distribution was intended to
allow each subzone to be assessed on more. or less similar

development assumptions. Actual development would
probably consist of fewer plants; most likely of 55 MW
capacity. In all probability, these plants would not be
evenly distributed  throughout the three GRS. The

technical description which follows in this chapter is
based on available specifications for a typical 55 MW
power plant.

o. In the development scenario, power plants are sited a
minimum one mile apart in order to meet air quality
standards; each plant would require from five to eight
acres of land area.

Q. Because the actual location of geothermal reservoirs and
the economic production potential of the resource can only
. be determined by deep drilling and by testing each
successful well, the drilling sites identified in each GRS

are only conceptual.

o. Each exploration/development (E/D) area would have from
three to five primary drilling sites connected by service
roads. The drilling sites would occupy from two to three

acres; up to 6 E/D wells would be drilled from one or more
drilling sites.
MCM Pre-Draft One
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2.0 Phasing

The development schedule for producing 500 net MW of
geothermal power for transmission by undersea cable to Oahu is
based on the "Undersea Cable to Transmit Geothermal-Generated
Electrical Energy from the Island of Hawaii to Oahu: Econonmic

Feasibility," (DAHI, 1988). Appropriate adjustments were made .

to the quantities given in the DAHI report to reflect the fact
that 1larger but fewer power plants are assumed. It should be
noted that, in order to be consistent with the above referenced
report, ten 55 MW (gross capacity) plants were assumed to be
required to produce 500 net MW of power.

The first power plant 1is projected to come on line in
1995; additional power plants would become operational at a rate
of approximately one per year. Development would begin three
years before the first plant becomes operational. Consequently,
construction would span a 1l4-year period. The economics and
specific phasing of this geothermal development are discussed in
Section IV.

cC. DEVELOPMENT CONCEPT
1.0 Overview

Figures II-2 (Kilauea Middle East Rift), II-3 (Kamaili
Section of the Kilauea Lower East Rift) and II-4. (Kapoho Section
of the Kilauea Lower East Rift) locate the three GRS areas and
present a layout of a conceptual geothermal system within .each
GRS. Table 2-1 indicates the total estimated acreage required
within each GRS for the systems diagrammed in the aforementioned
figures.

In the development concept illustrated in the referenced
figures, generation of 500 net MW (up to 600 gross MW) of
geothermal energy on the Big Island would involve a number of
interconnected components, including:

o. up to twelve 50 MW power plants which include standard
steam-driven turbine generators, steam condensers, and
pollution control devices;

o. . a network of surface pipes to deliver the steam to twelve
power plants;

0. surface piping to deliver water which has been condensed
from steam to injection wells;

0. injection wells to dispose of this water; and,"

MCM Pre-Draft One
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TABLE 2.1
ESTIMATED LAND AREA REQUIRED FOR DEVELOPMENT
7 GRS

LAND USE LENGTH WIDTH AREA AREA
A KILAUEA MIDDLE EAST RIFT GRS ‘

Power Plant Sites (4) 5-8 Ac Ea 20-32 Ac

Drilling Sites (15) 2=-3 Ac Ea 38-57 Ac

Primary Service Roads 7.8 mi. 30 ft 28 Ac

Well Field Service Roads 7.9 mi. 20 ft 19 Ac

Geothermal Fluid Lines 8.9 ni. 10 ft 11 Ac

Power Transmission Lines 7.8 mi. 48 ft 45 Ac

Miscellaneous Use 16 Ac

Total GRS Area = 177-208 Ac

B. KAMAILI SECTION OF THE
KILAUEA LOWER EAST RIFT GRS

Power Plant Sites (4) ) 5-8 Ac Ea 20-32 Ac
Drilling Sites (15) 2-3 Ac Ea 30-45 Ac
. Primary Service Roads 3.7 mi. 30 ft 13 Ac
Well Field Service Roads 4.6 mi. 20 ft 11 Ac
Geothermal Fluid Lines 4.6 mi. 10 ft 6 AcC
Power Transmission Lines 5.0 mi. 48 ft 29 Ac
Power Converter Station (1) 2 Ac 2 Ac
Miscellaneous Use 10 Ac
Total GRS Area = 121-148 Ac
C. KAPOHO SECTION OF THE
KILAUEA LOWER EAST RIFT GRS
Power Plant Sites (4) 5=-8 Ac Ea 20-32 Ac
Drilling Sites (12) 2=-3 Ac Ea 24-~36 Ac
Primary Service Roads 2.6 mi. 30 ft 9 Ac
Well Field Service Roads 2.6 mi. 20 ft 6 Ac
Geothermal Fluid Lines 3.1 mi. 10 ft 4 Ac
Power Transmission Lines 9.3 mi. 48 ft 54 Ac
Total GRS Area = 127-151 Ac
TOTAL SURFACE AREA =

