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PUNA GEOTHERMAL VENTURE
HYDROLOGIC MONITORING PROGRAM

EXECUTIVE SUMMARY

This Hydrologic Monitoring Program is being submitted as part of the requirements
of the Geothermal Resource Permit Condition 10. The Program as submitted is in
full compliance with this condition. It will document the hydrologic conditions in the
shallow aquifer in existing wells that occur in the vicinity of the site and at a water

supply well on the site prior to and over the duration of the project activities.

SCOQQ

The scope of the plan provides for quarterly monitoring of water levels and appropriate
chemical species from existing wells completed in the shallow aquifer in those areas
downgradient of the project area, at the Green Lake water supply, and from two
monitoring wells located within the project boundary completed within the shallow

aquifer.

The proposed scope of the monitoring program will be to:

] Review and update the well data ‘files for existing non-geothermal
wells in the site vicinity,

. Identify the location of the two on-site monitoring wells,

o Determine the flow gradient in the site vicinity by completing two on-site
and rehabilitating a third, nearby, monitoring well (GTW II).

. Document background conditions for selected wells by conducting

the initial round of complete water level measurements and water
sampling at all monitoring wells and water supply locations prior

to beginning injection activities at the site, and,
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. Implement the proposed monitoring program by conducting

measurements on a quarterly basis thereafter.

Permit Conditions 11 and 13 are, in part, related to ground water, but, since they
relate tobpotenn'al upset conditions for the project, any necessary response actions go
beyond monitoring routine activities at the site. They require, in the event of shallow
ground water contamination being caused by the project construction or operation
(Condition #11) or the Green Lake Water Supply becoming contaminated as a result
of the project (Condition #13), that the source of the contamination be eliminated and
that an alternative water supply for Green Lake be provided.

PGV will immediately notfy the County Planning Department and State Department
of Health in situations when a change in geothermal well conditions indicates there is
a leak or failure in the production or injection well casing. PGV will take the
appropriate steps to test the production/injection system and evaluate the related well
and casing downhole conditions. If leakage of geothermal waters to the shallow
aquifer is demonstrated, any wells leaking would be shut in accordance with GRP
Condition 11, and an assessment of the potential impact would be made by the
monitoring contractor. In addition, steps would be identified to evaluate the impact

as it relates to downgradient water users.

Equipment, Data Collection and Reporting

Water level meters will be used to measure the depth to water at all monitoring
locations. Samples will be taken using pumps in wells equipped with these devices or
using bailers. Field analyses will be supplemented by laboratory analyses for
components that have been developed by PGV in concert with the State Department
of Health, Safe Drinking Water Branch. All samples will be taken and field analyses
conducted in accordance with standard protocols approved by the EPA. An EPA or
State of Hawaii-certified laboratory will be used to conduct the analyses for samples
submitted.
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The final locations established for monitoring will be sampled and measured quarterly.
Data from each site will be processed and checked. Quality Control/Quality
Assurance procedures will be in compliance with standards of practice for similar
programs relative to the acquisition, reduction, verification, and validation of the site
data.

In compliance with permit conditions, semi-annual reports of the data will be
submitted along with the project status reports on February 15 and August 15 of each
calendar year.
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PUNA GEOTHERMAL VENTURE
HYDROLOGIC MONITORING PROGRAM

Hl. INTRODUCTION

This document provides the basis for the Hydrologic Monitoring Program (HMP) for
the Puna Geothermal Venture. The HMP is complementary to two additional
environmental compliance monitoring programs also being submitted by PGV for their
proposed activities at the site. The other two programs are the Meteorology and Air
Quality Monitoring Program (MAQMP) and the Noise Monitoring Program (NMP),
being submitted concurrently.

The HMP is organized into the following eight chaptérs, which make up the entire
program:

Chapter H1. INTRODUCTION

Chapter H2. HYDROLOGIC ENVIRONMENT DESCRIPTION
Chapter H3. PROGRAM DESCRIPTION

Chapter H4. SITE DESCRIPTIONS

Chapter H5. MONITORING EQUIPMENT AND OPERATION
Chapter H6. DATA REPORTING

Chapter H7. QUALITY ASSURANCE PROGRAM

Chapter H8. REFERENCES

Chapter H1, INTRODUCTION, presents the background, purpose, and scope of the
monitoring  program. Chapter H2, HYDROLOGIC ENVIRONMENT
DESCRIPTION, presents background about the geology, hydrogeology and
hydrochemistry of the site vicinity based on previous studies. Chapter H3,
PROGRAM DESCRIPTION, describes the activities associated with the proposed
program. Chapter H4, SITE DESCRIPTIONS, identifies characteristics associated
with the expected monitoring locations. Chapter H5, MONITORING EQUIPMENT
AND OPERATION, describes the type of equipment to be used in the measurement,
sampling, and analyses of the ground water. Chapter H6, DATA REPORTING,
presents the manner in which the monitoring program data will be reported. Chapter
H7, QUALITY ASSURANCE PROGRAM, identifies the quality control and quality
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assurance procedures that will be incorporated as part of the program. Chapter HS,
REFERENCES, lists the references cited throughout the text, and in the Figures,
Tables, and Appendices. Appendices H1 through H3 contain support documentation
for the proposed program.

Hl1.1 BACKGROUND SUMMARY

On October 3, 1989, the County of Hawaii Planning Commission approved a
Geothermal Resource Permit (GRP) GRP 87-2 allowing PGV to proceed with
development of a geothermal energy source in the State of Hawaii. PGV will build
and operate this 25 MW geothermal energy plant on the Big Island of Hawaii, about
25 miles south of Hilo (Figure H1-1). The project is expected to be producing power
in late 1990 from a central production facility situvated in an agricultural and rural
setting about 3 miles southeast of the town of Pahoa (Figure H1-2). The area isin the
Lower East Rift Zone (LERZ) of the Kilauea Volcanic Area, about 20 miles east of

the current eruptive center.

The site area is about 500 acres. Approximately 25 of these acres will be disturbed by
up to six drill pads, the plant site, and associated piping. Drilling will take place for
up to about two years with an anticipated 10 to 14 wells being required to produce
adequate steam and hot geothermal liquid to meet the required production capacity.
Well depths are expected to be between 4000 and 7000 feet. Steam and liquid coming

to the surface will be injected back into the geothermal reservoir using dedicated wells.

There will not be any emissions, other than fugitive, to air or water under normal
operational conditions. Well venting and pipe clean out are intermittent but necessary
parts of the development of the project. These actions will be scheduled to minimize

impacts.
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H1.2 OBJECTIVES AND SCOPE

A Hydrologic Monitoring Program is a requirement of the GRP. The text of GRP
Condition #10 associated with the HMP is provided in Appendix Hl. The general
objective of the HMP as stated, is to:

“...monitor the shallow ground water immediately prior to, and
during, all periods of well drilling, testing, production, and injection

activity approved under the Geothermal Resource Permit."

This objective will be met by implementing the proposed monitoring program which

is described in detail in the following sections.

The required scope of the HMP, as outlined in Condition #10 of the GRP, requires

that the following actions be conducted as a minimum:

o Provide quarterly monitoring of water levels and appropriate
chemical species:
° from existing wells completed in the shallow aquifer
in those areas downgradient of the project area,
° from the Green Lake water supply, and
° from a well located within the project boundary and
completed within the shallow aquifer.

. Submit the data obtained from this program on a regular basis
as outlined in the GRP.
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PGV’s proposed scope for the HMP consists of the following seven tasks:

Task 1: Review and update, with selected field measurements,
the well data files for existing, non-geothermal wells in
the site vicinity,

Task 2: Identify where the two site monitoring locations will be within
the project boundary,

Task 3: Rehabilitate the GTW III well east of the project area,
Task 4: Drill and complete two on-site monitoring wells,
Task 5: Document background conditions for the selected wells

by conducting the initial round of water level
measurements and water sampling at all monitoring
wells and water supply locations prior to beginning of
injection of geothermal fluids,

Task 6: Continue the proposed monitoring program by
conducting measurements and selected sample
analyses on a quarterly basis thereafter, and,

Task 7: Provide data reports as required.

Two other Permit conditions are, in part, related to ground water, but, since they
relate to potential upset conditions for the project, any necessary response actions go
beyond the scope of the routine HMP. They require, in the event of shallow ground
water contamination being caused by the project construction or operation (Condition
#11) or the Green Lake Water Supply becoming contaminated as a result of the
project (Condition #13), that the source of the contamination be eliminated and that
an alternative water supply for Green Lake be provided.

PGV will immediately notify the County Planning Department and the DOH in

situations when a change in geothermal well conditions indicates there is a leak or
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failure in the production or injection well casing. PGV will take the appropriate steps
to test the production/injection system in question and evaluate the related well and
casing downhole conditions. If leakage of geothermal waters to the shallow aquifer is
demonstrated, the well would be shut in accordance with GRP Condition #11, and an
assessment of the potential impact on' the shallow aquifer would be made by the
monitoring contractor. In addition, appropriate steps would be identified to evaluate
the impact as it relates to downgradient water users.
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H2. HYDROLOGIC ENVIRONMENT DESCRIPTION

The purpose of this chapter is to present an overview and summary of what is known
about the geologic, hydrogeologic, and hydrochemical setting of the near surface,
shallow ground waters at the site and surrounding vicinity. Local conditions, wells, and
related features relative to the site hydrologic system are shown on Figure H2-1.

Investigations related to the geothermal development of the area have been ongoing
in the site vicinity for about 20 years. Much of the work has evaluated the geologfc
setting and hydrothermal characteristics associated with the deeper reservoirs below
the shallow ground water. Details of the background studies conducted in the 1970s
and early 1980s are included in several reports developed by Thermal Power Company
(TPC), the previous operators of the PGV project. Three specific studies done which
include much of the pertinent data and information related to the hydrogeology and
hydrochemistry of the shallow aquifer system at the site include Kroopnick (1978),
Weiss Associates (1983), and Thermal Power Company (1986).

H2.1 GEOLOGIC SETTING

The purpose of this section is to present 2 summary of the geology that has been

described by other investigators for the site area.

The project site is in the southeastern part of the Island of Hawaii within the Lower
East Rift Zone (LERZ) of Kilauea Volcano. The area is characterized by vesicular,
young, sub-aerial basalt lava flows and high annual rainfall.

Weiss (1983, p. 4) reports the following related to the rift zone and the dike systems

that influence the areas vulcanism and geology:
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“(The rift zone)...isa zone of linear fissures, faults, cones, dikes and other

volcanic features that extend from the Kilauea crater east...(to the ocean).

The basalts that originate along the rift form gently sloping layers
of several inches to more than one hundred feet thick. Along the
rift, the dikes feeding the flows form vertical walls of dense basalt,
and a structure of many closely-spaced vertical dikes results in the
near horizontal, less dense flows." |

The general geologic setting is, therefore, progressively younger overlying lava flows
at depths extending from thousands of feet up to the surface, cut vertically along the
rift zone by an east-west trending dike system. In the-immediate site area, a north-
south trending transverse fault and potentially associated dikes cross-cut the easterly
1ift zone trend and are thought to be directly linked to the upward migration path for
geothermal waters in the area (Figure H2-1). -

H2.2 HYDROGEOLOGIC SETTING

The purpose of this section is to present a summary of the understanding of the
ground water flow systems active in the site and surrounding area.

The occurrence of ground water in Hawaii was summarized in general by Weiss (1983,
p. 13) based on the results of many earlier investigations by the U.S. Geological
Survey, Hawaii DOH, University of Hawaii researchers, and other local experts. They
identified four main types of ground water in Hawaii, all of which are potentially
occurring in the site and surrounding vicinity. They are baSal, perched, dike-confined,
and geothermal. Figure H2-2 is a cross-section conceptuaily illustrating how these four
types of ground waters occur in ’shallow-aquifer’ type zones.
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"H2.2.1 Recharge Mechanisms

The site is characterized as being in an area of relativély high recharge, with ground
water flow occurring in interlayered low to high permeability sub-horizontal lava flows.
Ground water flow in the site area has two primary and one potential secondary
recharge mechanisms. The primary mechanisms are from precipitation and from local
upwelling of geothermal fluids. Downgradient flow from Mauna Loa may also occur,
but it is unlikely that this secondary mechanism, if present, is as important to the site
area. Perched waters may occur in the area, but their existence has not been

documented.

Precipitation is one of the three recharge sources to the area. Average rainfall in the
area is reported to be from about 110 to 125 inches per year (Weiss, 1983, p. 5;
Kroopnick, 1978, p. 11). An estimated 73 percent of the rainfall percolates downward
to the shallow ground water table (Eyre, 1977). Recharge to the shallow ground water
system underlying the 500 acre site area would be on the order of about 3400 to 3800
acre-feet per year based on the estimated range of rainfall and the percolation
percentage provided by Eyre.

Upwelling gieog’hem al Fluids v

The second primary mechanism for ground water recharge at thé site area is from
upwelling geothermal fluids. The vertical pathways for the geothermal fluids are
believed to be first, in fractures and fault planes adjacent to and associated with the
dikes and, second, in areas such as the transvérse fault thgt cuts across the site area
between KS-1and the HGP-A geothermal research well (Figure H2-1). The upwelling
is further suggested by the characteristics of the shallow geothermal-influenced ground
water (Section H2.3) that has been detected at the site to date.
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Downgradient Flow

A secondary mechanism for ground water recharge to the area is believed to be from
ground water flowing laterally towards the site area from the north and northwest,
down slope from Mauna Loa. The dike systems act as local barriers preventing this
underground flow from continuing to move downgradient towards the ocean. Instead,
the majority of the ground water is believed to change direction moving to both the
east and west along the rift.

