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PUNAGEOTHERMAL 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. 

Scope 

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, 
Determine the flow gradient in the site vicinity by completing two on-site 
and rehabilitating a third, nearby, monitoring well (GTW m). 
Document background conditions for selected wells by conducting 
the initial round of complete water level measurements and water 
sampling at a l l  monitoring wells and water supply locations prior 

to beginning injection activities at the site, and, 

0 

Venion: 2 
April, 1990 

PGV Hydrologic Monitoring Program 
Page: I 



e 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 to potential 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 ofthe contamination be eliminated and 
that an alternative water supply for Green Lake be provided. 

PGV wdl immediately notify 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 productionhjection system and evaluate the related well 

and casing downhole conditions. If leakage of geothermal waters to the shallow 

aquifer is demonstrated, any wells l a g  would be shut in accordance with GRJ? 
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 Reportine 

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 wdl  be taken and field analyses 
conducted in accordance with standard protocols approved by the EPA. An EPA or 

State of Hawaii-cemfied 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 wil l  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 

H1. INTRODUCIION 

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 chapters, 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 €32, 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 H8, 

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. 

H1.1 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 Hl-I). The project is expected to be producing power 

in late 1990 from a central production facility situated in an agricultural and rural 

setting about 3 miles southeast of the town of Pahoa (Figure H1-2). The area is in 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 O m  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 H1. 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: 

8 Provide quarterly monitoring of water levels and appropriate 

chemical species: 
8 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. 

8 

e 

8 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: 

Task 2: 

Task 3: 

Task 4: 

Task 5: 

Task 6: 

Task 7: 

Review and update, with selected field measurements, 

the well data files for existing, non-geothermal wells in 

the site vicinity, 

Identify where the two site monitoring locations will be within 

the project boundary, 

Rehabilitate the GTW III well east of the project area, 

Drill and complete two on-site monitoring wells, 

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, 

Continue the proposed monitoring program by 

conducting measurements and selected sample 

analyses on a quarterly basis thereafter, and, 

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 productiodinjection 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.HyDRouxiIC 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 geolog& 

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). 

t 

H2.1 GEOLOGIC SEITiNG 

The purpose of this section is to present a 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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i "(The rift zone) ... isa zone of linear fissures, faults, cones, dikes and other 

volcanic features that extend from the Kilauea crater east...@ 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 crosscut the easterly 

rift zone trend and are thought to be directly linked to the upward migration path for 
geothermal waters in the area (Figire =-I). 

H2.2 HYDROGEouxilC SEITING 

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, a l l  of which are potentially 
occurring in the site and surrounding vicinity. They are basal, perched, dikeconfined, 

and geothermal. Figure €32-2 is a cross-section conceptually illustrating how these four 

types of ground waters occur in 'shallow-aquifer' type zones. 
! 

Version: 2 
April, 1990 

PGV Hydrologic Monitoring h p m  
Page: 10 



H2.2.1 Recharge M m m s  

The site is characterized as being in an area of relatively 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. 

miDitation 
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 byEyre. 

Upwellins Geothermal Fluids 

The second primary mechanism for ground water recharge at the 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 transverse fault that cuts across the site area 
between KS-1 and 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 €32.3) that has been detected at the site to date. 
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Downgadient 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 Mama Loa. The dike systems act as local barriers pmenting 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 M- 

Discharge from the SNOW 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. 

Evaoorah - ‘on and Evavotmsv iration 
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). 

Subsurface Mieration or U nderflow 
Flow occurs from the site area and discharges down slope towards the ocean. Spring 

and sub-sea discharge of warm water dong 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 dikeantrolled 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 ?e 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,OOOgallons 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 fiom springs and shallow wells directly along the COaSt 

also occur, but the quantities are not known and are not going to affect, 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. 

82.2.3 FIow System Description 

1 

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 dikeconfined flow 
system underneath the site, recharging both the shallow ground 

water systems in the dikeconflned areas and into any adjacent 

shallow basal ground water areas. 
Geothermal waters occuf at depth beneath the site and are 
upwelling in the site area mixing with the precipitation recharge. 

Most ground water moving laterally down dope 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. 
Well Name/Number Elevation D a ? L  Last Reported Use 

Wells in the Shallow-Aquifer’ 

Allison [A] 
GTW-III 
GTW-IV 
Malama Ki [9-9] 
Kapho [9-q 
Kapoho Shaft [9] 

Footnotes: 
1. &a rcpoaed in Weh, 1983,T.ble 4, p. 26. 

132 
563 
259 
274 
287 
38 

140 Irrigation 
690 Abandoned 
290 Abandoned 
3 16 Abandoned 
337 Abandoned 
41 Municipal 

H2.3 HYDROCHEMICAL SEITING 

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 lo00 rng/l. 

Potable water supplies are obtained from the shallow aquifer at three locations: 
Pahoa, Green Lake (Kapoho), and Keauohana p-q. All sue 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 [9-7J 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 0 Agricultural 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 m a ,  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 irrigation 
water source, is topographically downgradient, about two miles east, southeast fiom the 
project area. 

The GTW III 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 mgn (Weiss, 1983). 

Water samples were taken from the shallow ground water during drilling at ICs-1, ICs- 
lA, and KS-2 exploration boreholes on the property. Samples were taken in uncased 
boreholes at depths of about 700 feet, 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 viciniqr 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 Ef2-2. Shallow-Aquifer Water Quality Data from €3-1, Ks-lA, and Ks-2 
Wells' 

C0NS"UE NT 

Tempexature 
PH 
Na 
K 
ca 

so4 

SiO, 
Total Fe 
TDS 

pANGE 0 F VALUES' 

8.5 
600 
26 
53 
1 
1100 
74 
80 
15 
2200 

115°F 
to 9.5pH units 
to lo00 
to 94 
to 65 
to 30 
to 1600 
to 210 
to 105 
to 70 
to 3100 
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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 to 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, wil l  be part of the monitoring program. 

The proposed monitoring program has been revised to reflect follow-up discussions 
that have occurzed with both the County ofRawaii 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 
begiMing of injection at the site, 
Attempt to rehabilitate the GTW III 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, 
Increase the number of parameter analyses at selected locations for the 

initid year of monitoring. 

2. 

3. 