425-507 Ac




o. overhead . AC power lines to deliver the
geothermally~generated energy to a nearby AC-to-DC
converter station.

o. overhead DC power lines to transmit the electricity from
the converter station to the termination station of the
submarine cable.

Inherent in this process is preliminary exploration which
is necessary in order to fully define the extent and
characteristics of geothermal reservoirs in the three geothermal
resource subzones (GRS) of the east rift zone.

2.0 Siting and Development Criteria

Within the GRS, surface areas for geothermal development
would be selected on the basis of the following factors:

0. geological analyses of the rift zone;

o. an evaluation of surface expressions that are indicative
of earlier volcanic activity:

o. the presence or absence of environmentally significant and
developed areas (which must be avoided):

o. the slope of the surrounding terrain:;

o. avoidance of those sections of the active rift zone with
significant faults and cracks; and,

0. a preference for sites where the presence of surface
features along the rift zone would tend to minimize the
potential for 1lava flows into the development area (see
Section III-A).

Based on the above considerations, exploration and
development within a GRS would most likely occur on both sides
of the rift zone.

Prospective drilling sites would be evaluated by the
factors listed above and by:

0. the need to locate wells at sufficient distance from other

. wells to assure the maximum effective

exploration/development effort over the area with a
minimum amount of drilling; and,

o. the need for appropriate spacing to enhance the production
life of discovered reservoirs;

MCM Pre-~Draft One
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Depending upon drilling results and testing, the final
surveyed location of each proposed well would be identified in
each application for a drilling permit for each well.

Power plant sites would be located within two miles of the
furthest well site supplying steam to the plant. In order to
insure that air quality standards can be met, there is a minimum
distance of one mile between plants.

Service roads and transmission pipelines would be
constructed between wells and power plants and transmission
lines would connect the power plants to the converter station.

Sections D through H, which follow, present generic
descriptions of the components of geothermal power generation.
The information was compiled from existing literature relating
to proposed geothermal developments in the area (e.g. Revised
Environmental Impact Statement for the Kahauale’a Geothermal
Project, R.M. Towill Corporation (1982) and Final Supplemental
Environmental Impact Statement to the Revised Environmental

Impact Statement for the Kahauale’a Geothermal Project,
True/Mid-Pacific Geothermal Venture (1986).

D. TECHNICAL DESCRIPTION OF THE DESIGN, CONSTRUCTION AND
OCPERATION OF GEOTHERMAL WELLS

1.0 Drilling and Well Testing
a) Well Site Description

The conceptual geothermal system (Figures II-2,
ITI-3 and II-4) indicates a grouping of well sites for each
power plant. The well field would include the drilling
sites that feed geothermal fluids into the power plant and
the associated well field roads and pipeline corridors.
The layout presented in the figures shows a preliminary
distribution of drilling sites and well fields based upon
the presumed uniform distribution of the underground
geothermal reservoir. The drilling, operation and
maintenance of geothermal wells are closely regulated by
the State regqulations, "Rules on lLeasing and Drilling of
Geothermal Resources," Chapter 183, HRS.

Ideally, well fields would be developed in areas of

. highest geothermal resource potential and least volcanic
hazards potential. A siting constraint in the conceptual
system is that no geothermal power plant of greater than
50-55 MW capacity should be constructed in any one
location, to avoid any possible overlcad effect on the
environment. In addition, a power plant well field must
be located within a two-mile radius of the power plant to
limit costs and to prevent unacceptable heat losses in the

MCM Pre-Draft One
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movement of the hot fluids to the plant. The ultimate
pattern of the developed well fields would evolve with
time as the productive geothermal resource zones are
identified and developed. All drilling sites would be
validated by ground surveys.