H2.2.2 Discharge Mechanisms

Discharge from the shallow aquifer systems occurs from three primary mechanisms,
evaporation and evapotranspiration, subsurface migration or lateral underflow, and
extractions for drinking water and irrigation use. There are no surface streams in the

immediate area.

Evaporation and Evapotranspiration
Evaporation and evapotranspiration represent the principal consumptive use in the

area. About 25 to 30 percent of the water falling as precipitation is believe to be
consumed in this manner (Eyre, 1977).

urface Migration or Underflow 7
Flow occurs from the site area and discharges down slope towards the ocean. Spring
and sub-sea discharge of warm water along the coast south of the project area has
been investigated by researchers working in the area. Local precipitation that reaches
the shallow aquifer in the dike-controlled or basal flow areas will also move
downgradient away from the site, although the rate and direction of flow are not

documented.
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Consumptive Use

There are a few shallow aquifer sources that provide ground water for drinking and
irrigation purposes in the area in or south of the rift zone. The amount extracted at
Green Lake is on the order of 50,000 gallons per day (County of Hawaii, Water Supply
Department, 1989, written communication). Volumes for the other wells, if they are

being used, are not known.

Discharges from private lands from springs and shallow wells directly along the coast
also occur, but the quantities are not known and are not going to affeqt, nor be
affected by, the project activity since they are so near to the ocean and will have local
recharge from precipitation to these areas.

H2.2.3 Flow System Description

Based on the work and site data analysis done to date, the following flow dynamics

are apparently associated with the site ground water movement:

° The net rainfall (precipitation = minus evaporation and
evapotranspiration) flows downward into a dike-confined flow
system underneath ' the site, recharging both the shallow ground
water systems in the dike-confined areas and into any adjacent
shailow basal ground water areas. o |

° Geothermal waters occur at depth beneath the site and are

upwelling in the site area mixing with the precipitation recharge.

) Most ground water moving laterally down slope from Mauna Loa

| does not reach the site area as it is blocked by the rift zone and
dikes. Instead, most is diverted and flows along the rift zone,
possibly to both the east and west.
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Only a few wells exist in the site and surrounding vicinity which are completed in the
shallow ground water aquifer and believed to be potentially downgradient from the
project area. Table H2-1 lists the wells currently identified as being completed in this
zone. No recent water level measurements are available for many of the wells. Their

locations are shown on Figure H2-1.

Table H2-1. Wells in the Shallow-Aquifer’

Well Name/Number Elevation Depth_ Last Reported Use
Allison [A] 132 140 Irrigation

GTW-II 563 690 Abandoned
GTW-IV 259 290 Abandoned
Malama Xi [9-9] 274 316 Abandoned
Kapoho [9-6] . 287 337 Abandoned
Kapoho Shaft [9] 38 41 Municipal

EOO!XIO!OS:

1. Data reported in Weiss, 1983, Table 4, p. 26.

.3 HYDROCHEMICAL SETTING

The purpose of this section is to summarize what is understood about the
hydrochemistry of the shallow ground water aquifer at and in the immediate potential
downgradient directions from the site vicinity.

The LERZ is believed to act as a hydraulic barrier as well as a divide for ground
water quality. Chloride concentrations north of the rift are generally low, and
concentrations south of the rift have been reported to be greater than 1000 mg/l.

Potable water supplies are obtained from the shallow aquifer at three locations:
Pahoa, Green Lake (Kapoho), and Keauohana [9-7]. All are more than 3 miles from
the site. Pahoa is north of the rift and has good drinking water quality. Green Lake
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is in the rift zone and has marginal water quality. The Keauohana [9-7] well is south
of the rift zone about 6 miles southwest of the site and has good water quality.

Geothermal waters have been believed to be influencing and mixing with the shallow
ground water in the site vicinity for some time. In 1986, TPC compiled much of the
background geochemical data for wells in the site area. This was done as part of their
‘request to the DOH to have the Underground Injection Control line moved so as to
exclude the site and surrounding area from continuing to be designated as a potential
underground supply source of drinking water. Results of their study suggested that
there was no potential for a potable water supply to be developed in the site area due
to the abundance of geothermal-influenced shallow-aquifer waters occurring over a
relatively widespread area near and downgradient- from the site.

The University of Hawaii (UH) Agﬁcultural Station at Malama Ki and the Allison
wells are located south and east southeast of the site. They have elevated
temperatures and levels of chloride in excess of 7000 and 750 mg/l, respectively
(Weiss, 1983, p. 26). Both wells may be influenced either directly or as a result of
mixing with the upwelling geothermal waters from near the site. The Malama-Ki well
is not in use. It is located just south of the transverse fault, about one mile south of
the project area. The Allison well, previously used for agriculture- as an iirigation
water source, is topographically downgradient, about two miles east, southeast from the

project area.

The GTW I well just east of the project area was drilled in 1961. The initial
sampling of shallow aquifer indicated a temperature of about 200°F and chloride levels
over 500 mg/l (Weiss, 1983).

Water samples were taken from the shallow ground water during drilling at KS-1, KS-
1A, and KS-2 exploration boreholes on the property. Samples were taken in uncased
boreholes at depths of about 700 fect, well above the level of the target geothermal
horizons. Table H2-2 summarizes the ranges of constituents for these samples. The
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samples clearly indicate the geothermal nature of the shallow ground water in the
immediate site area.

Results of the sampling done to date indicate that the site vicinity has geothermal-
influenced waters in the immediate area. Potable water lies to the north of the rift
zone and, based on the existing data, will not be affected by the upwelling of
geothermal fluids in the area. The relationship of the waters at Green Lake to the
upwelling in the site vicinity is not established, although some investigators have
suggested they are not connected or affected by the PGV site area. The area near the
Keauohana well is too distant and hydraulically lateral from the site and therefore will
not likely be affected by site-related upwelling. Potentially downgradient locations at
the Allison and Malama Ki wells have non-potable waters that may be mixed with, or
be the direct result of, geothermal waters upwelling locally.

Table H2-2. Shallow-Aquifer Water Quality Data from KS-1, KS-1A, and KS-2

Wells!
CONSTITUENT _ RANGE OF VALUES®
Temperature 115°F
pH 85 to 9.5 pH units
Na 600 - to 1000
K 26 to 94
Ca 53 to 65
Mg 1 to 30
Cl1 1100 to 1600
SO, 74 to 210
Si0, 80 to ‘105
Total Fe 15 to 70
TDS 2200 to 3100

FOOTNOTES:
1 - Source of data from interna! files from TPC Project.
2 - Constituents values other than pH reported in mg/l unless otherwise shown
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H3. PROGRAM DESCRIPTION

The purpose of this section is to outline the scope associated with the seven tasks
associated with PGV’s Hydrologic Monitoring Program.

There are no anticipated project effluent discharges tb the shallow basal or dike-
confined ground water. These waters are believed to occur at depths between about
500 and 650 feet below the plant site and surrounding area. There may be a few wells
in the area that provide irrigation-type water supplies. One area near the Kapoho
Crater, referred to as Green Lake, will be part of the monitoring program.

The proposed monitoring program has been revised to reflect follow-up discussions
that have occurred with both the County of Hawaii Planning Department and the State
Department of Health, Safe Drinking Water Branch. The revisions have been to:

1. Add an additional on-site monitoring location to the program so that two
monitoring locations within the project area are in place prior to
beginning of injection at the site,

2. Attempt to rehabilitate the GTW II monitoring well location just east
of the site, thereby providing a third data point upon which to evaluate
ground water flow direction in the site vicinity, and,

3. Increase the number of parameter analyses at selected locations for the

initial year of monitoring.

The revised program now consists of seven tasks as follows:

Task 1 - Date' Base Update '
Task 2 - Locating On-Site Monitoring Wells
Task 3 - GTW III Rehabilitation
Task 4 - Completing On-Site Monitoring Wells
Task 5 - Background Sampling Measurements

~ Task 6 - Continuing Sampling and Measurements
Task 7 - Reporting ‘

Version: 2

April, 1990

PGV Hydrologic Monitoring Program
Page: 17




Details regarding each of these tasks follow. Locations, measurement and sampling
techniques, and data reporting associated with the monitoring program are described
in Chapters 4,5 and 6, respectively.

H3.1 TASK 1 - DATA BASE UPDATE

This task will involve:
* getting permission to access the sites
* review and update the well data for existing non-
geothermal wells in the site vicinity (with assistance
from DOH and County staff as available).
* make selected field measurements at selected
locations.

H3.2 TASK 2 - LOCATING ON-SITE MONITORING WELLS

This task will: |
* evaluate the feasibility of using existing
geothermal wells on the site to be completed as
a monitoring well in the shallow aquifer,
x Finalize the location of the monitoring wells
to be located within the project boundary and,
* Obtain permits from DLNR for drilling these wells.

H3.3 TASK 3 - GTW III REHABILITATION

This task will include:
' * Getting permission to access the site,
* Sounding the well for depth,
Version: 2
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* Mobiﬁzing a drill rig and cleaning out the well, and,
* Sampling the well.

An alternative location for this third hydrologic monitoring point will be developed in
conjunction with the County and DOH if rehabilitation efforts are not successful.

TASK 4 - COMPLETING ON-SITE MONITORING WELLS

This task will include completing two on-site monitoring wells. If one of the
locations involves use of an existing well, then the scope of this task will
include those related actions.

TASK 5 - BACKGROUND SAMPLING MEASUREMENTS

This task will include documenting background conditions for all selected
wells by conducting an initial round of complete water level measurements

and water sampling at all monitoring locations prior to beginning of
injection of geothermal fluids. |

TASK 6 - CONTINUING SAMPLING AND MEASUREMENTS

This task will include implementation of the proposed monitoring program
by continuing measurements and sampling on a quarterly basis after start of

injec;tioh.
TASK 7 - REPORTING

This task will involve providing reports on a semi-annual basis as required
by the GRP.
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HA. SITE DESCRIPTIONS

The purpose of this section is to describe the setting of locations associated with the
proposed monitoring program.

The locations for the monitoring of ground water conditions are to be finalized based
on the results of the initial task activities. At this time, however, there are five known
off-site locations, at a minimum, that would be measured and sample analyses
obtained, at least for the first year of monitoring. In addition, two on-site monitoring
wells will be sampled prior to start of injection. Other locations may be included as
a result of the update of the data base for the area.

H4.1 EXISTING OFF-SITE LOCATIONS

There are five of-site locations that will be part of the initial annual monitoring
program. These, shown on Figure H2-1, are at the:

e  Municipal supply in Pahoa [9-5A,B;9-11],

° Municipal supply for Green Lake (Kapoho area),

. ‘Allison’ [A] well on the Pohoiki Road, and

° Unused Malama Ki [9-9] well on the University of Hawaii
Agricultural Station, and

. GTW II Monitoring Well

(0) -SA.B; 9-1
The town of Pahoa is served by three wells which tap the basal ground water at depths
of up to about 800 feet below the surface. The supply is low-temperature, low-
conductivity fresh water in a location about 3 to 4 miles upgradient from the site, north
of the rift zone. ' |
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One of the wells at Pahoa is a proposed monitoring location since it will serve as a
source for documenting levels of constituents in non-geothermal ground waters.
Coordination with the Hawaii County Department of Water Supply will be maintained
50 as to supplement, where required, their ongoing monitoring of this public drinking
water supply.

GREEN LAKE [9]

This is a municipal water supply that County Officials report comes from a thin layer
of fresh ground water overlying brackish or salty water. The supply was developed by
excavation to the water level with a bulldozer, installation of piping and refilling the
hole, leaving a piping conduit for the water to flow from the source.

The location is included since quarterly monitoring of the Green Lake water supply
is a condition of Condition 10 of the GRP. Coordination with the Hawaii County
Department of Water Supply will be maintained so as to supplement, where required,
their ongoing monitoring of this public drinking water supply.

LLI LL
The ‘Allison’ well is 2 private well that has been used in the past for irrigation. Its
current use has not been checked yet. It is located just off the Pohoiki Road about
three miles east southeast of the site. Weiss (1983, p.26) reports the well is about
140 feet deep and has a reported temperature' of about 110°F, chloride level of about
750 mg/l, and conductivity of about 2000 micromhos/cm.

The location was selected as a proposed monitoring location since it may be
hydrogeologically downgradient from the site and in an area that is already influenced
by geothermal waters. Permission to access the site has been requested. To date, no
approval has been granted. When obtained, coordination with the current owner will
. be maintained so as to supplement, where required, any ongoing monitoring that the
owner may be doing for this well. L
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MALAMA KI [9-9]

The University of Hawaii maintains an Agricultural Research Station in the Malama
Ki Research Forest Area just south of the site. A well, located at a ground elevation
of about 274 feet, was drilled to a depth of about 316 feet on this property in the early
1960s (Weiss, 1983, p.26). It was not used, perhaps because of its elevated
temperature  of about 140°F and its chloride levels over about 6000 mg/l. Sampling
was done monthly at this location from January 1980 until June, 1981 as part of
background studies of ground water in the area (W, Burkhard, personal
communication, December, 1989).