The revised program now consists of seven Easlcs as follows: 
Task 1 -Date Base Update 
Task 2 - Locating On-Site Monitoring Weils 
Task 3 - GTW III Rehabilitation 
Task 4 - Completing On-Site Monitoxing W d s  
Task 5 - Background Sampling Measurements 
Task 6 - Continuing Sampling and Measurements 
Task 7 - Reporting 
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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 ,s  and 6, respectively. 

H3.1 TASK 1 -DATA BASE UPDATJ3 

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 MONlTORWG WELlLS 

Thistaskwill: 
* evaIuate the feasibility of using existing 

geothermal wells on the site to be completed as 
a monitoring well in the shallow aquifer, 

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 - G'IW III REE€ABEITATION 

This task willinclude: 
* 
* 

Getting permission to access the site, 
Sounding the well for depth, 
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* SampIing the well. 
Mobilizing a drill rig and cleaning out the well, and, 

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. 

H3.4 

H3.5 

83.6 

H3.7 

TASK 4 - COMPLEIING ON-SUE MONITORING WELTS 

This task wil l  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 wil l  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 
injcktion of geothermal fluids. 

TASK 6-CONTINUING SAMPLING AND MEASUWMENTS 

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

TASK 7 - REPORTING 

This task wil l involve providing reports on a semi-annual basis as required 
by the GRP. 
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H4. SITE DESCRlPTIONS 

! 

! 

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 finahxi 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 LocATloNS 

There are five of-site locations that wil l  be part of the initial annual monitoring 

program. These, shown on Figure H2-1, are at the: 

e Municipal SUpply h P a h ~  [9-5A,B; 9-11], 

e 

Unused Malama Ki 19-91 well on the University of Hawaii 

0 GTW III Monitoring Well 

Municipal supply for Green Lake (Kapoho area), 
'Allison' [A] well on the Pohoiki Road, and 

Agricultural Station, and 

U H O A  r9-5A.B: 9-1 11 
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 n'ft zone. 
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One of the w d s  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 
so as to supplement, where required, their ongoing monitoring of this public drinking 
water supply. 

GREEN LAKE I91 
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. 

I 

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. 

ALLISON WE LL TAl 

The ‘Allison’ well is a 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 llO°F, chloride level of about 
750 mgA, and conductivity of about 2000 micromhodcm. 

The location was selected as a proposed monitoring location since it may be 
hydrogeologicaUy 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, cuordination 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. 
! 
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MALAMA KT r9-91 
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 6OOO mg/l. Sampling 
was done monthly at this location fiom 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 ==.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. 

GTW m MOMTO RING WE 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 workin mid-April. Cleanout isexpected 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 ONslTE LOCATIONS 

Two monitoring locations will be situated in the south and north half of the project 
area. This will complement the GTW 111 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 Kapho-Pahw 
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 sene 
as dedicated monitoring wells for the hydrologic monitoring program. 

H4.3 ADDJXIONAL UXlATlONS 

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 EQUPMENT 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. 

Hs. 1 WATER LEVEL MEASUREMENTS 

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

Water level measurements will be obtained utilizing an electronic direct contact 
detection probe with a calibrated cabldtape for direct measurement at the top of the 
well casing. calibrated cabldtape 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. 

85.2 WATER Q'IJAIUTY SAME'LING 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 wil l  be determined at each site upon retrieval of the water 
samples from the well. The field analysis willinclude measurement of: 

0 PH, 
0 temperature, 

conductivity, 
0 salinity, and 
0 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-certZed laboratory. Samples will be transferred from the bailwhampk port 
directly to appqxiately 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 H5-1. 

In addition, the initid year of sampling at a l l  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 a l l  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 withgeothemal reservoirs: 

* Lithium 
Vanadium 
Boron 
Silica 

* 
8 

% 

* Bromine 
% Nickel 

The results of the quarterly sampling will be reviewed at the end of the first year to - 
determine ifthere is a need to supplement the analysis or if the number of parameters - 
can be reduced. Any recommendations for m&cation to the sampling program 
would be included with the semiannual report and submitted to the county for 
approval. 

7 
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Table H5-1. List of Water Sample Parameters for Routine Analyses 

Jnorrranic Cons tituents 
Arsenic 
Selenium 
Mercury 
Cadmium 
Lead 
chromium 
Barium 
silver 

Secondam Co nstituents 
Total Dissolved Solids 
Color 
Copper 
Foaming Agent 
Iron 
Manganese 
Odor 
Sulfate 
zinc 
PH 
comsivity 

5 

Qther 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 .oo 
0.50 
0.30 
0.05 
3.00 ton 

250.00 
5.00 
6.50 - 8.5 scale 
Noncorrosive 

i 
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H6. DATA REPORTING 

The purpose of this section is to summarize the frequency; content, and fonnat 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 thereafb, along with the project status reports on February 15 aid 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 willincorpOrate 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 p r o w  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 i f a  QA check indicates that an out-ofantrol condition has been 
allowed to occur, then the related QC activity will be modified or strengthened to 
eliminate future occufzences. 

AU activities of the PGV hydrologic monitoring program will be conducted in 
compliance with a strong 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 wili 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. 

I 
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m. 1 QUALITY CONTROL A- 

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 pedormance of field measurement and sampling actions. 

Quality Control activities shall incorporate the use of the Standard Operating 
Procedura (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 conducted in accordance with Standard 
Opating Fhxedures developed for each type of equipment and the manufacturer’s 
recommendation for operation and calibration of each unit. 

4. 
87.2 DATA QUALITY ASSURANCE ACTMID3 

Quality Assurance related to aJJ project measuring and sampling activities willinclude 
documenting that field activities were conducted in accordance with the required 
procedures and recording all field data on forms in accordance with the monitoring 
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 wil l  be reported by the hydrologic consultant, and interpretations and calculations 
will be checked independently. 
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H7.3 LABORATORY QUALITY ASSURANCE ACITWTES 

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 dupficates and field blanks shall be included in each 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. 

i 
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FIGURES 
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Figure HI-1. Key Location Map 
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Figure H1-2. Site Vicinity Map 
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Figure H2-1. Site Hydrologic Data Sources and Related Features 
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APPENDIX H1 

GRP CONDITIONS RELATIVE TOTHE 
HYDROLOGIC MONITORING PROGRAM 

"10. 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 aqualified 
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 reliable and accurate 
of the Solinst Water Level Meters and 
is easy to operate and read. 
Also available is the Model #lo2 
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. This is fitted to a perma- 
nently marked, medium density, poly- 
ethylene ilat tape which contains two 
stranded stainless steel conductors. 
The probe itself incorporates an insu- 
lating gap around a central stainless 
steelelearode. Whencontact is 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 bytaking areading off thecable, 
at the topolthe borehole,pipeortube. 
The cable is housed on a high quality 
storage and winding reel equipped 
with a brake. The reel has a conven- 
ientcarrying handle anda sturdy stand- 
alone design. Standard controls in- 
clude a battery test button, owoff switch 
and sensitivity adjustment. 