Power plants would generally be located adjacent to
the rift zone. The well fields, of necessity, must extend
down to and through the rift zone to tap the most probable
geothermal resource location. In most cases, well field
roads would traverse the rift zone at a right angle to
minimize the obstacles in crossing the faults and cracks
of the rift zone, and to provide the most direct routes
away from the rift zone in case of volcanic activity. A
reasonable offset distance from all property boundaries is
desirable for all surface construction activity, e.g.,
drilling sites and well field roads. Actual underground
drilling may be conducted to within 100 feet of all
property boundaries through use of directional drilling
from the drilling sites.

Each multiple well drilling site would encompass
approximately five acres of land, however, only about two
acres would have to be cleared initially for the first
well drilled. Only if the exploration results in a
discovery of a producible resource, would the drilling
site be expanded to five acres.

A single well site (Figure II-5) would consist of
a cleared rectangular area, approximately 500 feet in
length by 300 feet wide, with a 60-foot wide perimeter for
safety and control. Multiple production wells would be
drilled directionally from the same site, using small (30
to 50-foot) offsets from the previous well holes on the
drilling site. Th? site would also include a 750,000
gallon (100,000 ft.”°), ten to twelve foot deep disposal
sump.

b) Drilling

Figure 1II-6 illustrates the basic elements of a
rotary drilling rig, typical of the type that would be
used in developing the GRS. The rig is capable of
drilling to depths of 13,000 feet using 4-1/2-inch drill
. pipe with 3-1/2-inch drill pipe below 11,000 feet.

Transportation of the drilling rig, auxiliary
equipment and supplies into the project area would regquire
three-axle trailers with tandem tractors able to haul
locads up ¢to 40,000 1lbs. Transfer of all equipment and
supplies to a drill site would be expected to take three
days.
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" The drilling program would usually be divided into
phases, according to the type of drill pipe or casing to
be installed at various depths. All geothermal wells
(Figure 1II-7) would be cased with standard drill pipe to
protect the environment, groundwater resources, geothermal
resources, life, health and property. Casing is normally
classified according to depths installed or function as
follows:

o Conductor Pipe. The first string of pipe
installed, normally 20-inch diameter to 150 feet
(100 1bs./ft.), set in a 26-inch hole.

o Surface Casing. 13 3/8-inch-diameter API grade to
2,500 feet (50 lbs./ft.), set in a 17

1/2-inch-diameter hole.

o Intermediate Casing. Nine and 5/8-inch-diameter to
3,600 feet (36 1lbs./ft.), set in a 12 1/4-inch

hole. Set with hanger in 13 3/8-inch casing.

o Production Liner. Seven-inch-diameter from the top
of the producing interval to total depth installed
in a eight and 3/4~inch-diameter hole. It also
would be set with hanger in a nine and
5/8-inch-diameter casing.

) Each well would have a casing head installed on the
surface casing; a master gate valve would be installed to
this and would be 1left on the well. In addition, a
hydraulically operated master gate wvalve with annular
preventer would be installed; when air drilling is being
conducted, a rotating head would be installed for positive
control.

If the subsurface geology permits, air drilling
would normally be conducted from the surface to total
depth. Two low stage compressors with 1,200 CFM and one
high stage compressor for pressure up to 400 psi would be
used, providing the formations drilled are compatible.
Air drilling is generally successful in hard rock, where
there is nc influx of formation waters.

When air drilling is not possible, mud drilling
would be conducted. The typical rig to be used has three
steel mud tanks with 750 bbl capacity each; also an
earthen reserve or storage pit would be dug and lined to
handle excess fluid. The lowest weight per gallon ratio
possible and the least viscosity possible would be used to
remove the cuttings from the formations drilled. Mud
drilling in the softest formations would require
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approximately 2,000 barrels of water per day;
approximately 100 barrels per day would be required when
drilling in hard formations. Rain catchment systems could
be used as supplemental sources to meet on-site water
requirenments.

All  casings would be joined and cemented to assure
the integrity of the well bore from surface to the
producing interval. The objectives of cementing the
casing are twofold: (1) to completely in-fill the cased
and open hole annuli in order to resist landslides and
groundwater movement; and, (2) to anchor the casing
sections to each other and to the ground. The cement
sheath 1is 1intended to protect the casing against possible
corrosion by thermal brines and gases; prevent
uncontreolled flow of thermal water and steam outside the
casing; and minimize creep due to thermal expansion. The
casings would be cemented using Type G cement from the
bottom of casing to the surface in accordance with
industry standards. The nine and 5/8-inch casing would be
landed with hanger which would be cemented from the hanger
point to the top of the producing interval. If necessary,
the seven-inch 1liner would also be landed with hanger,
from the base of the nine and S/8-inch casing to total
depth.

c) Safety Considerations

The following standard safety devices are typically
used to protect against a blowout from the well:

o. Cne Double Gate preventer with ¢SO rams plus
4-1/2-inch drill pipe rams, 12-inch 900 series.

o. One Annular Preventer 12-inch 900 series.

o. One Rotating Head when air drilling.