The location was selected as a proposed monitoring location since it appears to be
potentially downgradient from the site and in an area-that is already influenced by
geothermal waters. PGV has contacted the University of Hawaii and obtained
permission to sample this well. Coordination with the University of Hawaii
Agriculture Department will be maintained so as to supplement any ongoing
monitoring that they may be conducting. |

I RIN LL
This well is currently abandoned and a blockage exists in the well at a depth of about
270 feet below ground surface. The well was drilled as one of four geothermal test
wells along the LERZ in 1960 and 1961. It was originally completed to a depth of
about 690 feet, about 130 feet below sea level. As noted in Section H2.3, initial
sampling done encountered high temperatures of about 200°F and chloride levels over
500 mg/l (Weiss, 1983). |

PGV has obtained permission to access the property and clean out the well. A driller
has been contracted and should begin work in mid-April. Cleanout is expected to take
about one week. PGV will maintain access and sample and measure the well as part
of the ongoing Hydrologic Monitoring Program.
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H4.2 ON-SITE LOCATIONS

Two monitoring locations will be situated in the south and north half of the project
area. This will complement the GTW III location and allow a ground water flow
direction to be calculated in the immediate site vicinity. The location in the south part
. will be as close to the injection site (Wellpad F) as possible. The location in the north
part will be near Wellpad A if an existing well is used, or towards the Kapoho-Pahoa

Road if a new monitoring well is drilled.

Once the locations are finalized, applications will be submitted, the required permits
obtained, and the wells will be drilled, completed, and sampled. The wells will serve
as dedicated monitoring wells for the hydrologic monitoring program.

H4.3 ADDITIONAL LOCATIONS

Any other locations identified beyond those described above in Section H4.1 will be
added to the monitoring plan and described, along with the rationale for their being
included.
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H5. MONITORING EQUIPMENT AND OPERATION

The purpose of this section is to summarize the types of equipment and techniques
used to perform the field-related measurements and sampling activities of the
monitoring program.

H5.1 WATER LEVEL MEASUREMENTS

Water level measurements will be recorded for those wells identified as an integral
part of the monitoring program.

Water level measurements will be obtained utilizing an electronic direct contact
detection probe with a calibrated cable/tape for direct measurement at the top of the
well casing. Calibrated cable/tape length shall be sufficient to measure water levels
in the deepest wells identified. The metering device shall be equipped with an audible
signal and light to indicate water level contact. Specifications for equipment similar
to what will be used for this type of activity are in Appendix H2.

Water level measurements shall be conducted at each individual well prior to any
additional testing or sampling of that particular well. All measurements  will be
obtained utilizing standard protocols for the equipment described in a separate
‘Operating Procedures’ document to be finalized as the program is implemented in the
field.

H5.2  WATER QUALITY SAMPLING AND ANALYSIS

Water samples will be obtained from each of the wells identified for determination
of selected physical and chemical characteristics of the waters from those wells to
which access can be readily obtained.
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Samples will be obtained from each well according to the characteristics of that well.
Wells equipped with pumps will be sampled from the most suitable ported connection.
Those wells not in use or not equipped with pumping devices shall be sampled with a
stainless steel bailer lowered into the well by winch line to retrieve the volume of
water required for each sample. |

At each sampling location, standardized equipment cleaning will be carried out prior

- to obtaining each sample. Protocols to be used for sampling will be provided in the
supplemental ‘Operating Procedures’ document to be finalized when the program is
implemented.

Selected parameters values will be determined at each site upon retrieval of the water
samples from the well. The field analysis will include measurement of:

. PH,

. temperature,
. conductivity,
. salinity, and
o chloride.

These measurements will be obtained by using calibrated instruments specifically
designed to directly measure these physical and chemical parameters within the
operational constraints dictated by site conditions. Specifications for equipment similar
to what will be used for this type of activity are in Appendix H2.

Water samples will be submitted for the remainder of the analyses to an EPA or a
State-certified laboratory. Samples will be transferred from the bailer/sample port
directly to appropriately prepared containers 'supplied by the laboratory. Samples will
be labeled, and stored and transported in a chilled state in insulated containers to the
laboratory. |
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Parameters for analysis by the laboratory will, at least for the first year, include
selected parameters that are related to underground waters that provide a public
drinking water supply. These parameters are listed in Table HS5-1.

In addition, the initial year of sampling at all monitoring locations will include, as
requested by the DOH, analyses for other organics and other parameters

recommended by DOH. These are listed in Appendix H3. After the first year,
sampling will not include all of these parameters since there are no sources for many
of these constituents associated with the project.

In addition, analysis will be done for the following five constituents which can be
associated with geothermal reservoirs:

*  Lithium

* Vanadium
* Boron

* Silica

* Bromine
* Nickel

The results of the quarterly sampling will be reviewed at the end of the first year to
determine if there is 2 need to supplement the analysis or if the number of parameters
can be reduced. Any recommendations for modification to the sampling program
would be included with the semiannual report and submitted to the county for
approval. B | |
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Table H5-1. List of Water Sample Parameters for Routine Analyses

Inorganic Constituents_
Arsenic

Selenium

Mercury

Cadmium

Lead

Chromium

Barium

Silver

econd nstituents

Total Dissolved Solids
Color

Copper

Foaming Agent

Iron

Manganese

Odor

Other Constituents
Lithium

Vanadium

Boron

Silica

Bromine

Nickel

Drinking Water
Maximum Contaminant
Levels '

0.05
0.01
0.002
0.010
0.05
0.05
1.0
0.05

500.0
15. color unit

1.00

0.50

0.30

0.05

3.00 ton
250.00

5.00

6.50 - 8.5 scale

Non-corrosive
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H6. DATA REPORTING

The purpose of this section is to summarize the frequency, content, and format for
the hydrologic monitoring program data.

' H6.1  FREQUENCY AND CONTENT

In compliance with permit conditions, semi-annual reports of the data will be
submitted thereafter, along with the project status reports on February 15 and August
15 of each calendar year. The initial submittal will include information regarding all
well locations, and as-built diagrams relative to GTW III and the on-site monitoring
locations. '

Subsequent reports will be in letter format and will include activities conducted during
that period, laboratory results of sampling conducted, and recommendations as
required. |

H6.2 FORMAT

Reporting format will incorporate standard forms and reporting protocols established
for similar environmental compliance monitoring programs. The forms and protocols
may be modified to reflect the project specific conditions.
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H7. QUALITY ASSURANCE PROGRAM

" In any program that requires a substantial data base, the credibility of the data must
be assured before any derivations from it can be reasonably made. In monitoring
programs, the two types of activities necessary to assure the validity of the collected
data are Quality Control (QC) and Quality Assurance (QA). Quality Control activities
are the primary avenue by which the data are kept within prescribed control
conditions. The field QC activities are carried out by the site technician while in-
house QC activities are performed by experienced personnel involved with the data
reduction and analyses. Quality Assurance activities ensure that each QC activity is
performed and documented completely and accurately. A control loop is thereby
formed such that if a QA check indicates that an out-of-control condition has been
allowed to occur, then the related QC activity will be modified or strengthened to
eliminate future occurrences. |

All activities of the PGV hydrologic monitoring program will be conducted in
compliance with a suong and effective quality assurance program. This program will
be managed in accordance with other similar environmental compliance monitoring
projects to a standard similar to that expected by the EPA. Details of the QC/QA
plan established for this project’s hydrologic monitoring program will be submitted as
a supplement after details of proposed sampling and measurement activities have been
finalized.

Quality assurance also plays a key role in data reduction and analysis and will be
performed on a regular basis by a trained professional hydrogeologist. Activities of
the Quality Assurance program are designed to ensure overall accountability,
traceability, and repeatability. '
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H7.1 QUALITY CONTROL ACTIVITIES

All equipment will be calibrated prior to use at the site in accordance with
manufacturers® specifications. Program technicians will be fully trained in the use of
field equipment and performance of field measurement and sampling actions.

Quality Control activities shall incorporate the use of the Standard Operating
Procedures (SOPs) for well measurement, sampling, and equipment cleaning developed
from U.S. EPA Sampling Protocols. These will be included in the supplemental
‘Operating Procedures’ document. '

Calibration and use of equipment shall be conductéd in accordance with Standard
Operating Procedures developed for each type of equipment and the manufacturer’s
rgcommendaﬁon for operation and calibration of each unit.

H7.2 - DATA QUALITY ASSURANCE ACTIVITIES

Quality Assurance related to all project measuring and sampling activities will include
documenting that field activities were conducted in accordance with the required
procedures and recording all field data on forms in accordance with the monitoxihg
contractors standard internal Quality Assurance program.

Quality Assurance related to water sampling shall also include the use of blind
duplicates, field blanks, and trip blanks as required to assure environmental control
and external laboratory quality assurance.

Data will be reported by the hydrologic consultant, and interpretations and calculations
will be checked independently.
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H7.3 LABORATORY QUALITY ASSURANCE ACTIVITIES

The laboratory selected for analysis of the samples generated during this monitoring
program shall be certified by the EPA or the State of Hawaii Department of Health
to conduct those analyses required in this investigation.

Laboratory Quality Assurance is the responsibility of the laboratory. However, the
laboratory may be requested to provide documentation of its QA procedures for any
of the required analyses at any time.

In addition, blind duplicates and field blanks shall be included in 'wch quarterly
sampling for a to determine if the test results are reproducible. If required, duplicate
samples may be analyzed by a second independent laboratory for reproducibility of
results. |

Duplicate samples will be provided to DOH for their independent analysis, upon
request.
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APPENDIX H1

GRP CONDITIONS RELATIVE TO THE
HYDROLOGIC MONITORING PROGRAM

Prior to commencing any geothermal well drilling, testing, production, or

injection activity approved under this Geothermal Resource Permit, the
permittee shall submit to, and secure the approval of, the Planning Director
of a hydrologic monitoring program. The program shall, at a minimum,
provide for the quarterly monitoring of water levels and appropriate
chemical species from existing wells completed within the shallow aquifer in
those areas downgradient of the project area, including the Green Lake
water supply, as well as from a well located within the project boundary and
completed within the shallow aquifer. The monitoring, sampling, and
analysis protocols shall be clearly defined in the program submitted to and
approved by the Planning Director. The monitoring and sampling shall be
conducted by a qualified contractor, and the samples analyzed by a-qualified
laboratory, selected by the permittee but subject to the approval of the
Planning Director. The selected contractor and laboratory shall operate
under contract to, and shall be funded by the permittee. The program shall
monitor the shallow groundwater immediately prior to, and during, all
periods of well drilling, testing, production, and injection activity approved
under this Geothermal Resource Permit. The data obtained shall be

submitted to the Planning Director in accordance with the requirements

contained in this Geothermal Resource Permit for submittal of all collected
environmental monitoring data. The County shall make random checks of
the ground water supply no less than every two months."
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Flat Tape Water Level Meter

For measuring the depth of water in
boreholes, standpipes and wells, the
Flat Tape Water Level Meter (dipme-
ter) Is the most retiable and accurate
of the Solinst Water Level Meters and
Is easy to operate and read.

Also available is the Model #102
Coaxial Cable Water Level Meter for
use in applications with small size
tubes.

Operating Principle

The standard Flat Tape Water Level
Meter(dipmeter) uses a0.59" (15mm)
diameter probe constructed of nickel
plated brass. Thisisfittedio aperma-
nently marked, mediumdensity, poly-
ethylene flat tape which contains two
stranded stainless steel conductors.
The probe itself incorporates an insu-
lating gap around a central stainless
steelelectrode. Whencontactis made
‘with water, the circuit is completed,
sending a signal back to the cable
drum where a clearly audible buzzer
is activated.
The water level can then be deter-
mined bytakingareadingoffthe cable,
atthetopofthe borehole, pipe ortubs.
The cable is housed on a high quality
storage and winding reel equipped
with a brake. The reel has a conven-
ientcarrying handle and a sturdy stand-
alone design. Standard controls in-
clude abattery testbutton, orvolf switch
and sensitivity adjustment.

__

(800) 648-9355

Features

Accurate

markings at cm, 1/2" or 1/20" inter-
vals.

sensitivity control which adjusts to suit
water conductivity.

Reliable
permanent, hot stamped markings.

Long Life

rugged, free standing reel

corrosion proot components.
standard 9v battery. '
replacement probes and cables avail-
able.

Flexible
lengths up to 1650 ft. (500m).

" stainless steel probe and other op-

tions available

@ . N !
W\

- \

Measurement Options

The flexible, polyethylene flat tape
gives very accurate readings because
the permanent markings are at close
intervals. The high strength stainless
steel conductors provide strength and
the design prevents it from adhering
to wet surfaces in boreholes and
tubes.

Markings are permanently embossed
onto one side of tha tape and are
available inyourchoice ofthree scales
or, if preferred, any combination of
scales, one on each side.

M1 Feet and Inches : with markings
every 172"

M2 Feet and 10ths of feet : with
markings every 1/20ft.

M3 Meters and centimeters : with
markings every cm.

M4 Markings both sides : any combi-
nation of scales.