MODEL 101 

Features 

Accurate 
markings at cm, 112" or 1/20' inter- 
vals. 
sensitivitycontrolwhichadjusts to suit 
water conductivity. 

Reliable 
permanent, hot stamped markings. 

long Life 
rugged, free standing reel. 
corrosion proof components. 
standard 9v battery. 
replacement probes and cables avail- 
able. 

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

' stainless steel probe and other op- 
tbns available 
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Measurement Options 

The flexible, polyethylene flat tape 
gives very accurate readings because 
the permanent marWngs are at close 
intervals. The high strength stahless 
steelconductorsprovide strength and 
the design prevents 9 from adhering 
to wet surfaces in boreholes and 
tubes. 
Markings are permanently embossed 
onto one side of the tape and are 
available In yourchokeof three scales 
or, if preferred, any combination of 
scales, one on each side. 

M l  Feet and Inches :with markings 
every 112" 
M2 Feet and 10th of feet : with 
markings every 112ott. 
M3 Meters and centimeters : with 
markings every cm. 
M4 Markings both sues : any combi- 
nation of scales. 
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YSI Model 33 
0 Measures Salinity, Conductivity, Temperature 
0 Direct Heading Water Quality IMeter 
0 Portable, Battery-Powered 
0 Designed Fur Field Measurements 

INSTRUMENT SPECIFICATIONS 

YSI Model 3000 
Portable, Self-Contained Water Quality 

Measure Temperature, Level, 

Groundwater or Surface Water 

Meter 

Conductivity 

INSTRUMENT SPECIFICATIONS 
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ADVANCED FEATURES 
pH Autfxal. or manual buffer entry. 
Chotce 01 aisplay resduton. 
Adlustable isopolenltal point. 
Automatic temperature cornpensaton. 
Tlo Jtp'grip fits comlortably in one hand. 
Durabb. dust and splavi reststalit. 
Line or battery operated. 

SIMPLE TO USE 
Prompting. by advancing to next step. 
Assistance terror) codes 

THE SA 250 METER IS FOR 
THE CUSTOMER WHO WANTS: 
An accurate and portable pH system. 
A pH meter that IS supplted complete and 
rejuy lo use. wth all the accessories you 
need 10 make pH measirrements KI the 
fic?ld or lab. 

025000 SA 250 Porlabk p!ilmVltemDera 
lure Meter lor hand-M-40~ 
use. DqitaI. LCD meter comes nnlh 
orFFng case. Model 8156 Ross 
pH elemode. ATC pro&. attached 
snonmg plug. one 3M KCI 2 o t  
bonle ol hlling solullon. three 60 
mi so~ullon bomes. one ~laslic 
Oeahef. electrode holder. suppart 
rod. rod gtnde, one packet pH 7 
butler. one 9V wtery. muam 
mnuaI. and tramp gW 

0PIl01Ul ACCESSORIES FOR SA 29. SA 230. 
A M I  9 210 METERS 
02004 1 Shoulder slrap and meter holder 

lor hanos4re owatlon. Great tor 
pIM 01 lidd work 

020045 Stable electrode stand mth heaiy 
base. rw. and holder. 

ADVANCED FEAWRES 
Automatic temperature compensation. 
TJo slip' grip ltts cofnlortaoly n one hand. 
Durable. dust and splasn resistant. 
Recessed control knobs prevent settings 
lrom being changed unintentionally. 
Ltne or battery operated 

THE SA 230 M E E R  IS FOR 
THE CUSTOMER WHO WANTS: 
An economical meter wlih the added 
accuracy and convenience 01 temperature 
compensated pH measurements 

023000 SA 230 Portable pHlrnVltem 
lure Meler lor hand.heldlbench-lop 
use. Dqitd. LCD meter comes in 
carrying case wllh combtnation pH 
declroae. ATC cuobe. anached 
shorting plug. three 60 ml sob 
llon oo111es. one I50 ml bezker. 
sfectrode holder. support roa. rod 
gwde. one packet pH 7 burfer. 
one 9V banery. w t m o n  
inanual. ana trmng gwbe. 

--- 
Iha U 210 Y~1.r IS mown wlin 
a Conwnmnl hJUar Uul ir a 
aIurdy Wnd Iw #A uufacer ml 
I U S  IwCk Urop (or hands-kee 

Same features as the SA 230. but without 

temperature readout. with manual temper- 
ature cornpensatton 

021000 SA210 PmMe OHlrnV Mela lor 
handMOIbtXhl@ ~ e .  OtgUal. 
LCD meter comes n my-q case 
with combiMlion pH electrode. 
linached ming plug. three 60 
ml solullon bonks. one 150 ml 
Beaker. decuw hblder. suopon 
rod. rod gude. one oadre! OH 7 
bufler one 9V wiery. nstrudion 
manua. and I r a q  we 

automatc temperature compensation or 
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Regular Bailers for Well Purging 
and Sample Retrieval 
TIMCOfU bailers are available in Teflon*. stainless steel, PVC and acrylic in 
sizes from 0.64" to 45" (21.4mm-114.3mm) diameter and 1' lo 6' 
(31cm-183cm) lengths. 

All are solvent free. and have a flush "V" threaded ball check lor ease of 
decontamination. This design permits the addition of a body exlension piece 
to increase cap4ty.  

The ball check design allows for the inclusion of a Viton' "0" ring in all but 
the Teflon' opaque model. The Vilon' "0" 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. 

I 

i. 

