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I. ABSTRACT 

Hawaii is generously endowed with many forms of natural energy--wind, wave, 

solar, and geothermal--all potentially low-pollution power sources. This 

proposal requests RANN funding to assist in developing that resource v1hich 

appears to have the greatest potential for meeting the State's expanding power 

requirements--geothermal energy. In honor of Pele, the Hawaiian Goddess of 

Fire and resident of island volcanoes, the program is entitled .E_ele I_nergy 
!:_aboratory fxperiments. 

The PELE Project involves an interdisciplinary team of fifty-four researchers 

from throughout the University of Hawaii System who, in collaboration with a 

dis ti ngui shed group of advisors and consultants, will engage in thirty-eight 
separate research tasks related to geothermal pov1er. These scientific investi-

gations are grouped into three programs: a) Geophysical, b) Engineering, and 

c) Environmental and Socioeconomic; and include both short- and long-range 

research studies on the identification, generation, and utilization of geo
therma 1 energy. 

A secondary objective of the PELE Project is to provide the geophysical data 
and engineering technology to assist in the early development of 0eothermal 

power on the Big Island of Hawaii. Consequently, the drilling of deep test 

holes and planning for construction of a prototype geothermal power plant are 

included in this proposal. The prototype plant, in addition to providing essen

tial data on the reservoir characteristics of the geothermal field, will serve 
as an observation and working laboratory for engineers and scientists from 
throughout the world. 

This project has the interest and support of both State and County govern
ments,-as well as the private utilities on the three major islands. The poten

tial is excellent for involving education, private interests, and government 
at the local, state and federal levels in this significant research project 

for expanding the technology base on geothermal energy and for developing a 

low-pollution power source for Hawaii and the Nation. 
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II. NARRATIVE 
A. National and Societal Need 

1. Overview 
Energy--the ultimate environmental problem. Increasingly as we 

see our 1 i ghts flicker and fade; as waste heat warms our streams and in 1 and 
waterways; as we peer through the fumes of our automobile exhaust; as we are 
affronted by oil spills and strip mines; as citizen groups successfully block 
the construction of s ti 11 another pov1er p 1 ant while per capita consurnpti on of 
electricity continues to rise; and as national concern mounts over the dismal 
economic prospect by 1985 of a $20-billion annual deficit in balance of payments 
for petroleum alone--assuming it is available--then we must attach some credi-
b i 1 i ty to this extreme statement regarding the energy crisis. 

The concept of using the State of Hawaii as an outdoor energy labo
ratory could have considerable advantage to the Nation in its quest for the 
development of systems for producing electrical energy from sources which have 
a low-pollution potential. Hawaii abounds in unexploited energy resources such 
as wind, ocean waves, solar radiation, ocean thermal variations, and subsurface 
heat. Although each of these natural energy sources exhibits some potential 
for power generation, the one resource of the archipelago which seems to have 
the best technology transfer capability is subsurface heat--or geothermal energy. 

The exceptional aspect of the Hawaiian geothermal resource, and a 
major reason for its interest to scientists and engineers, is the unique variety 
of local characteristics. The subsurface heat anomalies found in Hawaii may be 
present as: 1) molten magma, 2) hot dense rock, 3) hot porous rock, 4) geo
thermal steam, 5) hot water, and 6) cold deep ocean water. When these anomalies 
are located and identified, combinations may be found within a relatively short 
distance from one another, thus adding greatly to the flexibility and versati-
1 ity of field experiments in Ha1'1ai i. 

The research program outlined in this proposal is entitled Pele 
Energy Laboratory Experiments--in honor of Pele, the Hawaiian Goddess of Fire 
and resident of island volcanoes. The primary thrust of the proposal is a 
coordinated program of scienti-1';·~ research on the geophysical, engineering, 
environmental and socioPs-·~omic aspects of geothermal power. Collectively, 
these thirty-eigc: ~csearch projects will establish a Geothermal Research Labo
ratory in ''/~l i. This study wi 11 complement a proposal on "Energy in the Sea," 
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to be submitted by the University of Ha\'taii through the Sea Grant Program. 
Together these tHo related projects will provide the basis for establishing a 
llational Energy Laboratory in Havtaii, which has great potential for helping 
to solve some of the major problems associated lvith the Nation's energy crisis. 

The probable development of a geothermal field will foJlow as a 
consequence of geophysical exploration and engineering feasibility studies. 
However, existing geophysical knovtledge of the Island of Hawaii (known as the 
Big Island) suggests that the likelihood of finding a commercially viable 
source of geotherrtlal steam or fluid is sufficiently good to justify early 
planning for a prototype power plant. Parallel studies must also proceed on 
the environmental and socioeconomic aspects of geothermal power generation, 
again on the assumption that the program will be successful. These studies 
must precede the actual production of po\'Jer, in order to identify the legal 
and public policy problems attendant upon the use of a new energy source. 

Cooperation l"li th the State and County regula tory a·nd land-use 
agencies is essential during this phase of the project, as well as with the 
Big Island utility coClpany vthich will be involved in electricity generation 
and di:;tribution fror:1 the prototype plant. Pre1ili1inory discussions VJith both 

private and governmental organizations reveal an unusually high degree of en
thusiasm and support for the development of geothc:rmal energy in Hawaii, so 
we anticipate excellent cooperation and assistance from all local organizations 
and agencies. 

In addition to providing a potentially low-pollution and economi
cally competitive source of power for Hav1aii, this program will investigate 
methodology for the extraction of energy from subsurface heat, both by conven
tional and innovative means. This research and development will have applica
tion to many geographic areas where it is possible to tap the heat of the 
earth's interior, either by natural processes or through engineering operations. 
The Geothermal Research Laboratory, with its focus on the instrumented proto

type power plant, lvill provide essential data on the reservoir characteristics 
of the geothermal field and will serve as an observation and working labora
tory for engineers and scientists from throughout the world. To date, very 
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little quantitative reservoir data are available from producing geothermal fields. • 
Operation of a well-instrumented pilot plant will provide the reservoir data • 

useful for testing performance theories. • 
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The concept of using the State of Hawaii as an outdoor laboratory 
encompasses facets and advantages over and above the technological and scien
tific studies related to the subsurface heat resource. In an environmental
socioeconomic sense, Hawaii is also a unique place to experiment and confirm 
modeling criteria. Here is found a virtually closed ecosystem with no known 
fossil fuel. This environment is not affected by contin2nt-ocean interface 
problems, or variations caused by other population centers. Here, some 
800,000 people are collected on the five major islands of an archipelago 
stretching 350 miles across the Pacific and separated from the Mainland United 
States by over 2,000 miles of that same ocean. More than 80% of this popula
tion lives in Honolulu, on the island of Oahu. Thus, both the problems of a 
rural society and a highly-developed urban center are present, but the boun
dary conditions are sufficiently well defined to lend a measure of control to 
this study. To complicate matters, but broaden the study base, the most 
obvious heat resources are located on the island of Hawaii, separated by some 
200 mi 1 es of ocean from Oahu. Thus, a cora 11 ary to the research effort for 
producing power from Hawaii's heat resources is a study of the ocean transmis
sion of that power. An additional motivation to the State is to develop an 
economically competitive source of energy, since the absence of fossil fuels, 
coupled with a widely dispersed population, causes power rates for single
family dwellings in Hawaii to be among the highest in the nation. 

In summary, from the PELE Project v1i 11 come the fo 11 owing: 
l) Establishment of a Geothermal Research Laboratory in Hawaii, including the 

development of a prototype geothermal production field and p01•1er plant, with 
which scientists and engineers can experiment with technological develop
ments in power production and reservoir management of earth heat resources. 

2) Verification and improvement of geophysical survey techniques for locating 
underground heat resources. 

3) Experimentation with deep-drilling techniques for reaching subsurface heat. 
4) Development of efficient, environmentally clean systems for conversion of 

underground heat resources to useful energy. 
5) Investigation on efficient ocean transmission systems to traverse the 

deep ocean with electrical energy. 
6) Long-range research projects on the development of techniques, materials, 

and components for: 
a) Direct energy conversion of subsurface heat by the thermoelectric 

and thermoionic processes; and 
b) The electrolytic production of hydrogen as a mechanism for trans

mitting energy and developing power packages. 

3 
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Determination of the environn;cntal-socioeconomic effects of a low-pollution 
energy resource on a society. · 

7) 

The National Science Foundation RANN Program is requested to fund 

the bulk of the scientific investigations associated with the geophysical explo

rations and the development of technology for the utilization of subsurface 

heat. The $4,987,770 requested from RANN for this purpose during the first two 

years of the PEL£ P1·oject represents an appreciable level of funding, but is 

consistent with the significant commitment to the program provided by the fifty-

four researchers from the University and by the State and County of Hawaii. '"' 

Anticipated success in the early phases of this study will facilitate the iden

tification of continuing funding for the Geothermal Research Laboratory and 

additional funding for the development of the prototype power plant--possibly 

• from the Foundation's R&D Incentives Program, from other federal agencies, such 

as the 1\EC and from private sources. Preliminary contacts convince us that in 

addition to the $230,000 in "seed" money already expended or earmarked for this 

project from the State, the County of Hal'/aii, and private sources, additional 

private capital can be identified to augment federal funding v1hen plans for 

the pilot plant are finalized. 

2. Identification of National Need 

IIIII'· 

If we are to meet the energy demands of seven billion people on -

planet Earth by year 2000, and sustain the annual growth rate in energy consump-

ti on currently in effect in the United States, then energy may indeed become the 

ultimate environmental probler.1. 1 For the United States alone the Federal P01•1er 

Commission has projected a need over the next 20 years of 300 new generating 

stations, each with an average capacity of 3000 Mv1. Both the environmental and 

the economic implications of providing this increased capacity Viith conventional 

po~1er generating systems are staggering. 

From the early days of man's existence well into the present century, 

the methods by lvhich he met his needs for pov1er and heat have presented no 

serious secondary threats to his survival. Therefore, little thought was given 

.. 

.. 

... 

... 

.., 

... 
to the associated environmental or ecological degradation. In recent times, how- • 

ever, the irreversible damage which has been done to the environment and • 

1"Energy: 
February 

the Ultimate Environr.1ental Problem," J.T. Kane; Professional Engineer, 
1972. 
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ecological systems because of a "business as usual" solution to the demands 
for increased supplies of energy, has raised serious concern among many of the 
nation's leading futurists regarding the survival of man. His insistence on 
more energy, as the planet becomes increasingly polluted, could ultimately 
destroy the life-sustaining potential of the earth's air, land, and water-
unless low-pollution energy conversion systems are developed. 

The energy crisis at the national level is compounded by the 
shortage of power on the global scale. The emerging nations are impeded in 
their development by energy limitations and, as their standards of living rise, 
power demands escalate. The per capita consumption of energy in Puerto Rico 
increased by a factor of 18 (from 100 to 1800 kilo~mtt-hours) from 1940 to 1968 
as the Puerto Rican economy switched from a sugar to an industrial base. 2 

Currently the United States meets 13.4 percent of its total energy 
requirements through foreign imports. By 1985 this figure is expected to rise 
to nearly 30 percent. It will become increasingly difficult for this nation 
to obtain this greater share of the world's energy supply, particularly when 
consideration is given to the impact on our economy of the $20-billion annual 
deficit in balance of payments involved in these energy purchases. 

A recent report prepared by Resources for the Future, Inc. ,3 

offered a most pertinent overview on the national problem of a continued supply 
of economical electrical power: 
''The separate strands that enter into this concern include such factors as: 
(l) the recent growth of energy consumption at a rate faster than that of gross 
national product (contrary to the long-standing downward trend in the energy/GNP 
relationship); (2) the failure of proved reserves of crude oil and natural gas 
to increase at a rate consistent with the grov1th in consumption (a recent phe
nomenon in the case of natural gas); (3) the decline in the thermal efficiency 
of converting fossil fuels to electric energy (a recent reversal in a long
standing trend); (4) the deterioration of the natural environment, a situation 
whose a"1e l i oration appears to entail hi yher energy costs at almost every point 
in the energy supply chain from the extraction of mineral fuels all the way 
through to the facilities in which fuels are utilized to produce heat, electri
city and motive pol'ler; (5) doubts that nuclear energy will ever be available at 
costs as low as had earlier been anticipated. And, if thought is given to 
imports as a possible ansv1er to some of these problems, there are factors at 

2"our Energy Supply and It~ ~uture," Battelle Research Outlook, Vol. 4, No. l, 
1972. 

3A Report to ':' .. ··~cional Science Foundation, "Energy Research Needs," October 
1971, p0 ;,1. 
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work in international oil 11hich seem to point to substantially higher prices 
than in the past, and a grave question concerning the reliability of imports, 
particularly from t11e H"icidle East and fiorth Africa, the V/Orld' s most prolific 
kno~m oil-bcari ng regions." 

3. Relation of the Research to Societal Problems 

Of the many problems associated 11ith ·the satisfaction of the Nation's 

requirement regarding its energy needs, the most critical seems to be that it 

must be met by low-pollution sources. i"iany of the societal problems lvhich have 

been causeC: by the generation of energy by conventional means could be greatly 

reC:uced if polluting by-products are eliminated or minimized. One of tile ob

jectives of this research effort is directed to the development of a system 

which will provide significant quantities of energy in a sufficiently lol·l-

po ll uti on manner to remain within an acceptab 1 e 1 eve 1 of en vi ronmenta 1 impact. 

Additional societal problems to be investigated include the economic 

impact of the development of geothermal power in Hav1aii; the adequacy of current 

land-use la1·1s and regulations for the orderly development of this major power 

source; and the social benefits and losses associated with this development. 

4. Society and Resource Description 

The primary society to be directly affected by this study v:il1 be 

the people of the State of Hawaii. The secondary society will be the citizens 

of the United States. The tertiary society will be the peoples of the world. 

The primary society includes nearly 800,000 people, living in 

essentially a closed ecosystem, somewhat isolated from tile mainland states by 

over 2,000 miles of ocean. When Captain Cook discovered the Sandwich Islands, 

the approximately 300,000 Hawaiians were burning kukui nuts for light. Succes

sive generations of malihinis (strangers) have been frustrated in developing 

the power to meet requi ren:ents imposed by their brand of civil i za ti on. They 

found no fossil fuels, and the short and mostly ephemeral streams offer little 

hydropov1er potential. In later years, they developed supplemental power from 

boilers fired vtith cane waste, but this provides only limited capacity. This 

has 1 eft imported foss i 1 fue 1 s as the primary energy source. Apparently the 

available nuclear po1ver plants are too large to impose on the existing system, 

and low-cost LPG is expensive v1hen shipped long distances in American "bottoms" 

~,,, 

-
.. 

.. 

... 

-
as required by the Jones Act. -

Yet, Ha;;a i i is 1 i tera lly bathed in natura 1 energy. From the waves 

which erode the coastlines, to the tradewinds ;;hich blo;; almost continuously • 
" 
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on the windward exposures, to the sun rays which saturate these islands nearly 
every day of the year, the State is indeed richly blessed with unexploited 
natural energy assets. Beneath the surface, the heat from molten lava throbs 
in active but non-violent volcanic flows. Nevertheless, with all of these 
natural resources, the State depends almost exclusively upon the conversion of 
energy through the burning of fossil fuels, which must be shipped to Hawaii 
over great distances by seagoing oil tankers--a highly dependent and vulner
able means of transportation. 

5. Consequences of Research 
The expansion of the science and technology base for the extrac

tion of power from subsurface heat, resulting from the thirty-eight research 
projects conducted by PELE Project personnel, will represent a major contri
bution to the national quest for developing low-pollution energy sources. 
The variety, the availability, and the relatively well-controlled characteris
tics of the subsurface heat anomalies encountered on the Big Island make this 
a most appropriate location in which to i nves ti gate and to develop improved 
methods for the utilization of different forms of geothermal energy. 

The environmental-socioeconomic aspects of this study, using the 
State and the Big Island as models, will also provide insight into these fac
tors at the national level. However, the most direct and immediate beneficia
ries of this program will be the State and the Island of Hawaii. Power rates 
in HaVJaii are "pegged" to oil costs. The U.S. oil quota system and the envi
ronmental mandate to use low-sulfur fuel have contributed to the relatively 
high cost of electricity on Oahu, where most of the population of the State 
is concentrated. The smaller inefficient diesel generating units and the longer 
transmission distances on the sparsely populated neighbor islands run the elec
tricity rates up even higher. Transmission technology has not progressed to 
the point where the islands can be interconnected to take advantage of larger, 
more efficient generators. Inter-island transmission is one of the problems 
to be investigated in this study. 

The inability of Hawaii to he able to tie into a regional power 
grid has placed some limitation :·r. the flexibility of local utilities in ex
panding their electricit> :j:;tems, and has had a negative effect on local power 
rates. However, --- ··orownouts" and "blackouts" occur on the mainland with 

increasinr .·:yuency, the lack of the opportunity for a regional grid connec

tj;,, ~s viewed with atnbivalence . 

7 
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In addition to the probable economic advantage, tl1e development 

of low-pollution geothermal energy in Hawaii would enable the State to make 

progress toward realizins a recent policy position for promoting population 

dispersion throughout the Islands--a policy whose implementation would be of 

national importance since it is also being sought by other states. A strong 
' 

power base on each of the islands would permit such innovations as the intro-

duction of alternative transportation systems, including electric automobiles 

and mass transit systems, and contribute to the preservation and enhancement 

of the environment in Hawaii. 

6. User Interest 

Although the generation of electrical energy by conventional means 

has in the past appeared to have econrnnic advantages, an aggressive attempt 

must now be made to identify and exploit new technological alternatives for 

energy generation. These alternatives should be evaluted on a credible 

scientific basis, v1ith due consideration directed tm·1ard minimizing environ

mental impact. This general problem is not exclusive or unique to Hawaii. 

For some tirce, Hav1aii has had more than a passing interest in the 

development of new sources of energy which v10uld lessen the import costs and 

environmental impact of conventional energy producing systems. Hawaiian Elec

tric Company has financed studies on the feasibility of nuclear power systems, 

the development of power transmission betv1een the islands, the application of 

the electric automobile toward the solution of air pollution and transportation 

problems, and the use of deep saline wells to limit ocean discharge of waste 

heat. On f,larch l, 1972 Lewis Lengnick, President of Ha\'laiian Electric Company, 

officially announced a policy in which the company v1ould purchase geothermal 

steam, should such become available in sufficient quality and quantity to make 

it economically feasible for pov1er generation. (Copy of this letter of intent 

is attached). 

In the early 1960's, drillings were made in the Puna Rift area of 

the island of Hawaii for the specific purpose of locating sites where geothermal 

steam from water intrusion might be used for power generation. The results 

were non-conclusive, and the project was abandoned before deep drillings were 

accomplished. This had a negative effect on further geother111al developments, 

but in recent years the interest has surfaced again. 

The concern on electricity rates in fln•o'laii, the alleged adverse 

effects of thermal pollution, and the potential increase either in air pollution 

8 

•• 

'"''' 

.. 

' .. 



l • 

<0 

i i & I. • i i ~ ~ 

HAWAIIAN ELECTRIC COMPANY, INC. 

Box 2750 1 Honolulu, Hawaii 1 96803 

LCWt• W, LKNONtOIC. 

~IU:.ID&HT 

Dr. John Shupe 
Dean, College of Engineering 
University of Hawaii 
Honolulu, Hawaii 96822 

Dear John: 

March 1, 1972 

4 

Scientists at the Geothermal Symposium held February 7 
through 9, 1972 indicated that the development of geo
thermal steam, primarily on the Island of Hawaii but also 
on the Island of Oahu, was a definite possibility, both 
technically and economically. 

We at Hawaiian Electric Company are very much interested 
in this development and would like to participate In such 
a project. We noted that it was brought out in the round 
table discussions that it is not feasible for a power company 
to supply venture capital for the search for geothermal 
power. It was also brought out that the power company's 
commitment to purchase geothermal steam, provided an 
adequate amount could be developed at a reasonable cost, 
would facilitate obtaining venture capital from others. 

The Hawaiian Electric Company is always interested in 
alternate sources of power that either reduce pollution or 
cost. ll appears that geothermal power could result in 
either or both of these reductions, and I would like to go 
on record as stating that the Hawaiian Electric Company, 
(including its wholly owned subsidiary, Hilo Electric Light 
Company), looks forward to working with any organization 
that is searching for geothermal steam, and that we will 
enter into a contract to purchase such steam if an adequate 
supply is developed at a reasonable cost. · 

The quality, quantity and cost of the steam supply are 
matters too broad to be covered In a letter of Intent of 

' ~ 

Dr. John Shupe 
March 1, 1972 

this type, but our engineering and operating personnel 
would be available to dlscum these in greater detail at 
your convenience. 

Copies to: 

Governor John A. Burns 
Mayor Frank Fasi 
Mayor Shunichi Kimura 

Sincerely yours, 

~ 
Lewis W. Lengnlck 
President 

David C. McClung, President of the Senate 
Tadao Beppu, Speaker of the House 
Dr. Howard Harrenstien 
Dr. George Kennedy 
Car 1 H. Williams 
Richard L. Summers 
Jesse R. Zeigler 
Frank R. Montgomery 
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or in energy costs 1-1hen low-sulfur fuel is no longer economically available 

motivated the 1970 State Legislature to pass a resolution requesting the 

University of Ha\'mii to initiate studies on nev1 sources of energy. This proved 

to be the origin of the Hawaii Energy Research Operation (HERO). In 1971, 

Hawoii County and the State provided $10,000 to the University fat; an energy

aquaculture study; and a small grant ($5,000) from the Atomic Energy Comissio:-~ 

aided appreciably in the assessr:1ent of the geothermal potential of the islands. 

These primary studies, or surveys, have been completed recently, and suggest 

that one alternative which should be considered--due to its potential as a 

low-pollution energy resource--is a system concept referred to as geo-marine 

-

-~ 

pmver. The system uses geothermal heat from an active or recently extinct •• 

volcano area and cold (4l"F) deep-ocean (-2,000 ft.) water lying only a mile 

offshore. Use of the cold, deep-ocean 1-1a ter enhances generating efficiency; 

particularly if no steam, but only hot geothermal water, is found. 

In addition to the minimum environmental impact inherent to the 

geo-mari ne system, there is the potentia 1 for economic return in the form of 

by-product recovery, both from the enriched deep-ocean water and from the 

geothermal fluid, The State and County of Hav.raii hcve interest in this phuse 

of the study, and have earmarked an additional $200,000 from the 1972 Capital 

Improvements Budget for geothe rma 1-aquacu lture deve 1 opment, contingent upon 

matching federal support. 

Both the popular and the technical press have provided extensive 

coverage on geothermal powet' in recent months. A surrmary of the highlights of 

this information would include: 1) Geothermal power is economically competi

tive with conventional power systems in the United States, Japan, Russia, and 

other countries throughout the ~mrl d ~1hi ch have 1 oca 11 y-produ ced foss i 1 fue 1 s, 

hydro- po~;er, nuclear pov;er, and/or the advantages of interconnected sys te1;1s; 

2) A geothermal energy syste~ exhibits excellent potential for exerting a mini

mum ic:pact on the environment, particularly if it can be coupled with cold 

deep-ocean v:ater; and 3) There are numerous areas in the United States and 

throughout the world with the potential for developing vast quantities of energy 

from subsurface heat, and technology must be developed for exploiting this 

resource. 

Local interest in this proposal has been high. Encouragement, 

endorsement, and/or assistance have been received from the following: 
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1) The State of Hawaii Department of Planning and Economic Development 
2) Tile Governor's Office of Environmental Quality Control 
3) The State of Ha\'tai i Senate Committee on Ecology and the Environment 
4) The l•layor's Office, County of Hawaii 
5) The County of Hawaii Office of Research and Development 
6) The Hawaii County Council 
7) The Hawaiian Electric Company 
8) The Hilo Electric Light Company 
9) The Bishop Estate 

10) C. Brewer and Company, Ltd. 
11) Pacific Resources, Inc. 
12) Th<e U.S. Geological Survey 

There is also a great deal of interest and excitement evidenced 
at the national level in the development of geothermal power in Hawaii. Excel
lent comnrunication has been established with leading engineers and scientists 
from education, government and the private sector, including the Lawrence 
Radiation Laboratory, Los Alamos Scientific Laboratory, the Battelle Labora
tories, and a nu~ber of leading universities. Dr. George Keller's project on 
tile Big Island, funded by RANN, will supplement the PELE Project. In addition 
Dr. Keller is listed in the PELE proposal as providing the ground based resisti
vity measurements. Another recipient of RANN funding for geothermal research, 
Dr. Henry Ramey, Jr. , has been a consultant to the University of flaw a i i for 

the three-month period from August through October 1972, has assisted in deve
loping the PELE proposal, and is built into the budget on a continuing basis 
as a consultant. 

The ground work has been laid and a favorable combination of circum
stances exists for involving education, private interests, and government at 
the local, state and federal levels in this significant research project for 
expanding the technology base on geothermal energy and for developing a low
pollution power source for Hawaii and the Nation. On May 4, 1972, Congressman 
Spark ~1. Matsunaga of Hawaii introduced HR 14801--"A bill to promote the explo
ration and development of geothermal resources through cooperation between 
the Federal Government and private enterprise." Included in the bill was pro
vision for the establishment of a Geothermal Research Institute in Hawaii. 
The PELE Project is consistent with 11r. Matsunaga's imaginative proposal. 

7. Policy Issues 
Policy decisions or issues related to this proposal involve state 

and local governmental practices on land use, mineral rights, and ownership of 
natural resources. Socioeconomic studies included in this program will 
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investigate these issues in cooperation with the approrriate governmental 
agencies. Alternatives will be weighed and plans developed for orderly growth 
of new industries and population centers which may result from the probable 
introduction of a new and econ01ni ca lly competitive po1·1er source for Hawaii. 
The need for clear policies and laws is evident; appropriate controls and 
incentives must be established in order to encourage the investment of private 
capital in the development and d·istribution of pov1er, \vhile at the same time 
minimizing the environmental and social degradation which could result from 
unregulated "gold rush" speculation and exploitation of the resource. ·~ 
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B. Research Plan 

The thirty-eight research tasks outlined in this section, which will be 
conducted by fifty-four professional faculty and staff, represent a major 

research effort for the University and the State of Hawaiio This significant 

commitment of human and physical resources is made in recognition of the vital 
importance of developing low pollution energy sources to meet the escalating 

power requirements of the State and the Nationo 

The unifying thread relating these diverse programs of geophysical, 
engineering, environmental and socioeconomic research is that they all focus 
on some aspect of the identification and utilization of subsurface heat. One 

possible scenario for developing the total research program would be to 
undertake these research tasks in series; i.e. to successfully complete one 
phase of the study before initiating the next. Hov1ever, this procedure could 

stretch the project out over an interminable period, with 1 ittle 1 ikel ihood 
of the introduction of geothermal power to Hawaii during this decade. The 
PELE Project proposes to conduct many phases of the program in parallel, and 

thereby shorten the lead time for bringing these results together for the 
generation of pov1er in Hawaii. Environmental und land utilization studies 

will begin immediately with the geophysical explorations, as will engineering 

research for converting subsurface heat to useful energy. Certain applied 
aspects of the project, such as the design for a specific prototype geothermal 
power plant, will be postponed until the second year when more geophysical 

data are available, but faculty interest and momentum reinforce the decision 
to proceed with the majority of the research tasks as soon as adequate 

funding can be identified. 
Preliminary geophysical studies suggest that there is an excellent 

likelihood of locating usable sources of geothermal steam or fluid on the 
Big Island. Whether or not this proves to be the case, the research tasks 

included in the PELE Project 11ill represent a major contribution to the 
technology for generating and utilizing geothermal energy, so warrent 
consideration for support on this basis alone. 

Figure I-B shows the organization plan for the PELE Project and identifies 
all thirty-eight research tasks. Coordination of activity within each of the 

three programs v1ill be tile responsibility of the principal investigator for 

that p:'OJra:·l, 11iLil adJitional interaction provided Gy p2rsonnc;l and consultants 
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Months 
From 

Task Start 

1.0 Management 

NSF Review 

• 

National U;~ison Board 

Hawaii Advisory Committee 

2.0 Coordination 

2.1 Photogcologic Survey 

2.2 AeromagnetiC Survey 

2.3 Electrical Resistivity Survey 

2.4 Electromagnetic Induction Survey 

2.5 Microseismic Survey 

2.6 Offshore Seismology 

2.7 Thermal (300 feet) Survey 

2.8 Shallow Seismic Survey 

2.9 Petrology, Structural Geology and Geochemistry 

2.10 Geochemistry of Fluids 

2.11 Physical Pr~pcrtics of Rock 

2.12 Groundwater 

2.13 Deep Drill 

2.14 Model Study 

3.0 Engineering Coordination and Support 

3.1 Well Test Analyses 

3.2 Ghybcn·llcrzbcrg L:ns Dynamics 

3.3 Gcothl·rmal Pl;Jnl Optimum Design 

3.4 Corrosion and Wear Reduction 

3.5 Eicctrical Enagy Tran . .,mt~swn 

3.6 Energy Extr;~ction from flif}t Temperature Brine 

3.7 Matcri;~ls for u~c with Magm;~ and Jlot Rock 

3.8 Direct btradion of Magma Energy 

3.9 Direct Energy Conversion 

3.10 Alternate Modes of Energy Transmission and Storage 

3.11 Pilot Phmt Steam Production 

3.12 Mechanical Design and Layout for Pilot Plant 

3.13 Pilot Pt.mt Electrical Generation and Transmission 

4.0 Environmental and Socioeconomic Program Management 

4.1 Environmentallmpact 

4.2 Geotoxicology of Thermal Areas 

4.3 Land Use and Land Law 

4.4 Legislation and Regulation 
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4.6 Economic Analysis 

4.7 Phytoplankton By-product Research 

4.8 Agriculture Research 

4.9 Trace-Metal Recovery 
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who are involved in more than one task. Overall coordination and continuity 

of effort will come from the regular meetings of the principal investigators 

with the 11anagement Team, as 1'/e ll as from the day-by-day interaction which 

will take place bet11een the P.I. 's in coo1·dinating research tasks that cut 

across program lines. 