\
o\
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" S-C-T eter
YSI Model 33

e Measures Salinity, Conductivity, Temperature
¢ Direct Reading Water Quality Meter

e Portable, Battery-Powered

¢ Designed For Field Measurements

INSTRUMENT SPECIFICATIONS

Cenductivity Ranges:
4w SOUXXD panhanicn s thice tanges Readability 3% of seale. Ervor ess than
= 3% of reading iplus pradicy.
Saliaity Range:
030 PPT from = 210+ 45°C, readability 9 2 PIE. Emar above 4°C less than
LU PPT a0 30 PIT, 1 7 PPT & 20 PPT, plus probe.
Temperature Range:
=200 +SU°C. ecadubliny 0 13°C trom = 2+ A7°C Emror 20 1°Cat = 2°C,
=0.6°C 4t 35°C. plus produ
100 or 600 Hz Operativa:
100 He foc S0 ganhar tange . spteonal 600 He for lughee conductivaty and salinity
;aages. )
Ambient Temperature:
Operates from =S w ¢ 43°C Max, Jnn 0 1'% ot scading per °C change in
ambient. Neghyble dot " 1ed line 1 wdjusied.
Probe'
| Juctivitycnprature probe of Juiable plastic 114% dia. x 27 Jong
32 5 cm).constant ot K+ S 20.0em? Emor ks than = 2% of readings tor
salinity snd conductvaty. .t 1°C fue lemperature mcasurement st 0°C, 20.3°C
® HC. Prube clectnnks van be seplatinizcd by using the nstrument plus
platinizing ssutin
Power Supply:
Two Eveready EYS hativries o cquvalent provide 200 huues wperation.
lastrument Size: '
9216225 em gt ot a0 dibn
Ordering Part Numbers:
YSI Madel V3 S-C1 Mo
¥S1 3310 $-C-T Probe, 10 kad t3nn
VS 3311 S-C-T Probe, M0 icad (151 Fou longer Kads o 3, place an <X
after probe number amd ooty fenpth Prabes S o lunger suppied with
stocage reel. For deads et HEF, Contact fatony
¥S) M40 Pty Neduten. 2 as
YSE 3890 Carryving Case

L= T R O

T-L-C Meter

YSI Model 3000
e Portable, Self-Contained Water Quality

Meter

o Measure Temperature, Level,
Conductivity

¢ Groundwater or Surface Water

INSTRUMENT SPECIFICATIONS

Femperature:
Range: ~5.0 10 +50.0°C. Accuracy: =0.3°C including probe. Resolution:
0.1°C.

Level:

- Range: G 10 150 . Accuracy: = 1° per 30° of cable.

Conductivity:
Nominal Range: 0 to 2.000 mullimhos/em (0 to 2.000 wmhos/cm). 0 to 20.000
millimhos/cm (0 10 20,000 umbos/cm}. Accuracy: = 3% of full scale including
probe. Resolution: | part in 2,000,

Temperature-Compensated Conductivity:
Nominal Range: 0 1o 2.000 millimhos/cm (0 o 2,000 pmhos/cm). 0 10 20.000
millimhos/em (0 10 20,000 pmhos/em). Accuracy: = 4% of full scale including
probe. Resolution: | part in 2,000.
Note: Range actuaily ends at 1.999 or 19.99.

Probe and Cable:
Probe has CPVC body and removable stainless sice! weight anached 1o durable
polyurethanc-jacketed cable, Probe has 1° somina! diameter, 4%° length. Cable
is 150’ fong with depth markings every 12°; a water-tight MS coancctor attaches
cable to instrument. Cell constant is K= 5.0/cm =0.1. Ervoc less than =2%
of readings foc conducuvity, £0.1°C for emperanure. -

Ambicnt Temperature:
0w S0°C.

Humidity:
Opcrates under any humidity condition if seals are inzact and desiccant 15
place. -

Case:
Water-tight o MIL-T-28800C; weighs 7.3 pounds.

Power Supply:
Six “C" size heavy-duty carbon-zinc battenes provade better than 1200 howss
vpcration bascd va 4 hours usc pee day. Alkaline cells provide better than 170
hours, Low-battery indicator wams when w replace batienes.

Ordering Part Numbers:
YS! Model 3000 T-L-C Meier
YS! 3030 Test Prode (tests calibration)
YS! 3050 Replacement Probe, Cable and Recl Assembly
¥YSI 3140 Plaumang Soluuon, 2 02. {for probe mantenances
¥S1 3035 Planmang Insoument {fue probe mantenance)

‘.




025000 SA 250 Portable pHImVitempera-
lure Meter lor hand-heldbench-lop
use. Digital, LCD meter comes with
catrying case, Mode! 81-56 ROSS
pH elecirade, ATC probe. attacheo
shonng plug, one 3M KC1 2 oz,
bottie of filling solution, three 60
mi solution botties, one plastic
beaker, electrode holder, support
10d, 100 Quide, one packel pH 7
butter, one 9V oatlery, istruction
manua!, and traning guide.

OPTIONAL ACCESSORIES FOR SA 250, SA 230,
AND $A 210 METERS.
020041 Shoutder strap and meter hotder
for hanos-lree operation. Great for
plant o¢ field work

020045 Stable electrode stand with heavy
base, r00. and holder.

ADVANCED FEATURES

pH Autocal. or' manual buffer entry.
Choice of aisplay resolution.

Adjustable 1sopotental point.

Automatic temperalure compensation.
“Mo slip® gnp fits comionably in one hand.
Durable, dust and splash resistant.

Line or battery operated.

SIMPLE TO USE

Prompting, by advancing o nexi step.
Assistance (error) codes.

THE SA 250 METER IS FOR
THE CUSTOMER WHO WANTS:

An accurate and portable pH system.

A pH meter that s supphed complete and
ready 10 use, with all the accessones you
need to make pH measurements n the
field or lab.

ORION SA’ZSO'P,Oblé'i:iHlmVI;émpér'a:tu‘fé.jm_eter:qu Hand-held And Bench-top Use
ADVANCED FEATURES 023000 SA 230 Portable pH/mV/tempera:

Thae SA 250 meter is supplied
with a best-petivrming ROSS.
COmbINation. wpory-00dy pH
elactrode and ATC prode for
fast, accurate ptl. no matter
what the senible lemperature.

Automatic temperature compensation. ::’s': gg&b{chgngggf?nﬂg'gp
M [Te} fi at . - " v )
o shp™ gnip fits comfortably n one hand canying case wih comtination pH

Durable; dust and splash resistant.
Recessed control knobs prevent settings
trom bemng changed unintentionally.
Line or battery operated.

electrode, ATC probe, attached
shorting plug, three 60 m! solu-
tion oottles, one 150 mi bezker,
dectrode holder, suppont 104G, rod

THE SA 230 METER IS FOR
THE CUSTOMER WHO WANTS:

An econormical meter with the added

guide. one packet pH 7 buffer,
one 9V battery, nstruction
nanugl, 3ng raing guide.

] ] —
IROIN RAR.QRGNR

accuracy and convenience of temperature
compensated pH measwrements.

The SA& 230 Meier 15 showWn with
& Conveniant hakler that is a
sturdy stand for flat surfaces and
has @ neck sirap tor hands-tree
opention.

{ORION SA 210 Portable pH/mV Meter Far Hand-held And Bench-top Use. "

021000 SA 210 Ponable pHImV Meler for
hand-heigibench-op use. Digeal,
LCD meler comes in carrying case
with combinalion pH electrode,
attached shosting plug. three 60
mi solution boties, ene 150 mi
beaker, electrode holder, support
10d, 100 quide, one packe! pH 7
butler one 9V battery, instruction
manual, ana irainng guide

Same leatures as the SA 230. but without
automatic temperature Compensaton or
temperature readout, with manual temper-
ature compensation. '

Botn the SA 230 ana SA 210
Meters Rave o wnie ¢+ 1.999 mV
range for eConunncal 1wd0s
polential aetormnation
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Regular Bailers for Well Purging
and Sample Retrieval

TIMCO™ bailers are available in Teflon®, stainless steel, PVC and acrylic in
sizes from 0.84" t0 45" {21.4mm—114.3mm) diameter and 1° 10 6’
{31cm—183cm) lengths. :

]

All are solvent free, and have a flush *'V' threaded ball check for ease of
decontamination. This design permits the addition of a body exlension piece
to increase capucity.

The ball check design aliows for the inclusion of a Viton* **O™ ring in all but
the Teflon* opaque model. The Viton* ‘O™ ring provides a leak free joint. It is
inert and will not compromise the collected sample. ~-

The bail, an integral part of the bailer body, permits easy attachment of a
suspension cord. Stainless steel models have a fixed bail.

, : e —

(800) 648-9355




PUNA GEOTHERMAL VENTURE
HYDROLOGIC MONITORING PROGRAM

APPENDIX H3
LIST OF ANALYSES FOR FIRST YEAR SAMPLING PROGRAM




Department of Health Laboratories

Form Number

SAFE DRINKING WATER ERANCH
CHAIN OF CUSTODY & EDB/DBCP CONTAMINANT REPORT

Number

Water System Name

Sample Location

Well Log # -

Sample Point # -

Type of sample: Routine Special

Collection remarks

Y

Sample Chlorinated , N ,

Sampler(s) s

Date: Time: Sample Location

' Relinquished by: Date/Time Received by: Date/Time
Dispatched by: Date/Time Rec'vd for Laboratory by: Date/Time

Method of Shipment:

Seal Intact: Yes

Sample Lab {#f Relinquished by:

Date/Time Received by: Date/Time

Sample Lab # Locked in Refrig

Date/Time Rem'vd from Refrig Date/Time

NQ |RESULT*| Method | Date | Analyst | Lab #

Regulated Compound ND
Ethylene Dibromide <. <. ABCD
1l,2-Dibromo-3-Chlorcpropane < . I< . ABCD

* Measured in micrograms per liter (ug/l) unless otherwise specified.

Methods:
A=Purge Trap
B=GC

C=GCMS
D=Other

Sample Preservation:

Dechlorination:
appx 3 mg NayS,05

HCL (Circle) Y N

Reported by:

Date:

Forwarded by:

QA Check: Date:

Date:

1/90




- maximum .
< contaminants | contaminant lalb . analy;xcal date analyst lab
1 levels* results method analyzed number
Arsenic 0.05
Selenium 0.0l
Mercury 0.002
Cadmium 0.010
Lead 0.05
Chromium 0.05
Barium 1.
Silver 0.05
Nitrate (as N) 10.
|Fluoride
Chloride 250.
Total : - .
Dissolved Solids| 20
Sodium
*Measured in milligrams per liter (mg/l) unless otherwise specified.
A« Atomic Absorption H = Electroce
- B .« Atomic Absorpticy; Chelatioa-extraction . 1 - Cas Chrematography
. C < Atemic Absorption; Flameless J '« Cravimesric Analysis
O - Atomic Absorption; Flameless Graphite Furnace K« Silver Diethyl-dithiocarbonate
E -« Atomic Adsorption; Caseous L - Tituimetric Analysis
F « CaZmium Reductisn M -
G « Colerimerric with preliminary distillation N -
No. of Containers: Preservative Added (ml)  Signature Date Lab. No.
Container: No. 1 Metals
No.2 Hg
No.3 NOj
No. 4 TDS/CL/F
Reported by: Date: QA Check: Date:

Forwarded by: - Date:
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P

CONTAMINANT MCL*| lab  {analytical| date |analyst| 1ab
results* method analyzed number
Trihalomethanes 0.10 A3CD
CHLOROFORM ABCD
BROMOFORM AB3CD
CHLORODI3ROMOMETHANE A3CD
DICHLOROSROMOMETHANE ABCD
ABCD
A3CD
A3CD
ABCD
A3CD
A3CD
A3CD
CABCD
A3CD
ABCD

*Measured in miligrams per liter (mg/l) unless

otherwise specified.

Methods: Sample Preservation: Dechlorination:
=Purge Trap appx 3mg Na 5?03
B=GC HCL (circle) Y N added to sa%p-e :
C=GCMS Y N
D=0Other
Reported by: Date: QA Check: Date:
rorwarded by: Date:




Regulated Compound MCL* ND NQ |RESULT*| Methed Date |Analyst| Lab
Vinv]l Chleride 2 <0.3 <1.0 ABCD
1,1-Dichloroethvlene 7 0.3 | <1.0 ABCD
1,1.1-Trichlorcethane 200 <0.3 | <1.0 ABCD
Carbon Tetrachloride 5 <0.3 <0.5 A-BCD
Benzene 5 <0.3 | 1.0 AB3BCD
1,2-Dichloroethane 5 <0.3 <1.0 ABCD
Trichloroethvlene S <0.3 <0.5 ABCD
p-Dichleorobenzene 75 <0.3 |} «i.0 ABCD

Unregulated Compound

1. Chlceromethane <0.3 <1.0 ABCD

2. Bromomethane <0.3 <l1.0 ABCD

3. Chloroethzne <0.3 | <i.0 ABRCD

4, Methvlene Chloride <0.2 <0.6 ABCD

5. trans-1,2-Dichlercethene <0.3 1.0 ABCD

6. l.l-Dichloroethane <0.3 | 1.0 ABCD

7. 2,2-Dichloroorovane <0.5 <2.0 ABCD

8. cis~1,2-Dichloroethene <0.3 <1.0 ABCD

9. Chlorcform <0.2 <0.6 ABSCD
10. 1,1-Dichiceropropene - <0.3 1.0 ABCD
11. 1,2-Dichloropronane <0.3 <1.0 ABCD
12. Bremodichloromethzne <0.3 <1.0 ABCD
13. Dibromomethsne " <0.5 | <1.0 AB3CD
14. trans-1,3-Dichloropropene <0.3 1.0 ABCD
15. Toluene <0.3 ] 1.0 ABCD
16. cis-Dichlecropropene <0.3 <1.0 ASCD
17. 1,1,2-Trichlorcethane <0.3 1.0 ABCD
18. Tetrachloroethene <0.2 <0.3 ABCD
19. 1.3-Dichloropronane <0.3 1 <1.0 ABCD
20. Dibromochloromethane <0.3 <1.0 ABCD
21. Chlorcbenzene - <0.3 1.0 ABCD
22. Ethvl benzene <0.3 <1.0 ASCD
23. 1,1,1,2-Tetrachloroethane | <0.3 <1.0 A3CD
24. m-Xvlene }coelute <0.3 <1.0 ABCD
25. p-Xvlene ‘ <0.3 <1.0 ABCD
26. o-Xvlene <0.3 <1.0 ABCD
27. Stvrene <0.3 £1.0 ABCD
28. Bromoform <0.5 <2.0 ABCD
29. 1,1,2,2-Tetrachloroethane | <0.3 <1.0 A3CD
30. 1,2,3-Trichloropropane <0.3 <1.0 ABCD
31. Breomobenzene <0.3 1.0 ABCD
32. 2-Chlorotoluene <0.3 <1.0 ABCD
33. 4-Chlorotoluene <0.3 | <1.0 ABCD
34. 1,3-Dichlorobenzene <0.3 | 1.0 ABCD
35. 1,2-Dichlorobenzene <0.3 1.0 ABRCD

Unreg Compounds on List 3

36. Bromochloromethane <0.3 | 1.0 ABCD

X{37. 1,2 4-Trichlorobenzene <0.3 | <1.0 ABCD
38. Hexachlorobutadiene <0.3 ]| <1.0 ABCD
39. Naphthalene <0.3 <1.0 ABCD
40. 1,2,3-Trichlorobenzene <0.3 <1.0 ABCD

1/90
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maximu .
, g _ contaminants cor;;‘a,:}isr;;t ;f:sl:l!::s* ax;aé{;;%al ang?yt;ed analyst nuf'::er
Endrin 0.0002
Lindane 0.00%
Methoxyéhlor 0.1
Toxa.phene' 0.00S5
2,4-D 0.1
2. 4. 5 -T2 Silvex 0.0l
Total .10

Trihalomethanes| -

" *Measured in milligrams per liter (mg/1) unless otherwise specified.