-27 0 (800) 648-9355 
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PUNAGE- VENTURE 
HYDROLOGIC MONITORING PROGRAM 

APPENDIX H3 

LIST OF ANALYSES FOR FIRST YEAR SAMPLING PROGRAM 



Department of Health Laboratories Form Number 

Relinquished by: Date/Tine 

I 

~ ~~~ ~ ~~~ ~ ~~ 

Received by: Date / T ime 

SAFE DRINKING WATER BRANCH 
CHAIN OF CUSTODY h EDB/DBCP CONTAXINANT REPORT 

Sample Lab # Relinquished by: Date/Time 

Saxple Lab I! Locked in Refrig Date/Time 

Water System !Jame Number 

Sample Location 

- Well Log iI - Sample Point II - - 
Type of sample: Routine- Special 

Collection remarks 

Sample Chlorinated Y-, N-, ? 

Sampler(s1 J 

Date: Time: 

Received by: Date/Time 

Rem'vd from Refrig Date/Time 

Sample Location 

Regulated Compound ND NO RESULT* Method Date Analyst Lab # 

Ethylene Dibromide c .  < .  A B C D  
1,2-Dibromo-3-Chloropropane I <  . < . 1 A B C D  

I I 1 I I 

+ 

I Rec'vd for Laboratory by: Date/Time I Dispatched by: Date/Time I 

Methods : Sample Presetvation: 
A=Purge Trap 
B 4 X  HCL (Circle) Y N 
CXCMS 
D=Other 

Dechlorination : 
appx 3 mg NazSz03 

Reported by: Date: QA Check: Date: 

Foruarded by: Date: 



levels* 
~~ ~ 

Arsenic 0.05 

[Selenium I 0.01 

Mercury I 0.002 

Cadmium 0.010 

I !  Chromium 0.05 

Barium 1 .  
I 

Silver 0.05 

Fluoride 

- ISodium 
1 

*Measured in milligrams pet  liter (mg/l) unless otherwise specified. . . .  

I) - Atonic Abror+7: C.3c!rrim-citrurtion I - CuChromatography 
C - Arcmic Abrorptioz: Flrmeless 3 - Ctavime:ric Analysis 
0 Atonic Abwpfiarz F l m c l c ~ r  Graphite Furnace K - Silver Oict!tyl-dit!!iocarbonatc 
E - Atomic AStorp:io% C e w r  L - Titrimetric Analysis 
f - Cadaium ReCuctian M - 
C - Colorirneuic vi:! prclirnimry dir:itlrtion N -  : . .  

No. of Containers: Preservative Added (ml) Signature Date Lab. No. 

- Container: No. 1 Metals 

- No.2 Hg 
No.3 NO3 - 
No. 4 TDS/CL/F - 

Reported by: Date: QA Che& Date: 

Forwarded by: Date: 



CONTAMINLVT 

Trihalomethanes 

C!iLOROFOX?l 

SRO?!OFOiiY 

CHLOROD L 3ROYOEni4SS 

I 

MCLf 

0.10 

zinalytical 
method 

A 3 C D  
I 

A i 3 C D  
1 
I 

date analyst 
analyzed 

I 
A 3 C D  

1 

I 
I 

A a C D  

A a c D  I 
I A a c D l  

I A 3 C D l  I 

1 I I 

lab 
number 

*Measured in miligruils per l i ter  (mg/l) unless otherwise sgecified. 

Methods : Sanple ?reservation: Cechlorinztion: 
A=Purge Trap 
3=GC fr_cL (circle) Y N edded to s&pze 
C=GCMS 
D = O t h e r  

appx 3ng Na S Oj  

Y N 

3eported by: Date: QA Check: Date: 

Forwarded by: Date: 



'. 
Regulated Compound 

Vinvl Ghlcride 

XCL* ND NO RESULT* Method Date Analyst Lab iI 

2 (0.3 (1.0 A B C D  

Unregulated Compound 

3-Dichlorobenzene 

1,l-Dichloroethvlene 7 

' 4  

1/90 

(0.3 (1.0 A B C D  
l,l,l-Ttichloroethzne 200 I C0.3 I (1.0 I A B C D l  
Carbon Tetrachloride , . 5 (0.3 I (0.5 , A s C D l  

1,2-Dichloroe:hzne 5 <0.3 (1.0 1 A B C D l  

p-Dichlorobenzene I 75 (0.3 ~ 1 . 0  I A B C D I  

Benzene I 5 (0.3 I (1.0 I A B C D l  

Trichloroerhvlene I 5 (0.3 ( 0 . 5  I A B C D l  
I 

t 



i 

lab 
results* 

t- maimurn 
v) contaminants contaminant 
t- levels* 

Endrin o. 0002 

W 

1 1 

Lindane 
1 I 0.1 I 

i. I I . -  IMethoxychlor 
I ' . .  

I !  Toxsphene I 0.00s. I 
1 . . ._ . .  2 , 4 - D  0.1 

2 . 4 . 5  -TP Silvti  0.01 
Total Trihelornethanes -10 
. .  .. . .  

1 :. 
+Measured'in milligrams per liter (mg/l) unless otherwise specified, . 

AnaIyticaI Meihod: . 
, G ' - Colorimetric with preliminary distillation 
H - Electrode 
t ' - Gas Chromatography 
J - Gravimetric Analysis . 

Reported by='. Date: 
! . ..-. , - .  - . .  . - .-- .- .  ... 

K - Silver Diethyl-dithiocarbonzte 
L - Titrimetric Analysis 
M - PurgeandTrap . 
N -  . -  P....--.--....---.----- .. . 

QA Ch:ck Date: 

- .  
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* I The ground-water quality impact Of geothermal energy systems has yet to be determined. 

Tnis article offers o discussion of these systems and the reasons for their failure os they relate to 
future monitoiing. 