Figure II-B summarizes the program and expenditure schedule for each task 

throughout the two-year contract period and, in conjunction 1'1ith Figure I-8, 

provides a fairly co"1plete overview of the PELE Project. The remainder of 

this section includes 

three major programs: 

and Socioeconomic • 

a description of the research to be conducted in the 

a) Geophysical, b) Engineering, and c) Environmental 
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1. Geophysical Program 
a. Introduction 

In the management of a geothermal energy feasibility study for Hawaii, 
the first step is a geological-geophysical survey of the island of Hawaii, 
followed by surveys on other islands. Although the geology of Hawaii has 
been investigated intensively and extensively over the years, as far as geo
thermal power development is concerned, we do not have detailed knowledge to 
>cuc;gcst the best possible site for drilling a geothermal well. 

Geologica 1 and geophys i ca 1 studies to the present have had two obj ec
tives in mind: one academic, to understand the nature and structure of oceanic 
island volcanoes; the other practical, to locate groundwater resources. An 
attempt was made in 1960 at dri 11 i ng geotherma 1 we 11 s, but the work was dis
continued before conclusive results were obtained. At this juncture in time, 
it can be said that we have ample information on surface geology and crust
mantle relationships from geophysical studies, but we lack precise information 
on subsurface geology, which is essential to any geothermal project. 

In our Geoph,ys i cal Program, v:e were ab 1 e to gather a team of geo 1 ogi sts, 

geochemists, oceanographers and geophysicists to concentrate on the problem 
of geothermal energy feasibility. Most of the scientists are staff members of 
the Hawaii Institute of Geophysics, University of Hal'laii, but the team includes 
investigators from other campuses of the university system and from out-of-state 
universities as well . 

b. Objectives of the Geophysical Program 
The Objectives of the geophysical program, broadly speaking, are two: 
1) To determine whether there are usable geothermal power sources in 

hawaii sufficient to start a pilot plant. 
2) To identify therma 1 sources in Ha~1a i i and to de 1 i neate the heat 

transport process so that experiments with novel methods for geo
therma 1 deve 1 opment can be perf armed . 

To attain these objectives, we 
realized within definite tin;c ii11lits. 
accomplish the folln•·:i·:~: 

have set out specific targets to be 
To attain objective 1, we propose to 

1) l'·.' .. g Year 01 of the project, carry out intense geological, geo
..:nemical and geophysical surveys around several rift zones on the 
island of Hawaii. 
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2) At the end of Year Ol and the beginnina of Year 02, examine the 
data from the surveys and pinpoint the optimum site for drilling 
a deep hole for locating geothermal steam or hot water that can 
be used to run a pilot plant. 

3) During Year 02, while drilling is in progress, monitor and study 
the behavior of groundv:ater in the neighborhood of the dri 11 ing 
site. 

To accomplish objective 2, the following specific targets are 
set forth: 

1) By means of surveys, we shall identify the types of subsurface 
heat sources throughout the islands and outline the dimensions 
and heat capacity of the sources. The sources may be dry steam, 
wet steam, hot ¥/a ter, hot rocks, or magma chamber. 

2) We shall study and measure heat dissipation from these sources, 
whether by conduction, convection, advection, transport by ground
water, or radiation . 

3) Data and information from the surveys ~till be properly catalogued 
and filed so that information retrieval will be easy for any inves
tigator associated with the project. 

4) llhile steam or hot water is being extracted by pilot plants or by 
full fledged geothermal power plants, subsurface geology and 
hydrology vlill be carefully monito;·ed, trends predicted, and steps 
taken to forestall any serious damage to environment or balance 
of nature. 

As we suspect from present geological data that there are geothermal 
sources in the sea floor just offshore from the island of Hawaii, we will 
attempt to identify these sources and delineate them for future development. 
Submarine geoti1ermal sources are attractive and challenging: attractive as 
they have a vast sink of cold water all around, but challenging as they are 
located in a harsh environment, the sea. The specific targets mentioned for 
the island surveys apply as well to submarine sources. The exploration of the 
sea floor will start modestly 11ith Year 01, and will gradually escalate until 
the Year 05 when a good part of the geophysical effort will be concentrated in 
offshore exploration. 

c. Geo 1 ogy of Ha~ta i i as Re 1 evant to the Geotherma 1 Project 

The Hawaiian Archipelago is a group of islands, reefs and shoals, 
stretching from southeast to northwest for about 2000 km between 150" 41 'Wand 

175" 75'W longitude. The inhabited islands of note to the State of Hawaii in 

the present context involve those at the southeast end of the archipelago, 

and consist of Hm·Jaii, Naui, !(ahoolawe, Lanai, f·lolokai, Oahu, l<auai and 

Kahoolawe, taken generally in the southeast to northwest order. 
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These islands were formed by volcanic action. Originally the vol

canoes started out as submarine extrusions on the sea floor, but as the ex

trusions accumulated distinct volcanoes began to be formed. As the volcanoes 

grew in size and height, they emerged above the ocean surface to form islands. 

In many cases, the flanks of two or more volcanoes interfingered to form one 

island. Tab.le 2.c-l shov1s that the island of Hawaii is made up of five vol

canoes, Naui two, Oahu tvm and ~1o 1 oka i t1~o. These is 1 ands wi 11 be the sub

ject of our study during the various phases of the project. 

Of the vo 1 canoes 1 i sted in Tab 1 e 2. c- 1 only two of them, Mauna Loa and 

Kilauea, can be considered to be active at the present time. Hualalai and 

Haleakala,although dormant,were active within the last two and a half centu

ries, and this time period is certainly short in terms of geological processes. 

Other volcanoes, although labeled inactive, are known to have pockets of warm 

. H water associated with them. 

.. 
-
... 

-

.. 

.. 

.. 

-

Hawaiian volcanoes are largely basaltic. The magmas are highly fluid 

and this property gives rise to the formation of shield type volcanoes. Violent 

eruptions and explosions have been infrequent. 

Lava is extruded from the sunmit crater and from the rift zones on the 

flanks of a volcano. ~hether from the summit or from the rifts, it seems that 

lava comes from the same source in the mantle for each volcano. Recently 

Swanson 1 calculated that the volume of magma generated by Kilauea and Mauna Loa 

combined is 9 x 106 m3 per month. Moore2 has calculated that the rate of magma 

generation of ~1auna Loa and Kilauea cornbi ned has been about the same throughout 

history. In terms of thermal energy, when one assumes that the magma is origi

nally at 1200°C and then drops to ambient rock temperature of 30° or 40°C, the 

rate of energy being dissipated is over 10,000 megawatts. This is a crude cal

culation and probably represents the lower bound of available energy . 

An important property of basaltic rocks is high porosity and permeabi

lity. The permeability of the rocks gives rise to a geological phenomenon 

known as the Ghyben-Herzberg lens. Brine from the surrounding sea seeps through 

the island rock mass to satura~Q ~he base of the island. Rain water falling on 

1swanson, D.A., ''":~~ma Supply Rate at Kilauea Volcano, 1952-1971," Science, 
vol. 17~. n;'. 169-170, 1972. 

2:~.ur:, J.G. Relationship Between Subsidence and Volcanic Load, Hawaii, Bulletin 
volcanologique, vol. 34, pp. 562-576, 1971. 
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Table 2.c-l 

ISLAND VOL CArlO STATUS 

Hawili i Kilauea Active 

Hawaii Mauna Loa Active 

Hawaii Hualalai Last activity 1800-1801 

Hmva i i ~launa Kea Inactive 

Hawaii Kohala Inactive 

\ f•lau i Haleakala Last activity 1750 

1·1aui West 11aui Inactive 

Oahu Koo l au Inactive 

Oahu Waianae Inactive 

'" 

.. 

.. 

... 

.. 

·~ 
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the island percolates through the permeable rock downward until it sits atop 
the salt water to form a Ghyben-Herzberg lens of fresh ~tater. The Ghyben
Herzberg lens is constantly being recharged by the relatively high rainfall 

of the islands, and excess fresh water is released into the sea in certain 
areas along the shoreline (cf. Figure 2.c-l). A rule of thumb dimensional 
relation of the thickness of fresh water lens is that for a unit height of 
fresh water above sea level there are forty units of fresh water below 
sea level. 

If a source of volcanic heat, such as a magma chawber or a hot intru-

• sive body, is found in the salt water beneath the lens, the lens-salt water 
relation will certainly be disturbed. We do not have a clear idea of the 

•• 

,, 

•• 

... 

-

disturbing process since our knowledge of subsurface geology is limited, but 

we can make educated guesses on what may happen. A convective motion will be 

set up by the thermal source in the salt water and a column of brine will rise 
and penetrate the lens. The penetrative convection will result in the destruc-
tion of lens locally. This is what may have happened in some of those places 

where drilling for potable water resulted in finding brackish water instead. 

Also, K.eller 3 in his electrical resistivity surveys around Kilauea volcano, 
came across an anomaly of higher electrical conductivity than was expected. 
He interepreted this anomaly as a rising column of salt water due to thermal 

penetrative convection. Keller has obtained a National Science Foundation 
grant to drill into the anomaly to verify his interpretations. 

In rocks of high permeabi 1 ity and rapid movement of groundwater because 
of high rainfall, steam and hot water generated by thermal sources can be 
readily carried a~tay, as shown by a diagram in Figure 2.c- 2. But between the 
flowing groundwater and the thermal source, there should be a region of transi

tion where steam or very hot water is generated. If such a region is located 
and a drill penetrates into the region, then we can extract steam or hot water 
for geothermal power production. 

On advantage of highly permeable rocks is the rechargeability of water. 
Geothermal fields in flew ~!2aland have seen a decrease in steam pressure over 
the years as st">' ;1as been extracted. There are fears that these fields may 
be fossil , :clds. But in our cases, when the fields are developed, if we 

3 Keller, G., Proposal for an Investigation of the Hydroth~rmal Systems at 
Kilauea Volcano, llawaii. (Proposal submitted to the Nat1onal Science Founda-

- tion by the Colorado School of ~Jines; grant awarded in 1972.) 
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adjust steam extraction properly, recharging of the field will be easy as 

long as the usual rainfall is maintained. 

Several years ago, Facca and Tonani 4 proposed a theory of self-sealing 

reservoirs for the formation of geotherma 1 traps. Independently Kennedy 5 has 

come up with a similar theory. The ide a is that when water comes , into contact 

with a heat source, by hydrothermal reaction certain silicates are dissolved 

into the hot 1vater. As the hot ~later moves up1·1ard by convection, it cools to 

an extent so that the silicates in question precipitate out of the solution 

and are deposited in the pore spaces of the rocks. These silicate deposits 

form an impermeable layer around the heat source. If pressure builds up so 

as to crack the impermeable layer, n1ore are deposited to fill the crack. In 

essence, a self-sealing pressure tank has been built by geochemical processes. 

The possibility of self-sealing geothermal reservoirs at depths b the Hawaiian 

Islands should not be discounted. 

Most geothermal fields that engage in po1·1er production today have 

certain favorable geological formations. An impermeable layer usually of sedi

mentary rocks overlies a permeable layer, and still lo1·1er is a thermal source. 

The impermeable layer traps the steilm or hot \40.ter so that pressure builds up 

to form a steam or hot water reservoir. In Hawaii such a convenient impermeable 

layer has not been found, although lve have an abundance of permeable rocks, 

groundwater and thermal sources. But the discussions preceding show that an 

,. 

"' 

'" 

.. 

impermeable layer is not absolutely necessary to have usable geothermal energy. ~ 

Also, the process of a self-sealing geothermal reservoir could very v1ell have 

been going on at depth, undetected and unknm·m to the present. 

Signs of geothermal sources--such as warm water wells and springs, 

fumaroles--exist in many places. 11acDonald
6 

!Jas recently tabulated these 

rences and concluded that the follov1ing areas are the likeliest areas to 

have usable geothermal sources (cf. Figure 2.c-3). 

4Facca, G. and F. Tonani, "The Self Sealing Geothermal Field," Bulletin 
Volcanolonioue, vol. 30, pp. 271-273, 1967. 

5Kennedy, G., personal con:munication, 1972. 

occur-

6MacDona 1 d, G. A. , "Geologica 1 Prospects for Deve 1 opment of Geotherma 1 Energy 
in lia\vaii." (submitted for publication), 1972. 
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Surveys vii ll be carried out. The aerial surveys VIi ll be conducted throughout 

the summer, but the first month \till see very intense activity as the results 

of the aerial surveys will tell us v;here to concentrate the ground surveys 

of Stage B. In Stage B, Task 2.3, Electrical Resistivity Survey, and Task 2.4, 

Electromagnetic Induction Survey, uill be carried out first. Using the pre

liminary results of Tasks 2.3 and 2.4, Task 2.5, Microseismic Survey, will 

attempt to narro~t dovm the locations of geothermal sources. Then Task 2. 8, 

Shall 01v Sei sr:li c Survey, 1·1i ll use reflection and refraction techniques to 

locate the sources. 

l·lhen sufficient data have been obtained from Stage B activities, the 

evaluation panel consisting of all the investigators will be convened to eva

luate the data to decide where to drill a pattern of 100-moter holes for 

measuring heat now and for studying groundv;atcr movements. After the panel 

has chosen the.bcst area, Stage C will be underway ~tith Task 2.7, Thermal 

Survey. Task 2.8, Shallow Seismic Survey, l'lill examine the area carefully 

to correlate acoustic properties of rock with thermal behavior. 

Samples recovered from the drill holes of Task 2.7 vlill be available 

for laboratory analysis by Task 2.9 Petrology, Structut~al Geology and Geo-

chemistry, Task 2.10 Geocher.1istry of Fluids, Task 2.ll Physical Properties of 

Rocks, and Task 2.12 Groundv;ater. 

After the data from Stage C have been analyzed the evaluation panel 

will be convened again to decide on the site for deep drilling. The investiga

tors from the engineering program l'lill be invited to participate in this panel 

session. There is the possiblity that data from Stage C may have negative 

significance and the decision to start all over in another area may have to 

be re.ached. 

The activities of Tasks 2.9, 2.10, 2.ll and 2.12 are not to be limited 

to Stage C. Even from the beginning of the project, samples will be gathered 

for laboratory analyses. 

The field surveys in Phase I must be coordinated well. Logistics must 

be worked out carefully. The number of persons involved in any one task may 

not be large enough to carry out its proposed field ~tork and so help must be 

sought from persons primarily concerned ~tith other tasks. This cooperation is 

not only necessary but it is also highly advantageous, as the investigators wil 1 

be av1are of the state of progress of the entire project. 

30 

-
• 

• 

-
-
-
-
-
-



.. 

.. 
.. 

• 

Task 2.6, Offshore Seismology, stands by itself in Phase I. The task 

will begin in Year 01 because the personne 1 at the Hal'/ a i i Vo 1 cane Observatory 

are enthusiastic about a joint effort to study offshore seismicity. Year 01 

will see the installation of an ocean bottom seismograph off the southeast 

coast of the island of Hawaii. 

The actual deep drilling of Task 2.13 will be subcontracted to one of 

the drilling companies with many years of drilling experience in Hawaii. As 

core samples are recovered from the drilling, they will be analyzed by the 

various tasks interested in them. vlhen the bit has reached 3000 ft. depth, 

we shall halt the drilling for a short time to do some well logging by seismic 

methods (Task 2.8). vie will also do some fan shooting to see ~1hether we 

really have selected the best place from the point of view of heat flow. 

1/hile drilling is in progress, the aerial and ground surveys will con

tinue on the other areas of the island to map the heat flow and to locate other 

geothermal sources. One interesting problem is to trace the thermal source 

of the known warm water wells near Kawaihae. 

Phase II of the program ~li ll commence when the deep drilling task has 

successfully located a geothermal source and a pilot plant is being constructed. 

The geophysical tasks to ~onitor the changing parameters of the geothermal 

reservoir will be initiated. The behavior of the Ghyben-Herzberg lens will be 

very carefully monitored, since the lens in the future will be a source of 

potable water for the expected large population. In Task 2.14 we will attempt 

to predict the behavior of the geothermal source and the lens by analytical 

methods, numerical models and scale models in the laboratory. 

The aerial and ground surveys will continue in Phase II. By this time 

The surveys will be covering the islands of Maui and Oahu. 

... Phase III beyins v1hen the pilot plant operation has tapered off into 

... 

... 

routine. Effort will be concentrated in developing exploration techniques 

for the sea floor to locate geothermal sources. Novel techniques must be ex

perimented with and deve 1 oped, as tapping geotherma 1 power under the sea has 

never been attempted . 

In Phase III, we vri1i also attempt to tap other heat sources such as 

hot rock or magma r~~"ioer. One of the experiments we are con temp 1 ati ng is the 

injection of 1•'>.-:r into hot areas to produce artificial steam reservoirs. New 

tasks will ue initiated to attempt the experiment. Phase Ill is expected to 

start aoout Year 05. 
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e. Administration of the SP.o;~hysical Program 
because the geophysical program is in itself rather large from the point 

of view of the number of scientists i nvo 1 ved and from the amount of funds re
quired, serious thought must be given to its managenent, in addition to the 
admi ni strati on of the over a 11 geotherma 1 program. The geophysi ca 1 program in 

Phase I will involve chartering airplanes, ships and land vehicles, spelling 
out contracts with detailed specifications, handling the intricate logistics 
of multiple, simultaneous field surveys. Fortunately, at the Hawaii Institute 
of Geophysics, such "Jatters have been done often enough so that procedures have 
been worked out. In the past costly mistakes have been made but the Institute 

staff has learned from experience. 
The administrative assistant and fiscal officer of the overall project 

will work closely with the Hawaii Institute of Geophysics staff in working out 
the deta i 1 s of .budgeting, of management of graduate assistants and other tech
nical personnel, purchasing, and of logistics in the field. 

A full time stenographer-clerical assistant will assist the geophysical 
program manager. The responsi bi 1 i ty will involve processing of various papers 

required in the program. It vtill also include keeping an active inventory and 

fi 1 e of the equipment used in the program and to forward dup 1 i cate copies of 
the inventory to the administrative assistant of the overall project. 

In the geophysical program, each investigator in Table 2 will be 
responsible for the budget allotted to his task. Any transfer of funds from 
one task to another must have the approval of all tile investigators concerned 
and of the program manager. The transaction will be duly recorded with all 
relevant information. This procedure has been in pt·actice at the Hav1aii Insti
tute of Geophysics. Blurring of responsibility between tasks leads to unmanage
able confusion, as the Institute has discovered in its experience. 

At intervals, a panel meeting of all the investigators will be called 
to discuss the progress of the program and to resolve some of the problems that 

may crop up. These panel meetings will be held at least once a month. 

The program manager wi 11 be in frequent contact with the other program 
managers. At least an informal J~;onthly meeting is scheduled. 

There are 16 proposed tasks in the geophysical program to start off the 
project. riot all tasks will be intensely active throughout the five year program. 
Some will start with a small effort and build up. At the beginning of the 
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project, we cannot predict the ups and downs of any one task. New and unknown 

problems r.1ay arise as to require all out effort in certain tasks. Development 

of new instruments may raise the penetrative and resolving power of certain 

kinds of surveys so that these may take precedence. There will be much inter

play among the tasks, so that decisions on priority will have to be resolved 

by considering the opinions of all investigators. 

f. Task Summaries 

Summaries of each of the Geophysics Program Tasks follow. 
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Progrmn: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Principal Investigator: 
Geophysical 
A.S. Furumoto 
2.0 
Coordination 
A.S. Furumoto 

Task No.: 
Task Title: 
Investigator: 

Task Sumnary 

In the foregoing narrative, the manner of carrying out the geophysical 
program has been outlined. The program necessitates a careful coordination 

of the activities of the numerous tasks involved. The principal investigator 
of the geophysical program will have the responsibility of coordinating the 
program with the help of the administrative assistants. The range of the 
coordination covers the following 

1. Scheduling of the various surveys, 
2. Smooth functioning of logistics, 
3. Keeping an up to date inventory of equipment and supplies, 

4. Convening the panel to make decisions at the appropriate times, 
5. Seeing to it that auxiliary services are aiding the various tasks 

properly, 

6. Assuring that proper public relations are maintained with residents 
in the survey areas. 

An administrative assistant attached to the Management Team will assist 
in coordinating the field work. His responsibility will include logistics, 

supervising equipment maintenance, maintaining a field office and public 
relations vlith local people when necessary. Because of his job, he will have 
to be in open communication with the program manager. When the engineering 
group starts field operations, he will also coordinate its tasks. 

When the surveys are underv1ay in the fie 1 d, a fie 1 d office will be set up 

in a mobile trailer. Half of the trailer 1~ill be a small testing and repair 

laboratory 11here simple calibrations and minor repairs of instruments will be 
done. The other half of the trailer will be for field data processing and 
analysis. The raw data will be filed here and v1hatever possible data 

processing under field conditions will be done. The administrative assistant 

coordinating the field operations will also use this as his office. 
An electronics technician will be in charge of seeing that the various 

instruments are in operating condition. At the beginning of the project, he 
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Task No. 2.0 
Page 2 

• 

will be in charge of assembling and testing the instruments of most of the 
tasks. The instruments are usually off the shelf items, but the components 
must be put together. Although this may sound simple, a lot of "bugs" develop 
t1her. components are assembled and "debugging" processes require expert knowledge 
of practical electronics. The instruments must be in good ~1orking condition 
before being brought into the field, otherwise interminable man-hours during 
precious survey time will be wasted in checking and testing the instruments . 
Hhen the surveys are underway in the field, the electronics technician will 
assist in operating the instruments. But his main task will be to see that 
the instruments are maintained properly. Minor repairs and calibration can be 
done in the field, but major repairs may require attention by manufacturers. 
These are decisions the electronics technician must make. 

At the beginning of the project, a library of published and unpublished 
materials pertaining to the project must be collected. Published materials 
will be photocopied whenever copyright 1 aws all ow. Unpub 1 i shed materia 1 s 
relevant to the project are found in many offices of the Hawaii Institute of 
Geophysics and copies of these will be gathered in one place. Unpublished 
data may also exist in the offices of various federal and state agencies, and 
permission to copy these will be sought. 

An important job for the coordinator will be to call the panel of task 
leaders together to make necessary decisions as we proceed from one stage of 
the project to the next. The times when the panel will convene have been 
spelled out in the narrative for the geophysical program . 
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Progrmn: 

Pele Energy Laboratory Experiments (PELE) 
University of Hav1aii 

Principal Investigator: 
Geophys i ca 1 
A.S. Furumoto 
2. 1 Task No.: 

Task Title: 
Investigator: 

Photogeologic Surveys 
A.T. Abbott 

Task Swnmary 

As reconnaisance surveys, photogeologic surveys using advanced techniques 

of aerophotography will be carried out over the rift zones of Kilauea and 

~1auna Loa in search of abnormal thermal indicators. On Kilauea the flight 

paths will concentrate on the summit area and along the southwest and east 

rifts. On t·launa Loa the flight paths will concentrate along the southv1est 

rift between 8,000 feet above sea level and the shoreline. 

Several options are open as to the methods of photogeologic surveying. 

The three most favorable would include on a scale of 1:500 Infra-red color 

prints, 1:500 Ektachrome color negatives. These each have certain advantages 

and test photographs will be made over arf'ilS of known surface heat to deter

mine the best film. The cost of either film is about the same, resulting in 

a total cost of $11,500 to cover the areas indicated. 

A third and only recently employed method but one that has never been 

used in Hawaii is the Infra-red Scanning technique v1hich reportedly produces 

the most satisfactory results. It uses 70 mm film and would probably be on 

the scale of 1:1,000. The total cost to cover the areas indicated with the 

Infra-red Scanning technique is estimated at $20,000. 

Because of the reported high degree of success obtained by the Infra-red 

Scanning technique it is recommended for use in Hawaii on the geothermal 

project. The above plan applies to year 01 only. It is anticipated that the 

cost for year 02 would be approximately the same. 

Photogeologic surveying in year 02 would include checking areas of 

potential geothermal heat in selected areas on r1auna Kea, Hualalai, Kohala 

and Haleakala on Maui. 

Some photogeologic surveys have been carried out over the island of 

Hawaii by several federal agencies. Permission to examine the results will be 

sought to avoid duplication. 
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Program: 
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Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Principal Investigator: 
Geophys i ca 1 
A.S. Furumoto 
2.2 Task No.: 

Task Title: 
h,.: 7stigators: 

Aeromagnetic Surveys 
A.S. Furumoto and A. Malahoff 

Task Swronary 

Aeromagnetic surveys outlining the gross crustal structure in the 
Hawaiian Islands have already been carried out and results have been 
published. 1 Besides published magnetic anomaly maps, there are much more 
data on file at the Hawaii Institute of Geophysics. 

The surveys mentioned above were done by traverses spaced at one mile 
intervals. We feel that these traverses were too far apart for our purpose 
of detecting thermal sources. Closer spaced traverses in a grid pattern 
rather than in a radial pattern l'lill be carried out over the three rift zones 
where we suspect geothermal sources to exist. 

As the surveys by Ma 1 ahoff were done in 1965, we expect a different 
anomaly pattern over the rift zones than that obtained by Malahoff since the 
continued activity of Kilauea Volcano during the last few years has probably 

• altered the magnetic pattern of the rocks on and below the surface. Comparison 
of magnetic maps recent and past should give us a thermal history of the 

-
-... 

·-

... 

-
-

Kilauea Rift Zones and perhaps point out the direction of new activities. 
Airborne magnetometers are available at the Hawaii Institute of 

Geophysics. A university airplane is available for use on an hour rate 
basis. The per diem of the pilot while on the otherislands must be borne by 
the task budget . 

After the aeromagnetic surveys have been done and the data processed, we 
expect that there will be areas where more detailed surveys are desired to 
obtain finer resolution of the anomaly pattern. In such cases, the magnetic 
survey will be carried out c;; the ground with a portable magnetometer. The 
ground survey wi 11 hc·;e to be carried out on foot because there are few roads 
in the area ';:_· be surveyed. 

1M<: I :hoff, A. and G.P. Woollard, Magnetic and Tectonic Trends over the Hawaiian 
Ridge, The Crust and Upper Mantle of the Pacific Area, American Geophysical 
Union, Geophysical Monograph 12, pp. 241-276, 1968. 
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Task No. 2.2 
Page 2 

Dr. Robert Fox, 1·1ho is on the senior personnel list, is a physics 

professor at Hilo College. This task will be his introduction into geo

physical projects and he 1·1ill become more involved as the program develops. 

The graduate assistants to be involved in this task are listed with Task 2.6, 

audiomagnetic telluric surveys. Experience for them in this task will 

prepare them for the more complicated telluric surveys. 

Dr. A. Malahoff, the co-investigator of this task, is away on a leave 

of absence from the university. He is expected to return to the university 

in September 1973. 
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Program: 

• 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Principal Investigator: 
Geophys i ca 1 
A.S. Furumoto 
2.3 Ta.sk No. : 

Tas i< Title: 
Investigators: 

Electrical Resistivity Surveys 
R.H. Harvey and G. Keller 

Task Swronary 

The geological processes involved in the formation of a Ghyben-Herzberg 
lens in an oceanic island were discussed in the narrative section of the 
geophysical program. There, the possibility of penetrative convection of the 
saltwater into the fresh water lens on account of a thermal source at depth 
was pointed out. 

As the fresh water-salt water interface forming the lower boundary of the 
Ghyben-Herzberg lens is a marked discontinuity in electrical conductivity, an 
electrical resistivity survey can readily map the undulations of the interface. 
Keller carried out such a survey in the vicinity of Kilauea Volcano and 
detected an area of upwelling of the discontinuity. He interpreted this 
upwelling as due to penetrative convection of the salt water into the lens . 

In the kind of survey we envision, electrical resistivity instruments 
sold by commercial firms are inadequate. The depths to which we wish to probe 
are beyond the capability of these instruments. Dr. George Keller of the 
Colorado School of Mines has developed instruments for the dipole-dipole 
technique 1·1hich by using very high voltage and current can penetrate to depths 
of several kilometers. As these instruments are dangerous to use except by 
experienced personnel the survey will be subcontracted to Keller, who will 
bring along his own staff. On the part of the University of Hawaii, Dr. Robert 
Harvey will be respor.,;~tie for the task and work closely with Keller. 

As Keller'c RANN proposal to drill at Kilauea has been funded, these two 
efforts ue designed for complete compatibility and avoidance of overlap . 
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Pele Energy Laboratory Experiments (PELE) 
University of Hmvaii 

P1'ogram: 
Principal Investigator: 
Task No.: 
Task Title: 
Investigators: 

Geophys i ca 1 
A.S. Furumoto 
2.4 
Electromagnetic Induction Surveys 
D. Klein and R. Harvey 

Task Summcrry 

An electromagnetic induction survey using a lov1-frequency double 

vertical-dipole method is proposed to map the pattern of subsurface electrical 

conductivity on Ha\vaii. This method will serve as a supplement and crosscheck 

on the proposed electrical resistivity method (Task 2.3). It is expected to 

be more efficient than the resistivity method in areas of extremely low 

surface conductjvity because the resistivity method requires good galvanic 

ground contact. This is difficult to obtain in dry areas. 

The induction method is expected to be useful primarily in mapping the 

contact beh1een the poorly conducting surface layer and the more conducting 

sub-surface layer. The latter is due to thr> water-saturated volcanic rocks 

and its topography and conductivity is expected to be sensitive to thermal 

conditions, that is,higher conductivities and anomalously shallow relief may 

be caused by underlying heat sources. 

The survey will also help to fill the existing gap in the knowledge about 

subsurface conductivities at crustal depths. These are poorly defined by 

natural-source electromagnetic surveys such as Klein has conducted on the 

island of Hawaii. 