Analytical Method:

H - Electrode
- Gas Chromatography
- Gravimetric Analysis .

1
J
" Reported by: .

. Fp

P ® e oepms wae .

4

.G - Colorimetric with preliminary distillation

Date:

Silver Diethyl-dithiocarbonate

K -
L -~ Titrimetric Analysis
M - Purge and Trap
N -
QA Check: Date:_

rwarded by:

Dates




1" GEOTHERMAL SYSTEM -

! FAILURES: IMPLICATIONS

- FOR GROUND-WATER
MONITORING

The ground-water quality impact of geothermal energy systems has yef to be determined.

Tnis article offers a discussion of these systems and the reasons for their failure as they relate to

py Forest L Miller Jr. and
nouglas E. Zimmerman

AU.S.Environmental Protectfon
ncy grant to assess standard
and innovative ground-water moni-
1oring techniques and systems
applied to geothermal energy devel-
opment {mpacts on associated
ground-water systems is currenty
underway. The resecarch effort is
directed toward integrating monitor-
ing techniques, legal constraints,
production system fault-tree analy-
sisand comprehensive solute trans-
port and geochemical models. Antict-
pated results will provide means to
assess sile-spectfic ground-water
geothermat systems and to identify
the optimum monitoring method-
ology and network design to detect
ground-water quality impacts. The
models will allow an evaluation of
potential worst-case impacts on the
ground-water system. '
Information on approximately 80
geothermal energy system failures
~was complled and reviewed during
the course of this study. Faflures
: have ranged from minor leaks in

pipes and valves to uncontrollable

discharge from wells resulting in
the release of large quantities of
geothennal fluid. Statistical analysis
ofthe data ¢ollected provides a com-
parison of failure rates for different
components of a geothermal devel-
opment. Bath a review of worldwide
geothe well- and plant-fatlure
data and a faflure analysis utilizing
fault-tree techniques to assess the
foc>* nolnts of grourid-water moni-
o1 lefforts are presented in this

article,

Background
The technology for the conver-
F\lb-ﬁ > b!’ba.‘u(\ "\’_L;*Q;‘_
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e ;«ee-ﬁss Ry ¢w
”~
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future monitoring.

sion -of geothermal energy to elec-

" tricity Is in a transitional stage of

development. The conversioncanbe
performed In a cost-effective manner
and the types of equipment neces-
sary to operate safely and consist-
ently are known, but the operating
experience accumulated to date {s
insufficfent to assist in estimating
failure rates with reasonable pre-
cisfon. Operating experience in thé
United States is limited to the Gey-
sers Known Geothermal Resource
Area (KGRA)which islocated 180km
north of San Francisco, California.
This KGRA is a vapor-dominated
system as opposed to the more com-
mon liquid-dominated systems,
some of which are being developed ,
elsewhere In the United States. The
most active areas of geothermal
development in the United States
are currently the Imperial Valley of
California and sites In rorthern
Nevada Intermationally, power pro-
duction at a significant scale from

liquid-dominated reservolrs is on
line at Cerro Prieto, Mexico, |

Wafrakef, New Zealand, and several
sites inJapan. - i

A number of technologies are
available for the conversion of geo- -
thermal energy to electricity. The
selection of the power conversion

unit is controlled primarily by the -

chemical and temperature charac-

teristics of the geothermal reseryoir.
 Generally there are two basic.
types of systems. The flash system
allows the geothermal fluld to flash
tosteam, which is then used todrive

the turbine. The binary system util- 7}

izes a secondary fluid, such as freon
orisobutane,which is heated by the
geothermal fluid todrive the turbine.
Both systems are somewhat similar
inthat they require production wells,
a system of pipes and valves for

p
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moving fluid from the wells to the
plant, a power conversion unit, and
in most cases, injection wells for
disposal of spent fluids. '

Failure Data

The high temperature, pressure
and chemical composition of geo-
thermal fluids are conducive to
equipment failure (Table 1). A geo-
thermal reservolr is usually located
in an active geologic environment
containing faults and fractures
which tncrease the difficulty of drill-
Ing and the posstbility of adverse
environmental impact.

Detailed data on geothermal sys-

" tem fatlures are generally not avail-

able. The best-documented fatlures
have been those assoclated with
wells. Unfortunately,even these data

- are often lacking in such important
. ltems as discharge rates, detection

method and cause of fatlure. Fatluire
data on equipment such as surface
piping and energy conversion com-
ponents are also limited (Sung et al,
1980: Summers et al, 1980).

On the basts of failure data col-
lected, a review of geothermal site
plans,and consideration of possible
fluid release points, the following

components were considered for fail- -

ure analysis:
¢ wells
® welthead assembly

® surface equipment
® disposal system.

Production Wells

Well fafture can occur in two dis-
tinctly different operational modes.
Failure can occurduring the drilling
of the well or during geothermal

- fluid production. Tocontrol the move-

ment of formation fluids around the

GWMR/Sorina 1982 23
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ing and production. the well-bore
size is reduced with depth. At each
reduction in hole diameter, the bore
is cased and cemented. An example
of the casingand cementing of wells
at Wairakel, New Zealand, is shown
tn Figure 1.Numeroustoolsand tech-
niques exist for physically locating
anddefining the type and severity of
casing fallures, but only a modest
amount of data concerning the
actual cause of the fallure can be
acquired when the fatlure occurs
hundreds of meters or more below
ground level.

Fallures during drilling opera-
tions can result tn uncontrolled dis-

charge from the well bore. This con-

dition. known as a blowout, is of
particular concern as uncontrolled
discharge can last a significant
length of time. The costs and difli-
culty of repairs are high. Blowout of
awell is possible when the formation

* fluld pressure exceeds the pressure

of the drilling fluid in the well bore.
This condition can occurin zones of
lost circulation, where the formation
being drilled s either very perme-
able, has an extensive fracture or
fault system or Is cavernous. Blow-
out preventers which seal against
the drill pipe in theevent of a signifi-
cant pressure drop are required
safety equipmentduring thedrilling
of geothermal wells, C

Many individuals from both pri- |

vate and governmental sectors be-
lieve.that drilling equipment and
technology currently fn use have
proven sufficlent to prevent well
blowouts. The Incentive to prevent
this type of failure is borne by the

geothermaldeveloperbecause of the |

high costs of drilling operations and
subsequent costs of controlling a
well blowout. A typical well at the
Geysers KGRA costs between
§825.000 and §1.6 million to drill
and complete. S
Because of difficulties in identt-
fying production well failure, the
potential for adversely impacting
assoclated ground-water systems is
relatively high. Fallure of a well cas-
Ing can range from a minor fracture

" . to;a complete collapse. Discharge

canbe very limited or can constitute

-thk total flow of the well, resulting in

a blowout condition. Indications of
casing fallure can be as obvious as
visualdischarge at the surfaceoras
subtle as a change in the chemical
constituents of the fluid. Other indi-
cators of casing fallure include a
reduction in flow or temperature,
change in the steam/water ratlo, or
inclusion of sand or other formation
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Initial Condition

Resulting Faflure
Mechanism

Possible Failyra
Point tre

High temperature

Poor quality fluids
) 2, Scale

3. Abrasion

1. Corrosion

L. Thermally induced  All components
stress
2. Thermal cycling

Well casing Problems
most severe

All components

4. Dissolved gases

Geologlcenvtrbnmcnt

1. Drilling and cement- Well casing
ing problems asso-

clated with lost
. circulation zones’

High 1;rcssure

- Present sta,gé of
development

1. Pressure Induced
stress

1. Inadequate
materials

All components

All components

2. Inadequate design
and workmanship

3. Lack of operating
experience

Natural! disasters or
accidents

1. Landslides
2. Earthquakes

All components

3. Accidents as a
. result of personnel

error

4. Vandalism or
terrorism

material in the production fluld.

Failure of the cement between the
casing and the formation s usually

associated with casing failures. This
can allow the geothermal fluid to
migrate along the well bore and
enter a formation different from
that in which the original faflure
occurred. '

A number of interrelated factors

“nay contribute to casing faflure:

® thermal stresses or thermal
cycling
® {nadequate cementing of the
casing
® corrosion.
The fallowing scenario describes the
interrelationships of these factors:

During the drilling of a well, for-
mations are encountered that are
highly permeable. When the well
is cased and ceménted, a poor
cement bond betwéen the casing
-and the formationls achieved in
these zones, allowing the casing
to differentially expand and con-
tract. The well §s completed and
put into production. The casing
is subjected to high temperature
varfatfons causing thermal
stresses. (The term thermal
cycling iIs used to describe the
expansion and contraction of the

casing as it is alternately put on
production and then shut {n as
encergy requirements or mainte-
nance of the well or power plant
dictate.) The casing subsequently
fails in the zone where the cement
bond is poor due to the thermal
stresses assoclated with produc-
tion. Fallure can occur very early
in the life of a well or can occur
much later when the tasing Is
further weakened by both corro-
sion and thermal cycling. .
Analysis of casing fatlures in the
geothermal flelds of ltaly revealed
that fatlures were more likely to
occur after large temperature vari-
atlonsand that the lower partof the
casing string was more likely to fall

“(Cign! et al, 1875).

Again. thedifficulty in tdentifying
the exact causes of casing fallure
should be recognized. Due to the
limited amount of data that can be
collected, it is difficult to precisely
determine the cause of failure. Dur-
ing the time of data collection for
this report both the literature col-
lected and discussions with govern-
ment and private operators have
stressed the rapid technological
improvements in both drilling and
cementing techniques by the geo-
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- mermiadl MAUSUY. Data from the
Saiifornia Division of Oll and Gas
‘“d jcate there have been no serious
Y blems with geothermal well drill-
In that state since 1875, Indica-
\lonsare strong that improved tech-
Jogv has decreased fallure rat
, newly constructed wells. As more
daals complled. it may be possible
verifvthis hypothesisand toiden-
ufy wells that are more ltkely to fail

p their age.

wellhead Assembly

The basis for separation of the
wlihcad assembly from other com-

nents of the piping system Is the

ential foruncontrolled discharge
mthe event of fallure. The wellhead
assembly typlcally conststs of several
«aves which are used to regulate
fiow from the well. In the event of
faiture of other surface equipment,
these valves could be closed to stop
flow from the well. Failure of these
yvalves to close due to either corro-
sion or scale would then result in
uncontrolled discharge. Uncoen-
wolled discharge related towellhead
faiture also occurs if the entire well-
head becomes separated from the
well casing. This happened at Cerro
Pricto. Mexico, but could have been
avoided by proper installation of the
wellhead assembly.

surface Equipment
In contrast to the difficulty In
dentifying and repairing a well fall-
" wure, failure of surface equipment is

~

[ relatively casy to detect and repair.

Costs of repairare relatively lowand,
generally, technically straight-
forward. ~

All components of the piping

i e

-l

H

system are susceptible to fatlure as
a result of corrosfon. abrasion or
scale formation. Dissolved gases, par-
ticularly H,S, also contribute to fall-
‘ure. Thermal stress and thermal

* cyeling of above-ground pipes is not
as signtficant a problem. U-shaped
sections of pipe are routinely
installed In the line to allow for

. thermal expanston. Corrosion and
abrasion «an be expected to be
higher where the flow impinges
directly or the pipe surface,asatan
-c!bowwhra directional change in
flow occu '

Data on fallure of surface equip-
ment have come mainly from the
Gevsers KGRA. The principal fatlure
. s of the surface equipment
have not been associated with the

gjor components found in the

- ~ower plants but with the pipes arid
valves which transmit fluid between
thesc components. Generally the fail-

Expanslon Spool

23" Hole ~

Cement

(Open)

L <—. 8" Safety Valve

Bleeder Valve

<+— Casing Head |

@lg@bine
Jie o

18" OD Conductor
Casing

13-3/8” OD Surface
Casing

MURRY

ML A LA
. qu‘\\pV\!:\‘-

8-5/8" OD Intermediate
Casing

-

Nlrmumnanvinenne

6-5/8" OD Slofted
Production Casing

~~ Hot Water .