I 

I 

i 
I 

I 

I 

* ! I  ! I  

Forest L Miller Jr. and 
wglas E Zimmermarr 

AU.S. Environmental Proiectlon 
wncy grant to standard 
and InnOMtlvr groundwater monb 
Inrlng technlques and systems 

to geothermal energy devel. 
opment impacts on assoclated 
ground-water systems is currenrly 
uadenvay. The research effort Is 
dlteted toward integrating monitor- 
m g  technlques legal constraints. 
production system fault-tree ana!y- 
sls and comprehensive solute trans- 
port andgeochemlcd models.hUc1- 
peed results Wlll provide means to 
assess Silc-specl~c groundwater 
gcothennal systems and to ldentlfy 
the optlmum monltorlng method- 
ology and network design to detect 
ground-water 4uallty Impacts, The 
models MU &OW an evaluation of 
pocentlal worstcase Impacts on the 
groundwater system 

lnfonnatlon on approxrmatelysO 
geothermal energy system failures 
uas complied and Wewed durlng 
the course of this study. F a f l u s  
have ranged from minor leaks in 
pipes and valves to uncontrolIable 
discharge from wells resulting in 
rhr: rekasc of large quantities of 
geothermal nuldStatlstical analysls 
of the data bllectcd provides a com- 
partson of @lure cats  for different 

. . camponen.? of a geothermal dewl- 
h a tcvlew of worldwlde 

geothe opmn3 well- and plant-failure 
data and a failure analysis utilizing 
hult-tm techniques to assess thc i fw' wints of groundwater monl- 
101 kfiorts are presented In thls 
a n i d  

. 
1 

. .  
Backmound 

The lechnologv for ihc conwr- 

slon of geothermal energy to elm- 
trlclty 1s In a transltlonal stage of 
development The converslon can be 
performed lna.cost-efktivr manner 
and the types of ulpment neccs- 
s a g  to operate 3 ely and consist- 
enUy are known, but the opemting 
experience accumulated to date Is 
Insufklent to assist In cstlmating 
falure r a t s  with reasonable pre- 
clslon. Operatlng experlence In the 
United States Is limited to the Gey- 
sers Known Geothermal Resource 
Ana IKGRA) which Is located 180km 
north of San Francisco. Callfornla 
This KGRA Is a vapor-dornlnated 
system as opposed to the more com- 
mon Ilquld-domlnated systems. 
some of whlch arc being devetopd 
elsewhere In the Unlted States. The 
most actlve areas of geothermal 
development In the United States 
are currently the lmperlal Valley of 
Wifornla and sltes In northern 
Nevada. Internationally, power pro- 
ductlon at a significant d e  from 
IIquid-dominated reservoirs Is on 
line at Cetto Prleto. Mexlco. 
Mrakel, New Zealand. and xwral 
sites In Japan. 

A number of technologies are 
available for the conversion of geo- 
thermal energy to electrlcity. The 
selection of the power conversion 
unit Is controlled prlmarlly by the 
chemlcal and temperature chzirac- 
krlstlcsof the geothermal reserloir. 

Generally them are cwo bask 
types of systems The flash system 
dlows the geothermal nuld to flash 
tostcam.whlch Is then uscd todrlve 
the Lurblne.The blnary system ut& 
kes a secondary fluid. such as freon 
Drlsobutane.wh1ch Is heated by the 
peolhermal fluld todrlve the turbine. 
Both syskmsare somewhat slmIlar 
In that theyrequlr~productlonw~~~s 
FI system of p i p  and valves for 

movliig fluld from the wells to thc 
plant. a power convcrslon unit and 
tn most ca'ses; tnjectlon wens Tor 
djsposal of spent fluids. 

Failure Duta 
The hlgh temperatun. pressure 

and chemical compos1 tlon of geo- 
thermal fluids are conducive to 
equlpment f&Iure (Table 1 I. A gee 
thermal reservoir Is usuaUy located 
In an actlve geologic environment 
contalning faults and fractures 
whlch increase thedifflcultyofdrtll- 
Ing and the possiblllty of adverse 
envlronmental impact 

Detailed data on geothermal sys- 
tem zgflures are generally not avail- 
able. The best-documented fAlIurcs 
have been those associated with 
wells. Udortunatelymen these data 
are often lacklng In such Important 
items as dlscharge rates. dctectlon 
method and cam of failure. Faflrln 
data on qutpment such as surface 
plplng and energy conversion com- 
ponents arc also Iimlted (Sung et al. 
1980; Summers et ak 1980L 

On the basts of fallure data col- 
lected. a revlew of geothermal site 
phnaand considerallon ofpossible 
nuid release points, the followlng 
components wereconsldertd for fail- 
ure analysis 

owel is 
wellhead assembly 
surface equfpment 
dlsposal system 

Production Wells 
Well fallun can occur in two dls- 

tlnctly dfflerent operational modes 
Fstlluncanoccurdurlng thedrllling 
of the well or durlng geothermal 
fluid pmducUon.Tocontrolthe move 
ment offorrnatlon fluldmround the 
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rng and productlon. t& well-borc 
0- is reduced wlth depth. At each 
rcducilon in holedIameter. thebore 
IS cased and a m e n t c d h  ocample 
ofthecasingand amentingofwdh 
at Walrakcl. New Zeatand. is s lpvn  
inngum 1.Numemusloofsandkch- 
nlques exlst for physically locating 
and denning the ryPe and swerltyof 
casing fallures, but only a modest 
amount of data concerning the 
actual cause of the failure can be 
acquired when the fallurt occurs 
hundreds of meters or more below 
ground lmd. 

Failures durlng drlll1ng opera- 
tlonscan mult In uncontrokddls- 
charge! from the well bo= Thls con- 
ditlon. known as a blowout, Is of 
parucular concern as uncontrolled 
dlscharge can last a slgnlficant 
length of tlme. The costs and dim- 
cul ty of repalrs arc: hlgh. Blowout of 
a well Is posslble when the formation 
RuId pressure exceeds the pressure 
of the drlltlng fluld In the well bore. 
This condl tlon can occur In zones of 
lost clmulauon. where the formation 
bclng drllled Is either very perme- 
able. has an extensive fracture or 
fault system or Is cavernous. Blow- 
out pteventcrs whkh seal agafnst 
thedrlll plpe In theeventofaslgnlfi- 
cant pressure drop a n  required 
salety cqulpment during the drllllng 

Many Indlvlduds from both prl- 
vate and governmental sectors be- 
Ilcve-that drllling equlpment and 
technology currently In use have 
proven sufficlent to prevent well 
blowouts. The Incentive to prevent 

geothermal developer because of the 
hlgh costsofdrilllngopcratlonsand 
subsequent costs of cantding a 
well blowout A typical weU at the 
Geysers KGRA costs between 
S825.OOO and 81.6 mWon to drUl 
and complete. 

Because of difllcutties In IdentI- 
fjdng productlon well f'lurc, the 
potential for adversely Impacting 
associated ground-water systems Is 
relatively high. Fallure of a well cas- 
ing can range from a mnor fracture 
to;a complete oollapse. Discharge 
can beveryllmIted orcancionstltute 
tbk total flow of thewelLresuftlng1n 
a blowout conditlon. lndicatlons of 
caslng failure can be as obvious as 
Msualdlschargeat thesurfaceoras 
subtle as a change In the chemical 
constltuents of LhefluldOtherlndi- 
cators of caslng failure Include a 
rrductlon in flow or temperature 
change In the steamlwater ratlo. or 
Inclusion ofsand orotherfomtlon 

or geothermal W ~ S .  

th~s type or rali~re 1s hm the 

i )  
I .  