Scientific Objectives 

The targets of the geophysical investigation in this proposal are shallow 

localized heat sources. It is ~Jell known that the electrical conductivity of 

earth materia 1 s is sensitive to temperature 1 because a) high temperatures 

activate the intrinsic electrons in rock forming minerals and b) the ionic 

activity of fluids contained in fractures and pores of rocks is increased with 

temperature. The latter is of greater importance at depths less than 10-20 km, 

and it is especially importar.t in the highly porous water saturated rocks of 

1Parkhomenko, E-1., Electrical Properties of Rocks (English translation from 
Russian), Plenum Press, N.Y., 1967. 
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Hawaii. Therfore, it is natural that electromagnetic methods could be of use 
in the search for thermally activated zones of high conductivity. The first 
specific objective of the present task is to locate areas of anomalous high 
electrical conductivity that can be related to hot fluids in rocks, hot rocks 
or rock melts. The second objective is to map the general conductivity structure 
of the subsurface material at crustal depths which will relate to thermal 
patterns on the island of an active volcano. 
Previous Electromagnetic Investigations on Hawaii 

Earlier investigations of the electrical conductivity of Hawaii fall into 
two groups: a) Electrical surveys for the purposes of water resource exploration 
and management;2 and b) deep-soundings into the electrical structure of the 
mantle. 3 Studies such as the first demonstrate that the electrical conductivity 
contrast between water-saturated rocks at depth and dryer surficial materials 
is indeed a sharp feature that can be mapped with electrical methods. The 
latter study, while estimating the gross conductivity distribution at mantle 
depths, is not effective for studies at depths accessible to drilling. While 
resistivity surveys 2 are of proven usefulness in mapping near subsurface con
ductivities, their applicability is limited to the condition that good galvanic 
contact can be made with the ground. This is often an impossibly difficult task 
in extremely dry areas where the surface zone is highly electrically insulating. 
It is in these cases that induction surveys, which can put energy into the 
ground without current contact, are likely to be of more value. A recent 
investigation4 on the active volcano of Kilauea has proven this point, and 
further demonstrated that electromagnetic methods can be used to locate 

,., suspected thermal areas. 

.. 

- • 

-
... 

Proposed Method of Investigation 
We suggest that an inductive survey be carried out on Hawaii using the 

double horizontal-loop method. This v1ill serve as a cross-check on the 
2zohdy, A.A.R. and D.B. Johnson, Application of Deep Electrical Soundings for 
Groundwater Exploration in Hawaii, Geophysics, 34, pp. 584-600, 1969. 

3Klein, D.P., Geomagnetic Time Variations on Hawaii Island and Mantle Electrical 
Conductivity, Trans. A.G.U., 52, p. 824, 1971. 

4Johnson, D.B. and G.V. Keller, An Electromagnetic Survey on the Summit of 
Kilauea Volcano, Hawaii, Journ. Geophys. Res., vol. 77, pp. 4957-4965,1972. 
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proposed resistivity survey method and, more important, will allow rapid 
surveys to be carried out in areas inaccessible to galvanic methods either 
because of 1 ow-conducting surfi cia 1 materia 1 s or dense jungle' growth. The 
method proposed will employ sub-audio through high-frequencies (50-1000 hz) 
which can be expected to provide electromagnetic field penetration and thus 
depth-conductivity profiles deep within the crust. Thus, besides defining 
anomalous zones of locally high conductivity ~1hich ~1ill be the most likely 

·sources of thermal energy, this survey will help fill the gap in knowledge 
left by deep mantle electrical conductivity soundings. The instrumentation 
for this survey although of tested design must be assembled from components 
because commercial packages acceptable to the survey are not available. 

The instrumentation consists of two current loops, separated by 
500-2000 m, both of which will be laid out on the ground and have diameters of 
about 30 m. The source loop requires a gasoline-power generator, power 
amplifier and oscillator to feed energy into the ground. The receiving loop 
requires a d-e powered digital voltmeter to measure the induced return energy. 
The entire system is easily made portable for use on the terrain of Hawaii. 

The field procedure will consist first of a system test in areas where 
conductivity structures can be deduced from well data. This will be followed 
by the actual 2-3 month survey over the areas deemed most likely to yield the 
objectives, mainly the flanks and rift zones of Kilauea. A 3 or 4 man field 
crew is necessary. Interpretation methods are available5 which can be 
modified, without excessive effort, to apply to the objectives of this survey, 
thus theoretical developments are not required. 

5 Keller, G.V. and F.C. Frischknecht, Electrical Methods in Geophysical 
Prospecting, Pergamon Press, N.Y., 1966. 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Prinoipa~ Investigator>: 
Geophysical 
A.S. Furumoto 
2.5 Task No.: 

Task Tit~e: 
Investigatot>: 

Microseismic Surveys 
A.S. Furumoto 

Task Swrrmaxy 

The seismic surveys will consist of three distinct parts: (1) seismicity 
study of microearthquakes, (2) seismic noise survey, (3) seismic observations 
using seismometers in drill holes. 
Seismicity Study of Microearthquakes 

By microearthquakes, we mean earthquakes with magnitudes less than 2. It 
seems natural that if there is thermal activity in a region, say 2 km below the 
surface of earth, there v1ould be small earthquakes caused by fracturing and 
warping of rocks. Such earthquakes can be detected by high gain seismographs . 
For example, a swarm of earthquakes have been detected under Kilauea volcano 
with the earthquake foci located in a general cylindrical pattern. 1 These 
earthquakes have been interpreted as caused by the thermal activity in the 
volcanic plug. 

- Microearthquakes have been shown to be associated in known geothermal 

... 

-
... 

-
... 

... 

areas in Iceland. 2 As the volcanoes of Iceland are basaltic, similar to 
Hawaii, we infer that microearthquakes should be associated with geothermal 
regions in Hawaii also. 

Portable seismographs suitable for microearthquake surveys have been 
developed commercially and are readily purchasable. A seismograph package 
consists of a vertical geophone, amplifier with filters, a crystal chronometer, 
and a visual recorder. The geophone can be one with a natural frequency of 
1 hertz or one with 4.5 hertz. At present we are not sure which geophone will 
be most appropriate. As the Hawaii Institute of Geophysics already has both 
types of geophones used in seismic refraction surveys, we can test them out. 
The rest of the seismograph package must be purchased . 

Koyanagi, R.Y. and E.T. Endo, Hawaii Seismic Events During 1969, U.S. Geol. 
Survey Prof. P~, 750-C, rp. Cl58-Cl64, 1971. 

2vJard, P.L. and S. Bjornsson, 1·1icroearthquakes, Swarms, and the Geothermal 
Areas of Iceland, Journ. G~.)'S. Res., val. 76, no. 17, 1971. 
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For the visual recorder we shall use the old fashioned stylus on smoked 

paper. We have tested a seismograph package on loan from a manufacturer and 

have found that stylus and smoked paper combination is the most versatile and 

convenient form of recording under field conditions. -, 

The microearthquake survey lvill begin only after the electrical resistivity 

survey has been completed and the likely spots of geothermal activity have 

been identified. Six instruments will be deployed in a pattern l'ihich we 

estimate to be the optimum way to locate the hypocenters of the earthquakes. 

The recording papers on the seismographs will be changed at least every 48 

'hours. Usually we shall change them every 24 hours. 

The seismogrurr.s will be scanned and earthquake data will be taken everyday. 

Attempts will be made to locate as many hypocenters as possible. If the 

earthquakes are too numerous, we may have to make random selection of events 

and locate the hypocenters of these events. The seismograms will be read at 

the field office set up in one of the trailers. 

After several weeks of recording and tabulating earthquakes, we should 

knovi whether earthquakes are associated v1ith suspected geothermal regions or 

not. If they are, then the depths of the earthquakes will tell us how far we 

should drill to locate thermal activity. Seismic data will be necessary to 

plan the deep drilling Task 2. 13. 

Although the number of seismographs are limited, we shall attempt source 

motion studies of earthquakes that originate in a suspected geothermal region. 

At first we shall use only P wave data for the source motion study. If a large 

number- of earthquakes from the region shol"i the same pattern of P \"lave first 

motion distribution, we shall set up a three component station by taking three 

instruments, bring them together and using horizontal geophones instead. From 

the three component station data, we shall study the S wave pattern. 

same 

have 

If the microearthquake survey sho•ils a concentration of hypocenters in the 

region lvhere electrical resistivity 

added evidence of thermal activity. 

survey shm·is a suspected anomaly, 1"/e 

At this point we shall proceed to 

the seismic noise survey. 
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Seismic Noise Survey 
If there is thermal activity in any confined region, in addition to 

microearthquakes we can expect microseisms or ground noise. The ground noise 
can be produced by convective motion of the ground water or flexure of rocks. 

In the Imperial Valley of California the spectrum of ground noise had a 
n;::~k at one hertz in places with known geothermal activity. We cannot say that 
a simii~l' sper:trum will be observed in Hawaii, since the geological conditions 
are quite different. To find out the signature of the ground noise, we shall 
record ground noise near fumaroles of Kilauea and see what sort of spectrum is 
associated with fumaroles. Also we shall check the ground noise near active 
volcanic vents. 

The same instruments used in seismic refraction and reflection surveys of 
Task 2.9 can also be used in the noise survey, with the tape recorder going 
at a slower speed. The frequency analyzer used in that survey can very well 
be used here also. 

Once the "signature" of a geotherma lly active region is known, we can 
search for similar signatures in other suspected thermally active areas. The 
seismic noise survey can then be used as a reconnaisance exploratory tool. 
Seismic Observations by Drill Hole Seismometers 

In Task 2.7, Thermal Well Survey, a pattern of holes 100m deep will be 
drilled to measure heat flow. Besides heat flow measurements, we intend to 
place geophones at the bottom of six of these holes to observe microearthquakes . 
As the pattern of holes will cover the area where we suspect that a geothermal 

-source exists, we can monitor the seismic disturbances caused by the geothermal 
source. By using geophones at the bottom of these holes, we intend to eliminate 
seismic noise that is of meteorological origin. 

As the diameter of the drill holes is not large, a matter of only a few 
inches, we can use only 4<5 hertz 
very near earthquak2s, these will 
placed ate,::· of the six holes. 
to a ~"···.,<ally located recorder . 

geophones. However as we intend to monitor 
suffice. A three component system will be 
Signals from the geophones will be channeled 

The seisr:-.ic array systecn \vill be in operation while the deep drill Task 
2.13 is undet'.'liiy. Tne aim is to see the changing behavior of the seismic pattern 
as the area is disturbed by drilling and by escaping of steam and water . 
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Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

PY'incipal Investigator: 
Geophysical 
A.S. Fururnoto 
2.6 Task llo.: 

Task Title: Offshore Seismology 
Inves·tigators: G.H. Sutton, M.E. Odegard 

Task Swrrmar]j_ 

The project proposes to identify geothermal sources in the sea floor 

offshore from Hawaii. The first step in this task is to locate the epicenters 

, of small earthquakes offshore. For that purpose, a sensitive ocean bottom 

seismograph will be installed southeast of the island of Hawaii during Year 01. 
Depending on the quality of the data from the first seismograph, a second 

ocean bottom seismograph will be deployed in Year 02 at a place which will 

improve the accuracy of determining epicenters. 

The U.S. Geological Survey (Hawaii Volcano Observatory) has indicated 

strong interest in cooperation in this task. 

The geological history of the Hawaiian Islands exhibits volcanic activity 

progressing with time from northwest to southeast with the island of Hawaii 

on the southeast presently being most active. The locations (including depth) 

of earthquakes under Hawaii show a strong correlation with locations of moving 

magma estimated by other means and directly observed from surface activity. 

Indeed, earthquake locations provide one of the best means available for 

mapping zones of magmatic activity under the island. r~uch of the earthquake 

acHvity under Hawaii is concentrated near the southeast coast, both ons hare 

and offshore. These observations point to the probable existence of magmatic 

activity, with associated high temperatures, under the sea floor off the 

southeast coast of Hawaii. 

The Hav1aii Volcano Observatory (H.V .0.) of the U.S. Geological Survey 

operates an extensive seismograph network on Hawaii for the purpose of 

accurate foca 1 1 oca ti ons and corre 1 ati on of earthquakes with vo 1 cani c activity. 

Presently, this network cannot obtain accurate locations for the earthquakes 

near the southeast coast. Offshore seismographs can pro vi de the addition a 1 

data needed for accurate location and, in addition, detect rnany small offshore 

earthquakes undoubtedly not observed at present because of the lack of a 

nearby instrument. 
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As mentioned under Tasks 2.5 and 2.8 the attenuation and velocity of 
seismic waves, especially shear waves, are affected by temperature; attenua
tion increasing and velocity decreasing rapidly near melting temperature. 
Zones of probable high temperature in the vicinity of the southeast coast 
can be delineated with the aid of offshore seismographs. 

After discussions with H.V.O. personnel the three sites listed below 
have >•'r. chosen as optimum for these studies. 

Distance 
Instrument Depth Shore (nautical 

Site Latitude Longitude (Fathoms) Station miles) 
(1) 18°51' 155°16' 2300 Honuapo 22 
(2) 19°03.5' 155°14.5' 900 Honuapo 18.5 
(3) 19°11' 155°01.5' 1500 Kalapana 11 

It is proposed that during the first year a seismograph will be ins ta 11 ed 
at Site 1 and that during the second year a second instrument will be installed 
at either Site 2 or 3 depending upon resuits from Site 1. It is anticipated 
that the instruments will be operated for the duration of the geophysical 
portion of the PELE Project . 

Each offshore instrument package will contain a vertical and two 
horizontal seismometers (one or one-half second natural period) and a 
hydrophone; sensitive to frequencies up to about 20Hz. Power will be supplied 
and data retrieved through an ocean-bottom cable to a shore station. From 
the shore station, data will be transmitted to H.V.O. via radio telemetry. 

--(H.I.G. is presently developing similar ocean-bottom seismographs under a 
research contract with O.N.R. and H.V.O. presently uses radio telemetry for 
the Hawaii Island seismograph net.) 

The data from the offshore seismographs will be integrated with that of 
the H.V.O. net and u<:~ by both H.V.O. and H.I.G. for improvement in earthquake 
location an~ v'~er studies at H.V.O. and for special studies associated with the 
PELE P,ej<!Ct. 
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Program: 

Pele Energy Laboratory Experi1"ents (PELE) 
University of Hawaii 

Pri.neipal Investiga·tor: 
Geophys i ca 1 
A.S. Furumoto 
2.7 Task No.: 

Task Title: 
Investigator: 

Test Holes for Exploratory Thermal Survey 
A.T. Abbott 

Task Summa!'lf_ 

-

It is proposed that before deciding on the location of the main deep hole -

to tap a source of heat, and hopefully steam under pressure, that a series of 

40 holes each 300 feet deep be drilled in areas on Kilauea and Mauna Loa 

volcanoes that demonstrate above normal surface heat. These areas will have 

been previously delineated by aerial photographic sensing or other methods. 

The explori)tory thermal holes will be drilled on pattetns best suited to 

fit the size and shape of the suspected thermally abnormal al'ea. 

A possible average pattern might place the holes on l ,000 foot centers. 

No particular pattern should be rigidly determined at this time. Four inch 

diameter holes are suggested to facilitate raising and lm·1ering instruments. 

The cost of drilling a total of 12,000 feet is estimated at $159,742 or $12.56 

per foot. This is necessarily a rough estimate as the cost of the holes may 

vary widely depending on difficulty of access and difficulty of drilling. It 

is probable that a drilling contract will be on a cost plus basis. 

In order to establish a temperature norm instruments will be placed in 

drilled holes that already exist in areas adjacent to but outside the suspected 

thermal high. 

The holes •1ill be used for heat flow measurements by means of three 

thermistors spaced evenly in each hole and six of the holes will serve as sites 

for three component seismometers. Zones found to be producing abnormally high 

seismic signals as revealed by the circulation of magma underground may be 

considered potential sources of heat. Centers that may indicate heat concen

tration as recorded by the thermistors will be considered potential target 

areas for the boring of the rnain deep hole. 

Groundwater movement, if any should exist, v!ill be measured by using these 

holes. Rock samples from these holes will be examined for mineralogical, chemical 

and physical properties by other task leaders. 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Prinoipal Investigator: 
Geophys i ca 1 
A.S. Furumoto 
2.8 Task No.: 

Task Title: 
Investigator: 

Shallow Seismic Survey for Anisotropy and Scattering 
W.M. Adams 

Task Surrunary 

The seismic velocity of basalt is dependent upon several parameters 
including temperature. Thus in reconnaissance for possible zones of rock at 
high temperature, the use of seismic refraction surveys should be considered. 
For example, due to the lower values of bulk modulus and rigidity associated 
with higher temperature rocks, a refraction line along the Puna Rift should 
evidence a 
Therefore, 
anticipate 
anisotropy 

lower velocity than observable on a similar nonparallel line . 
a seismic program for geothermal exploration in a rift zone may 
use of the procedures that have been evolved for estimating the 
of the crust. 

In complex earth, such as a volcano, the reflection seismograms are not 
w of the classical type, sometimes verging on bandlimited white noise. This 

-

condition exists due to the importance of scattering in such a complex environ
ment. Therefore, a seismic refraction program is proposed. Estimation of the 
scattering index for paths should prove useful for directing attention to zones 
of extreme scattering such as would be characteristic of regions that recently 
suffered injection of magma. The use of three-component seismograms to allow 
study of shear energy distribution is obvious. 

The seismic anisotropy wilT qe evaluated for various depths at positions 
along the Puna Rift Zone. This will be done by shooting at each point of 
interest three refraction spreads separated 1200 in azimuth. Data reduction 
will be by state-of-the-art techniques. 

·~ The scattering index will be estimated for various depths at designated 

... 

positions on the subject zone. 
The absorption of shear energy will be calculated for three-component 

observations made at sites along the subject rift zone. 
The bottoms of the holes drilled for shallow thermal survey should be shot, 

and the deep c .. .:e instrumented with a vertical spread shooting in shallow holes 
a few rut,'; ed meters away. 
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Some holes 1·1ill be needed specifically for th·is seismic survey especially 
in the area serving as a control. 

The velocity is expected to be lower and the scattering index higher 
along the Puna Rift Zone than those in a control zone. For such a control zone, 
spreads should be shot in an area that has similar rocks but is not thermally 
anomalous. 

The absorption of shear energy should depend strongly on the portion of 
the rock that is magma. For a region subject to intermittent intrusion, 
monitoring over time of the shear wave attenuation might indicate the amount 

• of thermal pm·;er that may "safely" be extracted. This is in analogy to the 
safe yield of a water \vell. 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Principal Investigator: 
Geophys i ca 1 
A. S. Furumoto 
2.9 T_:.~k. No.: 

Task '1'·,: tee: 
Investigatol'B: 

Petrology, Structural Geology and Geochemistry 
K. Pankiwskyj, P. Fan 

Task Swrmary 

Under this task, the following subtasks are to be carried out: 

. Step 1 - Field exploration for areas showing evidence of past 
or present hydrothermal activity and mapping of frac
ture and joint patterns to aid in location of explora
tory drill sites. 

Step 2- Core drilling surveillance for the purpose of keeping 
a detailed core log at each site along with controlled 
interval rock sampling for petrologic laboratory 
examinations. 

Step 3 - Detailed petrographic descriptions of rock samples by 
modal analysis from thin-sections and major element 
chemical analysis . 

Step 4- Compiling of petrologic data and preparation of three 
dimensional rock, mineral, and chemical distribution 
maps within the drill sites. Also, construction of 
structure contour maps, isopach maps, and geologic 
cross-sections using the petrologic and geophysical 
data gathered from the 40 drill holes. 

Since PELE serves to advance both thermal energy technology and the 
_science of magmatic evolution the project should keep detailed records of its 

findings for others to draw from. Controlled sampling and analyses of cores 
from the exploratory drill sites will aid in determining the geologic struc
ture in the region. This will be directly related to locating the site for 
the deep drill site. Of academic importance is the need to know the internal 
structure and pet;<J.Iogy of large shield volcanoes. There is also a great need 
to knmv t:•·: shapes of near surface magma chambers since they control the manner 

in ·,,iJich the overlying rock fractures and magma is injected. 
After correlating the well logs from each drill site and determining the 

regional geologic structure in subsurface the areas of highest thermal activity 
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and heat flow could be isolated. The petrologic data from the cores will 

advance the knov1ledge of the geologic history of volcanoes. Also, if the • 

magma cila111ber is tapped, then the behavior of the magma could be investigated 

thus enhancing our knowledge of the temperature and composition of the magma, 

and its viscosity, gas pressure and gas content . 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Principal Investigator: 
Geophysical 
A.S. Furumoto 
2.10 Task No.: 

Task Title: 
Investigator: 

Geochemical Analyses 
B. Finlayson 

Task Sumnary 

of Fluids 

Prior to drilling, hydrothermal studies ~1i ll be made on rock-water inter
actions at high temperatures and pressures (corresponding to expected reser
voir conditions), using unweathered rock and seawater and distilled deionized 
water. The hydrothermal solutions produced will be ex ami ned as "models" of 
the types of geothermal fluids one might expect to find in a geothermal reser
voir beneath the island of Hawaii. Analyses will be performed for all consti

tuents and compared with the same constituents in the original rock samples and 
seawater. An attempt will be made to determine equilibrium relationships of 
the constituents in the solutions. When core material becomes available from 
deep holes, it will also be subjected to similar high pressure and temperature 
hydrothermal experiments. 

When drilling has started, chemical analyses will be made of hot fluids 
(gas, steam and water) discharged from boreholes and correlated with geological 
and geophysical data obtained from these wells with regard to source of the 
fluids, size of the source and power potential of the source. Materials from 
the boreholes will also be analyzed with regard to corrosion effects on various 
alloys. Trace elements give a qualitative idea of the thermal state of the 
region from which the gases came. Important, quantitative information re
garding underground conditions will require collection and study of data from 
several sources; particularly important will be chemical analysis of borehole 
discharges. Power plant design will require chemical data on discharges; e.g., 

amount of gas present affects size of gas extractors for systems making direct 
use of geothermal steam. 

Inference fro~ geological study, combined with geological and geophysical 
data will gi<·e us a picture of the subsurface thermal state with respect to 
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temperatures, pressure and po1·1er potential from geothermal reservoirs dis

covered. Engineering feasibility will use this data to determine design para

meters fro the pm·wr plant. From corrosion studies, Vie can determine the 

materials needed for p011er developmEnt and maintenance costs of power plants. 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

PrinoipaZ Investigator: 
Geophys i ca 1 
A.S. Furumoto 
2.11 Task No.: 

Task Title: 
Investigator: 

Physical Properties 
M. H. ~1anghnani 

Task Swmzary 

of Rocks 

In geophysical field investigations, seismic velocity (VP or Vs) is 
one of the most direct and useful parameters. Seismic velocity in a rock 
depends upon density, composition (or, mean atomic vleight), pressure and tem
perature at depth. The effects of temperature on velocity in basalts at high 
pressures are not known; hence, the interpretation of subsurface temperature 
distribution, a useful indicator in geothermal exploration, cannot be made 
from the observed seismic data. 

Recently, it has been shown that both Vp and Vs in rock-forming minerals, 
having the same mean atomic weight, are linearly related to thermal conducti
vity. 1•2•3 Such a relation when established for basaltic rocks would be most 
useful in the geothermal project. That the velocity is also in some manner 
related to the electrical resistivity of rocks was recently discussed at the 
ARPA Symposium on the "Physics of the Crust.',4 

We propose here a twofold program: 
1. To undertake laboratory studies for investigating the relationships 

among geophysical parameters, such as velocity (Vp and Vs), thermal 
conductivity, and resistivity of basaltic rocks, having various den
sity, porosity and composition under the pressure and temperature 
environments compatible with depth to a few kilometers of interest. 

1Horai, K., Thermal Conductivity of Rock-Forming Mineral, J. Geophys. Res., 
vol. 76, pp. 1278-1308, 1972. 

2Horai, K. and A. Nur, Relationship Among Terrestrial Heat Flow, Thermal Conduc
tivity, and Geotilermal Gradient, J. Geophys. Res., val. 75, pp. 1985-1991, 1970. 

3Horai, V .• and G. Simmons, An Empirical Relationship Between Thermal Conducti
vity and Debye Temperature for Silicates, J. Geophys. Res., vol. 75, pp. 978-
982, 1970 . 

4Heacock, J.G., Intermediate and Deep Properties of the Earth's Crust, A Possible 
Electromagnetic ~lave Guide, Naval Research Reviews, pp. 12-25, February 1972 . 
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The results vlill enable us to understand the effects of porosity 

-

on the physical properties, and the relationships ar,mng various .,,, 
physical purameters of basal tic rocks. 

2. To use these relationships in tile interpretation of observed geo-
physical data for locating the dense subsurface rock and the "optimum" -· 
heat sources. 

The subject basaltic rocks will be collected from the volcanic areas of 

geothermal importance. 11ost of the necessary equipment for carrying out the 

proposed laboratory measuren:ents is available. liowever, sor,1e electronic 

equipment is needed for making the thermal conductivity and electrical resisti-

' vity measuren,ents of rock specimens. 

56 

-

... 

-

-
-
""' -.. 
-



: ~ rt1l 

.,,.llh 

"" 

-.. 
-.. 
--
... 
-... 
-
·-... 

-
-

Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Principal Investigator: 
Geophysical 
A.S. Furumoto 
2.12 
Groundwater 

Task No.: 
Task Title: 
Investigator: P. Fan and F.L. Peterson 

Task Summary 

Data on existing drill holes will be obtained from the U.S. Geological 
Survey and the Hawaii Division of Land and Water Development to study ground

. water distribution and movement on the island of Hawaii. After the holes for 
the thermal survey have been drilled, they will be intensively monitored and 
tested to establish various reservoir properties, such as transmissibility 
and storage. In addition well test analyses will be conducted to determine 
reservoir boundaries and the extent, if any, of well recharge. 

Additional analyses, such as obtaining the c13;c14and o16;o18 ratios and 
the abundance of c14 and tritium, which are not customary analyses performed 
for groundwater determination, will be carried out for this task. These data 
will aid in obtaining an understanding of the origin, age, history, nature, 
and flow pattern of the groundwater . 

Carbon isotope (c13 and c14) and tritium analyses will be performed by 
Dr. R.W. Buddemeier (Chemistry Department and Hawaii Institute of Geophysics) . 
Oxygen isotopic studies (o16 and o18) will be made by Dr. P.M. Kroopnick 
(Department of Oceanography and Hawaii Institute of Geophysics). Dr. Frank 

__ Peterson (Department of Geology and Geophysics) will also be a consultant on 
this task . 
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P1oogro;n: 

Pele Energy Laboratory Experiments (PELE) 
University of 1\awai i 

Principal Inves·tigator•: 
Geophysical 
A.S. Furumoto 
2. 13 Task ilo. : 

Task 'l'i -t Ze: 
Investigator: 

Deep Drill 
f~enneth Grunot 

Task 8unma1•y 

A hole as deep as 12,000 feet will be drilled the second year at a site 

selected for most advantageous geophysical and geological data and proximity 

to the most productive natural conditions to suppor't laboratory efforts. 

, The dri 11 i ng VIi 11 recover or·i ented core samp 1 es 1·1hi ci1 can be used for petro

logic, paleomagnetic, hydrologic and physical property studies. 

Geophysical data from future surveys will have more reliable meaning if 

they are correlated to actual sar,lples from depths in areas similar to future 

deve 1 op;;;ent prospects. 

Correlation of geophysical data with core samples will tell us the 

r;;eaning uf data in terms of actual geology. Henceforth, then, reconnaissance 

surveys will be more meaningful. 

A major item in the PELE laboratory effort is an exploration well. It 

is predicated upon a number of scientific premises and needs. The primary need 

is to know the precise nature of deep geologic structures underlying relatively 

new volcanic areas. This need is great and is not satisfied by any previous 

investigation. In the liawaiian Archipelago, previous drilling has been con

fined to shallow investigations to prove water resources, and one previous 

shall-m1 drilling venture purporting to investigate possibilities of geothermal 

steam in an area of quite recent volcanic intrusion. Some data from these 

experiences are superficially useful. Hov:ever, they do not provide the kind 

of controlled and deliberately-recorded facts necessary to support scientifi

cally credible conclusions. In surr111ary, the requirement that a sufficiently 

deep section be explored is in no way addressed by existing experience. 

The decision to drill a deep well has been the result of extensive consul

tation 1·1ith local, national, and international authorities. The correlative 

value of the deep 1·1ell as a base line data against v:hich to compare surface 

and shallov1er tests also v;ill have irillllense significance. 
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From this consultation experience it is credible to assume that the 
findings and facts available from drilling records and rational deductions 
therefrom will. constitute a quite attractive scientific base from which a 
broad spectrum of conceivable peripheral scientific efforts may be initiated. 
These would be possible in addition to the pragmatic solutions to the existing 
mysteries and conflicting scientific opinion about the nature and potential 
or ncet.;ly formed volcanic areas vis-a-vis energy resources. 

The most recent, and presently active, volcano in the Hawaiian Archipe
lago is Kilauea, within which is a large subsidence crater containing a 
smaller subsidence crater called Halemaumau,which is the center surface mani
festation of the most recent very large magnitude magma intrusion,indicating 
long-term thermal recharge of the underlying geological structures. 

A drill hole within the flational Park has been proposed by one investigator 
to a depth of 3,000 feet (Dr. George Keller, Colorado School of Mines). Input 
from this investigation v1ould also be used to determine location of this deeper 
drilling, as well as technique detail. 

Extensive consultations have resulted in a tentative choice of drilling 
technology and specifications relating to minimizing cost while achieving the 
greatest return within environmental and scientific result constraints. 

If the Kilauea location is chosen, the well would be located at an 
elevation of 4,000 feet above sea level and would be programmed to penetrate 
the lava beds to a true vertical depth of 6,000 feet sub sea. Some 2,000 feet 
of directional drilling is envisioned which would constitute a total drilled 
depth of 12,000 feet. However, all considerations of depth, location, and 
other drilling parameters will be finalized after extensive surface and shallow 

- drilling tests are performed and findings evaluated. If the location were at 
... 