The blowout prevention system would be individually
designed for each cemented casing string. Safety would be
stressed in all aspects of the operation. All employees
would be instructed in closing and opening the
hydraulically operated blowout preventers (BOP’s}.
. (Figure II-8 shows a typical blowout preventer system
designed for high pressure wells).

Hydrogen sulfide (H,S) 1is a constituent of the
geothermal fluid (in varying degrees) as a noncondensable

gas. Abatement systems would be installed to control
H,S emissions during extended well testing as well as
during power plant operations. H,S detectors would be
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mounted at various locations throughout the active area of
operations for emission monitoring and control.

While drilling, all data would be logged by a well
site geologist. If it 1is later determined that a well
must be abandoned, data from the logs would be analyzed in
order to determine the formations that would need to be

covered by cement. The plugging would be performed
through open ended drill pipe using Type G cement in
accordance with industry standards. After the downhole

plugging is completed, a cement plug would be placed in
the top of the surface casing.

d) Well Testing and Reservoir Evaluation
The following criteria would be used to détermine

the potential of a reservoir to support a power generation
operation at full capacity for 25-30 years:

o. Depth and subsurface structure.

o. Temperature of the fluid.

o. Downhole enthalpy.

o. Flow rate of each well.

o. Chemistry of the geothermal fluid.

o. Reservoir and production z&he dimensions
{reserves). .

o. Reinjection potential.

Well testing would be most likely accomplished by
following a procedure similar to that used when the HGP-A
well in Puna was tested. (In that instance, both noise
and environmental pollution abatement was achieved by use
of a "sparging pit" and also injecting caustic soda to
remove unwanted hydrogen sulfide gas). Tests would also
be conducted on the integrity of the well to bottom hole
through casing, 1logging of +the cementing tests, and
pressure testing.

The initial test conducted, after each well is
completed, would be for the purpose of obtaining an
approximation of its electric power production potential.
If the well is 3judged to have commercial production
potential, portable flow testing equipment would be
installed in order to acquire complete data on the
physical and chemical characteristics of the reservoir
fluids., The testing equipment would include: a flash
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steam  separator; skid-mounted flow metering and
temperature measurement equipment for steam and brine:
noncondensable gas sampling equipment; and, injection and
mixing equipment for H,S abatement with caustic soda.

A warm-up pond or reserve pit would be constructed
at each producing well site to receive the geothermal
fluid flow during the production tests. The reservoir
fluids from each well would be evaluated and appropriate
requlatory agencies would be contacted 1in order to
determine whether the fluid could be percolated into the
ground or if pond liners would be required. The chemistry
of the well fluids would be expected to be relatively
benign and, due to the highly porous nature of the topsoil
and near surface formations, should percolate readily into
the ground.

During production tests, production rates, steam
water ratio, hydrogen sulfide content, salinity, fluid
chemistry, and noncondensable gas content would be
monitored. The data base developed from the monitoring
process 1is necessary in order to evaluate the production
capability and reliability of the resource. The data is
also required to provide design criteria for the power
plant and associated pollution abatement systems.

Operations and Maintenance
a) The Production System

Fully implemented well field production systems
would consist of production wells, well head equipment,
pipelines and disposal systems which would be managed
through an integrated operations and maintenance system.
Well field production systems for each area would be
essentially the same, except where applications of new
technology are made.