I -- 
i 

I 

High temperaturn . +  

Poor quality fluids 

Oeologicenvlmnmen t 

Hlgh pressure 
\ 

Present stage of 
dewlopmen t 

Natural dlsastcrs or 
accidents 

s tm 
2. Thermal w i n g  

1. Corrosion 
2Scale 
3. Abrasion 
4. Dissolved gases 

1. DriUlng and cement- 
Ing problems - 
clated wlth lost 
drculatlon zones' 

1. Pressure Induced 
stress 

1. Inadequate 
ftUlletIrrls 

2 hMdquate deslgn 
and workmanshlp 

3. lack of operating 
ocperlence 

1. Landslides 
2Earthquakes 
3. Accidents as a 
. rtsultofpersonnel 

4. Vandallsm or 
error 

Well casing 

AU components 

AU components 

Au components 

material In the productlon fluld 
Fallurr of the cement betwen the 
caslng and the formatlon Is usually 
asso~latedwithcasingf~ures.~his 
cafi allow the geothermal :fluid to 
mlgrate along the well bore and 
enter a formation different from 
that in whkh the orlglnal failure 
DccuTTe& 

A number of lntedated factors 
may contribute to caslng fallulle: 

thermal stresses or thermal 

lnadequate arnenff ng of the 

cormsl0h 
ThefollowingscenarIodescrIbesthe 
intcrrelatlonshlps of thw &actors: 

Durlng the drllllng of a w d ,  for- 
matlonsarrencounteredthatare 
highly permeable. en the well 
is cascd and ce 3 nted, a poor 
qment bond b e t w h  the caslry 
and the fomtion'ts achleved In 
these zones, allowing the casing 
to dlffirentially expand and con- 
tracL The well Is completed and 
put into productlon -The castng 
ls subjected to hlgh temperature 
varlatfons causlng thermal 
stresses. (The term thermal 
@lng Is used to descrfbc the 
wpansion and contractlon of the 

cycling 

casing as it Is alternately put on 
production and then shut In 
energy requirements or mainta 
nance of the well or power plant 
dlctatc) The casing subsequently 
Igus In the zone where the cemenl 
bond Is poor due to the t h e w  
stresses assodated with produe 
tlon. Fallure can occur very early 
In the lfft of a wtll or can occur 
much later when the mlng is 
further weakened by both corro 
sion and thennal cycling. 
Analysis ofcasing fiifluns In the 

geothermal fields of Italy revealed 
that lkfluns were more likely to 
occur dter large temperature vari- 
atlonsand that the Iowcr part of the 
caslng strIng was more likely to fall 
Ugnl et al, 1975). 

Agalnthedlmcultyln IdenUf'ng 
the exact causes of caslng fallure 
should be recognlred. Due to the 
limited amount ofdata that can be 

determine the cause of fallurn Dur- 
lng the time of data coUect1on for 
t h l ~  report both the lltetatum d- 
lected and dlscussions wi th govern- 
ment and prlvate operators haw 
stressed the rapid technological 
Improvements In both drilling and 
cementmg techniques by the ge0- 

cotlected. it is dirncuit-to p m i s i y  

24 GwMRIsprine 1982 



. ,hmld itrauslr).. Uala lrona rhc 
,*11fomla Dlvlsion of 011 and Gas 
l,,dl@C there have been no serious 

l,ansarcstrongthat Im rovcdtcc 

, ~ l c ~ w l t h @ O U X d w t I l d r t l l -  
In lhal Sate 1975. I n d I ~ a -  

. d o p h a ~ d a r r a x d  P a i l ~ r r m t  3 i 
I 

,,cwIy constructed urlls As more . 
IS complied. It may be possible 

\ t * ~ ~ ~ s  that are more llkcly to fall i t,,\cfify 
thls h)+pOthslSand totden- 

@head Assembly 
me basis for separation of the 

,,tJl1rcad assembly from other com- 
pl\cnts of the plping system Is the 

I ptclr~lal for uncontrolled d l s c M e  
,I, lllc event of fallure. The wellhead I ,wmbly typlcallyconslstsofsevcral 

WW from the well. In the went of 
btiLirc of other surface equlprnent. 

flow from the well. Fallure of these 
I ,d\rs to dose due to elther c o r n  

rlon or d e  would then result In 
I uncontrolled dlscharge. Uncon- 

idled d i s c m e  related to wellhead I hilure also occurs If the entire well- 
1 head becomes separated from the 

%TU caslng. Thls happened at C c m  
meto. Mwlco. but could have been 
atafded by proper InstaUatlon of the 
udlhead assembly. 

suxface Equipment 
In contrast to the dlmculty In 

Identlfjdngand repalrlngawell falo 
ure. failure of surface equipment is 
relatively easy to detect and repalr. 
Costs of repa! r are relatively low and 
generally. technically stralght- 
torwatd 

Au components of the piping 
system are suscepUblc to faUurC as 
a mult of corrosion. abrasion or I d e  formatIon.Didvedgasespar- 
tlcularly H A  also convlbutc to fall- 1 ure. Thermal stress and thermal 
qdingofabow-ground plpes Is not 
as signlflcant a problem U-shapcd 
sections of pipe are routtncly 
tnstalled In the line to allow for 

,J\VS Whkh wc US& to egulak 

I t h m  d v r S  could bC do& 10 Stop 

change in 

Data on failure ofsudacc cqulp- 

: CpvSers KGRAThe prtnclpal fallure 
, )Is of the surface equlpment 
have not been associated Wth the 

ajar components found In the 
=,cnvcrplantsbutwlth theplpesarid 

. ' i acsccomponentsane-the c~rt- 
. I ' \d\mwhlch transdl fluid bewen 

J 

4- 0" safety Valve 

23' 

I7-1/4! Hole '5 
- c 

E 106.68m - \ 

Grout ' 

12-1/4" Hole 

13-3/8" OD Surface 

8-5/8" OD Intermediate 

6-5/8" OD Slotted 
Production Casing 

Hot Water 

ures have been detected and 
repalredwlthln6OtnlnutesUnfortu- 

atyplcaLThfsIsadrystcam reservoir 
whlch docs not quire  flashing and 
the lnjectcd condensate has total 
dlssolvcd sotids values that range 
from 300 to 1.000 m g / L  In contrast 
to thls are sites in the Imperial 
Valley where brines are produced 
with total dissolved solldsas high as 
300,OOO mgA. 