-.. 
-... 
-.. 

a lower elevation, drilling depths would be reduced accordingly . 
A surface 13-3/8 in. casing string will allow for drilling a 12-1/4 in. 

hole to a total depth and ccmpleting with a 9-5/8 in. string, if required, and 
completing the well 11;-::h 8-3/4 in. hole and 6-5/8 in. casing. Twelve inch series 

goo bag and Doub:c-Rams blow out preventors will be utilized during the 
drillirD nr~rations. 
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Current shallower drilling practices in the islands utilize compressed 

air. Since tl1e stratigraphic section to be penetrated is not expected to 

sustain a hycirostatic colu"m of \'later, air drilling will be programmed with 

a standby liquid mud system made up and ready for use in the event the need 

arises. 

Order and relative nature of items of v10rk priorities and constraints 

are illustrated in the following critical path drawing. 
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Program: 

Pele Energy Laboratory Experi1:1cnts (PELE) 
University of Hawaii 

Princ·ipal Investigatol': 
Geophysical 
A.S. Furumoto 
2.14 Task No. : 

Task Title: ~1odel Study 
Investigators: A.S. Furumoto, W.M. Adams 

Task 8wnrraru 

The prob 1 em of geothermal sources can be reduced to a model of thermal 

convection in a porous medium heated from below. The statement is simple but 
the problen1 is formidable. In this task we propose to attack the problem by 

' analytic metiwds, numerical computer modeling and laboratory scale modeling. 
In the analytic approach, the problem is the age old one of thermal con

vection with free-rigid boundaries. He will attempt a solution of this prob
lem, although the chances of success seem small. No funds are requested for 

this part of the work as only paper and pencil and time are needed. 
In numerical computer modeling, we will start with simple models and 

gradually introduce complicating factors such as groundwater flow and heat 
dissipation by convection. The numerical method is difficult in itself so 

that success can mean a doctoral dissertation for a graduate student. The 
graduate assistant supported by this task will be engaged in this phase of 
the prob 1 em. 

Unfortunately, there are unforeseeably restrictions on the output of such 
computer models. There are not adequate field information available for satis
factorily checking intuitively the in1plicaions of the computer model results. 
Therefore a laboratory scale model progratil to ascertain that the numerical 

approach provides sufficiently accurate results for reasonable, but non-trivial 
cases, is appropriate. Such a program can answer such questions as: ''Can 

a term in the fluid dynamics formulation be neglected for the given situation?" 

or, more seriously, "Has some para"1eter been neglected?" 

Thus the computer model study develops intuition, and the laboratory 

model study insures that the computer models satisfactorily represent the 
behavior of the relevant physical variables. 
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Task llo. 2.14 
Page 2 

If the modeling techniques are successful, we anticipate the use of 
models to predict the behavior pattern of geothermal sources as steam or hot 
water is extracted for power production. 

The engineering program also has similar studies going on under Task 3. 1. 
There will be close liasion between the two tasks, although duplication is 
not expected. The funds sought in this task are for expenses to be incurred 
by the geophysicists involved. 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Pl•incipol Investigatm•: 
Geophys i ca 1 
A. S. Furumoto 
2. 15 
Evaluation 
Panel 

Task flo.: 
Task Title: 
Investigators: 

Task SW!tn!JY?I 

The project, unlike the usual basic science type of investigation, 

has a definite concrete objective in mind: the deve 1 op1~1ent of geotherma 1 

energy in Ha1·1aii. At regular intervals the investigators \•Jill assess the 

' progress they have made tov;ards realizing the goal. The tasks must be eva

luated in their relevance concerning the project. 

At certain crucial times, the panel of investigators must come to defi

nite decisions. One point is at the end of Stage 8 of the field work; v;hen 

the data from photogeologic, aeromagnetic, electrical resistivity, electro

magnetic induction, and microseismic surveys are in, the panel must select 

the area where a grid of 100m holes should be drilled for thermal measure

ments and groundwater monitoring. Another time is at the end of Stage C; 

when data from the grid of holes are available, the panel must select the 

deep drill site. Decision will be based not by democratic vote but by the 

weighted geophysical data. 
The funds for this task are included in the budget for Task 2.0, 

Coordination. 
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2. Engineering Program 
a. Introduction 

The objectives of the Engineering Program are (1) applied research 
and development in problem areas related to the extraction of energy from 
geothermal resources, and (2) planning and design of a research-oriented, 
geothermal power plant in the megawatt range. Throughout the program 
there will be strong interaction and coordination of engineering researchers 
with project personnel of the Geophysics Program and the Environmental and 
Sc' i o~>conomi c Program in order to produce a unified effort. 

·• b. Appliud Research and Development 
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This part of the Engineering Program consists of three sections: 
( 1) solutions of pertinent problems in reservoir engineering, (2) optimum 
design of geothermal power plants, and (3) study of new techniques for 
extracting energy from a geothermal heat source. 

1) Reservoir Engineering 
Although geothermal steam was produced from wells for the purpose of 

generating electrical power in 1904,1 the current world production is only 
about 1000 megawatts -- approximately the capacity of one nuclear generator. 
In view of the fact that current installations are commercially successful, 
the lack of significant development is surprising. Two of the factors 
responsible are (1) difficulty in finding suitable geothermal fluid sources, 

' and (2) difficulty in estimating the optimum size and duration of a geothermal 
reservoir development.2 Economic factors have also contributed to slow 
development. Fossil fuels have been inexpensive and readily available for 
power generation. But the world-wide energy crisis and need for development 

_Qf low-environmental impact energy sources have removed this impediment to 
development of geothermal power. 

Reservoir engineering3,4 is a special field of study within the general 

1McNitt, J.R., Exploration and Development of Geothermal Power in California, 
Calif. Div. Mines and Geology, Spec. Rep. 75, 1968. 

2cady, G.V., H.L. Bilhartz, Jr. and H.J. Ramey, Jr., Model Studies of 
Geothermal Steam Production, Paper 12-E, Presented 7lst Nat. Mtg., Am. Inst. 
Chem. Engrs., Dallas, Texas (Feb. 20-23, 1972), to be published in 
Symposium "Water -- 1972", by AIChE . 

3craft, B.C. and M.F. Hawkins, Applied Petroleum Reservoir Engineering, 
Prentice-Hall, Inc., Englewood Cliffs, N.J., 1959. 

4Pirson, S.J., Elements of Oil Reservoir Engineering, McGraw-Hill Book Co., 
New York, N.Y., 1950 . 

65 



area of petroleum engineering and is concerned vlith the existence and move

ment of subterranean fluids through the pore space of rock, to and from 

wellbores. Assuming that suitable geothermal fluid resources will be found 

in HaHaii, the purpose of this study will be to provide suitable reservoir 

engineering to permit proper development of the resource. 

This part includes Task 3.1, which is the analysis of the wells 

drilled as part of the Geophysics Program, and Task 3.2, which is a study of 

the dynamics of the Ghyben-Herzberg lens. The well test analyses will 

provide data to form a working hypothesis of the nature of the geothermal 

reservoir and permit an estimation of the extent and duration of the 

geotherma 1 resource. The study of the Ghyben-Herzberg 1 ens will determine 

the dynamics of the lens when perturbed by: (1) rapid convection such as might 

be caused by a shallo\'1 high temperature magma source, (2) pressure sinks caused 

by nearby production of fluid via wells completed below the lens, and (3) 

pressure sources caused by injection of cold fluid below the 

of these studies will have application to general hydrologic 

as well as to coastal regions of large land masses . 

1 ens. Results 

problems of 

The Ghyben-. is 1 ands , 

Herzberg lens study in particular will provide information on the results and 

effectiveness of fluid reinjection and the disturbance, if any, of the fresh 

water lens. 

2) Optimum Design of Geotherma 1 Pm'ler Plants 

In geothermal steam power plants, there are distinct features which 

designers of convention a 1 steam power p 1 ants do not encounter. Steam emerges 

from the ground at relatively low pressure; therefore, large amounts of steam 

must be handled, and the steam may contain particles and corrosive 

agents. The sizes of geothermal power plants are usually small, located 

near the clusters of steam wells. While this permits power increases in 

small increments, large single plants may be difficult to build. As a rule, 

the heat efficiency of a geothermal plant is low, but the geothermal plant must 

compete economically with the conventional plant. Therefore, research in the 

optimum design of geothermal steam pmver plants is essential in order to 

utilize the geothermal energy effectively. Several problems will be studied 

in Task 3.3, which is concerned with the optimum design of geothermal power 

plants; Task 3.4, which is concerned with corrosion and wear reduction; and 

Task 3.5, 1vhich will study problems in the transmission of electrical energy. 

66 

... 

-

-
-

... 

-
-



Four units of the geothermal power plant require special study: 
pipelines, steam purifiers, noise reducers, and condensers. These will be 

studied in Task 3.3. 
Determination of steam pipe sizes and layout has been considered to 

be an art of engineering. Basically, it is a complicated problem involving 
a compromise between the cost of power production and the piping cost. But 
size is only one of the many parameters to be studied in optimizing the design 
of ~. ~ioeline. Other parameters are life expectancy of available heat supply 
in the geoth~•:::~l field, life expectancies of pipe and other plant equipment, 

,, initial costs, maintenancP. costs, steam rate, power production, plant 
efficiency and cost of exporting power. Because of the importance and the 
complicated nature of geosteam pipelines, we propose to investigate the 
parameters pertaining to the selection and the installation of the pipeline, 
to ascertain the cost ranges of all the elements involved, and to formulate 
and use a mathematical model for optimizing the design. 
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In addition to the pipeline, an investigation of steam purifiers is 
proposed. The removal of water and rock particles from steam has constituted 
a problem of some magnitude in the operation of geothermal plants because the 
impurities in steam can drastically shorten the life of pipelines, valves, 
fittings and turbines. In an open cycle, all the steam entering the turbine 
must be purified and unless a very large settling chamber is used, it is 
difficult to achieve adequate separation by gravity. 

Another important problem to be studied is the reduction of noise 
from geothermal steam wells and its associated piping. When steam from a 
geothermal steam well is vented to the atmosphere, a severe noise problem 
results. Estimates based on observations at the Geysers field in California 
indicate the sound level may exceed 100 decibels A-weighted 
(100 dB(A)) 100 feet from a vent. The principal objective is to 
develop specifications for the design of a proven, cost-effective mechanical 
system which will decrease the noise levels created by geothermal steam wells 
sufficiently so that no signific3nt occupational noise hazard results from 
well operation, and so that annoyance in surrounding communities caused by 
well operating noise ~ay be acceptable by at least 90% of the people in such 
communities. 

c,,r of the potentia 1 advantages of a geotherma 1 power p 1 ant in Hawaii 
io th2 close location of cold (41°F) sea water a mile offshore at about 
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a 2000-foot depth. It may be feasible to pipe the cold water to the plant 

to increase the efficiency of its operation, and this possibility will be 

studied from engineering, economic and environmental standpoints. The 

optimum design of condensers for use in geothermal power plants will also be 

studied. ~·lhile the cold water will increase the plant's operating efficiency, 

there will be prob 1 ems connected vii th the design and installation of the 

pipeline and the pumping system to bring up water from great depths. However, 

another possible benefit is the use of the ocean v1ater 1 ater in an aquaculture 

project in 1vhich the nutrients present in the deep ocean water are used to grmv 

plankton in ponds as the initial step in a food chain. 

The reduction of corrosion and wear in geothermal power applications 

will be studied in Task 3.4. Two specific objectives are proposed: (1) 

reduction of the v1ear of rock dri 11 too 1 bit materia 1 s, and ( 2) determination 

of the rate of corrosion and cavitation of metals in sea v:ater at elevated 

temperature, pressure and velocity. 

Little fundamental information is available on the influence of rock 

and alloy properties on the wear behavior of drill bit materials. The 

geophysical exploratory drillings 11ill provide valuable field data for 

comparison with laboratory studies which we propose to perform to study this 

influence. 

It is quite probable that a Hawaiian geothermal fluid will be hot 

sea water, possibly containing dissolved gases and salts leached from the 

rock. This fluid will probably be highly corrosive, especially at elevated 

temperature and pressure and at high velocity. While some research has been 

reported on the rates of corrosion in hot sea water in connection with 

desalination studies, it is necessary to augment this information with studies 

at high pressure and velocity. vJe propose to construct autoclave and 

recirculating loop systems to simulate the conditions in steam wells and pov1er 

generating equipment in order to conduct exposure tests to determine the 

attack on pertinent materials in these environments. 

Another problem to be studied in regard to the optimum design of 

geothermal power plants is the transmission of the electrical energy. This 

inc 1 udes the connection betv1een the pi 1 ot p 1 ant on the is 1 and of Hawaii and 

the existing transmission system on the island, as well as a study of a means 

to interconnect the islands in the Hawaiian cha.in. A high voltage d-e 

transmission system is proposed using submarine cables for interconnections 
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between is 1 ands. Prob 1 ems re 1 a ted to ( l) design of the cab 1 e, ( 2) se 1 ecti on 
of the cable route between islands, (3) installation of the cable, and 
(4) fault location and repair methods, will be studied. 

The geothermal energy available in high temperature brine can be 
utilized in two principal ways to produce usable power: (1) fs a source of 
heat, and (2) as a source of steam. Task 3.6, Energy Extraction from High 
Temperature Brine, will consist of a study of these two methods to determine 
selection criteria for use with Hawaiian geothermal reservoirs. 

When used as a source of heat, the hot brine is passed through a 
heat exchange" to heat a secondary fluid such as a fluorocarbon, which has a 
lower boiling point than water, and this fluid is used as the working fluid 
in a closed system to drive the power turbines. When used as a source of 
steam, the hot brine is flashed and scrubbed to obtain steam directly which 
can be used as the working fluid in an open power cycle. 

3) New Techniques 
Several new ways of utilizing the energy in Hawaiian and other 

volcanic geothermal resources are proposed for long range study. These 
include (1) Task 3.7, ~1hich is concerned with the development of materials 
for use in magma and hot rock; (2) Task 3.8, which will produce a study of 
the direct extraction of energy from magma; (3) Task 3.9, which is concerned 
with the direct conversion of geothermal heat energy to electrical energy; 
and (4) Task 3.10, which consists of a study of alternate ways to transmit 
the energy and also to store it. 

The extraction of heat energy in magma and its conversion to a useful 
form require materials capable of withstanding the extreme temperatures 
(about l2000C) and chemical attack by the magma. The major problem in 
developing materials to be used in magma is not the high temperatures per se 
but corrosive attack by the magma at high temperatures. Unfortunately, very 
little 1vork has been done to evaluate and develop materials to be used in 
magma for reasonable length< ·~f time. It can be assumed that combinations of 
different materials •::·i:; be used to extract energy from the magma. Some 
components wi11 ~e required to withstand prolonged contact with the magma, 
whereas c.':: . .:rs will be exposed to less extreme conditions of temperature and 
co:':·.,sion. Therefore, the initial work will be to evaluate all suitable 
materials as to their high temperature capability and their resistance to 
corrosive attack by the magma. 
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In this task, the emphasis will not be on developing new materials 

since this usually involves years of development 11ork and considerable costs. 

Instead, techniques a 1 ready 1·1e ll-kno11n from such techno 1 ogy as basic oxygen 

steelmaking 1·Jill be used to study the effects of different processing para

meters on relevant mechanical properties and corrosive behavior of selected 

materials. For this part of the project, close cooperation will be sought 

with manufacturers of the above materials. 

On the assumption that materials can be developed for use in magma, 

the prob 1 ems connected with the direct use of magmatic heat will be studied 

in Task 3.8. Several techniques have been proposed in the literature and 

these v:ill be compared and eva 1 ua ted. 

One 11ay of obtaining electrical energy from a geothermal heat source 

is to transform the heat energy directly into electricity without 

intermediate cycles. This approach can be used in the PELE Project and 11ill 

be studied in Task 3.9. The state of the art of direct energy conversion 

devices has developed rapidly during the last decade. While a number of 

different methods are theoretically possible, probably only the thermoelectric 

and thermionic effects hold any promise for practico.l utilization in the 

near future. These effects have been known for more than a century, but it 

has taken the recent development of new materials to make possible their 

utilization. 

Task 3.10 is concerned with the determination of techniques which can 

be used in place of a submarine cable to transmit geothermal energy from one 

island to another. At the present time at least one technique appears 

feasible -- the utilization of the element hydrogen as a fuel. In this method 

hydrogen is produced at the geothermal plant and then is transmitted to the 

location requiring energy,where it is burned or used in batteries or fuel 

cells. This method also permits energy storage. Hydrogen is particularly 

appealing as a fuel because it can be burned extremely efficiently and with 

almost no pollution. In addition, it can be produced from water which means 

that a virtually limitless supply of the element is available. 

c. Plan and Design of a Pilot Geothermal Pov;er Plant 

We propose to plan and design a pilot geothermal power plant on the 

island of Hawaii for the generation of usable electrical power and to be 

instrumented for use as an energy laboratory tool. Construction and operation 

of the plant will be decided at a later time and 1·rill involve other groups 

such as the Hilo Electric Light Company, the utility on the island of Hawaii. 
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The design of a pilot plant assumes that a suitable geothermal 
resource will be located and can be utilized. For the development of a pilot 
power plant, engineering researchers will work closely with personnel from 
the geophysics program to select those well sites with potential for geothermal 
fluid production. The decision on the specific site will be made by 
all key researchers and consultants, including those concerned with the 
protection of the environment. In addition to a usable source of steam or 
hot water, other factors such as the accessibility of the well and plant 
c1~e. the proximity of cooling water, and the ease of transmission of energy 
must be con~ideted. Also, environmental and legal factors must be taken into 
consideration. 

After the suitable sites have been selected and ranked, one or more 
wells will be drilled by a selected drilling company. During the drilling, 
each well will be tested to verify geophysical predictions made earlier about 

the site and its potential geothermal field. Such factors as the heat source 
itself; whether the fluid consists of wet or dry steam, or hot water; the 
siting of other wells; the type of drilling fluid; the target depth; as well 
as the choice of casing and other problems \•!ill also be resolved at the time 
of the drilling. Based upon earlier calculations and the results from the 
well, a prediction of reservoir capacity and boundaries can be made. 

A preliminary plant design will then be prepared. It is expected that 
the general design and power machinery will be conventional ones based upon 
experience gained at other geothermal sites. Techniques for cooling, includ
ing the possible use of cooling water from the ocean rather than cooling 
towers, will also be explored at that time. Re-injection schemes will be 
studied. A layout of the plant and wells will be made and the design 
completed. 

Task 3.11, Pilot Plant Steam Production, will be concerned with the 
location and spacing of producing and injection wells, pipeline design, noise 
reduction, and other factors assori a ted with the production and de 1 i very of 
steam. Task 3.12, Mechanic~: Design and Layout for Pilot Plant, will consider 
the design of the ;1r~'" itself including the controls, turbines, generators, 
and meteril"': n-oc.:ssary for its operation. It is expected that a design 
pero:~~ring unattended operation will be produced . 

In Task 3.13, Pilot Plant Electrical Generation and Transmission, the 
electrical generators, the transmission system and its connection with 
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the existing system serving the island of Hawaii will be considered. A 

practical operating plan and design will be completed. 
d. Engineering Program Time Table and List of Tasks 

Figure 2.d gives the projected time table for the fourteen engineering 
tasks. Table 2.d contains a listing of these tasks. More detail~d discussions 
of each task are given after the table. 
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3.0 

3. l 

3.2 

Table 2.d Engineering Program Tasks 

Engineering Coordination and Support 
a. Investigators: P.C. Yuen 
b. Time Period: Years One through Five 

Well Test Analyses 
a. Investigators: P. Cheng, B. Chen, D.R. 

H.J. Ramey (Consultant) 
b. Time Period: Years One through Three 

Ghyben-Herzberg Lens Dynamics 
a. Investigators: L.S. Lau, K.J. Augustus, 

H.J. Ramey (Consultant) 
b. Time Period: Years One through Five 

Stoutemyer, P. T~kahashi, 

K.H. Lau, D.R. Stoutemyer, 

3.3 Geothermal Plant Optimum Design 
a. Investigators: J.C. Chou, K.J. Augustus, J.C. Burgess, H.C. Chai, 

D.H. Kihara, M.L.P. Go, R.Q. Palmer, A. Yen 
b. Time Period: Years One through Five 

3.4 Corrosion and Wear Reduction 
a. Investigators: J. Larsen-Basse, D.A. Jones 
b. Time Period: Years One through Five 

3.5 Electrical Energy Transmission 
a. Investigators: H.fl. Hwang, B.S.M. Granberg 
b. Time Period: Years One through Five 

3.6 Energy Extraction from High Temperature Brine 
a. Investigators: D.H. Kihara, H.C. Chai, H.J. Ramey (Consultant) 
b. Time Period: Years One through Five 

3. 7 Development of Materials for Use 1vith Magma and Hot Rock 
a. Investigators: K.t1. Htun, J. Larsen-Basse 
b. Time Period: Years One through Five 

3. 8 Direct Extraction of t·1agma Energy 
a. Investigators: P. Takahashi, R.B. Hubbard 
b. Time Period: Years One through Five 

3.9 Direct Energy Conversion 
a. Investigators: F.T. Koide, O.K. Harada 
b. Time Period: Years One through Five 

3.10 Alternate t1odes of Energy Transmission and Storage 
a. Investigators: P.C. Yuen, D.E. Avery 
b. Time Period: Years One through Five 

3.11 Pilot Plant Steam Production 
a. Investigators: J.C. Chou, J.C. Burgess, B. Chen, P. Cheng, A. Yen, 

H.J. Ramey (Consultant) 
b. Time Period: Years One through Five 

3.12 Mechanical Design and Layout for Pilot Plant 
a. Investigators: D.E. Avery, K.J. Augustus, R.B. Hubbard, K. Lau, 

~1. L. P. Go 
b. Time Period: Years T1·10 through Five 

3.13 Pilot Plant Electrical Generation and Transmission 
a. Investigators: H.H. lll'lang, B.S.M. Granborg 
b. Time Period: Years TI'IO through Five 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

P:rinoipal Investigator: 
Engineering 
P.C. Yuen 
3.0 Task No.: 

Task Title: 
Investigator: 

Engineering Coordination and Support 
P.C. Yuen 

Task Swmza!'!f 

The Engineering Program is divided into fourteen tasks aimed at applied 
research and development in areas vital to the utilization of geothermal 
resources and to the plan and design of a pilot power plant. The principal 
investigator must see that there is a balance in the engineering effort 
(1} to insure that the shorter-range problems are solved to produce a 
successful pilot plant as well as (2) to encourage applied research in longer 
range problems. The task leaders will meet regularly to discuss, coordinate, 
and evaluate their progress and future work. Coordination with the Geophysical 
Program and the Environmental and Socioeconomic Program will be necessary to 
provide a unified effort. Task leaders from these programs will also meet 
with the Engineering task leaders . 

Support services of various types will be supplied to research personnel. 
Secretarial and clerical help will be necessary for correspondence and reports 
as well as the maintenance of a 1 ibrary of pertinent books, journals, reports 
and records . 
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Program: 
Principal Investigator: 
Task No.: 
Task Title: 
Investigators: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Engineering 
P.C. Yuen 
3. l 
Well Test Analysis 
P. Cheng, B.H. Chen, D.R. Stoutemyer, P.~. Takahashi, 
H.J. Ramey (consultant) 

Task Summar'! 

The objective of this task is to provide suitable reservoir engineering to 

permit proper development of the geothermal fluid resource. Reservoir engineer

ing1 ' 2 is a special field of study within the general area of petroleum 

engineering and is concerned with the existence and movement of subterranean 

fluids through the pore space of rock, to and from wellbores. 

A strongly related scientific field is the study of groundwater hydrology. 

This specialty occurs in the academic disciplines of geophysics, geology, and 

civil engineering. 3 Both reservoir engineering and groundwater hydrology are 

soundly based upon fluid mechanics, and require backgrounds in physics and 

mathematics. 

Although research of a broadly useful nature is planned, an important 

feature of this study is essentially applied research. It is predicated on the 

optimistic expectation that a satisfactory geothermal fluid resource will be 

found in geophysical exploration phases of this research. Items included in 

this study will encompass areas peculiar to geothermal accumulations in coastal 

regions and on islands, as well as broadly-based subjects of general interest. 

Almost all reservoir data must be obtained via a wellbore. The well may 

either be producing or shut-in as an observation point. Wells drilled for 

geophysical purposes in the PELE Project will also be used for well testing for 

reservoir engineering purposes,and specific quantitative well test analyses will 

be performed on these wells. During the first year, available hydrologic and 

\raft, B.C., and r·1.F. Hav:kins, Apjl_ljed Petroleum Reservoir Engineering, Prentice
Hall, Inc., Englewood Cliffs, N.J., 1959. 

2Pi rson, S. J., Elements of Oi 1 Reservoir Engi necri ng, r1cGraw-Hi 11 Book Co., New 
York, N.Y., 1950. 

3Bear, J., py_n_a!ll_i_c:s_of fluj_ds in Porous r~edia, American Elsevier Publishing Co., 
Inc., New York, ~LY., 1972. 
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Task No. 3.1 
Page 2 

reservoir engineering methods for well-test analysis4•5 will be surveyed, and 
procedures for initial production testing of successful geophysical wells will 

' be prepared. In addition, a search 1~ill be made for useful well test informa-
tion.from existing geothermal fields (The Geysers, California; Larderello, 
Italy; Wairekai, New Zealand). Communications will be maintained and informa
tion exchanged with others conducting research on geothermal well test 
analysis. 6 

For some time, the behavior of existing geothermal wells in The Geysers, 
California and Larderello, Italy has been the subject of some interest. A 
clear picture of decline in well productivity has been described. 7•8 The 
cause of the decline could be either damage to the porous medium at the well
bore, or decline in pressure driving fluid to the well. It appears methods 
available from well test analysis could settle this significant question, but. 
no quantitative information on well behavior of sufficient quality exists in 
the scientific literature. A review of pertinent methods will be made and 
attempts will be made to secure information from existing producing areas to 
test hypotheses. Developed methods will be applied to geophysical wells 
drilled during Project PELE. This project should aid consideration of 
important reservoir engineering questions such as the importance of liquid 
recharge in geothermal reservoirs. 

The objective of well test analysis is to provide information useful for 
forming a working hypothesis of the nature of the geothermal reservoir. Basic 

4Matthews, C.S., and D.G. Russell, Pressure Buildup and Flowtests in 11ells, 
Monograph Vol. 1, Soc. of Pet. Engrs., Dallas, 1967. 

5Kruseman, G.P., and N.A. De Ridder, Analysis and Evaluation of Pumoing Test 
Data, Bulletin 11, Int. Inst. for Land Reclamation, ~Jageningen, The Netherlands, 
1970. 

6Ramey, H.J., vi. E. Brigham, and F.G. ~liller, Stanford University, personal 
communication. 

7Garrison, L.E., "Geothermal Steam in the Geysers--Clear Lake Region, California," 
Geol. Soc. of Am. Bull., vol. 83, pp. 1449-1468, May 1972. 

8sestini, G., "Superheating of Geothermal Steam," U.N. Symposium on the Dev. and 
Util. of Geothermal Resources, Pisa, 1970, vol. 2, part l. See also 
Geothermics, Special Issue 2, pp. 622-648, 1970. 
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work on geothermal reservoir engineering will also be conducted. Known 
aquifers in the Hawaiian Islands range from both water-table and artesian 
aquifers on the geologically older island of Oahu, to mainly Ghyben-Herzberg 
lens accumulations in very high permeability rocks on the yound island of 
Hawaii. In addition, accumulations in containers formed by lava dykes also 
exist. An examination of potential geothermal fluid reservoirs formed under 
these conditions will be performed. Mathematical and possibly physical models 
of the convection systems involving a heat source and brine-saturated rock 
under an island will be studied and applications made to the region selected 
for well drilling. 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Principal Investigator: 
Engineering 
P.C. Yuen 
3.2 Task No.: 

Task Title: 
Investigators: 

Ghyben-Herzberg Lens Dynamics 
L.S. Lau, K.J. Augustus, K.H. Lau, D.R. Stoutemyer, 
H.J. Ramey (Consultant) 

Task Swnmary 

Fresh water exists in the form of a lens floating on brine in coastal 

regions and islands. This lens is known as the Ghyben-Herzberg lens. In 

vie~/ of the importance of a fresh water supply (thus of salt water encroach

ment) in coastal and island environments, much research has been conducted 

concerning the Ghyben-Herzberg lens. 1 Hawaii has experienced peculiar sorts 

of salt water encroachment detailed in a recent study. 2 In view of the hopeful 

expectation that hot brine may be found at reasonable depths below the 

Ghyben-Herzberg lens on the big island of Hawaii, it is important to know the 

effects of high rate production of hot brine under such conditions. 

It is well known that brine can "cone" up into a well producing fresh 

water at high rates from a lens. 1•2 It would also be expected that fresh 

water could cone downwards into a well, producing a high rate of hot brine 

below the lens. Actually, very little is known concerning lens dynamics under 

conditions which may exist with a hot magma below the lens. Fortunately, a 

recent study by MacDonald3 outlines what is known about occurrence of warm 

groundwater on the island of Hawaii. The study described two wells which 
produced warm saline waters from a depth which should have yielded fresh 

Ghyben-Herzberg lens water. MacDonald postulated that high salinity was 

possibly a result of heating of underlying seawater leading to convection 

.~ Bear, J., Dynamics of Fluids in Porous Media, American Elsevier Publ. Co., 
Inc., New York, N.Y., 172. 

2Lau, L.S., "Seawater Encroachment in Hawaiian Ghyben-Herzberg Systems," 
University of Hawaii Water Resources Research Center, Contribution No. 7, 
November 1967. 