1. Typical casing design at Walrakel, New Zealand, (atier Detferding.

1980).

ures have been detected and
repalred within 60 minutes. Unfortu-
nately, data from the Geysers is very
atyplical. Thisisadry steam reservoir
which does not require flashingand
the injected condensate has total
dissolved solids values that range
from 300 to 1,000 mg/lL In contrast

to this are sites in the Imperial

Valley where brines are produced
with total dissolved solids as highas
300,000 mg/L ' - .
Numerous studies have been con-
ducted on corrosion, abrasfon and
scale formation rates at specific geo-
thermal sites, but extrapolation of
these data into faflure rates is

limited because of the experimental
nature, limited time perfod and wide
variation influtd chemistries during
these studies. Corrosion studies of
various metal alloys in the Imperial
Valley have shown that steels con-
taining either molybdenum or
chromium and molybdenum with-
stand corrosion better than the car-
bon steel pipes most commonly used
(McCright et al, 1980). Because of
the lack of operating experience in
the United States, estimates of fail-
urc rates for surface equipment are -
based on data from nuclear power -
plants,
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) pata on more than 80 fatlures
'n-ablc 8) were complled during the
| “course of this fnvestigation (Miller
'+ ] ©\d Zimmerman. 1880). Although
* ost fatlure reports provided little
1 % nodetall on the amount of fluid
scased. they were valuable In estab-
i‘ ~qushing potential release points.
\any of the faflures occurred be-
causc of inadequate well construc-
won materials or lack of operating
| experience. The most difficult fail-
ures to control and the largest
relcases of geothermal fluld have
resulied from production well

= l fallures. ' '
For instance, well number Ther-
aal-1.drilled at the Geysers in 1957,

SJran

adequate casing and cementing
echniques. Attempts at controlling
the well have falled and the well is
p,-,,-scm.ly discharging to the surface.
in 1976. the uncontrolled discharge
was estimated at 80,000 kg/hr of
stcam. A casing break occurred in
well number 26 at Walrakel, New
zeatand. in April 1960. The well was
‘drilied 1n 1954 and had produced
fluid normally up to the time of the
casing fallure. The faflure occurred
atadepthofl183m.Duc toflaws and

robabledeterioration of the cement-
ing around the casing, flow was able
to move upward and laterally. Flow
discharged at the surface approx!-
mately 240m from the well. In Novem-
ber 1960, well 26A was deviation
drilled into well 26 below the casing

to D DU AzZaASTE o e =4 o

- -

uncontrolled discharge was estl-
mated at 6.17 x 10° tons.

D

Fault-Tree Methodology

The purpoese of applying fault-
- tree methodology to geothermal

| energly development is to identify
’ both the possible fallure modes

' which would result in release of
geothermal fluid and the possible
sites of fallure {(Barlowet al, 1975). It
isconvenlient totreatasaunit parts
' of the mechanisms that are structur-
[ ally tdentical or parts in which fall-
¢t ures wouldlead to a common effect.
, Forexample. the above-surface pip-
i _Ing used tb move geothermal fluid

o

x 1

-u.-.._c..._“l

7 meter basls since a fatlure could
* occur at any point. However, the
26 | piping from production wells to the

T

i on specifications and measures
i ’ «aken at any point to confine a leak

would probably be taken throughout
-~ the piping system, so the production
piping can be constdered as a unit.
The production pipingand injection

.o

plow out during drilling due to In-

., - break. stopping the discharge. Tota! -

could be cénsidered on a meter-by-

conversion plant isdesigned tocom- -

A

A s i . . e st in
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'Reported Flow Rates of Injection Wells in the Unitead States

Production Injection

. Well . Welt
KGRA tons/hr Salinity 1/s
Salton Sea, CA 227 250,000-330,000 —
Westmorland, CA 263 20.,000- 70,000 —
Brawiey,. CA 32 100.000 —
Heber, CA 200 14000 185°°
East Mesa. CA 336 2500 14
Beowawe, NV €80 1400 —
Roosevelt Hot Springs, UT 454 7800 —_—
Valles Caldera, NM 23 €.000 _
Raft River. ID — — 79
Geysers, CA 68° —_— 76
Niland. CA  em— — 38
* Average flow rate :
**Estimated value

Table5. Suinmaryof Reported Failures From Geothermal Sites
' in the U.S., Mexico and New Zealand

Fallure Point Number of Failures
Drilling fatlure 3
Production well 28
Production wellhead - 3

Surface ptping 49
Injection wellhead | 1
Injection well : None reported

plping would be considered sepa-
rately since there are likely to be
more corrosion problems in the pro-
duction piping than in the injection
piping while the reverse is true with
respect to scaling. The energy con-
version system would be considered
as a unit since a fallure in this
system could result In release of

fluid to the floor of the buildingand

remedial action would be the same.
A fault-tree figure (Figure 2) can be
used to provide an overview of the
system.

" Fordemonstration purposes, the -

fault-tree methodology will be
applied to a modified conceptual
destgn of a double flash geothermal
development presented by Sung et

~al, 1980. The modlfied design con-

sists of 28 vertically drilled produc-

-tion wells with 12,200m of associ-

ated’ production piping which will

deltver the geothermal fluid to the -

power plant located 300m from the
edge of the well field. The system
utflizes 15 vertically drilled injection’

- wellswhich requires 8,800m of injec-

tion piping. - !
For the purposes of this example,
the energy conversion system will
be placed on the Roosevelt Hot
Springs KGRA, near Milford, Utah.
This Is a liquid-dominated system

with a depth to the top of the reser-
volir of 820m. We assume that wells
drilled in this development will
average 900m {n depth. The princi-
pal ground-water reservolr in the
Milford area is the unconsolidated
valley-fill alluvium. Well logs reveal
that this material isbetween 60 and
150m thick in the KGRA and it Is
assumed that each well passes
through a verticallyunconfined aqui-
fer, A,. 110m in thickness. Logging

of well DH 14-2 revealed a cold water

entry zone, between 200 and 230m.
which will be treated as {f it were a2
confined aquifer, A,, of potential
importance as a source of domestic
or agricultural water, ’
For convenience we assume that
distribution oflocation of well casing

fallure {s independent of depth. We

further assume that an aquifer is
only contaminated if the failure
occurs within theaquifer. Therefore.,
if there Is a casing failure In the
zone of aquifer A, the probability (p)
of contaminating aquifer Ay is 1. If
the fallure occurs elsewhere, the
probability of contaminating aquifer
A, Iszero. The probabillity of contami-
nating aquifer A,, given that the
well has falled, is the ratio of the
thicknessof the aquiferto thedepth
of the well, 30/900, or .03, Likewise,
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the probabﬂ(ty of contaminating

aquiferA,.givena faflure in the well,
1s 110/800, or.12. The probability of
not contaminating aquifer A, by
one or more of the 28 production
wells In a given calendaryear {s p%,
where l-p (s the product of the
probability that A, will be contami-
nated given a falture (.03) and the
probabllity that a 800m well will fat
in a year. Data from the Wairakei
fleld indicates that the probability
of a 900m production well fatling In
acalendaryearisabout.014. There-
fore. the probability that a given well
will fallina calendaryearand that it
will contaminate aquifer A, is
00042. The probability of one or
more production well faflures tn a
calendar year which contaminates
aquifer A, Is 1-99958% or 01. This
analysis Is tentative and further
work s required (o refine the esti-
mated probability of faflure of a well,
By tdentical logic, the probability of
fallure In a calendar year of at least
one Injection well which tmpacts
aquifer Ajls .006.

Using the above reasoning, the
probabllity of contaminating aquifer
A, duringacalendaryear by produc-
tion well fatlure Is estimated to be
05 and the probability of contami-
nating A; by failure of an Injection
well Is estimated to be .02, Injection
of geotherma! fluid {s not done at
Walrakel and probabilities com-
puted assume the same life expect-
ancy of injection wells as for produc-
tion wells, :

Probabilities of fatlure of above-
ground components were estimated
by Sung et al, 1980, from data com-
ptled In the Reactor Safety Study of
1975 {also known asWASH-1400 or
the Rasmussen Report). They esti-

~mated that the probability ofa major
welthead rupture in this geothermal

energy conversion design during

~ the 40-year design life is .008. Fur- -

ther. they indicate, “Minor leaks are
to be expected. Each gasket in the

- system would be expected to fail at

least once during the assumed 40-

year design life.” If we assume that -

the probability of a major wellhead
fallure iIs constant ever time, then
the probability of a particular well-
head fatling in a given calendaryear
is estimated to be .000005, the
probability of there being at least
oneproduction wellhead faflure ina
calendar year s estimated to be
£001,and the probabllityofat least
one injection wellhead (affure in a
calendar year Is estimated to be
00007.

Ifthe probability of fallure of pip-

tngis 1 x 10"/hr/300m (Sungetal.

28 GWMR/Sping 1982

Source

Release —>

]

WL ORI T b, S Sne Seivda.

Release of fluld due to

Malfunction of production valving
Break in surface piping
Failure in the power plant

Break in surface piping

Malfunction of injection valving

Casing failure in region of upper
unconfined aquifer A,

Ccslhg failure In region of lower
confined aquifer A, .

To the geothermal reservoir ared

e

Figure 2. Prototype fault-tree for a geothermal energy conversion system.

—

' 1980) then the probability of at least

one [ailure in 12.200m of production
piping in a calendar year 1s 00004
while the probabllity of at least one
fallure in 8.800m of Injection piping

during a calendar year Is .00003. |

These numbers are applicable to
Piping In a nuclear reactor, bullt to
more stringent specifications than
geothermal piping. and-the ‘esti-
mated probabflities of fallure may
be too low. On the other hand, the
stresses may not be as severe,

The probability ofa major faflure
of the converston system during its

40-year design life s estimated by

Sung. et al, to be .001. Making the
assumption that these fatlures arv
distributed uniformly over the 40-
year lifetime, the probability of fail-
ure in a calendar year Is estimated
to be .00003.

| Fault-Tree Summary

While it is important to acquir®
more fallure data. Including data o
failures of the same types of equii
ment in similar environments. It 13
untikely that this will lead to salls_
factory precision of estimates of !
ure rates soon because conversion

i

Casing failure in region of lower
confined aquifer A,

Casing failure in region of upper
unconfined aquifer A, ’




. s

¥

. er

4

ire
an

is
‘s.
. J[.
mn

TRERRARN

of heat from geothermal flulds to
electricity Is a relatively recent
aptivity. Because of that.determina-

on of reasonable coeflicients of
.driation for the small probabilities
of faflure estimated in Table 6 aré

. unlikely until considerable operat-

.,

ing experience has been acquired.
Table 6 does demonstrate In a rela-
tive sense that the highest proba-
bility of failure {s assoclated with
wells. Stnee well fallures are difficult
to detect, can involve large volumes
of fluld and can directly fmpact
ground-water resources. the focal
potats for ground-water monttoring
should tnvolve both production and
injection wells,
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Thres basis water types: geothermal, fresh and mized, have been {dincified in
the shallow and fintermediate subsurfacs of the lever East Rift Zone, Pma,
Rewall, Havail. Coothersial vetsrs are found proxiasl ts a major structural
{ntersection of the East Rift Zone vith & trensverse feult. This structural
Sntersection is interpretsd to previda the conduit for upvard sigratioa of
geothersal flulds from: the Teservolr lecatsd in the deep mbeurface,
Intended PC7. 23 I3 profect 1les. 1n this reglon of upwelling geethsrmal
fluids, ish watsrs are present morth of the rift zens snd rife
in the area projeet. wvatyrs, are locsted w n
atet Q fex down gradient from the reglon of

upvelling geothermal fluids.

The charscterizacion of thess wvatsr Cypes has beem conducted through an
{ntegratsd geo! cal zeview of the lower East Rifc Zone, Utilized In
this study wers all svsilsdle geotschnical dats, statistical and pattern
gecognition techniques and set theory.

‘Mheraal Power Cospenty belleves that those arsss shown to contain geothernal ov
sized waters should not be classified as an wenderground source of drinking
water, Current WNewalf Secate Department of Health Underground Injection
Control (UIC) regulations designate a large portion of the lower East Rift
2ona region as an unde source of drinking wetes. Accerdingly, Thermal
petitions the Departnent to modify their current UIC 1ine on the Big Island of
Hawefl to include those areas denenstrated In this repert to eontain
geetharnal and/or mixed waters. .

INTRODUCTION

Therzal Pover Company, operator of  the Pumns Ceothermql Venture (P6Y) which
fncludes Anfse Energy, Ine. and Dillinghas Geothernal, Ine., has sudeitted
thelr description of the PGV 25 I Prefect in Puna to Scata and County
agencies. This preject is located eon the Big Island of Havell in the lover
EZast Rife Zooe (LZR2) of Kilsusa Velcane (Figure 1). Injection of gecthermal
flulds 18 an dncegral part of any geothermal electric pover generation
project. Conconitsnt with this requirement i3 the responsidilicy of the
geotherual developer to protect the quality of undergreund soutces of drinking
water (USDV) from pollution by subsurface dispesal of flulds.