Numerousstudicshavrteen&n- 
ducted on corrosion abrasion and 
scale formatlon ratesat specincgc.a- 
thermal sites. but extraplatlon of 
these data lnto fallure rates I s  

nate!y, data from the Geysers IS wry 

- .  

limlted becauseoftheucperimental 
naturc.llrnltcd Ume period and wide 
varlatlon In fluld chemlstrles during 
thee  studlu. Corroslon studles of 
various metal alloys In the Imperfal 
ValIey haw shown that stcels con- 
talnlng elther molybdenum or 
chromlum and molybdenum with- 
standcorrosionbetter than thecar- 
b n  steel pipes mast commonly used 
IMcCrIght et af, 1980). Because of 
the lack of operatlng ucperlencc In 
lhc Unlted States. estimates of fail- 
urn rates for surfixe equipment are 
based on data from nuclear power 
plants 
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IO control and the largesl 
K k ; ~ s  of geothermal fluld haw 
,,~dicd from productlon well 
~ l l l l r t s .  

For Instance. well number Ther. 
,&.drlUed at theGepcrs In 1957 

adcqUatC m l n g  and cementlng 
& m l q U S  Attempls at controlling 

well have falled and the well 1s 

1976. the uncontrolleddlscharge 
,,2s cstlmated at 80,000 kg/hr of 
sicam A casing break occurred In 
,,cU number 26 at Walrakef, New 
grdand. In Aprll196O.The well was 
'drilled In I954 and had produced 
fluid nonnafly up to the Ume of the 
rasing failure. The fdlure occurred 
at adepth of 1831~1. Due to flaws and 
p&able deteriomtlon of the cement- 
tngaround the caslng. flow was able 
IO move upward and laterally. Flow 

mateIy240m from the well. In Nowm- 
ber 1960, well 26A was devlatlon 
drilled Into well 26 below the mslng 
break. stopplng thedlscharge.Total 
uncontrolled discharge was esu- 
mated at 6.17 x lo5 tons. 

blot* out during drllllng due to In 

pn~rlrlydlSChU~lII~t~ tl~es~rC=* 

disscharged at the 6 U d a  appmxl- 

Fault-Tree Methodology 
The purpose of applying fault- 

tree methodology to geothermal 
energy development is to Identify 
both the posslble fallure modes 
which would result In release of 
geothermal flufd and the posslble 
st tes of failure I Barlow et al, 1975). It  
Is convenient to treat as a unlt parts 
of the mechanisms that Brestmctur= 
ally ldentlcal or parts In whfch fail- 
ures would lead to a common effest. 
For m p  e. the abow-surface p l p  
ing used t, b move geothermal fluld 
could be chidered on a meter-by- 
meter bask slnce a fa!lure could 

! occur at any polnt. However. the 
26 1 piping from productton wells lo the 
I : converslon plant is deslgned to com- 
. . p n  speclncatlons and measures i aken at any point to confine a leak 
' i would probably be taken throughoul 

.- ihcpipingsystcmso theproducllon ' plptng can be consldered as a unlt. I Thcproductlon plplngand lnfcctlon 

L 

FaUm Point Numbu of FanurrS 

Roductlon well 28 
3 

49 
W u c t l o n  wellhead 
Surface plping 

A 1 
None reported 

Injectlon wellhead 
lnjectlon well 

DrUIlng Wurt 3 

plplng wodd be considered sepa- 
rately slnce there arc llkely to be 
more corrosion problems In thepm 
ductlonplplng than ln the injectfon 
plplng while the reverse 1s true wlth 
respect to scaling. The energy .con- 
version system would beconsfdered 
as a unit slnce a fahre In this 
system could result In d e  of 
fluid to the floor of the bulldlngand 
remedlal actlon wodd be the same. 
A fault-tree figure Wlgure 2) can be 
used to provlde an ovenlew of the 
system 

Fordemonstratton purposes the 
fault-tree methodology wlll be 
applied to a modified conceptual 
desfgn of a double flash geothermal 
development presented by Sung et 
a!, 1980. The rnodlfied deslgn con- 
sists of 28 vertlcdy drilled produe 
tlon wells wlth 12,200m of assocl- 
ated'productlon ylplng which wlll 
deliver the geothermal fluid to the 
power plant located 300m from the 
edge of the well field. The system 
utllIzes 15vertlmllydrllled lnjec$lon' 
wellswhich requlres8800moflnjee 
tlon plplng. 

For thepu-of thl;ucample. 
the energy conwrslon system w~ll  
be placed on the Roosevelt Hot 
Springs KGRA, near Milford. Utah. 
This Is a Ilquld-domlnated system 

with a depth to the top of the rcser- 
volr of 820m We assume that wells 
drilled In thls development wlll 
average 900m In depth. The prlncl- 
pal groundwater reservoir In the 
Mllford area 1s the unconsolidated 
Valtey-NI alluvium Well logs reveal 
that thlsmaterla! lsbetwetn6Oand 
150m thick In the KGRA and It Is 
assumed that each well passes 
throughavlertlrrillyunconilned aqul- 
fer, A ,110m In thickness. togging 
ofweiDH 14-2 revealedacoldwater 
entry zone, between 200 and 230m. 
which will be treated as If It were a 
confined aquifer. 4. of potential 
Importance as a s o u m  of domestlc 
or agricultural water. 