The geologic and geo-hydrolegic characteristics of
the Island of Hawaii are unigque in comparison to other
producing geothermal resources in the world, therefore, it
is not possible at this stage of experience with the
Kilauea east rift system to predict the long-term response
of the wells to sustained high volume production. There
- is 1little published data available on production histories
of the various reservoirs. Therefore, based on a study of
the Cerro Prieto field in Mexico by J. de J. Sanchez R.
and A. de la Pena L., it is assumed that each 55 MW plant
will require eight replacement production wells and four
replacement disposal wells over a 30 year period.

b) Geothermal Fluid Gathering System
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The design of the gathering system that would carry
the geothermal fluids to supply the power plants would be
based on the following resource characteristics:

o. ~ Enthalpy (downhole)

o. Wellhead Pressure

o. Wellhead Temperature

o. Flow Rate

0. Well Spacing

o. Projected Well Flow Decline with Time
o. Reservoir Chemistry

The gathering system used to collect the hot
geothermal brine would most likely consist of a pipeline
network designed for two-phase flashing flow from the well
sites to a flash steam separator at the power plant. The
two-phase flashing flow design would simplify the
gathering process by not requiring wellhead or satellite
separators, and eliminate the need for +two pipelines.
Considerations of topography, flow characteristics, and
economy in the pipeline network would be utilized to
optimize the final design of the network.

The gathering system piping would be of carbon
steel, four to six feet above ground, mounted on saddles,
with anchors and expansion loops as required by dynamic
forces and thermal movements. The 16 to 22-inch pipes
would be insulated to minimize heat loss. Additional
lateral restraints might be required to protect against
possible lava flow hazards.

The separator (or flash tank) would be the primary
component invelved in the flashing process. Mixed brine
and steam flow would enter the separator at the inlet from
the gathering main, and that portion of the flow flashed
to steam would be directed to the single stage turbine.
All wunflashed brine would flow to the silica drop-out pond
and then to the suction header of the injection pumps.
The separator would have provisions for pressure control
and would be equipped with safety relief valves which
would open 1in the event of a turbine trip or other
occurrence causing the main steam stop valves to close.

c) Geothermal Fluid Disposal System
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Hydrothermal fluids with chemistry similar to that
expected to be found in the east rift zone are known to
begin precipitating silica as they cool below 150 degrees
c. Because the residence time in the flashing equipment
would be less than three minutes, only a nominal amount of
silica scaling would be expected at that stage. 1In order
to eliminate potential plugging in the injection piping
and wells, however, the spent fluids would be cocled in
ponds to drop out silica prior to transfer to the
injection pumps. The cooled fluids would be mixed with
the spent caustic stream from the H,S abatement system
and the neutralizing cooling tower blowdown and pressured
through polishing filters. The silica system would
probably be sized to provide an hour of residence time and
cooling to about 70 degrees C. :

Injection pumps at the power plant would be
installed to return effluent from the silica dropout
system and transfer clear effluent into the ground at a
suitable injection site near the geothermal reservoir.
The injection pumps would receive effluent primarily from
the flash separator, the cooling tower basin blowdown
pumps and the bypass stream H,S5 abatement system. The
pumps would be rated to deliver effluent through the
solids polishing filters and then to the wellheads at a
wellhead pressure adequate to inject the design flow into
appropriate geological formations. It is possible that
injection wells would be regquired to dispose of the
residual fluids of geothermal power generation in order to
avoid environmental degradation to the area and to
minimize temperature loss within the production field.

It is estimated that 65 to 75 percent of the
original reservoir fluid would |Dbe available for
injection. It can be assumed that a disposal well would
consume more fluid than a production well can produce
because of the added effect of the hydrostatic column of
water. Thus, only one disposal well may be regquired for
every three coperating production wells.

The following criteria for the design and operation
of disposal wells are stated in approximate order of
importance:

© 0 On the basis of flow and interference tests there
should be communication between injected fluid and
production wells.

o Disposal zones should be at least as deep as
production zones, to allow for reheating and
upwelling of the injected fluid. This would

enhance the maintenance of reservoir mass and
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pressure, with minimum loss of temperature.
Disposal depth must be set at a distance below
freshwater aquifers, if they exist, to avoid
possible degradation of the gquality of these
waters.

o Wherever possible, disposal wells should be
downslope of the power plant, to allow for gravity
flow disposal, at significant savings in energy.

c Wherever possible, unsuccessful wells should be
used as injection sites rather than drilling
additional disposal holes. This would

significantly reduce drilling costs as well as
reducing the environmental impacts of drilling.

o Disposal wells should be located at or as close as
possible to the power plant to reduce pipeline
costs and the amount of disturbance to the land.

It 1is evident from the above criteria that disposal
sites should not be selected until well testing is
completed. If long-term tests show that there is no
direct communication between holes in some quadrant of the
field, and if permeability is adequate, unsuccessful wells
in that quadrant could be converted to disposal wells.
This would be the most economical disposal solution.