Protection of USIY in Havall - is regulated by The Safe Drinking Water Act
adainistazed by the Environmental Protection Agency. The Scate of Havaii has
sdcpted Chapter 23 eof Title 11, Adataistrative Rules, "Underground Injection
Control® (UIC) of Havatf State Depertment of Health (HDOH) to receiva
delegation of Federal authority to adsiaister the UIC program at tha Stata
lavel. A largs portion of the lover East Rift Zone 1s currently defined as an
underground source of drinking water by HDOHW, UIC regulations. This reporc
roviews the ovarall geologle, hydrologle and chemical setting of the 1ERZ. It

focuses on the hydrochsaical charscterization of the muu_.unmg:;

') and lwmﬂhnwmbmrhu. Injection of geotherma
£lul, tnto tha geothermal raservolr from which they originated or inte a
reglon surrounding the resszvoir at coupsrable depths is a vorldvide
practice, Character’ .clon of the desp (grester than 4000°) subgurface is not
varrantad hezailn
Vhatever upvard msoveasnt of {njectsd flutd ctakes place would de negligidle

.ause the geotheraal systea occuples this position. $

( ’ ¢

relattve ta vhae fs maturally eccurring. C 1 dm'.
ehnueg::;nn' of ne-r-’tn the u::z ur:“th g™ T ehera
type. atter category refors te watsrs pet elearly of the ferne
tym\pu. Tha ;\::nnt. EDOH, UIC regulations are then evaluated with roq:egt
gechydrochenical setting. Fiaally, a recomnendation s presented teo

Tender the Mavali Scate UIC ©e
f1ndings reported heretn. gulations consistent with tche Dew, technical

LERZ CRZONTDROCEPMICAL, STITING
Cachydrology

The Past Rift 2one is eone of the main condults for tha lat
) 1
:.udtiatnpn frem the delding chanber deneath Xilsuaa’s suang .:. e:ig::tm ::
- :;:: ested at tha- surface as s linear and parallel belt, 1.2 llln.vld-
zone eonaists of epen fissures, faults, small grebens, pit eraters,
m.i and vents related to mumerous veolesns.tectonic avents. In the mz,'
;.mg" ! ;:; h?omm as vecently as 1740, 1840, 1935, 1960 and 1961. The
ks (] 1s & constructional ridge standing some 500-1300 feet sheva the
vh?hm. terrain throughout its length axeept in {ts lower peortien (Len2)
p e :hc”rtdgq diseppoars (nto a serfes of grabens and splatter deposits
ez”“. : :). t::; ehngcmln :ez;pc;hi:‘ expression corresponds te a
ANFVeTS true break gure &), It also the site of the geothermal
Tesource diseovery Well EGP-A. Underlying the surface s by
::10. "hpth of generally 7600 feet Delow the mfcca.u::.:.:::h :gtld;t.: (;f{;
;h v d:: dike complex defined by Furumate (1978). This dike ecowplex {s
eubperallel, “wertienl’ to. seeeply Eimeies dikes R fTeced. perallal co
» pping s. Tha {nterveai
:o:vc:u! the 4i{ka cemplex and surface expression of the r:!e “n:m::::::
l!:mn: e L::d :deh mnmnpue ::v‘dlh;ldumltzb (?:gunh 3). The dikes {intrude doth
ovs, e dike complex { Furuse
g::::eg- :‘ b::;:{n:mz mcmb .1’““ ognmmm ;n";::::: b’ny w::
point of bdasele (19 . Petrologfe studfes

the rifc indicetes the presence of &iff X Men serencin
suggests the existence of secondary -:::u:;::b.::?h:g: :::b .:;"'l’
systes overliss such an aree (Moore, 1983). geothernal

A generslized

h: . mhydnlogied modsl from the east-trending rift zone of Mauna
dspleted in Pigures 22 and >

south ef the rife. Uithin ;hot:mfem;r. ::.1 Ben Rerebers priarinal e

not thought te apply and the water is considared dlkc-em;:::::il il

becsuse of tha strong structural constraint on water flov h”“d(ﬂ;un 2

oquse “ by the rife
:h. 8., dikes, faults). Dike-impounded (or dike-confined) water oeeuzs victhin

rift sgome rypleally at Righ elevations vhere water levels are encountered

hundreds of feet abova meen sea 1
rift s approximately at sea hvo:“' :Mﬂ"' viStr vichin the

“&
1
Utilized 4n this study are all aveailsbla geotechn
end pattern recognition techniques nnd‘ sat 1:!:39:;“' .::::“:“}
conservatisn 1s maintained chroughout the analysis. ’ yeled
2

The term dfka.controlled {a eredited te Me. D, Fraia
of Mealth whese walusdla discussions™ on .- hya:: Q:,“:“g ?’::m:t
sla; assisted the preparation of this docuaent. s

« T -

oz & fresh, geothermal, of mixed °

to the sea and the Chyben.Merzberg prineipal, are |
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Potential freshwater recharge in the LEZZ la thought te be derived from both

the ares uprift of the PGV-PA, (Figurs 1) and local ralnfall through.

infileracion., Anmusl vainfall in LEIRZ fs edout 120 {inches, This vater
{smediately infiltrates inta the ground as virtuslly me standing water bodies
exist, A secondary source of potentiel recharge to the LERZ {s Mauna Lloa to
the north and northwest,  Flew from this lsrge, veleanle edifice would

doudeedly be ponded against the fmpernesdls, northern boundary of the rife.
UVacer would percolste. fnte and through the rife zone only slong velatively
dtsereta high permesbility secticns (e.g. faules) end/or by physically
ovarfloving the dikes, The East Rifr 2Zone forms an mo}lme darrier to

groundvater flow (Druscker and Fan, 1976; Imads, 1984), OGr ter resid
tine in the LFRZ, reported by

yeazs. The high annual rainfall and short residence time evidence a vigorous
groundvater flow systsa.

. .« »
Seven daep exploratery wells  have  been  drilled to date vhers the
sastsportheast trending riftr szene has been structurslly effsec by a
porth-nerthwest trending transverse  feult (Figure A). The geothermal systea
1s thought to be localized by this major fsult intsrsection. Four of cthe
seven wells bave been successful, A conceptusl model of the prinelpal
olements of the gechydrelogic setting of the Pma geothermal systex 1is
presented fn PFigure 3. Briefly, the Puna reserveir s a very high
tezperature, greater them 600°P, tvo.phase liquid dominated system centalning
a varying steam fraction and is rift confined except vhere breken by faules.
The reservoir is maintained {n this thermodynsaic sgate by & very high hest
flov within cthe rift and by an effective sesl inhibiting significent venting
of the reserveir to the surface. 1In spite  of the trecendous heat flux
genmersted by the  rifc zone envirermente, ne sarked geothernal surface
mantfestations (e.g., Yellovatone type) ars prasent smeept for several hot
springs discharging aleng the southesstern ceast of the Big Island of Havait
and for {solated staam vents within the r{ft vhich appear to be mors closely
related to  recently asctive fissutes. The lack of surface menifestations is
ateributed to a vigerous, feol groundwater system wvhich “hydrsulleally nasks®
the geothersmal reservelr and a reletively fmpermesdls sesl around the
feservolr. This coupling effectively Ekeeps the  geothermal . reservelr
suppressed. Uhere the seal {s locslly broken by structure, hovever, leaksge of
geothernal flulds does oceur. Leakage should - dinfnish eover time by
mineralogical self-sealing of the permesble structures unless reoccurring
fault wmovement maintains thess fluld eonduits. While this self-sealing
phencmenon does oceur in a geologle time frame, it will be shown that
currently, geothermal flutd leakage froa the teserveir {nte the shallov and
incarnediate level ground vater system s sufficienc to totally alter its
original fresh water character. -

Hydrochemistry

Cox and Thomas (1979) conductsd a chemical reviev of some 40O groundvater
oasples in the Stata of Nawail and have deternined three parsasters vhich
1dencify the prasence sf geothersal watar: Cempereturs in excess of 8LOF,
chlorida to magnesfus gatio (Cl1/Mg) greater then or equal to 13, and silica
content exceading 30-835 mg/1 depanding on loeality. Their study provides the
cheaical basis for this reviev.

Kroopniek ot "al (1978), is on_the order of

) g !

The location of all the wellsd In the LFRZ are prasentsd in Figure A along
with selected, key hydrochenical parameters:

1. Total disselved solids content,
2. WVater lewe},
3, Tesperature,

and

3. 810y cortent.

Physical daca en these wells and their availadle water chamistry, are
sumarized in Tables 1 and 2, respectively, Tabla 1 indicetes that the
chezical well data pertains te the top of the basal water north and south of
the rift. Within the rife, it applies to the top of the diks-controlled
water. The enly wnequiveesl exception fs Well NGP-A (Tadle 2) which
corvesponds to the intermediats lavel groundwater system, The lecation, dspth
and chealstry of Well 9 suggests that it is producing from a perched aquifer.
Although a relatively ssall muaber of wells (L.e. enly 16 data points) exise,
regional  geohydrochemical  systemstics ars evident which ispart eritieal
insights to the injecticn regulatien fssue.

North of the LFRZ, groundvater elevatiens weuld suggest groundwater flow {n a

, north-south direction ds the . Hovever, given the listted data

avallable, Lt is inferred that a significent porti

8
sinor +dike {opoundment has bdeen
roported by KRaushiksus et al (1980) and s alse observed most notably in Wall
RS-1A (Tadle 1). Water flow s principally parsllel to the rift (Takasaki and
Mink, 198%5).  South of the LIRZ, groundvater eslevations do not szhov a
consistent pattern. Grounds pretably flews {a a southerly to
southeasterly direction folloving topography towards ths ocsan.

) a
the LERZ (Figure 4). Vithin -

Maximm vater temparature in the LIRZ welle {ndicata that amdient conditions
exist to the mnorth., [Rlevated temperatures ars present throughout the rifc
zone except for Vell 9 at Kapoho Crater. This well at the dase of the Kapoho
Crater taps water from an ash formation (Davis and Yasanags, 1968). 1t (s
balieved that such of its flov is derived from Green Laks located wup gradient
within the crater which s the enly standing bdody eof water in the entire
LERZ. 1Ita existence {s attributed te the ash layer acting as en aquitard.
Water flov froa Green lake into Vell 9 is interpreted to altar beth the well’s
true temperature and cheaical charsctaristics. Wells south of ths LERZ shov
wvariable teazperatures with significantly grester than aablent teaperatures
south and southeast of the PCV.PA (Figure &4).

The selected hydrochemical data {1llustrated {n Figure & and the detailed wazer
chenistry for thase walls presented in Tadle 2 avidence a varisbility on both
an individusl well dasis (e.g., Vell 9-9a through 9-9¢, Table 2) aend on an
areal Ddasis (e.g., Vells KS-1, FS-1A, KS-2 and GIV-I11, Figure 4). These daca
rapresent analyses conducted by different Scate and Federal agesncles at
Aalffazent times. The varliations can be attributabls to:

The tern wall is broadly applied herein to alss {include shafts, holes,
ate. : :

.
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€1) different sanpling procedures,
(2) different ansiytical metheds,,

€3 mm ‘!;.etm affecting the water chemistry of the samples
such as a signiffcant rain fall prier co sample cellectlon,

..~ (A) savural varistions ia water chenistry, asd.

: R S T S .

#T (). sowe coudinatitn of the sbove.6 i .t ..
Schoaller disgrans (verticsl "scale cheafcal. concentration plots) heve Been
used to svaluate the . walidity of: iadividusl well, multiple cheaical data
(ippendin. A). PExcept: for. Well 9 wbich dlsplays at least tve dlstinet vaters
chenistrias, the cheaicsl dats  are {n general, eccherent and wmost 1ikely
raflect Adilution/concentracion - effects related to the dynmics of the

1 seteing.: Signifiesnt sewpling end/or enelytical errors are
not evidest, Although-: varisdllity exists eon an aresl basis, & sonsistent
grochenical psttern has bDeen detsetsd which distinguishes fresh water from

., Svothernal water. . . .

Figere 5a is a sest-logarithmia frequency dlstridution diagran of the tetal
dissolved golids (TDS) eontent for wells frem the 1222, TDS content {s
utili{sed as {t rveflects tha gross cheaical charscter of the water, Included
in this figuve are daca frems four fresh water drinking wells on the $slend of
Oaba (Tadle 3) which previds an & » internal eentrel set. The IS
plot bas Deen coded for the three principsl indicators of geothernal waters
Tepertsd by Cox. and Themas . {1979): tesperature (Figure 35b), echleride to
magresivm ratio (Figure 5¢) and silfea content (Figure 54). Conservatively,
it s obdserved that all wells with &  TDS content grester than 2000 eg/1,
sxhibie C1/Mg ratics in excess of 13 and a temperature greater than or asqual
to 100°F. An elevatad temperaturs of 100°F and chisical signetures elearly
fingerprint a water as gesthernally snosalous,  The silica econtent of these
vatsrs (Figure 354) dilsplays & mere anbigieous pattern.  This s aztriduted te
not only the data varlation factors deserided adove Dut  alse to  scos extent,
preeipitation reactions Jowering the silica content of the geotharmal waters,
This feur-parameter analysis provides a basis for discriainating betwvesn wells
vhich contain elther fresh or geotharmal vater (Tadle 4).