For convenlence we assume that 
dlstribution oflocationofwell caslng 
IBllure is Independent of depth. We 
further assume that an aqulkr Ls 
only contamlnated If the fallure 
oocurswlthfn theaquifer.Therefore. 
lf there Is a caslng failure In the 
zone ofaquifer4 theprobablllty(p1 
of contamlnatlng aquifer Is, Is 1. If 
the fhllurc occurs cisewhere. the 
probablllty ofcontaml~tin~aqul fer 
4 lszemTheprobabllltyofconliun1- 
natlng aquifer 4. glven that the 
well has falled. Is the nllo of the 
thlckntssoftheaqulfer to the depth 
of the well, 30/900. O r  D3. LlkewlSe. 
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the probability of contamlnatlnl 
aquifer A, . g k n  a failure In the well 
IS 110/900.or.l2Thepmbabllttyo 
not contamlnatlng aquifer 4 b! 
one or more of the 28 productlor 
wells in a glven dendarycar 19 p s  
where I-p 1s the product OT thc 
probablllty that 4 will be contam1 
nated glven a falfurc 1.031 and the 
probablll ty that a 900rn well will fat 
In a year. Data fmm the Wairakc' 
netd lndlcates that the probablllt) 
of a 900m productlon well falling IC 
aealendaryearIsabout.014.There 
fore. theprobabllttythatag!venwet 
w t U  fall ln adendatyearand that 11 
wlll contamlnate aquifer 4 is 
more productlon well fallures 1n a 
calendar year whlch contaminates 
aqulferPi, Is 1-.999S82LLorA)1.Thls 
analysls Is tentative and further 
work ts required Lo reflne the cstb 
mated probabilityoffallurc ofawe& 
By ldentlcal loglc. the pmbablllty o! 
a l u r e  in a calendar year of at least 
one lnjectlon well which Impacts 
aquifer &Is .OW.' 

Uslng the above reasoning. the 
probabtll tyofcontamtnatlngaquifer 
A, durlngacafendaryearbyprodue 
Uon well fatlure 1s estimated to be 
8 5  and the probabillty of contami- 
natlng A, by fslilure of an Injection 
well Is estlmated to be.02. InJcctlon 
of geothemal fluld Is not done at 
Walrakel and probabilltles com- 
puted assume the same life a p t -  
ancy ofinfection wells as forprodue 
Uon wens. 

Probabllf ties of fallun of above- 
ground components were estimated 
by Sung et a!. 1980. from data corn- 
plled In theRcactorSafetyStudyof 
1975 Idso known as WASH-1400 or 
the Rasmussen ReponL They -ti- 
mated that thcprobabilttyofarnajot 
wellhead rupture in thlsgeothennal 
energy conversion deslgn durlng 
the 40-year deslgn life Is .008. Fur- 
ther. they Indicate."Minor l& a n  
to be expected. Each gasket in the 
sptcrn would be expected to fall a t  
least ancc dutlng the assumed 40- 
year design life." If we assume that 
the probability of a major wellhead 
faflure is constant over Ume. then 
the probabillty of a particular we& 

1 head falllng In aglvcn calendaryeat 
1s tstlmated to bc .000005. the 
pmbablllty of there being at least 
one production wellhead laliure In a 
dcndar year Is estimated to be 

) MXJLand thtprobabUltyofatlcast 
one Injection wellhead faflure In a 

1 +  

m042. The probaburty of one OI 

I 

lfthc pmbabllltyoffailureofpf~ 
tng Is 1 x 10iU/hr/300m (Sungeta!. 

Release of nuld due to 

I 
Casing failure in region of lower i 
confined aquifer 4 

Casing failure in region of upper . 

unconfined aquifer A, 

Malfunction of production volviy . 
Break in surface piping 

Failure in the power plant 

Break in surface piping 

Matfunction of injection valving 

Casing failure in reglon of upper 
unconfined aquffer A, 

Casing failure In region of lower 
confined aquifer 4 e 

To the geothermal reservoir arm 

- 
Rcrure 2 Rototype fault-kee for a geothenncrl energpcoavecdon rvslem 

1980) then the pmbabdltyofat I-t 
me&t!lure(i~ 12200mofproducUon 
pfplng in a caIendarycar b .00004 
Jvhllc the probablflty of at l a s t  one 
hlure In8800m oflnJcctfon plping 
2urIng 8 cdendar year is &0003. 
[hese numbers arc applicable to 
3fpfng In a nuclear reactor. buUt to 
norc stringent specifications than 

3e too low. On the other hand. the 
stressesmaynotbeassevefi. 

The probablllty ora mJor fallurr 
Bf the convenlon system during Its 

;=thermal p l p i s  a d -  the 'tsti- 
nated pmbabl1lUe.s of failure may 

I O - y ~ a r  dalgn l l f ~  IS estlpated by 
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t$ heat from geothennal fluids tc 
ilectrtclty 1s a relatively recen 
aJ31vlty. Becauseofthatdetermlna 

9n of reasonable cocmcienb o 
. d a t ~ o n  for the small probabi1itle ' of (allure esttmated in 'iBblt 6 ari 

. .. 
?f 

. er 

M 

I 

a 

er 
0 %  

t 

i 
cb c 

,unllkly untll considerable operat 
lng ucperiencc has been acquired 
Table 6 does demonstrate In a rela 
Uve sense that the hlghest pmba 
blllty of Wlure Is assoclated witt 
wells Slncc well fallurcs arc dimcull 
to detect can involve large volume 
of lluld and can directly lmpaci 
ground-water fesoums. the focal 
points for ground-water monltodng 
should Involve both productlon and 
lnJectlon wells. 
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9. 

77.9 
7.8 
85.8 
b.b 
42.4 
J7 
lb.9 
20 
J72 
53. b 
0.233 

6 35 
0.4b 

- 

*.A. 

A 9-9D 

99.) 126 
7.15 7.02 
Zlb 2105 
1O.B 109 
lJ .4  66.1 
15 210 
281 3011 
69.2 471 
112 144 
24.1 100.7 
4 . 0 0 2  0.006 
U.A. N.A. 
762 7018 
18.71 18.15 

).9b*)-98 

n.A. n.A. 12) 
7.45 6.92 7.1 
2890 2935 2695 
149 115 lZ9 
117 182 122 
293 324 267 
5120 5830 6817 
598 681 103 
128 262 173 
N.A. 59 83.8 
0.013 1.A. 1.A. 
1.A. #.A. 3.16 
9295 10450 10949 
17.47 18.0b 25.79 

71.8 #.A. N.A. 
7.1 7.7 7.2 
8b.5 97 139 
6.2 14 ' 25 
23.2 47.7 14 
25.7 26.5 17 
95.7 125 331 
22.7 5.5 65.4 
128 283 (1 

0.268 N.A. 1.A. 

588 643 723 
3.72 4.7 19.47 

n.A. 44 70.1 

N.A. n.A. 0.2 
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