If the use of unsuccessful wells ‘is not feasible,
disposal sites should be selected at or just beyond the
field margins, utilizing downhill flow at short distances
from the power plant. Disposal wells should then be
drilled at these sites. If field boundary-definition
wells have been drilled at the same time as the production
wells, it would be easy to convert non-producing wells of
this type into disposal wells. Productive
boundary-definition wells would serve to extend the field
and increase the estimated reserves of geothermal energy.

The injection system piping would be similar to the
gathering network; the pipes would be constructed of
carbon steel and mounted aboveground. All piping would be
nominally insulated, as required, to preclude temperature
losses which could lead to scale build-up in the injection
system piping, and for protection of personnel.

In the event of unexpected drops in power demand,
load shedding would require some venting of production
steam, which would have separate abatement equipment for
H,8 control. The H,S abatement of the bypass steam
could be accomplished gy neutralizing with caustic soda in
a scrubber or such other technigques as might be
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available. The H,S would then be injected in the
chemically-bound condition as sodium sulfide (Na,Ss)
together with the effluent from the main scrubber. Due to
the remoteness of the proposed plant sites, the normal
noise attenuation provision for geocthermal power plants
would. be expected to minimize noise effects on human
populations that might be caused by a bypass flow of a
portion of the resource production.

d) Composition of the Geothermal Fluid

The composition of the geothermal fluids in the
Puna Geothermal Region have been characterized for four
wells in the region, three from the Puna Geothermal
Venture (PGV) site (Site KS-1, KS-1A and KS-2), and one at
the HGP-A well. Composite data for geothermal fluid
chemical composition and noncondensable gas composition
from these wells are presented in Tables 2.2 and 2.3,
respectively. :

E. TECHNICAL DESCRIPTION OF THE DESIGN, CONSTRUCTION AND
OPERATION OF GEOTHERMAL POWER PLANTS

The following discussion describes the design,
construction and operation of 55 MW geothermal power plants.
Descriptions of 12.5 MW and 25 MW plants are presented in
Appendix B.

To permit assessment of the impact of power plant
construction and operations in the GRS, drawings of typical
operating units are included in this section. These drawings
depict plants that have been designed and are in operation at
other 1locations. The power plants that would be constructed for
a 600 MW system would be expected to be similar to those
described. The actual design would be based on the nature and
characteristics of the resource discovered; the most appropriate
abatement system available at the time of construction would be
utilized.

1.0 Power Plant Design

a) Building and Site Characteristics
- o. General Description. The 55 MW geothermal plant is

shown 1in perspective in Figure II-9. This scale of
operation would require a sizeable hydrogen sulfide
abatement facility and silica drop-out system. The
overall site acreage requirement is approximately 8
acres, including a 60-foot cleared area around the
site for security and control purposes. Figure
II-10 1illustrates a conceptual site layout and a
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GEOTHERMAL FIUID CHEMTICAL COMPOSITION
TAMPASTTE DATAT

b Steam
Element Brine Condengate
Cppmtw) ) (ppm{w))
Na LU - 10, 000 0. 17
K 123 - 2,700 0.10
T a 40 - 320 0.10
Mg 1 - 2 <0. 1
Fe <t - 8.4 0.035
Mn <l - 8.3 - -
B 4 - 11 <0.03S
Br 40 - AQ - -
I <20 -~
F 2.2 - 0.9 -=
Li 1 - 9 <0.01
Cl 925 - 21,000 <2
NH3 <0.01 - 0.1 .12
50 () 3.2 - 24 13
Hg™ <0.001 - <0.05 --
Y= 0.09 - 0.4 <0.01
S= (d) 5 - 100 --
Total Alkalinity <10 <10
HCC}:3 0 - 18 0
(0] O 0
5183 420 - 1, 500 ‘ 0.7
TSS 70 -
TDS (e} 2,500 - 35, 000 135
pH €2 - 5.5 3.5
Conductivity 3,100 - 67,000 120
(mho/cm)
Cenaity 1.03 --
g Composite data from three wells on the PGV site (KS-1, KS-1A,
and KS-2) and the HGP-A well.
& Wellhead presegure (WHP) = 135 pmig; Wellhead Temperature (WHT)
= 368°F.
€ Concentration high due to oxidation of S= to S0,.
d Concentration low due to oxidation of 5= to 504.
e

TDS = Total Digsolved Solids.