3MacDonald, G.A., "Geological Prospects for Development of Geothermal Energy 
in Hawaii," Hawaii Institute of Geophysics Contribution No. 498, Submitted to 
Pacific Science for publication, October 1972. 
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currents into the normal region of the fresh water lens. Although there have 
been a number of studies of free convection in porous media starting with the 
pioneer study of Lapwood4 and extensions by Wooding, 5 useful' applications to 
the situation posed by MacDonald have yet to be made. It should be clear that 
results will have an important bearing on supply of fresh waters as well as 
the search for geothermal fluids for power generation. 

The research planned for this project is as follows. Analytical and 
physical model studies of convection in porous media will be made to determine 
the potential nature of such systems. Dynamics of the Ghyben-Herzberg lens 
will be studied under perturbations caused by: (1) rapid convection caused by 
a shallow high temperature magma source, (2) pressure sinks caused by nearby 
production of fluid via wells completed below the lens, and (3) pressure 
sources caused by injection of cold fluid below the lens. Results of these 
studies have application to general hydrologic problems of islands, as well as 
to coastal regions of large land masses. 

Once well drilling commences, field determinations 2 of the nature of 
produced brines will be made to permit field checking of the results of this 
study. 

4Lapwood, E.R., "Convection of a Fluid in a Porous Medium," Proc. Cambridge 
Phil. Soc., vol. 44, pp. 508-521, 1948. 

5wooding, R.A., "Steady State Free Thermal Convection of Liquid in a Saturated 
Permeable Medium," J. Fluid Mech., vol. 2, pp. 273-285, 1957. 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Principal Investigator: 
Engineering 
P.C. Yuen 
3.3 Task No.: 

Task Title: 
Investigators: 

Geothermal Plant Optimum Design 
J.C. Chou, K.J. Augustus, J.C. Burgess, H.C. Chai, 
D.H. Kihara, M.L.P. Go, R.Q. Palmer, A.M.H. Yen 

Task Swn.mary 

In geotherma 1 steam power p 1 ants, there are dis tinct features which 
designers of conventional steam power plants do not encounter. Steam emerges 
from the ground at low pressure; therefore, large amounts of dirty steam must 
be handled. The sizes of geothermal power plants are-usually small, limited 
by the clusters o.f steam wells. As a rule, the heat efficiency of a geothermal 
plant is low, but it must compete economically with the conventional plant. 
Therefore, research in the optimum design of geothermal steam power plants is 
essential in order to utilize the geothermal energy effectively and is the 
objective of this task. 
A. Pipelines 

The cost of pipelines, including right-of-way clearing, supports, 
insulation, all other materials and labor, amounts to as high as 40% of the 
total cost of a geothermal generating plant, according to available literature. 
The total costs range from $100 to $200 per kw of installed capacity. 
Problems connected with the design, fabrication and installation of steam 
station piping are important and include determining sizes of pipe and 
pressure drops, determining necessary strength for safety, selecting best 
techniques of fabrication, making provisions for expansion and support, and 

«' meeting insulation requirements at minimum cost. 

-

•• 

-

Determination of steam pipe sizes has been considered to be an art of 
engineering. Basically, it is a complicated problem involving a compromise 
between the cost of power production and the piping cost. But size is only 
one of the many parameters in optimizing the design of a pipeline. Other 
parameters are life expectancy of the available heat supply in the geothermal 
field, life expectancies of pipe and other plant equipment, initial costs, 
maintenance costs, steam rate, power production, plant efficiency and cost of 
exporting power. 
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Because of the importance and the complicated nature of geosteam pipelines, 
we propose to investigate the parameters pertaining to the selection and the 
installation of the pipeline, to ascertain the cost ranges o'f all the elements 
involved, and to formulate a mathematical model for optimizing the design. 
B. Steam Purifiers 

In addition to the pipeline, an investigation of a steam purifier is 
proposed. The removal of water and rock particles from steam has constituted 
a problem of some magnitude in the operation of geothermal plants. The 
impurities in steam can drastically shorten the life of pipelines, valves, 
fittings and turbines. In an open cycle, all the steam entering the turbine 
must be purified and unless a very large settling chamber is used, it is 
difficult to achieve adequate separation by gravity. 

In current practice, suspended particles are removed by centrifugal 
precipitators such as cyclones and traps. The design of cyclones has already 
been studied by many engineers, but its application to the special situation 
of the geothermal plant warrants further study because of the unusual types of 
impurities and the tremendously large amounts of fluid to be handled. In 
general, a high efficiency of separation means a high pressure drop or a high 
power loss. We intend to examine the known methods of separation and to 
recommend new designs for separators to cope with this critical problem of 
the geothermal plant. Laboratory experiments probably will be required in 
1 ater stages of the study. 
C. Noise Reducers 

Another important problem to be studied is the reduction of noise from 

"'" 

-

-

•• 
... 

-
-

geothermal steam wells and its associated piping. When steam from a geothermal -
steam well is vented to the atmosphere, a severe noise problem results. 
Estimates based on observations at the Geysers field in California indicate 
the sound level may exceed 100 decibels A-weighted (100 dB(A)) 100 feet from a 
vent. There are two troublesome noise aspects of a field of such wells: that 
of conforming to the Occupational Safety and Health Act of 1970 (OSHA), and 
that of determining the expected response in nearby communities to changes in 
ambient noise environment. 
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The Occupational Safety and Health Act of 1970 (OSHA) provides a scale of 
noise level and time exposures for working people exposed to noise levels of 
90 dB(A) or more. The act provides that employers must undertake engineering 
studies to determine methods of reducing the levels of such noises at their 
sources. 

Noise levels in nearby communities high enough to be clearly audible 
more than about 50% of the time (L50 ) may result in community action. A 
typical L50 value in a quiet community is about 50 dB(A). For a compact field 
of 10 wells, each producing 100 dB(A) at 100 feet, the region of possible 
community action may extend ten miles or more from the field center. 

The principal objective is to develop specifications for the design of a 
proven, cost-effective mechanical system which will decrease the noise levels 
created by geothermal steam wells sufficiently so that no significant 
occupational noise hazard results from well operation, and so that annoyance in 
surrounding communities caused by well operating noise may be acceptable by at 
least 90% of the people in such communities. 

The noise-reduction program has been divided into five subtasks covering 
five years: Subtasks 1 to 4 will be accomplished primarily by University of 
Hawaii personnel. Subtask 5 will require the use of subcontractors for 
detail design, fabrication, and field installation. The five subtasks are: 

Subtask 1: Determine the sound generating characteristics of existing 
geothermal steam wells. 

Subtask 2: Determine the existing ambient noise characteristics of 
communities near expected producing wells in Hawaii. 

Sub task 3: Es ti rna te sound reduction requirements for wells in expected 
producing fields in Hawaii. 

Subtask 4: Conduct studies, including theoretical and laboratory-scale 
experimental engineering studies, to develop design concepts. 

Subtask 5: Design, fabricate, test, and evaluate the performance of one or 
more full-scale noise-reducing assemblies on a producing well. 

Steam produced by a geothermal well in large quantities at high tempera
tures can be exhausted to the atmosphere at sonic velocity. The noise 
generating and flow characteristics of such steam 1vells are probably similar to 
those of gas-turbine and rocket engines. The considerable body of information 

available on the noise characteristics of high-speed jet flows and of devices 
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which reduce that noise will be important to this study. 
design criteria will determine the best designs. 

Cost-effective 

The most important noise source in a jet flow is the mi'xing zone between 
the jet and the surrounding fluid medium. Studies by Lighthill and others 
have shown that this kind of noise, called quadrupole noise, is proportional 
to the local flow velocity raised to a power somewhere between 6 and 8. Thus 
a small decrease in a typical flow velocity can reduce the flow noise 
considerably. Experiments show that the frequency of sound emitted by a jet 
is related to the thickness of the mixing zone. The highest frequencies are 
produced near the jet's exit position, and frequencies decrease as one moves 
downstream. Experimental evidence and theory also suggest that the acoustic 
efficiency of a jet increases as its size increases. 

Noise reducing hardware must decrease typical flow velocities in the 
mixing zone. One way to do this is by expanding the jet through a nozzle, 
although a nozzle may also act as a loudspeaker horn. Another way is to use 
an annular shroud around the jet. Standard muffler technology, popularly 
known with regard to internal combustion engines, may not be directly 
applicable. Such mufflers are designed with resistive and reactive character
istics primarily to decrease the amplitude of a low-frequency fluctuating flow. 
Technology applied to producing ground silencers for aircraft jet engines, how
ever, may have direct applicability, and these will be thoroughly evaluated. 

Performance of the subtasks requires travel for the acquisition of field 
data and for the acquisition of first-hand knowledge of current experience with 
fabrication and operation of ground jet silencers. Successful performance also 
requires that data acquisition equipment be provided under the contract. The 
Department of Mechanical Engineering has most of the required sophisticated 
data reduction equipment. The program plan assumes that information on flow 
characteristics of producing steam wells will be available at no cost, and 
that access to a producing 1vell for the purpose of making sound level measure
ments will be made available at no cost. 
D. Condenser Design 

One of the potential advantages of a geothermal power plant in Hawaii is 
the close location of cold (41°F) sea water a mile offshore at about a 2000-foot 
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depth. It may be feasible to pipe the cold water to the plant to increase 
the efficiency of its operation, and this possibility will be studied from 
engineering, economic and environmental standpoints. The optimum design of 
condensers for use in geothermal power plants will also be studied. 

While the cold water will increase the plant's operating efficiency, 
there will be problems connected with the design and installation of the 
pipeline and the pumping system to bring up water from great depths. However, 
another possible benefit is the use of the ocean ~later in an aquaculture 

.project in which the nutrients which are present in the deep ocean water are 
used to grow plankton in ponds as the initial step in a food chain. This 
possibility is discussed in the Envirnomental and Socioeconomic Program 
section of this proposal . 
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Corrosion and vlear Reduction 
J. Larsen-Basse, D.A. Jones 

Task Summary 

This task will be directed towards two problems: 
1. Wear of Rock Drill Tool Bit Materials. Little fundamental information 

is available on the influence of rock and alloy properties on the wear 
behavior of drill bit materials. The geophysical exploratory drillings 
will provide valuable field data for comparison with laboratory studies. 

2. Determination of Rates of Corrosion and Cavitation of Metals in Sea 
Water at Elevated Temperature, Pressure and Velocity. There is good 
reason to believe that a Hawaiian geothermal fluid will be hot sea 
water, possibly containing dissolved gases and salts leached from the 
rock. This fluid will probably be highly corrosive, especially at 
elevated temperature and pressure and at high velocity. While some 
research has been reported on the rates of corrosion in hot sea water, 
in connection with desalination studies, it is desirable to augment 
this information with studies at high pressure and velocity. 

A. Wear of Drill Bit Materials 
The exploration for and development of geothermal energy sources will 

involve considerable drilling in relatively hard rocks. When core samples are 
needed the drilling will probably be done with diamond tools; enlarging of 
holes may be done with tungsten carbide-cobalt (WC-Co) tools; and the drilling 
of smaller holes for geophysical exploration may be done either with WC-Co tools 
or with hardened tool steels. 1 

We propose to perform laboratory studies of the influence of alloy and rock 
properties on the wear of tool bit materials. Initial work will be done pri
marily with WC-Co alloys. This choice was made because the straight WC-Co 
alloys are used extensively in drilling and excavation operations, because 
they are reasonably easy to handle and characterize, and because some informa
tion on their wear behavior is available. We intend to concentrate primarily 
on Hawaiian rocks, but in order to gain a complete understanding of the influence 
of rock properties it will be necessary to also do some work with other types 
of rock. 
1Breckenridge, G., Layne International, Honolulu; personal communication, 
Sept. 9, 1972. 
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The available open literature has recently been extensively surveyed. 2 •3 

It was found that wear takes place by three major mechanisms: 

1. Spalling by Single Impacts. The spalls are 0.5-5 mm in diameter and 
a,few tenths of a mm thick. Wear by this mechanism may depend on the 
sharpness of the cutting edge and the nature of the impact. It 
diminishes rapidly when the mean free cobalt path increases above a 
certain value; i.e., when the alloy ductility increases. Only one 
very limited study of this type of wear has been reported.4 

2. Microspalling, apparently by a fatigue mechanism. Spalls are 
20-200 um in diameter and 10-15 um thick.5 It appears that spalls 
initiate at surface fatigue cracks. This type of wear dominates in 
percussive drilling but it is possible that it also occurs in rotary 
drilling, because the tool impacts the rock after each major chip is 
removed by brittle fracture. 

3. Abrasive Wear. This wear mechanism dominates in rotary drilling but 
1s also 1mportant in percussive-rotary drilling.6 Little work has 
been done on the influence of rock properties on the wear of drill 
bits. Fish et a 17 found for sedimentary rocks that the abrasive wear 
in rotary drilling was essentially proportional to the quartz content 
of the rock. No detailed results have been reported for other types 
of rock. it appears that an important factor is wear of the abrasive 
itself during its contact with the hard alloy.2,3 For the relatively 
friable quartz there will always be cutting asperities present which 
are small enough to remove the cobalt. On the other hand, if wear 
testing is carried out with conventional hard abrasives, such as SiC 
or Al203, the test results may not necessarily be indicative of drill 
wear because the hard abrasives appear to remove material predominant
ly by the microfracturing mechanism.2,3 Because the tool bit alloy 

Larsen-Basse, J., "Wear of Hard Metals in Rock Drilling: A Critical 
Literature Survey," Report to Division of Tribophysics of C.S.I.R.O., 
Melbourne, Australia, May 8, 1972. 

3Larsen-Basse, J., "Wear of Hard Metals in Rock Drilling: A Survey of the 
Literature." Submitted to Powder Metallurgy. 

4Latin, A., "The Properties of Tungsten Carbide-Cobalt Alloys used for Mineral 
Cutting Tools," Metallurgia, vol. 64, pp. 2ll-216, 267-273, 1961. 

5Montgomery, R.S., "The Mechanism of Percussive Wear of Tungsten Carbide 
Composites," Wear, val. 12, pp. 309-329, 1968. 

6Larsen-Basse, J., C.M. Perrott and P.M. Robinson, "Abrasive Wear of 
Tungsten Ca rbi de-Coba 1 t Composites, I -Rotary Drilling Tests," to be 
published. 

7Fish, B.G., G.A. Suppy and J.T. Ruben, "Abrasive Wear Effects in Rotary Rock 
Drilling,'' Inst. Mining Metall. Trans., val. 68, pp. 357-383; discussion: 
pp. 533-539 and vo 1. 69, pp. 194-198, 1958-59. 
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is quite hard in relation to most common rock constituents, the alloy 
wear is strongly influenced by the size of the specimen contact area 
(the wear scar)--a factor not commonly encountered in abrasion 
testing of softer metals. 

One additional factor has to be considered: the temperature of the drill 
bit during operation. No reliable information exists on the surface of near
surface temperatures encountered. Under certain conditions a glassy layer may 
form on sandstone, indicating temperatures 8 in excess of 12500C, and temperatures 
of 450-500°C have been measured in the vicinity of hard metal insets in dry 
percussive-rotary drilling9 and on the back side of insects in rotary drilling 
of sandstone. 10 Since temperature has a considerable effect on the crack 
propagation properties and on the hardness of WC-Co alloys it is quite con
ceivable that drill surface temperature will have a large effect on wear rates 
and that it would be more fruitful to compare wear behavior with medium-

. temperature properties than with room temperature data. In drilling for geo
thermal sources, rock temperatures in the vicinity of 400-600°C may be 
encountered and the temperature effects on wear will probably be considerable. 

A complete study of the wear behavior of drill bit materials will require 
considerable effort. It is proposed to follow initially three lines of 
approach: 

1. 

2. 

3. 

Laboratory Testing in 3-Body Abrasion. Load, cutting force and wear 
rate will be determined. Worn surfaces will be studied by optical 
and scanning electron microscopy. 
Abrasive Wear by Rocks. The WC-Co tool will be used as a cutting tool 
in a machining operation. Tool forces, temperature and wear will be 
determined. High speed photography of rock removal will be done. 
Impact Wear. Button-shaped bits will be impacted on rock surfaces by 
an air hammer. The nature of the wear scar and the wear debris will 
be studied by optical and scanning electron microscopy after single 
and multiple impacts. Rock removal mechanisms will be filmed by high 
speed photography. This approach should give a good indication of 

8Rae, D., "The Importance of Rates of Working and Wear Processes in the Ignition 
of Methane by Friction," S.M.R.E. Research Report, No. 236, 1966. 

9Fish, B.G., "Studies with \~ater and Air as Flushing Media in Rock Drilling," 
Mine and Quarry Eng., Vol. 23, pp. 306-310, 344-349, 1957. 

10whitbread, J.E., "Bit Temperatures in Rotary Drilling," Colliery Eng., Vol. 
37, pp. 25-29, 1960. 
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wear in both percussive and rotary-percussive drilling. 
latter it has been shown that wear data could be clearly 
into contributions from abrasion and from impact. 

B. Materials Selection and Corrosion Testing 

For the 
separated 

.Materials' used in geothermal energy facilities will be subject to severe 
corrosion if exposed to the brine solutions expected in Hawaii. These brine 
solutions may be exiting the well at very high velocity and under continually 
decreasing pressure, l'lhich will cause boiling. The combination of high 
velocity and nucleate boiling will result in severe attack by erosion and 
cavitation. 

We propose to construct autoclave and recirculating loop systems to 
simulate the conditions in steam wells and power generating equipment in order 
to conduct exposure tests to determine the attack on candidate materials in 
these environments. The autoclaves would be of the dynamic type, in which 
fresh brine solution would be continually added to the system, while resident 
brine is removed with dissolved corrosion products. 

We \"lill incorporate continuous electrochemical monitoring of selected 
specimens in the autoclave systems to measure corrosion rates. This will 
permit immediate measurement of corrosion long before the specimens are 
available for inspection after the prescribed exposure period. Also, these 
methods potentially can be used to monitor corrosive conditions in steam 
generating plants, and these tests will evaluate the electrochemical methods 
for this use. 

A recirculating loop shown in Fig. 3.4 is proposed to study velocity 
~nd cavitation effects. This facility provides for high velocity aqueous 
solutions to be passed over selected areas of sheet alloy specimens. A large 
variety of temperatures and pressures are available to simulate all possible 
conditions which might be encountered in practice. This apparatus can also be 
adapted to electrochemical monitoring of corrosion by insertion of a platinum 
reference electrode and by appropriate electrical insulation of the specimen 
from the rest of the system. 

Both the autoclave and loop systems will have the capability to study 
effects of brine and steam composition on the corrosion behavior of the 
candidate alloys. Brine concentration and dissolved gases; e.g., co2 and H2S, 
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may have large effects. In addition, this apparatus will have the capability 
to study scale deposition in boiling brine solutions, which is an important 
prob]em in desalination heat exchangers . 
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Electrical Energy Transmission 
H.H. Hwang, B.S.M. Granberg 

Task Swrunary 

This task consists of the study and development of a high-voltage (HV) 

d-e interconnection system from the pilot plant to the transmission system on 

the island of Hawaii and among the islands in the Hawaiian chain. A connecting 

grid will permit pooling reserve production and provide the means of transferring 

power from low load areas to high load areas. 

An HV d-e transmission system, rather than an a-c system, is proposed for 

the following reasons: 1- 5 

1. d-e submarine cables designed to take full advantage of d-e conditions 
not only carry lower initial costs but also are simpler and easier 
to repair. 

2. the required number of cables for a certain powet' capacity can be 
significantly lower with d-e than with a-c transmission; and 

3. for long distance ocean transmission (usually greater than 25 miles), 
a-c voltage would be prohibitive because of the magnitude of the 
capacitive charging current. 

Figure 3.5 shows the relative location of islands in the Hawaiian chain 

for which an interconnection appears feasible and the depths of the channels 

between them. The longest distance between adjacent islands on this map is 

Rathsman, B.G. and Lamm, "The Gotland HVDC Transmission and the Underlying 
Development Work," CIGRE, Vol. 15, pt. IV, special report to Group 43, 1954. 

2L i den, Svi den and Uh 1 man, "The Gotland D.C. Link: The Layout of the Plant, 
Parts I and II," Direct Current, London, Vol. 2, nos. 1 and 2, pp. 2-7, 34-39, 
June and Sept. 1954. 

3Lane, F. J. and Cahen, "The Estab 1 i shment of an Interconnect; on between France 
and Great Britain," Report No. IV, 5, International Union of Producers and 
Distributors of Electrical Energy, Paris, France, International Interconnections 
Study Committee, 22 pp., July 1958. 

4Liden, I., "The Design of the D-C Connection Across the English Channel," ASEA 
Journal, Vol. 31, no. 6, pp. 70-74,1958. 

5Latta, M.G., "Interconnection of the North and South Island Electric Power 
Systems of New Zealand," ASEA Journal, Vol. 36, no. 5-6, pp. 72-79, 1936. 

92 

HI 

.. 

.. 

... 
•• 

·~ .. 
... .. .. .. .. ----.. --.. 
-.. .. .. 
--



"" 

''" 

--... --

T
ask N

o. 
3

.5
 

P
age 

2 

93 

L
O

 

(
"
)
 

. C
l 



Task No. 3.5 
Page 3 

about 35 miles, between Maui and Hawaii. Present technology renders it 
feasible to develop a practical transmission system linking five of the islands 
across separate channels. 6•7 

The proposed research and development program includes the following: 
l. Development and design of cable. The average depth of the channel 

between Maui and Hawaii is about 7,000 ft. Limited information is 
available concerning the type of cable suitable for such deep under
water transmission, and research and development is needed to produce 
a satisfactory cable design for our use. 

2. Design and construction of accessories for the cable. 
3. Submarine cable route selection. The optimal selection of the route 

will be based on the data from hydrographic surveys of the channels 
between the islands as well as information regarding seabed contours, 
bottom currents, and bottom samples. 

4. Study of installation methods. 
5. Economic analysis of the interconnecting grid. 
6. Study of possible fault location and repair methods. 
In addition to the design and development of a HV d-e submarine cable, 

research will also be conducted concurrently on problems of the d-e to a-c and 
a-c to d-e terminal stations. These include: 

1. Development of thyristor converters capable of handling appreciably 
higher voltages, as such higher voltage per converter will become 
economically justified in the future. 

2. Study of the system stability of a mixed d-e and a-c system. 
3. Development of a radio-linked system for controlling, from one 

location, terminal stations on the various islands. 
4. Dynamic simulation of the system by digital and analog computers to 

study stability and power flow problems. 
5. Economic analysis of the plant. 
To ensure that our terminal station design is satisfactory, actual experi

ments and tests will be necessary. A laboratory model simulating the proposed 
pilot plant will be set up for experiments and tests and the experimental 

6oudin, J.M., Fallou, and Thevenon, "Design and Development of DC Cables," 
IEEE Trans., Vol. PAS-86, No. 3, pp. 304-310, March 1967. 

7oudin, J.M. and Tellier, "Submarine de Cables," IEEE Spectrum, pp. 75-82, 
July 1966. 
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results used as guidelines to improve the design. The technical information 
provided by this project will be significant and useful to advancing the 
technology in the field of electric power engineering, since it will produce 
one o'f the first HV d-e transmission plants to be installed in the 
United States. 
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P.C. Yuen 
3.6 Task No,: 

Task Title: 
Investigators: 

Energy Extraction from High Temperature Brine 
D.H. Kihara, H.C. Chai 

Task Sumnary 

We propose a multi -pronged approach to determining the optimum means of 
extracting usable power from geothermal high-temperature brine. The energy 
available in high-temperature brine can be utilized in two principal ways to 
produce usable power: (1) as a source of heat, and (2) as a source of steam. 

A. Brine as a Source of Heat 
When used as a source of heat, the hot brine is passed through a heat 

exchanger to heat a secondary fluid, such as a fluorocarbon (which is better 
suited as a working fluid in a closed low temperature power cycle). The cooled 
brine can then be reinjected into the ground. 

In the use of geothermal high temperature brine as a source of heat, 
the areas that need to be investigated include: 

1. Heat exchange between brine and secondary fluid. Heat exchangers 
will constitute an essential part of this particular means of converting 
geothermal energy to usable energy. Yet data on heat transfer and pressure 
drop characteristics of finned-tube cross-flow heat exchangers (a promising 
solution) are very scarce. t·1oreover, comparison of published experimental 
results shows very poor agreement. Proposed here is an experimental inves
tigation of finned-tube cross-flow heat exchangers so accurate correlation 
equations for heat transfer and pressure drop can be formulated for use in 
predicting the performance of these devices in the geothermal power cycle. 
This study will include design, construction, and testing of five cross 
flow heat exchangers with different fin dimensions. Optimum design of the 
heat exchangers will depend on temperature, pressure, and concentration of 
brine, amount of noncondensable gases in the brine, temperature and pressure 
of the secondary fluid, and the effects of corrosion. 

2. Selection of the power producing cycle. The criteria by which 
a closed power cycle is to be specified would be reached by a parametric 
study of the various cycles. Operation will be simulated on a digital 
computer with the following parameters, among others, being varied: 

a. working fluid used in the cycle, either a pure compound or 
an azeotropic mixture, 

b. operating pressures and temperature in the cycle, 
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c. temperature and capacity of the heat source 

d. temperature and capacity of the heat sink 

e. insertion of auxiliary equipment to improve the cycle 
efficiency. 

This simulation model would aid in the prediction of economic feasibility 
and engineering compatibility with sources and sinks available. 

3. Design of heat rejection device such as a cooling tower . 

B. Brine as a Source of Steam 
The second principal way in which geothermal high temperature brine may 

be used is as a source of steam. The hot brine is flashed and scrubbed to obtain 
- steam which can be used directly as the working fluid in an open power cycle. 

-
-

The spent steam can then be used for low temperature heating purposes or re-
injected into the ground. The concentrated brine can be processed before being 
reinjected into the ground. 

When using the hot brine as a source of steam, the factors that will be 
evaluated include: 

1. Conversion of brine to steam. A thermodynamic analysis of the 
phase equilibrium of the flashing process should resolve in part the ques
tions that arise with regard to the flashing of the hot brine to produce 
steam. This analysis will yield the optimum number of flashing stages to 
be used as well as the pressures at which flashing should occur. The 
effects of concentration of total dissolved solids and of noncondensable 
gases need to be looked at in detail. To be conducted in conjunction with 
this analysis is an experimental program to substantiate the validity of 
the analysis and to study the effects of solid surfaces and fluid velocities 
on the flashing phenomenon. 

2. Means of scrubbing flashed steam. 
3. Other possible uses for steam after use in power cycle. 

Finally, optimization in terms of the effect of well-heat pressure on 
overall system efficiency must be considered; that is, the choice of high well
head pressure (giving rise to increased cycle thermal efficiency but decreased 
total energy withdrav1al from the well) as opposed to a lower well-head pressure 

(decreased cycle thermal efficiency with increased total energy withdrawal from 

the we 11). 
As a background for this task, data available on the design and opera-

·~ tion of geothermal plants and associated equipment v1ill be consolidated and 

refined so as to provide a solid base from which projections can be made. Visits 
to on-1 i ne geotherma 1 pov1er p 1 ants, as we 11 as to companies designing power p 1 ants, 
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wtll also be made to obtain data on operating characteristics of requisite 
equipment such as flashing tanks, steam separators, scrubbers, and cooling 
towers. Another source of detailed information would be the chemical industry, 
where fluorocarbon turbines are beginning to be utilized. 
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Program: 
Principal Investigator: 
Task No.: 
Task Title: 
Investigators: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Engineering 
P.C. Yuen 
3.7 
Development of Materials for Use with Magma and Hot Rock 
K.M. Htun, J. Larsen-Basse 

Task Summary 

The extraction of heat energy in magma and its conversion to a useful form 
requires materials capable of withstanding the extreme temperatures (about 
l200°C) and chemical attack by the magma. The candidate materials can be 
divided into superalloys, heat resistant alloys, refractories, and refractory 
metals. 

Superalloys: These are Fe base, Cr base, Co base and Ni base alloys 
developed where high strengths are required above 600°C as in applications for 
gas turbines, space vehicles, petrochemical equipment and steam power generating 
units. At the present time, the Ni base alloys, with Ni content above 40%, 
offer the highest service temperature: these can be used in long-time service 
at 850°C and for limited times at 950°C. 1 These alloys are also able to with
stand, with varying·degrees of success, corrosion conditions involving 
oxidation, carbonization, sulfidation, nitriding with contamination by alkali, 
ash and lead oxide constituents. Due to continued efforts, improvements of 
existing superalloys and development of new superalloys are occurring. 

Heat Resistant Alloys: These Ni, Cr, Co alloys with small amounts of Mo, 
W, Fe and C are not commonly considered as superalloys though they may have 
comparable strength above l000°C. Also, these alloys can withstand higher 
temperatures, for example, l300°C and above, 1 and thus find use in petrochemical 
equipment and furnace parts. Experiences with drilling into magma showed that 
Hastelloy was superior to stainless steel. 2 Because of low ductility, most of 
these alloys are generally cast. 

Refr~ctories. These materials are Si02, Al 2o3, MgO, Zr02, SiC used 
either by themselves or in various combinations. They were developed for 
furnace linings. The MgO (magnesia) and CaO.MgO (dolomite) bricks used in 

1Decker, R.F. and R.R. Dewitt, "Trends in high temperature alloys," Journal of 
t1etals, Feb. 1965, pp. 139-145 . 