An independent wvalidation of wvater type {s made through the utilizstion of 13
chenical peraneters given in Table 2. Consistent relationships ebserved upon
increasing the nunmber of parsseters involved in any single analysis s
interprated to raflect a meaningful geologlc phencmena. It s postulated that
unique geothermal and fresh water Schoeller Diagram pattarns exisc. To
ovaluate this, the chenfcal data for eny well vhich eccurred in tws out eof
the three geotherwal wacer categories listed in Table & vere plotted in Figure
6. ‘In contrase, all three fresh categories for fresh waters {n Tadla 4 had co
be satisfied bdefore being plotted (Figure 7) for analytical conservatisas.
Data for Wella %a, 95, 9-6a and 9-6b (Tadle A) wera mnot plotted in Figurs 7
for the following ressons. Well 9 shovs at least tve distinct fluids, a a
Ma-Ca-HCO3 and Na-Cl1-304-MCOj type.
bicarbonate (HCO4) of the fluids results from weleanic esanations, Perched
vater in Puna, Navail tends to Be of either a Na-Ca-HCOy or a NMa.Mg.HCOy type;
vhile Basal waters ave predoainstely Na-Cl (Druecksr and ~ ., 1976). The
physical secting of WVell 9 e consiatent with a perched  .for origin. Vell
9-6 exhibics tesperature spproximate te 100°F and one o. the hotter samples
9.-62 also shovs a C1/Mg retie greatar chan 15,

-$ -

taada (1984) cveporta that the high -
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Comparisen gure 11
6 and 7 $llustrates that fresh vatsr can be chemically
di!l:mtut:: !rr:a g-:dnml waters, »ignificantly enhancing the p:":m
conclusions. The geothermal €luid contains markedly higher cmm:nt o:s
than fresh water fov most of the jons revieved. They m.nho';uu:u:h“:
Mg, 8103, NCOy and C1 content, C1/Mg ratio and pM as :“hm ;n.‘hgu::““ iy
iuumt-; the chenteal relationship Detween geothermal td roare i
the concentration effect im the geothermal watsrs is reduced dy ona
magnituda, _ | ;
Mece - tlen of three watst types: geothermal,
m.‘-!ué ”:dx?r:gﬂfg. '::::‘e :ﬂ:. “un (Tadle 3). To maintala mly:::.l
esnzervatism, geothermal waters were only :“:f::“ \:p::‘ .:..1'::.’!;n g:::lh;s > 1:?
svidsnce. The tesperaturs and chemica ture e o
<9 and A south  snd  southeast o
£3.2, and GIV-I1I within the rifc end 9 Tativly direct lasrage of
rife gure {nterpretsd to reesult from relatively
podug:l nui:’ia::.th:dihommu.d and basel watsrs, :n’mln\{ih ‘t::
majer fsult {ntersection 1is considered’ the principal esuse for up;‘ g
grotharsal fluids from the geotharmal reservolr locsted in eos?
subsurface. This postulstien s corvoborated by the spontanecus iy po” 1
ancoslies $denciffed Dy Zablocki (1977). Well 9.9 is ‘prox W
" erensverse faule. Uell A {s @ eonsidersble distsnce avay frea this escurs
and its 41luted water chenistry '::: :-&x:od":::pvnm “:s. e::;::"m e
thermal  flnids res! . Previ (Dnl.
;lm‘”‘:cng;om tonts thy s:n:n:srm“‘ e}’g: watars mc;tot‘ld.m Lmlm.to.::
Tmada e »
the r;ni?:i 1:::?:: pm: to a dsersass in rpcharge rate “eh:b‘ bau:
‘water. The tewperature amowsly elesrly u.auno; th:tf;ochcta;-l TacLeT o
these vatsrs. Walls 9-§ and GIV-IV are & nized w. type boemo! mﬁuy
harseter.  Thete wells occur within A 04
Mdont:!,u hy&to. "::::: gg::?‘c::‘guem prinary ﬂi:me{tgd‘ d:r::“::‘ﬂ:nmz::
u dovn
fluid upwelling. It s postulated that geo n;. e Tty arviticd
tife aiz and possidly resct with fresh  water D o seerant
ignatute. 12 s alse possidle that upwe 2
:‘lh:::eg nL;p:emiu imvediate to 9.6 end GIN-IV Dut ts ;“d -ueh“hu.t
sxtent than {n tha primary sres. Uell 9 {s also considered a n v ; m
for reasons discussed above, Only Wells 9.5 and 9.7 lmtul‘ mtn!
southvest, raepectively of the prissry arsa of geothermal fluld wpwelling,
tmeabiguously contain fresh weter. : .

. 1ke
eific to the top of the bDasal water or d
::::t::::rc:::::“::.;glennw subsurfacs), 13 also directly applicadle

to the {Intersediate subsurface. Hovever, the paucity of dsta on the

{ntermediate depth geohydrocheamical system, limits a datnu:: rg:w‘.'“:':gu:;
9 shows that as expected, the total dissolved solids esneme” it
the 1IRZ and temperature are proportienal. Uells HCP-A, I:. : s resttly
have all been found to {ncrease {n tesperatuce with depth. :a B g ebinied
sxpectad that with incrassing depch and tempersture, the 30::“::‘ s
Steelt “1a tneersee :““;‘;.h:l{ r:'c’:;:::d l::";:h::.!n‘:;o ares of Vell 9.9
fa {ncersected. e {inte

::.d.:: a greater extenc Well A, asy not contain geotharmal ';e":;thorr::; -3:::
dapend upon the specific degree and depth location of g thermal Fhuld
upzcnln; in chat portion of the structural intersection sutsida of ¢! :
{Figure &),

_ V' )
ENOX, U1 RrcTLATIONS '

Classtfication of exeapted aquifers and Undergreund Seurces of Drinking Water,
Seetion 11.23.04 of the s UIC regulations £a presentsd in Appendix 3.
Rach eriteria 1isced te elaselfy anespred aquifers, 12 given Delow {n bdold
tYpe and revieved for fes applicadilicy te tha PCY.PA.

(1) The aquifer does not eurrently serve as a seurce of drinking water.

he enly wells cleerly sontaining fresh drinking vater in the LERZ are 9.5 end
9-7 located te the north and south, respectively of the Rife. Purthermore,
Vell 9.7 s eonsidaradly southwest of the

leskage and oblique to the hydrolegic gradient.

(2) The aquifer cannot now and will net in the fucure feTve AS & sourcs
of drinking weter bacsuse of any of the folloving erfteria:

€2) ft fo strearsd at & depeh or 2oeation vhfeh currently makes
Fecovery of vater for 4rinking weter purposas economically ot
technologleslly Ispracticsl; eor

o} ft s 0 counteningred that it would bde scenonically or

tectmologieally fxprectical to render that water f1ir for humen
eonsumption; or .

(e) the toral dissclved solids (IPS) ecncentration of the
groundvater {¢ more than  five thousend mg/L, and e ts nae

Tessenably axpected to supply a podlic or private drisking water
systea.

Vaters {n the PGV-PA and te the south and  soytheast Wells 9.9 amd A are
clearly geothermsl $a charecter (see Figures 1, 4 end Table S). Mixed vater
types exist down the hydrolegie gradient from the area of primery geothermal
fluld. The Past RMfe Zone is net the ryplcal geslogle setting for drinking
watet in the Scate #f Hawsif. Ceothernal waters are considersd seonouically
and  technologically fapracticsl to render water £it for husen eonsumption,
Mized waters are considered marginal for drinking weter. There also exlsts a
bhigh probabilicy chae any well containing a mized flutd type may entrain o
greater geotherzal cospenent o fts fluld under Righ flow rate conditions.

(3) The UIC maps shall tndicate oxe

=pted aquifers and USDY, in plan wview,
by use of a DIC Line,

and such maps are an incegral part of this
chapeer. The depertmenc’s DIC maps shall bde the final authority for
the fdentification of the squifer boundaries on the land surface.

The PGV-PA, as vell ss, the entire 1ER2 {2 meuka
existing HDOM, UIC 1ine. The UIC 1ine
of the LERZ vhen geothernal and aized

(tovards the mountain) of the
should ba modifted to inelude that ares
wvaters are identiffed.

(%) Unless expressly axespred, all squifers are considered to be USDV.

A large reglon within the Lry2 estisfles criceria

(1) and ¢2) tn HDOH, U1C
rules, Section 11.23-04, given abova,

7.




.... . ’ ,(

CONCLUSIONS AND RECOMMPNDATIONS

The geshylrochesical review of the shallow and Internedlsts subsurface in the
LIRZ of Kilauea Voleano, Havail, Hawali {ndicates: :

(1) fresh water esn be thermochemically Jdifferentisted froa geothermsl
. waters, : .

(2) wells contsining geothermal vaters oceur in the proxisity of a major
sgruatueal m,::«:m fa the LIRZ,

(3} vupvelling geothermal flulds frem the geothermal nnmltlln the deep
subsurface are {aterpreted to be taking place along the zone of
struetural {nterseetion,

(A) geothermel {luld lsakage from the reservolr 1s sufficlently strong ¢o
overvhelm the charsecter of fresh water in the 2008 of wigorous
groundvater flow, .

(3) mized water type wells evidence the dyrasic nature of the
geohydrelegical setting,

(6) the Last Rift Zone 1s not a typical geologie secting for drinking
water in the State of Mawail, :

(7) the area of prinary geothermal fluid leskage beth within and cutstde
ths rifc as well as the area hydrelegleally downgradient sheuld bde
vithdvavn from the elassiflication of undergreund seurces of drinking
vater, .

It is recommended that the UIC line De wodified as shqwn in Figure 10, The
nodified 1ine encospasses the Rapoho Ceothermal Subzens designated by the
Board of Land and Natursl Resources under Act 296, SLM 1983, a3 well as Vells
9:9 and A south end scutheast of the PCV-PA. NModiffed UIC 1ine §s consistent
with the purposs and seope of HDON, UIC regulations, The observatien thet the
interwediste subsurfece 1n the arsa of Wells 9.9 and A (Figure 10) may not
centain geothernal waters does not ispact the petitien to modify the UIC 1ine
as discussed, The resson for this 1s that the UIC line only deseribes vhere

injection can sceur in a horizontal dimensfion. The wertical dimension ts °

segulated by Sectien 11-23-05 of the MDOH, UIC regulations {Appendix C).

CTHIR CONSIDERATIONS

The oxistence of an CFA defines the exespted squifar ares in a horizontal
diaension. The vertical dimension 1s regulated by Section 11.23-05 of the
HDOH, UIC regulatiens (Appendix C).

He. Fraia of NDOM has informed Thermal Power Company (persenal comsunication,
May 1986) that the occurrence of watsr {n the LIRZ s mon.artesian, As a
consequenca, the entire geolegic column {n a vertical dimension §s treated as
an sxempted aquifer,
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y © PRODYCTIVE WELL
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Pigure & KEY HYDROCHEMICAL DATA FOR WELLS
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Figere T Sshoelier Diagram, fresh water peattern for wetls In the
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Tabls 2 (Cont’d.)

VELL
Pagameter 99 _%b ¢ _94 _A_ 992 995 9:9¢ 9.9 9:9s 9:Ia. 97>
K
Temp(°F) 77.9 71.8 N.A., NA. 99.3 126 H.A. WA, 128 N.A.  83.3 69.4
PN 7.8 1.1 1.7 7.2 .35 7.02 7.435 .92 7.1 6.92 7.68 7.03
Ha 85.8 86.5 97 139 16 2103 2830 2333 2693 3090 9.6 78.8
4 6.6 6.2 s "2 10.8 109 149 153 129 3.2 3.0 v
Ca 42,6 23,2 A2.7 W 13.4 66,83 117 182 122 182 3.3 3.9 g
Mg 37 25.7 26.% 1?2 13 210 - 293 324 67 324 6.6 3.6 -
c1 16.9 95.7 123 b33 8 a8 011 5120 5850 - 6887 5850 1312 119
S04 20 22.7 5.5 5.4 69.2 aAn 598 681 383 €81 37.¢ .4
HCoy 372 328 283 3% 132 166 128 262 1 H.A. M., B.A,
5103 $3.6 N.A, 44 70.5  24.1 100,7 N.A. 89 3.2 39 44,3 N,A.
[ 4 0.233 0.268 N.A, N.A,  <0.002 0.006 0,013 M.A. N.A. N.,A. 0,056 0.19%
Fo® N.A.,  N.A, N, 0.2 KA NA.  NA, NA. - 216 3,16 N, n.A,
T08 635 588 643 123 762 7018 - 9293 10450 10949 11700 339 = 291
cimg 0.46 3.72 4.7 19,47 18.73 18.13 17.47 18.06 25.79 18,06 20.0 21,43
9s  Kapoho Shaft, § Jan, °73 sample fros VRRC, UH-N.
9 Kapoho Shaft, 21 July *7$ sampls from WRRC, UN-M.
¢  Kapohe Shaft, 13 March ‘63 sample fros Mawail Bosrd ol Vatsr Supply.
94 Kspohe Shaft, saspla from DLNR.
A Vell Alliscn, 7 Jan. *75 sample from WRRC, UII-N. -
9-9a Malama-Ki Vsll, 7 Jan. °73 ssaple from WRRC, UM-M, -
9-9b Malams-Xi tell, 22 July *73 sample fros WRRC, UN-M,
9-98 Mslama-Xi Well, & Sept, °62, sample frowm USCS.
9-9d4 Malsaa-Ki Vell, Cox and Thomas (1979).
9-98 Malaaca-Xi Well, 28 Sept. ’62 frow DLNR,
9-7s Kelapana Station, § Jan. ’73 sample from WRRC, UK-M.
9-7b Kalapens 3Scation, unspecified date for sample fros WRRG, UM-M,
JLIO3S .
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© Tble A, Listing ef wells in the LIRE relative to fresh er
Co. geothernal watsr types, see text for explanation.
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v e TV
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Tadle 3.
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the LF22. See text for explanation.
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