Source: Fluor Technology, Inc. (13987)



TABLE 22 7 3

NONCONDENSARLE GAS COMPOSITICHN
COMPASITE DATA®

~
Observed X Design f
GAS Steam Content Composition
Epmiw) \fpm(w) ;
\ .
co, 230 - 1,042 L 956
2 \
\ ,
L}
H,5 a00 - 1, 300 1950 -
\ ‘
MH (c) C e
3 \
Ar 6 - 13 -
N 10 - 700 582"
2 \
CH (d? -

4 Z
He <0. 009 L.
H 11 - 140 12

2 :
\
Total NCG 1, S00 - 2, 200 3500

2 Composite data from three wells on the PGV site (K5-1, KS-1A,
and K5-2) and the HGP-A well.

b . o
WHF = 155 paig; WHT = 368°F.

€ Below Detection Limit (<1.5 ppm NH3 in HKS-1A).

d

Belaw Detection Limit (<0.2 ppm CH4 in KS-1A).

Source: Fluor Technology, Inc. (19387)
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typical section cut through the facility for the 55

" MW plant.

The overall dimensions of the 55 MW building would
be approximately 170’ x 80’ and 75 feet high; a
transverse section of the building is shown in
Figure II-11. The power plant building for a
system capable of producing 55 MW would be
comprised of a fully enclosed 2-story structure,
containing all of the major mechanical and
electrical equipment, approximately 75 feet high in
combination with a 3-story control/administrative.
The power plant building is identified by the six
bays at the right of Figure II-11. The lower
portion of the structure, shown on the left of the
Figure, 1is the "Support Building" - a three-level
structure which contains administrative offices,
the main control room, and most of the storage and
maintenance facilities. :

The main operating floor, 22 feet above the ground
floor, would be comprised of steel framing with a
concrete~filled steel deck designed for 250 psi.
Certain areas would have steel grating. The
general structural arrangement of the main building
would be rigid steel frame designed on 24-foot
bays, with girts and purlins, respectively, to
accommodate galbestos, or similar, wall and roofing
panels. A bridge crane would be' incorporated to
traverse the entire length of the building.

Ground Flogr Area, The ground floor of the plant
building proper would accommodate the following
areas and major equipment:

(a) Loading and Unloading

(b) Machine Shop

(c) Main Condenser

(d) Switchgear

(e) Motor Control Center

(£) Air Compressors

(9) KV switchgear Control Panel

Operating TIevel. The operating level would
accommodate the following areas and equipment:
(a) Turbine Generators

(b) Laydown Area

(c) Clean Parts Storage
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Concrete pedestals on rigid mat foundations would
support the turbine generators and main condenser
units. The pedestals would be of ample rigidity
such that no resonance in the natural frequency of
the pedestal foundation and the turbine-generator
unit would occur. The turbine generator pedestals
for the 55 MW units would extend approximately 25
feet below ground level to allow space for the main
condenser. The "hot wells" for the main condensate
pumps would extend further teo about 33 feet below
ground.

To suit the functional requirements of the bridge
crane in connection with turbine-generator
maintenance and access to the laydown area, the
ground floor loading area would be open for the
full height of the building and open to the
operating floor. Fixed windows would extend the
full 1length of the main building; plant generated
heat would be dissipated using a system of operable
wall 1louvers in conjunction with open steel grating
at the operating level, and roof mounted
motor-operated discharge fans.

Control/Administrative Modules. The ground floor of
a control/administrative module would accommodate
the following areas:

(a) © Main Entrance/Reception Lobby’

(b) Men’s and Women’s Restrooms

(c) Janitor Supply Room

The second level (mezzanine) of a

control/administrative module would accommodate the
following areas:

(a) Administrative Office

(b) Staff Room

{c) Restroom

{d) Laboratory

(e) Air Cconditioning Equipment

The upper floor of the control/administrative
module accommodates the control and clean parts
storage.

Environmental Control. Instrumentation equipment
enclosures, switchgear room and associated
electrical equipment, and enclosed personnel areas
would be air conditioned and slightly pressurized
to maintain a positive air flow of clean filtered
air from the equipment and personnel areas to the
exterior.
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b) * Gathering and Injection System

Figure II-12 illustrates the gathering and
injection system for a 55 MW power plant. It diagrams the
flow of the geothermal fluids from the well field into the
power plant. The hot mixed brine and steam flow first
enter a high pressure fl