2Peterson, D., private communication. 
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oxygen converters for refining steels can withstand high temperatures and 
corrosive attacks of molten steel and slags at about l700°C. 3 Alundum tubes 

have been used to obtain samples of molten lava from lava flows. 4 

Refractory t~etals. The refractory metals, Co, Mo, Ta and W, in addition 
to having high melting points (2468°C, 2610°C, 2996°C and 3410°C, respectively} 
have good thermal conductivity, good resistance against heat checking and retain 
useful strength to relatively high temperatures. Oxidation resistance is 
provided by coatings; for example, a diffusion layer of molybdenum disilicide 
is applied to molybdenum metal. A considerable amount of work has been done 
with refractory metals in the development of heat exchange equipment for 
atomic power generation, particularly for space operations. 5 

The major problem in developing materials to be used in magma is not the 
high temperatures per se but corrosive attack by the magma at high temperatures. 
Unfortunately, very little ~10rk has been done to evaluate and develop materials 
to be used in magma for reasonable lengths of time. It can be assumed that 
combinations of different materials will be used to extract energy from the 
magma. Some components will be required to withstand prolonged contact with 
the magma whereas others will be exposed to less extreme conditions of tempera
ture and corrosion. Therefore, the initial work will be to evaluate all 
suitable materials as to their high temperature capability and their resistance 
to corrosive attack by the magma. 

Magma is primarily a silicate melt containing varying quantities of 
dissolved volatile constituents. 6 It separates at low pressures into incandes
cent fluid lava and a gaseous phase, and the phase separation is accompanied 
by more or less violent explosion depending upon the viscosity of the magma 
and the gas content. Exposing test samples to underground magma is impractical. 

3Norton, F. H. , "Refractories," 4th Ed. , McGraw Hill , 1968. 
4Finlayson, B., private communication. 
5santo, R. L. and D. T. Hurd, "Refractory Meta 1 s in Liquid Meta 1 s Handling," · 
Research/Development, Nov. 1966, p. 26. 

6Rittman, A., Volcanoes and Their Activity, translated by E.A. Vincent, 
Interscience Publishers, 1962. 
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Because of sampling difficulties of underground magma and the phase separation 
during eruption, the composition of the magma has not been definitely 
established,6•7 and therefore preparing synthetic magma in,the laboratory will 
be difficult. However, it seems possible to select lava rocks which may 
approximate the chemical composition of magma. 

The forms (scoriaceous, slab, ropy, rubbly, etc.) assumed by the lava 
are controlled by the type of flow, which in turn is a function of the 
viscosity, gas content, angle of slope and rate of cooling.6 Studies of the 
solidification of silicate melts showed that relative enrichment of the gases 
in the residual melt leads to a solution rich in volatile compounds. 8 There
fore, suitable lava would be that which erupted at about 1200°C so that 
olivine has not yet precipitated out, but which solidified rapidly at about 
1000°C so that loss of volatiles is minimized. For example, Pele's hair, 
which are glass threads formed when tiny droplets of lava produced from very 
fluid melts are drawn into glass hairs by the wind, should have chemical 
composition more similar to magma than an ordinary volcanic rock. 
the lava selected should be fresh since weathering will change the 

In addition, 
. t" 9 compos 1 1 on. 

Also, rocks closer to the eruption vent will have higher, volatile content than 
those found further downstream. 2 

In the preliminary study, a simple test similar to that used to determine 
the slag attack on refractory bricks will be used. 10 Test samples will be 
heated to 1200°C in a reducing atmosphere since it has been shown that volcanic 
gases generally have a reducing character. 6 Pellets of lava can be spooned 

onto the test samples at regular intervals until a predetermined weight has 
been melted over each sample. The degree of corrosive attack can be reported 
as percentage of the total area of the cross section of the sample that was 

7MacDonald, G.A. and A.T. Abbott, Volcanoes in the Sea, University of Hawaii 
Press, 1970. 

8Geophysical Laboratory, Washington, D.C. 
9Abbott, A.T., private communication. 
lOHerron, R.H. et al, ''Slag Attack on the Carbon Bearing Basic Refractories,'' 

Am. Ceramic Soc. Bulletin, Vol. 48, No. 11, 1969, p. 1048. 
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attacked by the liquid lava, including the material that was carried away as 

well as the portion of the remaining sample that was penet;ated. 
After the preliminary screening, a more sophisticated experimental 

technique similar to those used in phase equilibria research11 will be 
employed to study the mechanism and kinetics of the corrosive attack of magma 
on selected materials. Test strip samples will be sealed in a suitable 
material with lava and a synthetic gas mixture of 99.92% H20, 0.021% co2, 
0.046% H2s and 0.017% so2. This gas composition was found at Kilauea volcano 
where the local temperature was 950°c. 12 Finding a material to hold the lava 
will be difficult since gold is unsuitable because of low melting point and 
lava attacks platinum, especially at low oxygen potentials. 13 Rhenium may be 
suitable, and there is considerable literature on container materials and 
techniques used in investigations of metal-slag-gas equilibria. 11 

The sealed tube will be heated in a hydrothermal bomb made of a high 
temperature alloy; e.g., ur~Co-50 or Rene 41, so that both temperature and 
pressure can be controlled. After a specified time, the bomb will be quenched, 
and the tube can be prepared for metallographic examination and electron micro
probe examination. The data obtained wi 11 yield information on the kinetics 
of the corrosive attack of magma on the different materials. Also, the 
mechanism of the attack can be established through thermodynamic analysis. 
It should be pointed out that the composition of Hawaiian volcanic rocks, 
approximately 50.2% Si02, 14% Al 2o3, 11.3% FeO, 7% MgO, 11.5% CaO, 2.3% Na 20, 
0.6% K2o, 2.7% Tio2, 0.3% p2o5, 0.2% MnO and 0.1% H2o6•7 is similar to the 
slag obtained in acid open hearth furnaces, which is 50.1% Si02 , 3% Al 2o3, 
30.3% FeO, 1.5% Tio2, 2.3% CaO, 0.9% MgO and 11.7% Mno. 3•14 Considerable 

11 Physiochemical Measurements in Metals Research, R.A. Rapp, Ed., Part 1, 
Vol. 4 of Techniques of Metals Research, R.F. Bunshah, Ed., Interscience 
Publishers, 1970. 

12Finlayson, J.B., "A Chemical Study of Ha1·1aiian Volcanic Gases," Ph.D. thesis, 
University of Ha1·1aii, 1967. 

13Naughton, J.J., private communication. 
14oerge, G., Ed., "Sasic 0Jen H22rth Steehaking," P,r:,er. Insti. of t1ining and 

Metalluraical Ennineering, 1964. 
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literature exists on the thermodynamics of slag-refractory reactions, 14 •15 •16 

Improvements in processing technology can lead to significant advancements 
in t~e properties of existing materials. For example, studies of the refrac
tories used in basic oxygen steelmaking showed that tighter quality control 
of critical refractory properties such as hot strength, pore size distribution, 
residual carbon content, bulk density, ignited porosity and chemical analysis 
were, in a large measure, responsible for increases in lining life from under 
200 heats to over 1500 heats. 17 Also, the notch ductility of Ni-Fe base 
superalloy V-57 was increased significantly merely by modifying the aging 
procedure to get equiaxed grains and by replacing the titanium carbide film 
in grain boundaries with nickel-titanium precipitates. 18 Significant increases 
in oxidation resistance imparted by coatings to refractory metals has already 
been discussed. 5 

In this project, the emphasis will not be on developing new materials 
since this usually involves years of development work and considerable costs. 
Instead, the techniques outlined earlier and the results so obtained will be 
used to study the effects of different processing parameters on relevant 
mechanical properties and corrosive behavior of selected materials. For 
this part of the project, close cooperation will be sought with manufacturers 
of the above materials. 

15Brunner, ~1., "Method for the Study of Slag Attack on Refractories," Trans. 
Brit. Ceramic Soc., Vol. 62, 1963, p. 813. 

16Reed, L. and L.R. Barret, ''The Slagging of Refractories,'' ''The Kinetics of 
Corrosion,'' Trans. Brit. Ceramic Soc., Vol. 63, 1964, p. 509. 

17seecham, C.R., "How Physical Properties Affect BOF Refractory Performance," 
Jnl. of Metals, Sept. 1971. 

18vinter, A. and L.G. Wilbers, "Advancing the Engineering Properties of a Ni-Fe 
Base Supera 11 oy Through Convention a 1 Contra 1 Procedures," Jn 1. of Meta 1 s, 
~1ay 19 70, p. 46. 
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3.8 Task No.: 

Task Title: Direct Extraction of Magma Energy 
P.K. Takahashi, R.B. Hubbard Investigators: 

Task Swnmary 

We propose a study to investigate the conversion of magma energy to 
·usable power. As envisioned, magma around 1200°C will, through fluid addition 

or direct heat exchange, be utilized for power extraction. There is two-fold 
justification for direct magma investigation. First, magma utilization could 
very well be the most economical alternative. Second, the physical location 
and condition of the energy source might preclude all but the magma contact 
method. 

The general lack of reliable engineering data of magma at 1200°C will 
necessitate a fundamental study of the problem. Being pathfinding in nature, 
it is anticipated that the "magma" phase of the total engineering package will 
be a long-range one. 

The notion of utilizing magma for power generation is a reasonable 
proposition. The Kilauea eruptions serve as tangible proof that magma exists 
below the surface of the island of Hawaii and it can be shown that the 51,000,000 
cubic yards of Kilauea Iki lava represented at least $10 million of electric 
power in 1960. Extrapolating into the decade of the 60's, when Kilauea volcano 
produced ten times the lava of Kilauea Iki (1959), one becomes impressed at the 
potential power that surfaced .... roughly 300 megawatts of continuous power 
extraction for the ten year period (assuming 25 percent conversion efficiency 
and a 400°C temperature drop). If so much potential energy surfaced, there is 
reason to believe that more exists below the surface. Assuming magma can be 
found, the problem is one of finding ways to utilize it. 

The proposal consists of four parts: 
1. Computerized evaluation of suggested direct magma utilization 

schernes. 
2. Laboratory study of magma engineering properties and promising 

methods. 
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3. Pilot plant trial run of the optimal technique. 
4. Full scale operation. 

A computerized mathematical model will be developed to predict the feasibility 
of the various proposed techniques of direct magma energy conversion. The 
result of this evaluation will be a list of best practicable extraction 
techniques. 

While the model is being developed, a laboratory study seeking the missing 
engineering properties of magma will be conducted in conjunction with the 
effort in Task 3.8. The amount of time and money to be spent on laboratory 
tests will depend on the state of the art. It should be pointed out that 
during the first year the budget calls for about $23,000 for permanent labora
tory equipment. This is only a small part of the equipment required for the 
experimental phases of the work, but the balance of the equipment with a value 
of about $100,000 is already available at no cost to the University or PELE 
Project. 

A 1969 Battelle-Northwest final report on the "Volcano Program"1 lamented 
the general nonexistence of reliable magma data. The analytical field has yet 
to probe into the complex magma. Studies are only now beginning on single 
parametric investigation of simple systems like molten silicates. t·1uch needs 
to be learned about diffusion coefficients, heats of transport, effective 
volume, the effect of convection, flow properties at varying temperatures, and 
other transport phenomena characteristics, certainly of the "simple systems," 
and eventually of magma at 1200°C. 

In connection with the laboratory study as well as other aspects of the 
research, it will be necessary to make on-site visits to various locations 
where geothermal energy is presently being utilized to obtain first-hand 
information. It is particularly desirable to visit areas ~1here active research 
is being done on the direct utilization of magma, both in the laboratory and in 
the field. 

Excellent work is being done in Japan where volcanic conditions closely 
parallel those in Hawaii. There is a source of molten magma available quite 

1Battelle-Northwest, Volcano Program, Contract (CY-1969), (unpublished). 
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near Tokyo which is being studied for future utilization. There is also 
experimental work being done in utilizing molten magma. Thus travel is 
envisioned to-this area to confer with Dr. Kozo Yuhara of the National 
Research Center for Disaster Prevention and to see what is actually being 
accomplished. 

It is also deemed advisable to make at least one visit to other areas 
where geothermal energy is actively being utilized. This is necessary to get 
an overall picture of the state of the art, to see applications of current 

·technology to the solution of the problem and to discuss new ways to extract 
and utilize all of this latent energy. 

Some of the methods which can be utilized to extract the energy of the 
magma include: 2-5 

1. The Water-Tube Boiler 
2. The Vibrating Water-Tube Boiler 
3. The Bubbler 
4. The Pancake 
5. The Heat Pipe 

Close coordination will be made with the materia 1 s research portion of 
the engineering investigation, Task 3.7. A significant advance in materials 
performance will be essential for economical magma heat utilization. 

It is reasonable to suspect that a large amount of magma exists below the 
surface of Hawaii. The recent breakthrough in "heat pipe" technology raises 
hopes that a device for extracting magma energy is developing. It remains for 
research to both chart the magma system and develop the materials capable of 

2Kennedy, G. and D. T. Griggs, "Power Recovery from the Ki 1 auea I ki Lava Poo 1 , " 
RM-2696-AEC, Dec. 12, 1960. 

3Rawson, D.E. and W.O. Bennet, "Results & Power Generation Implications from 
Drilling into the Kilauea Iki Lava Lake, Hawaii,'' New Sources of Energy 
Proceedings, Rome, Italy, Aug. 21-31, 1961, Vol. 2, pp. 347-360. 

4winter, E.R.F. and W.O. Barsch, "The Heat Pipe, Advances in Heat Transfer, 
edited by T.F. Irvine, Vol. 7, 1971, pp. 219-320g. 

5Richter, D.H. and J.G. Moore, ''Petrology of the Kilauea Iki Lava Lake (The 
1959-1960 Eruption of Kilauea Volcano Hawaii)," Geological Survey Professional 
Paper 537-B. 
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withstanding the abrasiveness and corrosiveness of hot magma. The proposed 
research is being organized to bring together the collaterql technologies with 
the purpose of synthesizing a workable magma energy extraction process . 
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Task No.: 
Task Title: 
Investigators: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Engineering 
P.C. Yuen 
3.9 
Direct Energy Conversion 
F.T. Koide, D.K. Harada 

Task Summary 

One way of obtaining electrical energy from a geothermal heat source is to 
transform the heat energy directly into electricity without any intermediate 

l-3 cycles; this approach can be used in the PELE Project. The state of the art 
of direct energy conversion devices has developed rapidly during the last 
decade. Phenomena which conceivably could be utilized in a geothermal heat 
source to produce electric energy directly include the thermoelectric, thermionic, 
thermomagnetic, pyroelectric, piezoelectric, ferroelectric, and thermomagnetic 
effects. Probably only the thermoelectric and thermionic effects hold any promise 
for practical utilization. While these effects have been known for more than a 
century, it has taken the recent development of new materials to make possible 
their utilization. Some present day converters are quite powerful and their 

4-7 outputs range in the thousands of watts. 
The objective of this task is to investigate the various direct energy 

conversion methods to determine those which may be feasible for utilizing the 
heat energy in a geothermal field and to develop practical units. The process 
of energy conversion of heat directly into electricity most likely will result 

1Angrist, S.W., Direct Energy Conversion, Allyn and Bacon, Inc., 1965. 
2Kettani, M.A., Direct Energy Conversion, Addison-Wesley, l97D. 
3soo, S.L., Direct Energy Conversion, Prentice Hall, 1968. 
4Egli, P.H., Thermoelectricity, John Wiley & Sons, Inc., 1950. 
5Fritts, R. H. , "The Development of Thermae l ectri c Power Generators," Proceedings 
of IEEE, May 1953, pp. 713-721. 

5Go 1 dsmi d, H. J., "Application of Thermae l ectri city," Methuen Monograph, 1960. 
7 Ure, R. W. , "Theory of Materia 1 s for Thermae 1 ectri c and Thermomagnetic Devices," 
Proceedings of the IEEE, May 1963, pp. 689-713. 
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in a low voltage, high current source. This is not satisfactory for long 
distance power transmission, and therefore investigations must also be under

taken to design appropriate transformers having high current and low voltage 
primaries and high voltage and low current secondaries. 

At the present time conversion of geothermal heat using the thermoelectric 
effect appears most promising as the rapid development of semiconductor mate
rials in the last decade has greatly increased the power capability of thermo
electric devices. Cascading, or the use of multiple junctions, now permits 
higher voltages to be obtained by properly connecting several stages in series. 

The thermionic effect, in theory, also can be used for direct conversion 
of heat into electricity. Hhen certain metals are heated to high enough 
temperatures they boil off electrons, and if a collector is used, an electric 
current can be made to flow. This method, however, also suffers from the 
disadvantage of being capable of generating only very low voltages with 
conventional materials. 

The proposed program wi 11 study ways of increasing the power handling 
capability of the available materials and of efficiently using the high 
temperatures available in a geothermal resource. Hhile useful power in the 
tens of kilowatts can be obtained in a reasonable time, powers in the megawatt 
range require much more development, making this project a long-range one. 
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Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Engineering 
P.C. Yuen 
3.10 
Alternate Modes of Energy Transmission and Storage 
P.C. Yuen, D.A. Avery, P.T. Takahashi 

Task Swnmary 

This task will be concerned with the determination of alternative 
techniques which can be used for the transmission and storage of the energy 
from a geothermal power plant. The objective of Task 3.5 is to develop a 
submarine cable to link the islands in the Hawaiian Chain and form a network. 
The objective of this task is to determine other methods for transmitting the 
generated energy and also for its storage. This task will be started with a 
search of the pertinent literature to learn what techniques have been proposed, 
and will include visits to knowledgeable people in other universities and 
industrial organizations to learn their ideas and suggestions. 

At the present time, at least one technique appears feasible--the 
utilization of the element hydorgen as a fuel. 1 •2 In this method hydrogen 
is produced at the geothermal plant and then is transmitted to the location 
requiring energy, where it is burned or used in batteries or fuel cells. 
Hydrogen is particularly appealing as a fuel because it can be burned extremely 
efficiently and with almost no pollution. In addition, it can be produced from 
water which means that a virtually limitless supply of the element is available. 
Research now is being performed at several centers to develop fuel cells, 
batteries, and engines which utilize hydrogen as the fuel. 

Hydrogen can be produced by such methods as the electrolysis of water, 
the dissociation of water by heat, and the action of steam on iron. 3 The 
production of hydrogen is particularly suited to the PELE Project because any 

Gregory, D.P., "A New Concept in Energy Transmission," Public Utilities 
Fortnightly, pp. 3-11, February 3, 1972. 

2wi nsche, H. E. , T.V. Sheehan, and K. C. Hoffman, "Hydrogen--A Clean Fue 1 for 
Urban Area," 1971 Intersociety Energy Conversion Engineering Conference 
Proceedings, pp. 23-28, Society of Automotive Engineers, Inc., August 1971. 

3Gregory, D.P., D.Y.C. Ng, and G.M. Long, "The Hydrogen Economy," Chapter 8 of 
Electrochemistry of Cleaner Environments, Plenum Publishing Company. 
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of the above three methods can be used since very high temperatures as well as 
electrical energy will be available. 

The electrolysis of water to produce hydrogen and oxygen is well known and 
can be readily done. The decomposition of water into hydrogen and oxygen is now 
being studied by scientists for use with the high temperatures of nuclear 
reactors but the method is also relevant to Hawaiian geothermal energy sources 
because the extremely high temperatures necessary are also available in the 
magma. However, methods must first be found to permit the extremely high 
heat of the magma to be utilized in this way and also to increase the efficiency 
of the process. 

In the past, there have been some difficulties with the storing and 
transporting of hydrogen but present methods appear to be satisfactory. 
These include liquefying the hydrogen at 20°C, storing the hydrogen gas in 
vessels under pressure, and using LaNi 5 to absorb hydrogen as a hydride. The 
last method also has the advantage that it absorbs hydrogen selectively and 
can be used as a means of purifying the hydrogen, if this becomes necessary. 

This task will include communication with other researchers to remain 
abreast of their research, study of the economic feasibility of a hydrogen 
economy for the islands, and making_.s.ome tests to determine the validity of 
some of the claims being made about the hydrogen economy. 
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Program: 
Principal Investigator: 
Task No.: 
Task Title: 
Investigators: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Engineering 
P. C. Yuen 
3.11 
Pilot Plant Steam Production 
J.C. Chou, J.C. Burgess, B.H. Chen, P. Cheng, A.M.H.Yen 
H.J. Ramey, Jr. (consultant) 

Task Summary 

This task is concerned with the production of steam from wells to drive 
electricity-generating turbines in the proposed, research-oriented, pilot power 
plant. The basic philosophy of this study is the optimistic (and we believe 
realistic) expectation that geophysical exploration on the island of Hawaii 
will successfully locate a usable geothermal fluid reservoir. We think it 
likely that the geothermal fluid will be compressed, hot brine similar to sea 
water. It is also likely that compression will be due to hydrostatic head 
only, or that the reservoir will not be confined to a cap rock. This offers 
the opportunity to explore a new type of geothermal resource not yet encountered 
to our knowledge. 

This sort of geothermal reservoir is probably common to young volcanic 
islands and perhaps to certain coastal regions on larger land masses and it 
offers the chance to perform many bas1c~studies of important reservoir problems, 
as well as studies of the problems associated with power production from hot 
brine. In order to do this, it is planned that the study will be extended by 
the drilling of a small, but adequate number of producing and injection wells 

__ to constitute the operating pilot geothermal field, and that the hot fluid 
produced will be passed through suitable surface handling vessels, steam 
flashed for plant feed, the hot liquid returned to the reservoir, and the 
steam used to produce electricity in a turbine-generator pilot power plant. 
It is possible that a more desirable system will result if a second fluid with 
a low boiling point is used as the working fluid. If this becomes the case, 
the results of Task 3.6 will be used in the design. 

Sound or noise pollution may be a preble~ if direct flashing of liquid to 
provide steam as a pri~ary power fluid is used in the pilot power plant. The 
preble~ doesn't necessarily arise as a consequence of flashing liquid to 
provide steam. But in any operation v1herin large volumes of steam are flashed 
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to the atmosphere, high velocity flow of gas can lead to noise levels not only 
unpleasant, but potentially dangerous. This problem will be studied in 
Task 3.4 and the results will be used in the well, pipeline and vent design. 
This project will plan for a broad range of possibilities initially, and focus 
on actual reservoir fluids during the second year. Planning will include the 
surface pipeline, separators, flow, pressure and temperature metering facilities, 
byproduct liquid handling facilities (collecting ponds, pumps, etc.), and 
delivery of cooled liquid to injection wells. 
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Program: 
Principal Investigator; 
Task No.; 
Task Title: 
Investigators: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Engineering 
P.C. Yuen 
3.12 
Mechanical Design and Layout for Pilot Plant 
D.E. Avery, K.J. Augustus, R.B. Hubbard, K.H. Lau 

Task Summary 

This task's objectives are 
tion of the pilot power plant. 

the mechanical design, layout, and specifica
Task 3.11 is concerned with the production and 

delivery of a geothermal fluid, while Task 3.13 is concerned with the details 
of the generation of electricity and its transmission to users. The results 
of Task 3.3 will be utilized in this task. 

Specific plant design cannot be begun until the geothermal energy source 
has been located and identified since the design will be different for steam, 
hot water, or hot brine. Thus the major portion of this task will be performed 
after the completion of the initial work of the geophysics program. However, 
there are parameters which are independent of the geothermal source and 
preliminary, selected studies will be initiated in the second year in prepara
tion for the more intense effort later. Modern control circuits, stability 
problems, and requirements for unattended operation will be considered early 
as well as studies to insure protection of the environment around the plant. 

The budget includes vis its to important geotherma 1 facilities ~1hi ch have 
steam or hot water resources. 
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Program: 
Principal Investigator: 
Task No.: 
Task Title: 
Investigators: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Engineering 
P.C. Yuen 
3.13 
Pilot Plant Electrical Generatio~ and Transmission 
H.H. Hwang, B.S.t~. Granberg 

Task Swnmary 

The objectives of this task are the design, specification and layout of 
the electrical portions of the pilot plant and the transmission system to be 
used to carry the energy to the users. While the details of the plan must 
wait for the location of the site to be specified and the geothermal source 
to be identified, much can be begun early. 

Transmission line design can be started and specifications set to meet 
environmental protection standards set up in cooperation with the efforts of 
the Environmental and Socioeconomic Program even though the specific paths of 
the lines are not known. Stability and control problems in the generating and 
transmission network can be anticipated and solved; unattended operation is 
desired and this can be built in. The results of Tasks 3.3 and 3.5 will be 
used in this task which will be started with a modest effort and culminate in 
a more intense effort after the geophysics portion has been completed. 

The HV d-e transmission plant and transmission system to be studied in 
Task 3.5 seems to be the most suitable for Hawaii. Table 3.13 summarizes 
the actual HV d-e transmission plants in operation around the world today1 

and indicates that the largest project to date contains 600 mw 2x250-KV 
transmission from a pm~er station in the center of the New Zealand South 
Island to the southern part of the North Island and consists of 25 miles of 
submarine cable and 360 miles of overhead line. An interesting fact about 
the plant is that the saving by using direct current on the overhead line is 

\amm, U. , "High-voltage de Transmission: Genera 1 Background and Present 
Techni ca 1 Status," IEEE Trans. Power Apparatus and Systems, Vol. PAS-84, 
pp. 62-69, January 1964. 
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Power trans
mitted, ruw 

Direct voltage, kv 
Number of con
verters per 
station 

D-e volts per 
converter, kv 

D-e amperes 
Number of 
parallel anodes 
per valve 

Reactive power 
supply 

Converter station 
Locations 
A-c sys tern 
voltage, kv 

Overhead d-e 
line, miles 

Cable 

Cable, miles 
Control 

Reversal of 
power flow 

f ' ' ' ( ' 

20 

100 
2 

50 

200 
2 

Gotland 

Synchronous 
condenser 

Viistervik 
Vi sby 
Vdstervik--130 
Visby--30 

One cable, ground 
return 

60 
Constant power 
Constant frequency 
Manually effective 

I J r 1 

English Channel 

160 

±100 
2 

100 

800 
4 

Static capacitors 

lydd. England 
Echinghen, France 
Lydd--175 
Echinghen--225 

One cable per pole 

38 
Constant Power 

Controlled by power 
setting device 

Table 3.13 
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200 

100 
2 

Sardinia 

100 

1,000 
4 

Synchronous 
condense1· 

Static capacitors 

Plooghe 
San Dalmazio 
Sassari --230 
San Oalmazio·-220 

180 

Two parallel cables; 
ground return 

72 
Constant power 
Constant frequency 
Controlled by power 
setting device 
resp. frequency 
regulator equip
ment 

New Zealand 

600 

±250 
4 

125 

1,200 
4 

Synchronous 
condensers 

Static capacitors 

Benmore 
Haywards 
Benmore--16 
Haywards--110 
Twin conductor, 360 

One cable per pole; 
reserve ground 
return 

25 
Constant power 

Possible, not normal 

Commercial HV D-C Installations 

. ' • ' ~ I t 

Japan, 50·60 Cps 

300 

2 X 125 
2 + 2 

125 

1,200 
4 

Static capacitors 

A-c grids 

Sakuma 

275 50 cps 
275 60 cps 

0 

0 
Constant power 

Controlled by power 
setting device 

f l 

Konti·Skan 

250 

250 
2 

125 

1,000 
4 

Static capacitors 

Synchronous 
condenser 

Gothenburg 
Aalburg 
Gothenburg 130 kv 
Aalburg 150 kv 

53 

One cab 1 e. ground 
return 

54 
Constant· power 

Controlled by power 
setting device 



about the same as that on the surmarine cables, and the total saving covers, 
with a broad margin, the additional costs of the d-e terminal stations. 

Recent solid-state rectifier-inverter techniques have produced thyristor 
devices (converters and inverters) which can carry as much as 3,000 amperes 
and 150,000 volts. 2 This new technology will accelerate future applications 
of HV d-e transmissions and make HVOC more effective and less costly. 

This task will first develop the design of a HV d-e transmission plant 
including its major components. After the design is completed, a laboratory 
model will be set up for testing and experimental studies. The results of the 
analytical and experimental studies will be used to finalize the design of the 
proposed pilot plant. 

A typical HV d-e transmission plant consists of a conventional a-c power 
plant and terminal stations which convert a-c to d-e and d-e to a-c at the 
ends of a transmission line. The design of the a-c power plant can be achieved 
by using well-known design criteria and information. However, the design of 
terminal stations needs intensive study and includes: 

1. thyristor converters 3-5 

2. reactive power generating equipment and harmonic filters 
3. protection and control devices 
4. the layout of terminal stations6 

5. measuring equipment 
The actual transmission and distribution of power on the island of 

Hawaii will be accomplished using the Hilo Electric Light Company's network. 
This task will be coordinated with representatives from the Company. 

2Eltenik, January, 1970, p. 38 (Sweden). 
3Kaiser, F.D., ''Thyristor Converters Change HVDC Economics," Westinghouse 
Electric Corporation, Electrical World, February 21, 1966. 

4Pelly, B.R., "Thyristor Phase-Controlled Converters and Cycloconverters, 
Wiley--Intersciences, 1971. 

5Bedford, B.D. and Hoft, Principle of Inverter Circuits, John VJiley and Sons, 
Inc., 1964. 

6Hwang, H.H. and I. Naqvi, "The Thyristor--~1odern Control for Electric Power," 
Chapter IV, Electric Vehicle and Environment, edited by E.H. VJakefield, 
(in press). 
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3. Environmental and Socioeconomic Program 
a. Basic Social Interests 

Two basic research interests underlie this section of the proposal. 
The first is to determine how to minimize possible adverse effects on the 
environment and local ecosystem while deriving pow~r from geothermal sources 
and distributing that power within the island of Hawaii and, if feasible, to 
other economically developed portions of the Hawaiian archipelago. The second 
interest is to ascertain the probable impact of geothermal power production 
on the economy and social order of the state, notably on land use, economic 
growth and diversification, employment, population increase and spatial 
distribution, taking into account changes in development planning, in legis
lation and in public utility regulation which would be necessitated by this 
new source of energy. 

Both environmental and social effects are of fundamental importance 
in Hawaii's setting. By virtue of its small land mass, its style of outdoor 
living, Polynesian cultural heritage, and its increasing economic dependence 
on tourism, Hawaii is highly conscious of its physical environment and of the 
consequences of allo\'/ing it to become degraded. It is not by chance that this 
was one of the first states to establish land use planning and to adopt purity 
standards under the federal water quality act; that it is one of the few areas 
within the United States \'/here all ocean beaches are in the public domain, and 
where billboard advertising is prohibited; that public interest groups organized 
to protect one aspect of the environment or another abound in Hawaii. 

The state is concerned about maintaining the relative purity of its air 
and ocean waters, not only to attract tourists but also to help its development 
as a center for scientific investigation and research. The county government 
of the Island of Hawaii is especially alert to environmental conditions, since 
Mauna Kea ~1as selected as the site of an astronomical observatory station in 
large part because of the exceptionally clear atmosphere near its summit; the 
mountain also has been selected by the National Weather Service for upper 
atmosphere monitoring. Both state and county governments are strongly support
ive of the proposition that environmental protection be extended to this and 
other areas on the Island of Ha\~aii which are of inherent interest for 
scientific research, hoping that expanded research activities will benefit the 
local economy. 
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Development of a relatively non-polluting energy source would help 
Hawaii attain u1o basic goals--continued growth in per capita income and 
conservation of the physical environment. Until now, there has been a large 
measure of conflict betv1een these objectives, and recently antagonism between 
the groups within the Hawaii society which would give top priority to one or 

the other objective has grown. The contribution v10ul d be even more va 1 uab 1 e if 
by-products of the power production, notably the growth of phytoplankton to 
serve as a resource for aquaculture and the electrification of production on 
small farms were to help preserve a basis for outdoor employment and thereby 
a life style preferred by many persons living in Hawaii. 

b. Environmental Impact Questions 
Several concerns as to the environmental impact of the project must be 

anticipated. The first stem from the initial steps of geological investigation. 
Since Hawaii has not experienced heavily destructive earthquakes for a century, 
fears that blasting and drilling far below the surface of the earth may trigger 
a destructive quake are not likely to be encountered. However, concerns over 
any catastrophic outcome, even of extremely low probability, will be given an 
opportunity to be aired in public discussion and should be dispelled by the 
information that decoupling techniques will be used to reduce and localize the 
shock of blasting. More likely to be encountered are concerns that offshore 
blasting, drilling or pipe-laying may have some adverse effects on the fish 
and crustacean populations, and it must be demonstrated that keeping blasting 
away from reefs and other shallow feeding areas will avoid these effects. 

Other environmental impacts are of a much higher order of probability 
and should be fully discussed with interested parties, including public interest 
groups, before the event. Such impacts include noises of blasting, drilling 
and especially the continuing noises of power plant operations; suppression 
or minimization will be built into the plan or contract for each stage of the 
exploration and engineering, and adequate monitoring provided. Similarly, the 
creation of unsightly mounds of debris from drilling operations will be avoided 
or held to levels of reasonableness agreed upon after public discussion. 

'" Limits of noise and visual pollution will be set and announced before each 
successive stage of operations begins. 

State standards for maintaining the quality of coastal waters will, of 
course, be respected in providing for any runoff to the sea of water used in 
the energy converting process. During subsurface drilling, particulate and 
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gaseous effluents will be monitored to check on the possible release, either 
to the ocean or in ground ~later, of toxic elements which might be hazardous 
to humans or degrading to the ecosystem. Results of this monitoring process, 
as of all portions of the project having a significant environmental impact, 
will be reported both to competent public authori~y and to the chief investi
gators for the geophysical and engineering sections, so that their operations 
wi 11 be conducted with mini rna 1 adverse effects. 

c. Socioeconomic Impact Questions 
The social science aspects of the PELE Project are in part antecedent 

to and in part contingent on the work of the geophysical and engineering 
portions. Before any blasting or drilling occurs, it is highly desirable to 
engage relevant government agencies and citizen groups in the state concerned 
with the environmental questions just outlined in dialog about the entire 
project. The purpose of the discussions would be not only to inform and 
thereby to alleviate fears about pollution or other adverse effects, but also 
to obtain information and suggestions as to how the project can be conducted 
with maximum net advantage. To the same end, presentations would be made to 
appropriate state legislative groups and to the mayor and board of supervisors 
of the County of Hawaii. 

Before the production of power is attempted, the constraints placed by 
law on the use of natural resources required to convert geothermal energy into 
electricity or other useable form should be clarified. Since Hawaii has no 
fossil fuels, state law is silent on the o~mership of oil or gas deposits, the 
fields most analogous to geothermal energy sources which other jurisdictions 
within the United States might rely on for legal precedent. Hawaii law does 
define mineral rights, including the reservation to the state of such rights 
under conveyances of state lands, but it is questionable that application of 
statutes relating to mineral deposits would be appropriate to geothermal 
resources. The laws relating to groundwater rights will also be considered; 
they, too, would probably require clarification as to their application to a 
mode of power production which affects groundwater supply and flows. 

Before power is distributed, several other problems should be studied. 
Most basic from a public policy standpoint is the question of ownership of the 
power plant(s) and distribution system(s). Should geothermal energy be 
developed and distributed by a governmental agency as domestic water is in 
Hawaii? Or should both functions be carried .on by private enterprise, as is 
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the case with electricity and gas in Hawaii? Or should a joint venture or 
division of the two functions be arranged between government and industry? 
An objective analysis of the relative advantages of these various institutional 
arrangements would be made within this project. 

To the extent that private enterprise may be active in utilizing the 
new pov1er source, attention must also be given to the applicability--and 
probably rev is ion--of the regulations of the state and county governments 
affecting utility companies. The Department of Regulatory Agencies of the 
State of Hawaii and the Office of Research and Development of the County of 
Hawaii would be involved in making the study and in making recommendations for 
such changes in the regulations as seem desirable, again with consultation with 
the utility industry and concerned citizen groups. 

Regardless of whether a public authority or a private utility company 
undertakes the generation and distribution of geothermal ly derived power, there 
may be additional questions if it seems feasible to utilize forms of energy 
conversion not n01~ used in conventional power distribution, such as the 
manufacture of hydrogen gas for shipment to power users off the island where 
it is produced. If the geophysical and engineering portions of the project 
indicate that pm·1er ~ay be distributed in some form other than electricity 
running along a povter grid, then additional research would be indicated as to 
legal or regulatory problems which the distribution made may raise. 

Analysis of the economic impact of the project must be informed by the 
engineering section as to the probable limits of the quantity and duration of 
flow of geothermal power from the pilot plant, and by the geophysical section 
as to the indicated geothermal reserves of Hawaii. However, in advance of that 
knm~ledge a model can be constructed which would identify the elements of the 
Hawaiian econorr!}', and its trade with the rest of the world, which would be 
significantly affected by the development of this new power source. 

The potential for economic gain from acquiring geothermal power is 
large, since a power source indigenous to Hawaii would have an inherent com
parative advantage over competing sources of energy. Electricity is the 
dominant form of power in the state and users pay extremely high rates, among 
the most expensive in the nation. And highest in the state-second highest of 
all American cities in this respect--is Hilo, where the charge was more than 
4 cents per kiloVJatt hour for household use in 1972. Electricity rates on the 
other developed islands are all Vlell above the national average. Even if 
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geothermal power should initially prove to be no cheaper than electricity 
derived from the burning of petroleum, it would probably enjoy a price 
advantage in a relatively short time, as the limited supply of low sulfur 
oil--required to minimize air pollution--begins to command higher and higher 
rates per barrel, or when the use of oil higher in sulfur requires electric 
companies to install increasingly expensive equipment to reduce polluting 
emissions. 

Alternatively, the construction of a nuclear reactor for power 
generation has been considered in Hawaii from time to time, but two factors 
have inhibited this action and will continue to do so, at least until the 
feasibility of geothermal energy in this state has been determined. One factor 
is the limited size of the Hawaii market, which would make the amortization 
costs of constructing a nuclear reactor plant extremely high relative to 
operating income. The second is the difficulty of disposing of radioactive 
effluents, a problem whose solution is both expensive and politically trouble
some, and is not likely to be forthcoming within the time span of this proposal. 

Hawaii's insular position gives another inherent advantage to an 
indigenous power source, such as geothermai energy. The supply of fossil fuels 
such as oil, which must be imported, is vulnerable to strikes and other 
tie-ups. It is difficult to assign a dollar value to this risk but it is one 
that any economic unit would want to avoid if it could, and geothermal power 
plants offer that possibility. 

Once the engineers and geophysicists are able to determine the 
technology to be employed in producing energy from geothermal sources, and 
once (towards the middle of this 5-year project) they are able to estimate 
the quantity and duration of power production of this project, the economic 
model previously developed will be used to determine the economic feasibility 
of geothermal energy use in Hawaii. The initial focus would be on the economy 
of the Island of Hawaii, where the rate differential between the new power and 
electricity charges presumably would be largest. This determination will 
require estimating that differential; projecting the demand for geothermal 
fuel; projecting the increased investment, employment, output and income 
generated by the new energy source; and calculating additional tax revenues to 
federal, state and local governments resulting from the expanded tax base. 
These calculations will be aided by the input/output table for the Island of 
Hawaii recently completed by University of Hawaii economists. 
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The later stage of economic investigation would consider these effects 
for the entire state and its trade with the mainland United States and the 
rest of the world, ascertaining what new industries might be stimulated 
(conceivably forestry, new agricultural specialties, and bagasse wallboard on 
Hawaii, as well as the products of phytoplankton culture and mineral reclama
tion), and what import substitutions may be affected through increased 
production of existing industries. In considering the impact on the state 
economy, particular note would be made of any effects on the distribution of 
population within the state, a matter of continuing concern to government in 
Hawaii, which has been seeking means of reducing the heavy concentration in 
and. around the capital city of Honolulu which has created an increasingly 

... troublesome urban sprawl. 
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Planning for the consequences of the PELE Project must be considered 
from its inception, since Hawaii has in effect a general plan and land use 
planning at the state level, plus individual county plans, and the development 
of one or more geothermal energy plants and power distribution systems would 
have to be taken into account by both levels of government. Results of the 
engineering, environmental and socioeconomic portions of the project would 
provide inputs for the planners' overview, which would be coordinated by the 
State Department of Planning and Economic Development. The Department can 
obtain public reaction to proposed changes in the state's plans from standing 
advisory bodies created by the state government, such as the Governor's 
Advisory Committee on Science and Technology, the Committee on the Year 2000, 
the Committee on New Communities, the Land Use Commission and the Commission 
on Population Stabilization. A parallel function within the County of Hawaii, 
where the chief initial impacts of the PELE Project would be felt, will be 
carried on by the Office of Research and Development in the county government. 

d. Order of Events 
The outcomes of the geophysical and engineering programs within this 

project provide the major time divisions for the environmental and socioeconomic 
program. For this program, Phase I covers the time, roughly estimated at a 
year and one-half, necessary to ascertain provisionally the geothermal energy 
source(s) to be exploited and the technology to be used in producing power. 
Phase II covers the period in which the pilot power plant is designed, for 
planning purposes estimated at running to the end of Year 03. Phase III is the 
time span for construction and trial operation of the power plant, covering 
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the years 04 and 05. Should this provisional chronology be changed by 
events, the several tasks comprising the program will be rescheduled within 
the limits of the proposal. 

Table 3.d and Figure 3.d show the projected timing for the nine tasks 
included"in the environmental and socioeconomic program. 

A starting point for the social research aspects of the project 
appropriately begins with engaging interested portions of Hawaii's citizenry 
in dialog concerning the proposed new energy source and its possible impact on 
the land and people of this state. Conferences under the University of 
Hawaii's ECOPUSH Program1 in Honolulu and Hilo will serve not merely to acquaint 
broadly representative members of the interested public with the facts and 
potential effects of the PELE Project, but also to get their reactions and 
suggestions concerning its impact on the environment, economy and society of 
Hawaii. The dialogs with citizen groups will be continued as preliminary 
reports from the studies of environmental impact, geotoxicology and economic 
impact (Tasks 4.1, 4.2 and 4.6) are received, and as standards for limiting 
adverse en vi ronmenta 1 effects are drafted. 

Simultaneously, research will be conducted on the laws--and absence of 
laws--defining the ownership and beneficial rights over subsurface sources of 
power in Hawaii. (Task 4.3). New statutes and regulations would be drafted, 
for discussion with the state and county governments directly involved in 
determining who may own and control the new energy sources contemplated by the 
project. (Task 4.4). With this research will go explication of the social 
advantages and disadvantages of deciding either way the basic policy question 
noted above--whether the state should lease its rights to private developers, 
or itself undertake the production and sale to industrial users of the 
power generated. 

Working with the engineers, the economists of the project would help 
select the most feasible technology for the power plant, assuming an adequate 
energy source is discovered. The economic impact of the new energy source 
would then be estimated, first for the Island of Hawaii, where the probabilities 
of successful exploitation of geothermal resources seem greatest, and then for 
the entire state, utilizing estimates of likely magnitudes and duration of 

The acronym stands for Environmental Conferences on the Public Understanding of 
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Table 3.d 
SCHEDULE OF ENVIRON~JENTAL AND SOCIOECONOMIC PROGRAM 

TIME 
PHASE I: PRIOR TO DETERMINATION OF POWER TECHNOLOGY 

ENVIRONMENTAL ASPECTS 
1. Ascertain environmental impact of exploratory 

operations 
Tasks 4.1 and 4.2 

2. Establish background levels of environmental 
po 11 uti on 

Tasks 4.1 and 4.2 
3.. Advise geophys i ca 1 and engineering programs of 

environmental impact; propose standards for 
environmental protection 

Tasks 4.1 and 4.2 
4. Monitor operations against standards adopted 

Tasks 4.1 and 4.2 

LEGAL AND PLANNING ASPECTS 
1. Research relevant land and groundwater law, and 

public utility regulations 
Tasks 4.3 and 4.4 

2. Relate geothermal power production to state and 
county development plans 

Tasks 4.4 and 4.5 
3. Draft proposed legislation on land and groundwater 

laws concerning geothermal power utilization 
Tasks 4.3 and 4.4 

ECONOMIC ASPECTS 
1. Design cost/benefit model for analyzing impact of 

geothermal energy on local economy 
Task 4.6 

2. Work with Engineering program in determining 
efficient pmver technology 

Task 4.6 
3. Construct facilities for phytoplankton by-product 

research; initiate research 
Task 4.7 

4. Conduct preparatory research on by-products 
Tasks 4.6, 4.7, 4.8, 4.9 
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Year 01 and half 
of Year 02 

· 9 months 

9 months 

18 months 

16 months 

15 months 

9 months 

3 months 

18 months 

6 months 

18 months 

18 months 



Table 3.d (continued) 

TIME 
PHASE II: AFTER DETERMINATION OF POWER TECHNOLOGY 

ENVIRONMENTAL ASPECTS 

Last half of Year 02 
and Year 03 

1. Advise project concerning environmental facts in 
selecting site of power plant 

Tasks 4.1 and 4.2 
2. Monitor project operations against standards 

previously adopted 
Tasks 4.1 and 4.2 

LEGAL AND PLANNING ASPECTS 
1. Present to state and county governments amendments 

to land and groundwater laws related to geothermal 
power utilization 

Tasks 4.3 and 4.4 

3 months 

18 months 

3 months 

2. Draft proposed amendments to public utility regulations 3 months 
occasioned by geothermal power 

Tasks 4.3 and 4.4 
3. Advise government planning agencies of impact of 18 months 

geotherma 1 p0~1er, and amendments to 1 aws, on state 
and county development plans 

Tasks 4.4 and 4.5 

ECONOMIC ASPECTS 
1. Estimate impact of geothermal power on island and 

state economies under alternate production
distribution models 

Task 4.6 
2. Construct facilities for investigating specified 

by-products within constraints of power technology 
adopted; undertake operations on by-product research 

Task 4.8 and 4.9 
3. Expand phytoplankton research facility; continue 

by-product research 
Task 4.7 
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Table 3. d (continued) 

PHASE I II: AFTER CONSTRUCTION OF POVIER PLANT BEGINS 

ENVIRONMENTAL ASPECTS 
l. Monitor operations of plant and by-products projects 

Tasks 4. l and 4.2 
2. Prepare final reports 

Tasks 4. l and 4.2 

LEGAL AND PLANNING ASPECTS 
l. Monitor operations under amended laws, regulations 

and development plans 
Tasks 4.3, 4.4, 4.5 

2. Prepare final reports 
Tasks 4.3, 4.4, 4.5 

ECONOMIC ASPECTS 
l. Research long-run impact, including by-products, 

effects on distribution of population, wealth and 
income 

Task 4.6 
2. Prepare final reports 

Task 4.6 
3. Complete research on by-products under project 

Tasks 4.7, 4.8, 4.9 
4. Prepare final reports 

Tasks 4.7, 4.8, 4.9 
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TIME 
Years 04 and 05 

24 months 

24 months 

24 months 

24 months 



PHASE I .I Pf:ASE I I PHASE I I I 
' 

YEAR 01 I YEAR 02 I YEAR 03 YEAR 04 I YEAR 05 
TASK 1 1 I 1 I I I I I I I I I I I I I I I I I I I I 

4.0 VIZZZZZ/0//ZZ/1 1!7//ZOVZZZZIOZ711 
I I I I 

4.2 rzmr~!lllm!IJ/// ;w 
I I I I 

4.4 f!ZIIJIIIOOIIIOimVZI/77mllll IT//fl/1 
I I I I 

4.5 VZZ!lfWZOmz7Zllk§0'&711/l/ !lim 
I I I I 

4.7 V~IIT~O I~JIIIOO 
I I I I 

.4.8 I FZZT~ !IJIRIIflllm 
I I I I 

4.9 I Vll@f//tmfT!I!Jmll!l lllm7JlfllllmJ 
~Intensive rl I I 11 .. Activity Act1v1ty 

1 tlo 
Activity 

Fig. 3.d Timetable for EnVironrEntal, Socioeconomic Program 
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energy production (Task 4.6), effects on employment and population dispersion, 
changes of land usage which may be caused by the new energy source, and 
impact on the tax base for county and state governments. Research on by
products ~10uld be undertaken after a decision had been made concerning the 
technology to be used in the povJer plant (Tasks 4.8 and 4.9) except for 
research on phytoplankton productivity (Task 4.7) which would start in Year 
01 to provide input on the economic feasibility of using cold, deep ocean 
water as a heat sink with minimal pollution. 

The planning study (Task 4.5) would receive as inputs the findings of 
"' all of the environmental and socioeconomic tasks. It would also serve to 

obtain reactions and suggestions from the several state committees and 

"' 

" 
•Ill 

''Hi 

•.. , 

commissions relating to the State Department of Planning and Economic Develop
ment. Through this connection, results of the project would directly work in 
to the updating of the state's general plan, which is a chief function of the 
Department. At appropriate times, briefing sessions would be offered to the 
Hawaii legislature and executive, as well as to the governments of counties 
most directly involved. 

e. Task Summaries 
Summaries of each of the tasks in the Environmental and Socioeconomic 

Program follow . 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Principal Investigator: 
Environmental and Socioeconomic 
R.M. Kamins 

Task No.: 
Task Title: 
Investigator: 

4.0 
Environmental and Socioeconomic Program Management 
R.M. Kamins 

Task Swnma:ry 

The principal investigator for this portion of the program is responsible 
for coordinating and administering the several projects concerned with 
environmental and socioeconomic factors of utilizing geothermal energy in 
Hawaii. This responsibility includes providing support services needed by 
the researchers in the program. 

The tasks falling within this portion include: 
1. Ascertain probable environmental effects; establish benchmarks for 

pollution existing before geophysical and engineering operations 
under the program begin; help to set environmental standards for 
these operations; monitoring the operations for environmental 
effects; assist in the preparation of necessary environmental impact 
s ta temen ts . 

2. Ascertain if subsurface operations cause any adverse changes in 
water, soil or plants, and measuring such changes. 

3. Study the laws of the state affecting geothermal power operations, 
notably statutes relating to land, land use, ground water and 
minerals. 

4. Determine what changes in state law, county ordinances and public 
utility regulations are necessary to make geothermal power distri
bution in Hawaii feasible. 

5. Identify elements in state and county general plans which would be 
affected by the use of geothermal power, and prepare appropriate 
changes in these plans; to project broader social changes which 
would be triggered by geothermal energy. 

6. Specify the points of significant impact of geothermal power in the 
Hawaii economy; work with engineers in selecting most efficient 
technology for power production; conduct cost/benefit analyses of 
geothermal power -- first for Island of Ha1~aii and then for state 
economy. 

7. Given the technology of power production to be used, research 
feasibility of obtaining commercially valuable by-products in 
a. phytoplankton production 
b. agriculture 
c. recovering minerals from seawater 
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Task No. 4.0 
Page 2 

The principal investigator is responsible for the communication of 
findings from this portion of the program concerning environmental and 
socioeconomic impact to the other principal investigators to help guide 
their activities, and to appropriate public agencies. 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

PrincipaZ Investigator: 
Environmental and Socioeconomic 
R.M. Kamins 
4.1 Task No.: 

Task-TitZe: 
Investigator: 

Environmental Impact 
D.C. Cox 

Task Swmzary 

1. Ascertain points of environmental impact of exploratory operations and 
establish background levels of environmental pollution (e.g. volcanic 
discharges into atmosphere, toxic elements in groundwater) prior to 
blasting, drilling, etc. 

2. Propose standards for maintaining quality of environment during exploratory 
operations; monitor operations against standards developed. 

3. Advise program as to environmental factors to be considered in selecting 
site and technology for power plant. 

4. Propose standards for maintaining quality of environment when power 
operates; monitor operations for adherence to standards adopted. 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Principal Investigator: 
Environmental and Socioeconomic 
R.M. Kamins 

Task No.: 
Task Title: 
Investigators: 

4.2 
Geotoxicology of Thermal Areas 
S.M. Siegel 

Task Swrrmary 

Monitor particulate and gaseous effluents released from subsurface 
drilling operations into thermal structures. Toxic metals indicating 
pre.sence of mercury, selenium, thallium, plus halogens will be of most 
concern. Local changes in the content of these substances in soil, plants, 
and waters (including rainfall) will be investigated after baseline data 
are established. It is anticipated that toxicants will be found. These 
will be identified quantatively and advice as to location of drill site 
and techniques will be given to prevent the development of health hazards 
and ecosystem alterations. 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Principal Investigator: 
Environmental and Socioeconomic 
R.M. Kamins 

Task No.: 
Task· Title: 
Investigator: 

4.3 
Land Use and Land Law 
G .M. Sheets 

Task Swronary 

Laws of the State of Hawaii do not specifically cover the technology 
of geothermal energy; existing statutes and case law relative to mining and 
ground water are of dubious applicability. Clarifying the legal constraints 
under which the development of geothermal power will take place will ease 
the acquisition of land, not only for an experimental power plant but later 
for commercial operation. 

This task includes the following elements: 
1. Search the relevant Hawaii statutes and case law to identify possible 

prob 1 em areas. 
2. Ascertain the experience of California and other jurisdictions which 

have encountered similar problems. 
3. With cooperation from Task 4.4, draft legislation to clarify 

ambiguous statutes so as to remove uncertainties relevant to the 
production of geothermal power. 

The largest private land owner in the State has already indicated its 
strong interest in the geothermal project and its cooperation in securing an 
easement over 1 ands 1 eased from it, if it proves des i rab 1 e to dri 11 on its 
lands. (Letter of March 24, 1972 from the Secretary of the Bishop Estate to 
the investigator.) It would fall under this task to help secure such an 
easement, if that proves necessary. 
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Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Program: Environmental and Socioeconomic 
R.M. Kamins Principal Investigator: 

Task No.: 4.4 
Task Title: Legislation and Regulation 

L. Sadamoto Investigator: 

1 . 

2. 

Task Summary 

Assist Task 4.3 in drafting legislation clarifying the law affecting 
geothermal energy production, particularly providing input concerning 
the app 1 i cabi 1 i ty of the 1 aw to the circumstances of the Is 1 and of Hawaii. 
Study the applicability of existing state and county public utility 
regulations to a geothermal power plant; make recommendations for amending 
such regulations or paralleling them with regulations specially governing 
geothermal plants; consult with state and county governments in the 
drafting of such regulations and in securing their adoption. 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

PrinaipaZ Investigator: 
Environmental and Socioeconomic 
R.M. Kamins 

Task No.: 4.5 
Task· TitZe: Planning 
Investigator: E .M. Grabbe 

Task Swmv:ry 

1. Identify the multi-faceted effects of geothermal power production and 
distribution on the society of Hawaii and relate them to the general plan 
of the state. Some of the anticipated effects are to be studied under 
9ther tasks within this program, namely ecological and economic impact, 
but it must be expected that others will emerge as the project develops. 
This task is to deal with the latent and unexpected impacts of utilizing 
geothermal energy for production of power. 

2. Obtain inputs from relevant State organizations, including the Governor's 
Advisory Committees on Science and Technology, The Year 2000, and New 
Communities, and from the Commission on Population Stabilization, in 
assessing the impact of Project PELE. In so doing, serve as a means of 
informing groups within the government and the broader community of the 
progress of the project. 

3. Provide input to the State Department of Planning and Economic Development 
in making changes in the state general plan reflecting the multiple impact 
of geothermal energy production. 
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Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Program: Environmental and Socioeconomic 
R.M. Kamins Principal Inves~iga~or: 

Task No.: 4.6 
Task Title: Economic Analysis 
Investigators: N. El-Ramly, Y. Hahn, J.H. Merriam 

Task Summary 

1. Design cost/benefit model for study of impact of geothermal energy on 
economy of Island of Hawaii, utilizing recently constructed input-output 
table for Island, and including economic implications of uncertainty in 

. power output . 
2. Hark with Engineering Program in determining most efficient power plant. 
3. Considering likely by-products of power production and externalities, as 

well as direct benefits and costs, apply model in making cost/benefit 
analysis for Big Island. 

4. Considering costs of transmitting power to other parts of the state, 
extend model and apply it to entire state economy. 
The analysis \~auld include the following analysis or explications, among 
others: 
a. The concepts required (e.g. opportunity costs of technological change 

and uncertainty cost of new systems) to explain the influence of 
technological progress on the timing of investment and on the staging 
of construction of a new power plant component or system. 

b. The externalities associated with geothermal power, establishing means 
for evaluating non-monetary factors, both costs and benefits. 

c. The economic basis for shifting part of the costs of initial geothermal 
development to later periods; consideration of long-term benefits in 
evaluating investment in a new system. 

d. 

e. 

f. 

g. 

Capital cost allocation over time and its relationship to marginal 
cost pricing of utility operation. 
The planning horizon for geothermal power production; effects of pre
horizon investment in a geothermal project on the post-horizon goals 
of a total power system. 
The constraints imposed by financing considerations on planning geo
thermal development; significance of discount rates used. 
Distributive effects, i.e. effects on income and wealth distribution 
within county and state economies, of geothermal energy production . 
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Progr(J)71: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Prinoipal Investigator: 
Environmental and Socioeconomic 
R.M. Kamins 
4.7 Task No.: 

Task Title: Phytoplankton By-product ,Research 
Investigators: K.R. Gundersen, R.Q. Palmer, and G. Soli 

Task Swrrmary 

The most logical heat sink for a geothermal energy extraction system in 
Hawaii is ocean ~later which, at a depth of 700 m, has a temperature close to 
soc. Such water is present in abundance at a horizontal distance from shore 
of 1.3 to 3 km along about 60% of the coasts of the Island of Hawaii. 

Because this deep cold water is rich in inorganic plant nutrients a 
potential exists for its utilization as a cultivation medium for phytoplank
ton, subsequent to its use in energy transformation. As such, deep-ocean 
water would be a by-product of significant economic potential. 

Task No. 4.7 is concerned with research on phytoplankton production in 
deep nutrient-rich ocean water under surface light and temperature conditions. 
The research will build on results obtained by one of the investigators 
(K.R.G.) during the last three years in studies of deep-ocean water chemistry 

. and biological production and on extensive experience in the construction of 
ocean pipelines by the other investigator (R.Q.P.). 

In this project, methods for mass cultivation of algae will be studied 
together with techniques for harvesting and processing the algal material. 
In collaboration with other academic and industrial laboratories, the task 
will further investigate the potential utilization of a phytoplankton product. 

Direct utilization: As food for filter feeding and herbivorous aquaculture 
organisms (raw or processed product); as food supplement for cattle, swine, 
and poultry; as a human food source. 

Use after extraction: Polysaccharides (alginates, etc.), oils and fats, 
proteins, biochemicals, vitamins, antibiotics, toxins, other pharmaceuticals, 
minerals. 

Transformation products: Hydrocarbons, chemicals and biochemicals 
produced from natural precursors. 
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Task No. 4.7 
Page J 

The task will proceed in stages: 
1. On land which the State government has agreed to make available for this 

purpose (Keahole Point, Kona, Hawaii) construct facilities, including a 
small laboratory-shop building, a llo'' diameter deep-ocean water supply 
sys tern, and outdoor ponds. Initially, two ponds of each 6 m3 capacity 
(A-ponds, see figure) will be built. . 

2. Study growth rates, nutrient utilization, and biochemical potential of a 
large number of phytoplankton species and select the most promising for 
further study. Determine optimal light and temperature ranges of the 
phytoplankton and effects of agitation and aeration on growth in A-ponds. 
Study harvesting and processing methods, including ground gravity 
filtration, utilizing porous lava rock, as well as centrifugation and 
membrane filtration. Study preservation methods. Evaluate the 
nutritional and chemical potential of the product. 

3. During the third year, install an 8" deep-water pipeline and expand the 
cultivation capacity by constructing six additional A-ponds, four 
B-ponds (60m3), and two, 5 m deep, C-ponds (600m3). Compare production 
in batch culture and in continuous flow systems. Determine optimum 
inoculum size. 

4. Maintain chemical-biological operation control. Illumination,, temperature, 
salinity, oxygen, carbon-dioxide, and pH wouid be continuously recorded. 

5. Measure and project large-scale algal production, improve pond design and 
optimize growth conditions for maximal production. Develop commercial 
scale production system. 

6. Merge the Phytoplankton By-product Task with the Geothermal Power Plant 
Task. 
The research facility constructed for this task will be available for 

Task 4.9, which studies the recovery of trace metals from sea water. 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Principal Investigator: 
Environmental and Socioeconomic 
R.M. Kamins 

Task No.: 
Taik Title: 
Investigator: 

4.8 
Agriculture Research 
E.B. Hundtoft 

Task Swrmary 

Since electricity rates in Hawaii are so high, electric pov1er is hardly 
used in the state's diversified agriculture and it is the only state where 
rural electrification is not actively promoted. If geothermal power signifi
cantly reduces the cost of e lectri city, agriculture could be benefited in 
multiple ways, which this task will explore in these subtasks: 

1. Investigate feasibility of complete environmental control in growing 
fresh market produce, using lower-cost electrical power to exclude 
plant diseases, weeds, insects and other pests, without adverse 
environmental effects. 

2. Investigate similar possibility for expanding market for Hawaii's 
tropical fruits, preserved in "fresh" state by controlled storage; 
consider effects on costs, supply, prices, returns. 

3. Investigate feasibility of centralized processing of agriculture 
commodities in Hawaii, if power rates Here reduced to specified levels. 

4. Investigate the feasibility of regional irrigation for crop production, 
under the same assumptions. 

5. Investigate alternative methods of disposing of agricultural wastes 
which would be made feasible by lower-cost electrical power. 

Since the probability of finding feasible applications of electrical 
power to Hawaii agriculture in these various applications directly depends on 
the level of power rates, only a preliminary investigation would be made (in 

*M the order listed above) until the costs of geothermal power, and thereby the 
rates of electricity produced from it, can be estimated. 
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Program: 

Pele Energy Laboratory Experiments (PELE) 
University of Hawaii 

Principal Investigator: 
Environmental and Socioeconomic 
R.M. Kamins 
4.9 Task No.: 

Task Title: 
Investigator: 

Trace-Metal Recovery 
H. Zeitlin 

Task Swnmary 

The ocean waters in the vicinity of the geothermal project will be 
studied as a source of economically important trace metals to be produced 
through application of an adsorbing colloidal flotation process developed here 
and applied on a laboratory scale. Research will be limited until it is 
ascertained if the technology adopted for geothermal po~1er production wi 11 use 
seawater. If so the task will be escalated to carry out the following 
research plan. 

The flotation technique that has been ~1orked out on a laboratory scale 
on uranium, molybdenum, copper, and zinc (the results of which are summarized 
in Table 4.9) will be extended to cobalt, nickel, chromium, vanadium, and 
manganese and then to other precious metals such as gold and silver. There 
is good reason to believe that the latter two metals are separable by 

·flotation. Previous work suggests that a low pH is required for the separation 
of anions and a pH on the basic side but less than 10 is used to remove 
cations. The method will be applied on a larger scale by construction of a 
flotation unit which can accommodate up to 100 gallons of sea water and more. 
It is believed that by means of large scale flotation followed by a desalini
zation process, sea water could conceivably provide economically both a source 
of trace metals and fresh usable water. It should be pointed out that the 
flotation process results only in a separation of trace metals in sea water. 
Additional work is required for the separation of the individual elements and 
their eventual recovery. 

Vertical profiles of the trace elements in the areas of interest will be 
obtained. The data will be analyzed statistically in order to determine 
whether differences exist in the deep and overlying waters. Sampling for the 
chemical analysis will be carried out simultaneously with that for bacterial, 
biological, and other studies. The water will be collected in pre-conditioned, 
all-plastic containers with proper safeguards taken to prevent metallic and 
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Metal Ionic 
Species 

Molybdenum MoO -2 
4 

Urani urn U02(co3)3 
4-

. 

Zinc zn2+ 

Copper c}+ 

• I; I i i 

Table 4.9 

i • ~ 

Summary of Results of the Separation of Trace 
Ions by Colloidal Flotation 

Ionic 
Surfactant pH Cone. in Recovery Method of Determination Seawater (%) 

().lgl-1) 

Sodium Spectro)hotometric (as Mo-CNS dodecyl 4.0±0.1 11.4 95.3 
sulphate complex 

Sodium Spectrophotometric dodecyl 5.7±0.1 3.2 82.0a 
sulphate (as Rhodamine-B complex) 

Dodecyl-
amine 7 .6±0.1 3.2 94.0 Atomic Absorption 

Dodecyl- Spectrophotometric (as 

amine 7.6±0. 1 0.8 95.0 dibenzyl-dithiocarbamate 
comp 1 ex) 

aA recovery of 90% has been achieved by a thorium hydr·oxide-sodium dodecanoate-air system (6). 
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Task No. 4.9 
Page 3 

other forms of contamination. The samples will be frozen immediately 
following collection and brought to the laboratory for analysis. 

The trace elements in the seawater samples will be separated either by 
flotation or by standard solvent extraction procedures. Analysis will be 
carried out by established spectrophotometric and/or atomic absorption 
procedures . 

All major equipment required for the first two years of the task is 
available at the Department of Chemistry or the Hawaii Institute of 
Geophysics. If the results obtained from the flotation unit at hand are 
satisfactory, it is proposed to design, construct, and operate on a pilot 
scale a larger unit made of metal. Funds for this purpose are requested in 
the budget for the fourth year. Research facilities for Task 4.7 will be made 
available for this task. 
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C. Management Plan 
The PELE Project will involve more than sixty researchers and support 

staff from throughout the University of Hawaii system, representing the two 
major campuses on Oahu and the Big Island and including participants from 
more than a dozen separate research institutes and academic units engaged in 

thirty-eight separate research tasks. Many of the State and County agencies 
and their staffs will be directly involved in this project, along with 
numerous Mainland consultants and research organizations. Because of the 

potential importance of this project, both to the University and to the State, 
and to assure maximum coordi nation and cooperation for this widely dispersed 
interdisciplinary effort, the University is establishing a t1anagement Team 

consisting of three of its top administrators to assume the administrative 
responsibility for the PELE Project. 

John P. Craven, Dean of t1arine Programs, also fills the role of Director 
of ~Iarine Affairs for the State of Hawaii; John W. Shupe, Dean of Engineering, 
serves on the Advisory Council for the State Office of Environmental Quality 
Control; and George P. Woollard, Director of the Hawaii Institute of Geophysics, 

is a member of the Governor's Science and Technology Committee. The background, 
experience, and current responsibilities of the three members of the Manage
ment Team will help to provide the necessary visibility and to assure that 

the project is given serious consideration and support by the academic 
community, as well as by the governmental and private sectors. 

The chairmanship of the Management Team will rotate. Dr. Woollard, because 

of the major emphasis on geophysical exploration during the early stages of 
the PELE Project, will serve as the initial chairman and correspondent with 
RANN. The Management Team will: 1) Provide technical input in establishing 
overall goals and objectives; 2) Review and approve the research program 
developed under the leadership of the principal investigators; 3) Maintain 
liaison essential to project support, both on and off campus; 4) Monitor 
progress of the project; and 5) Assume full administrative responsibility 
for the implementation of the PELE Project. To staff this effort the 
Management Team will require a full-time administrative officer, a fiscal 

officer, and a secretary. 

There will be a principal investigator for each of the three programs in 
the PELE Project: a) Geophysical Program-- Dr. Augustine S. Furumoto, 

Professor of Geophysics; b) Engineering Program -- Dr. Paul C. Yuen, 
• 
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Professor of Electrical Engineering; and c) Environmental and Socioeconomic 

Program -- Dr. Robert 1,1. Kamins, Professor of Economics. Each of these 

principal investigators vlill devote half-time to the PELE Project and will 

have direct technical supervision over the research activity undertaken in 

his program. 

Although there will be a separate budget assigned to each of the three 

programs -- in order to assist in establishing technical and fiscal authority 

and accountability-- the three P.I.'s will meet regularly with each other 

and with the Management Team to facilitate overall administration of the 

project. There will be close coordination between the P.I.'s and their 

personne 1 in reso 1 vi ng prob 1 ems associ a ted with more than one program. As 

ex amp 1 es, researchers from Geophysics and Engineering wi 11 arrive at joint 

decisions regarding the location and the instrumentation of the test wells, 

and the Environmental and Socioeconomic staff will influence the planning and 

design of the prototype plant. 

To assure that the PELE Project has both local and national relevance, 

systematic evaluation and advice will be provided to the t1anagement Team and 

the P.I. 's from numerous sources: a) The liSF Project r~anager; b) The National 

Liaison Board; and c) The Hav1aii Advisory Committee. The National Liaison 

Board wiil consist of the project leaders of other RNJN-supported geothermal 

programs, along with a fe1v of the nation a 1 1 eaders in geotherma 1 research and 

development. This Liaison Board will meet annually in Ha1'1aii to review 

program progress, to exchange current i nforma ti on on geotherma 1 science and 

technology, and to advise on future planning and implementation for the 

PELE Project. Dr. Howard Harrenstien, currently Dean of Engineering at the 

University of Miami and early "booster" of geotherma 1 energy in Hawaii , wi 11 be 

invited to serve on this board. 

The Hawaii Advisory Committee will be established to provide interaction 

with key individuals from industry, government, and the scientific 

community, whose support is essential to the introduction of geothermal power 

in Hawaii. Invited to serve on this committee will be the Directors of the 

State Office of Environmental Quality Control and the Department of Planning 

and Economic Development; Presidents of the major electric utility companies; 

Director of the County of Hawaii Office of Research and Development; and a 

representative cross-section of business and industrial leaders of the 

community. This Committee 1vill meet semi-annually and Hill supplement the 

activity of the three-man r~anagement Team in pro vi ding the necessary vi si bil ity 
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to the PELE Project, both on and off campus, to assure the public and private 
support for geothermal power in Ha1·1aii. 

The PELE Project organization chart (Figure I-8, Section II-B) illustrates 
the basic components of the ~1anagement Plan. The day-by-day administration 
and coordination of research activity within eac;h program will be the 

responsibility of the principal investigatoro Ho\'lever, much of the admini
strative detail associated with staffing and personnel problems, purchases, 
sub-contracting, and fi sea 1 reporting 1vi 11 be handled centrally by the 

admi ni strati ve and fi sea 1 officers assigned to the ~1anagement Team. This will 
minimize redundancy in staffing and free the principal investigators to 
concentrate on the technical aspects of the project. 

Figure II-B (Section II-B) lists the program and expenditure schedule by 
project throughout the two-year contract period. This one table summarizes 
the level of activity during the funding period for all thirty-eight research 

projects, as well as for the advisory and management functions, so provides 
an excellent overview of the PELE Project. 

The legal fiscal agent for the program will be the Office of Research 

Administration of the University of Ha11aii. The Foundation has engaged in 
many previous contracts through this agency of the University, so a backlog of 
experience in administering Foundation contracts and grants already exists. 

D. Related Programs and Activities at the University of Hawaii 
Currently there is a great deal of research interest at the University of 

Ha1·1aii on projects which have direct relevance to the PELE Project. The Hawaii 
Institute of Geophysics has competence in geophysical exploration, a good 
knowledge of the geophysical features of the Big Island and of the State of 

Hawaii in general, and experience with test drillings. The 'later Resources 
Research Center has been conducting research on the ground water hydrology of 
the Islands and is familiar with the rainfall and water distribution and flow 

patterns of the Islands. 
The Environmental Center at the University is concerned with the preserva

tion and protection of the environment in Hawaii. Its cooperation and input 

wi 11 be a major part of the PELE Project. A study on "Energy in the Sea," 

submitted through the Sea Grant Program, v1ill supplement this proposal for 

establishing an Energy Laboratory in Ha11aii. The College of Engineering has 

staff competence and interest in p01·1er systems, direct energy conversion, 
and transmission. 
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In addition to the ongoing research activity at the University, there is 
much related local interest and support provided from among the twelve 
organizations listed in Section Il-A-6. 

E. Related Programs in Other Organizations 

A research program of considerable interest to the PELE Project is the 
·investigation of the hydrothermal systems at Kilauea Volcano on the Island of 
Hawaii by Dr. G. V. Ke 11 er of the Co 1 orado Schoo 1 of Hines. The program, which 

has recently been funded by RANN, will use Kilauea Volcano as a laboratory to 
study mechanisms that may be important in hydrothermal systems. In particular, 
Dr. Keller plans to make geophysical studies of the summit area of the 
volcano and to make a drill hole in an area which he has concluded contains 
a usable geothermal fluid. The results obtained by Dr. Keller will be of 
interest to our program and arrangements have been made to interchange data. 
Dr. Keller will also be an active participant in the PELE Project. 

Another project which has recently been funded by RANfl is "The Stimulation 
of Geothermal Aquifers for Contributing to the Energy Requirements of the 
United States" by Dr. Paul Kruger and Dr. Henry J. Ramey, Jr., of Stanford 
University. They propose to evaluate the technique of stimulating geothermal 
aquifers as a potential means of utilizing geothermal resources. Dr. Ramey 
is a consultant on the PELE Project and will provide coordination with the 
Stanford program. 

The Geysers, located about ninety miles north of San Francisco, represents 
one of the major geothermal steam fields presently being used to provide 
on-line power. As such, it provides valuable input in planning for geothermal 
power in Hawaiio PELE Project personnel have visited the installation in the 
Geysers area and have discussed operational and design problems with 
personnel there. 

The Institute of Geophysics and Planetary Physics at the University of 

California at Riverside has proposed two projects relating to geothermal 
investigations. It is expected that there will be a continuing exchange of 
information between this program and the PELE Project. A laboratory which is 

pursuing research of relevance to the PELE Project is the Battelle Northwest 
Laboratory. In addition to geophysical studies, Battelle recently has been 

mounting a research program in heat pipe technology, which may have application 

in the extraction of energy from mol ten magma. The La11rence Radiation 
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Laboratory has also indicated an interest in pursuing the program in heat 
pipe technology. 

Other organizations which have expressed an interest in the development 
of geothemal energy in Hawaii include Los Alamos Scientific Laboratory, 
Battelle Columbus Laboratories, the University Qf California at Los Angeles, 

and the University of Tokyo. The PELE Project 1·1ill continue to maintain 
close communication with these programs and will establish a National Liaison 
Board to encourage this exchange of information, 

The concept of a Geotherma 1 Research La bora tory in Havm i i wi 11 permit 
researchers from other states and organizations and other countries to 
utilize the Laboratory to further their own investigations. This v1ill 

facilitate the dissemination of research results and the interaction of 
researchers from different organizations working on similar projects. 

F. Dissemination of Research Results 
In addition to the extensive coverage of the PELE Project, which is 

anticipated through the normal channels of scientific and technical publica
tions, geothermal energy has sufficient novelty to appeal to the public press, 
and to date news coverage has been excellent. 

The College of Engineering, through its Center for Engineering Research, 
offers conferences and seminars -- both technical and for the general public. 
An example of the latter category is a seminar series sponsored by the 

National Science Foundation on Environmental Conferences On the Public - - -
!!_nderstanding of icience for !.!_awaii, This ECOPUSH series has a major conference 
entitled "Energy - The Ultimate En vi ronmenta 1 Prob 1 em" scheduled for Apri 1 

1973, with Dr. Doak Cox, Director of the University of Hawaii Environmental 
Center and active participant in the PELE Project, serving as chairman. This 
conference ~~ill provide an excellent forum for presenting a progress report 
on the development of geothermal energy in Ha1~aii and the circulation of 
conference proceedings 11i 11 give the issue broad coverage. 

Another effective vehicle for the dissemination of research results will 

be the llational Liaison Board. This group \'lill include the directors of major 
RANN projects related to geothermal energy, as well as leading scientists and 
engineers from throughout the United States with competence and interest in 

this area of research, The annual meetings of the Board will facilitate the 
exchange of research data and provide for direct interaction between many of 
the Nation's authorities on energy, 
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It is anticipated that the Geothermal Research Laboratory ltill hold much 
interest to foreign investigators, as well. To initiate tflis interaction, 
Dr. Augustine Furumoto, Principal Investigator for the Geophysical Program of 
the PELE Project, has submitted a separate proposal to the National Science 
Foundation for a U.S.-Japan Scientific Conference on "Utilization of Volcano 
Energy," to be he 1 d in Hawaii in February 1974. The proposa 1 was a 1 so 
submitted to the Japan Society for Promotion of Science. This seminar will 
herald the beginning of an International Advisory Committee for the PELE 
Project, since the first meeting of the Committee will be held immediately 
after the seminar. This first meeting ltill be attended primarily by American 
and ~apanese scientists, because of the joint U.S.-Japan conference. 
the ultimate membership of the International Advisory Committee will 

Hor1ever, 
include 

representation from Australia, China, Indonesia, the Philippines, New Zealand, 
Mexico, South and Central America. The dissemination of the research results 
through this committee will encompass nearly the entire periphery of the 
Pacific Ocean. 

G. PELE Project Personnel 
Management Team 

John P. Craven, Dean of Marine Programs 
John W. Shupe, Dean of College of Engineering 
George P. Woollard, Director of Hawaii Institute of Geophysics 

Principal Investigators 
Augustine S. Furumoto, Professor of Geophysics 
Robert M. Kamins, Professor of Economics 
Paul C. Yuen, Professor of Electrical Engineering 

Researchers 

1. Geophysics Program 
Agatin T. Abbot, Professor of Geology 
William Mansfield Adams, Professor of Geology 
Kenneth Brunet, Head, Geothermal Section, Phillips Petroleum 
Pow-Foong Fan, Associate Professor of Geosci:nces . 
Bruce Finlayson, Assistant Professor of Chem1stry, H1lo College 
Robert A. Fox, Assistant Professor of Physics, Hilo College 
Augustine S. Furumoto, Professor of Geophysics 
Robert R. Harvey, Assistant Geophysicist 
George v. Keller, Professor of Geophysics, Colorado School of Mines 
Douglas P. Klein, Research Assistant 
Alexander Malahoff, Associate Professor of Geophysics 
Murli Manghnani, Associate Professor of Geophysics 
Mark E. Odegard, Junior Geophysicist 
KostA. Pankiwskyj, Associate Professor of Geology 
Frank L. Peterson, Associate Professor of Hydrogeology 
R. Ramananantoandro, Assistant Professor of Geophysics 
George H. Sutton, Associate Director, Hawaii Institute of Geophysics 
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2. Engineering Program 

K. Joseph Augustus, Assistant Professor of General Engineering 
Don E. Avery, Professor of G~neral Engineering 
John C. Burgess, Professor of Mechanical Engineering 
Hi Chang Chai, Professor of Mechanical Engineering 
Bill H. Chen, Assistant Professor of Engineering, Hilo College 
Ping Cheng, Associate Professor of Mechanical Engineering 
James C. S. Chou, Professor of Mechanical Engineering 
Mateo L. P. Go, Professor of Civil Engineering 
Bertil S. M. Granberg, Associate Professor of Electrical Engineering 
David K. Harada, Research Associate 
Kyaw Moe Htun, Associate Professor of Mechanical Engineering 
Ralph B. Hubbard, Jr., Associate Professor of General Engineering 
Hu Hsien Hwang, Professor of Electrical Engineering 
Denny A. Jones, Assistant Professor of Mechanical Engineering 
Deane H. Kihara, Associate Professor of Mechanical Engineering 
Frank T. Koide, Associate Professor of Electrical Engineering 
Jorn Larsen-Basse, Professor of Mechanical Engineering 
Kah Hie Lau, Assistant Professor of Engineering, Hila College 
L. Stephen Lau, Director, Water Resources Research Center 
Robert Q. Palmer, Research Associate 
Henry J. Ramey, Jr., Professor of Petroleum Engineering, Stanford 

University 
David R. Stoutemyer, Assistant Professor of General Engineering 
Patrick K. Takahashi, Assistant Professor of General Engineering 
Anthony M. H. Yen, Assistant Professor of Electrical Engineering 
Paul C. Yuen, Professor of Electrical Engineering 

3. Environmental and Socioeconomic Program 
Doak C. Cox, Director of Enviromental Center 
N. El-Ramly, Assistant Professor of Business Economics & Quantitative 

Analysis 
Eugene Grabbe, Head, Center for Science Policy and Technology Assessment, 

Department of Planning & Economic Development, State of Hawaii 
Kaare Gundersen, Professor of Microbiology 
Y. Hahn, Assistant Professor of Economics, Hilo College 
Elgin B. Hundtoft, Associate Agricultural Engineer 
Robert M. Kamins, Professor of Economics 
John H. Merriam, Professor of Economics, Hilo College 
Lloyd Sadamoto, Director, Hawaii County Office of Research and 

Development 
George r1. Sheets, Attorney and Engineering Editor, Center for 

""' Engineering Research 
Sanford 1·1. Siegel, Professor of Botany 
Giorgio Soli, Research Microbiologist, Naval Weapons Center, California 
Harry Zeitlin, Professor of Chemistry 

Vitae and bibliographies for these fifty-seven PELE Project participants 
are listed in the Appendix. 
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H. Current Research Support for Principal Investigators 
The following is a listing of the extramurally-funded projects for 

which each of the principal investigators has some responsibility and support. 
1. Augustine Furumoto, Geophysical Program 

a. An Engineering Feasibility Study of an Ionospheric Technique 
to Improve Tsunami Warning Sys terns 
National Science Foundation, Grant GI-34973 

b. Oceanographic Investigations 
Office of Naval Research, Project NR-083-603 

c. An Investigation of the Noyca Lithospheric Plate and its 
Interaction with the South American Continental Block 
National Science Foundation, Grant GX-28674 

2. Paul C. Yuen, Engineering Program 
a. An Engineering Feasibility Study of an Ionospheric Technique 

to Improve Tsunami Warning Systems 
National Science Foundation, Grant GI-34973 

b. The Continuation of a Study of Coupling Mechanisms which 
Produce Ionospheric Variations from Solar and Terrestrial Events 
National Science Foundation, Grant GA-23964 

c. Ionosphere Studies Using Total Electron Content 
National Science Foundation, Grant GA-17330 

3. Robert M. Kamins, Environmental and Socioeconomic Program 
a. Collaborative Research in Philippine Public Finance 

SEADAG, Asia Society 
b. Environmental Conferences on the Public Understanding of 

Science for Hawaii 
National Science Foundation, GM-34032 

I. Application to Other Federal Agencies 
This proposal has not been submitted to any other Federal agencies for 

support. Preliminary discussion has been held, however, with the Research and 
Development Incentives Program of the Foundation and with the AEC on possible 
funding for the prototype geothermal power plant. 

The PELE Project has the endorsement of both the State and the County 
of Hawaii, which have allocated $200,000 from the Capital Improvements Programs 
1972-73 Budget for this project--contingent upon matching Federal support. 
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J. Budget 
The total support requested from RANN by the PELE Project for the 

first two years is $4,987,770, with an additional $200,000 allocated from the 
State and County of Hav1aii. This is a significant level of funding, but a 
realistic figure with which to conduct the thirty-eight research tasks 
included in the program plans. vJhen the cost of drilling the deep holes is 
deducted from the $4,987,770, and this figure is divided by the total number of 
scientists and engineers involved in the project (fifty-four), this averages 
out to less than $40,000 a year for each researcher. The majority of these 
researchers will be spending at least a quarter-time on the PELE Project, so 
$40,000 represents a fairly conservative annual per capita figure with which 
to fund a portion of the faculty member's salary, graduate students, equipment, 
supplies, and support services associ a ted with the research tasks. 

No attempt has been made to list all of the matching support in funds 
and services from other State agencies, from local industries and private 
sources. The major item of matching support is a $200,000 appropriation from 
the State Legislature for Fiscal Year 1973 to the County of Hawaii Capital 
Improvements Program. These funds wi 11 be a 11 oca ted to the purchase of perma
nent equipment associated with geophysical surveys and other research tasks 
which will be started in the initial phase of the project. 

Included in this section are: 
1. A budget summary for Years 01 and 02, listing total project costs 

by program (Management Team, Geophysics, Engineering, Environmental 
and Socioeconomic) and by expenditure category (salaries and wages, 
permanent equipment, travel, etc.) 

2. A budget summary for each of the major programs for Years 01 and 02, 

listing total costs for each research task by expenditure category. 
3. An itemized budget for each research task, listing firm budget 

requests by expenditure category for Years 01 and 02, with budget 
estimates for Years 03, 04, and 05. 
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PELE PROJECT 

Years 01 and 02 Budget Summary Totals 

YEAR 01 YEAR 02 
Two-Year 

Mgt. Team Geophys. Engg. ESE Totals Mgt. Team Geophys. Engg: ESE Totals Totals 

A. TOTAL SALARIES & WAGES $44,436 $218,454 $375,436 $181,778 $820,104 $46,212 $207,242 $409,774 $203,127 $866,355 $1,686,459 

B. FRINGE BENEFITS 9,057 24,107 3B,459 27,368 98,991 9,330 22,678 43,224 28,952 104,184 203,175 

c. TOTAL SALARIES, WAGES 
& FRINGE BENEFITS 53,493 242,561 413,895 209,146 919,095 55,542 229,920 452,998 232,079 970,539 1,889,634 

0. PE Rtiii'IENT EQUIPMENT 1,145 171,290 170,325 153,445 496,205 --- 31 ,980 46,500 13,000 91,480 587.685 

E. EXPENDABLE EQUIPMENT & 
SUPPLIES 500 28,860 32,660 25,200 87,220 500 26,860 33,650 14,500 75,510 162,730 

F. TRAVEL 10,900 44,241 39,446 15,550 110,137 10,900 43,147 40,376 15,650 110,073 220,210 

G. PUBLICATION COSTS 600 5,950 6,450 1, 700 14,700 600 11,150 7,900 2,500 22,150 36,850 
~ H. COMPUTER COSTS 6,125 14,175 4,050 24,350 6,917 21,825 3,800 32,542 56,892 tJl --- ---
+> I. OTHER COSTS 29,700 267,700 34,550 13,650 345,600 81 700 964,850 27,450 18,050 1,019,050 1,364,650 

J. TOTAL DIRECT COSTS 96.338 766,727 711,501 422,741 1,997,307 76,242 1,314,824 630,699 299,579 2,321,344 4,318,651 

K. INDIRECT COSTS (46.00% of 
Sal aries & Wages 20,440 103,988 172,701 83,619 380,748 21,258 185,178 188,496 93.439 488,371 869,119 

L. TOTAL PROJECT COSTS $116,778 $870,715 $884,202 $506,360 $2,378,055 $97,500 $1,500,002 $819,195 $393,018 $2,809,715 $5,187.770 

From the Capital Improvements Program of the County of Hawaii 200,000 

Two-Year Funding Requested from RANN $4,987,770 
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PELE Project 
Management Team Budget Summary 

Year 01 Year 02 

Salaries & Wages $ 44,436 $ 46,212 

Fringe Benefits -~9,057 -- ~.~30 

Total Salaries, Wages, 
& Fringe Benefits 53,493 55,542 

Permanent Equipment 1 , 145 --
Expendable Equipment & 

Supplies 500 500 
Travel 10,900 10,900 
Publication Costs 600 600 
Computer Costs 
Other Costs 29,700 8, 700 
Total Direct Costs 96,338 76,242 

Indirect Costs _1Q,440 21 ,258 
Total Project Costs $116,778 $ 97,500 

" 

Total 

$ 90,648 

18,387 

109 ,035 

1 , 145 

1 ,000 

21 ,800 

1 ,200 

38,400 

172,580 

41 ,698 
$214,278 
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Task 

1. Year 01 

A. Sa lades & Wages 

B. Fl"lnge Benefits 

C. Total Salaries, Wages, 
& Fringe Benefits 

0. Permanent Equi pnent 

E. Expendable Equipment & 
Supplies 

F. Travel 

G. ·Publication Costs 

H. Co::,puter Costs 

I. Other Costs 

J. Total Direct Costs 

K. I odi rect Costs 

l. Total Project Costs 

II. Year 02 

A. Sa 1 aries & Wages 

B. Fringe Benefits 

C. Total Salaries, Wages, 
& fringe Benefits 

0. Pennanent Equipment 

E. Expendable Equipment & 
Supplies 

F. Travel 

G. Publication Costs 

H. Computer Costs 

I. Other Costs 

J. Total Direct Costs 

K. Indirect Costs 

l. Total Project Costs 

HI. Two-Year Totals 

PELE Project 
GeophySics Program Budget Summary 

2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 2.10 2.11 2.12 2.13 

I 34,944 I 5,712 I 4,200 I 8,396 $ 28,900 $ 15,480 1 17,048 $ 13,680 $ 23,520 $ 10,270 I 20,865 I 13,488 I 13,269 

5,682 577 ___ 4_2 ~ 3126 __J_JJ1 _2,208 ~ ~ 820 -1.rm ~ ____hl2l 

40,626 

10,010 

500 

5,940 

850 

2.800 

60,726 

16,074 

$ 76,800 

6,349 4,242 

zoo 1,000 

1,230 1,320 

300 400 

250 

20 .ooo __L2.QQ. 
28,079 8,812 

2,655 ~ 

$ 30,734 $ 10,744 

9,759 

1,465 

250 

35,000 

46,474 

7,362 

$ 53,836 

32,026 

6,730 

1,400 

9,260 

600 

16,693 

29,300 

1,000 

5,240 

400 

19,256 

14,000 

2,900 

2,,124 

14,875 

8,000 

1,300 

5,600 

25,872 11,090 

54,000. 2,250 

5, 700 

5,300 

1,200 

4,360 

1,482 

200 

1,125 450 -- -- 2,250 

4,800 ~ _..!.!,600 161.350 11,600 ~ 

55,941 55,283 4~,880 191,125 105,922 22,082 

~ __L_!1l _7 ,B42 ___§_Jj1 ~ ~ 
I 69,235 I 62,404 I 57,122 1197,418 1116,741 I 26,806 

22,676 

37,300 

5,250 

1,140 

600 

15,333 

9,700 

4,000 

900 

900 

450 225 

~ ---
70,041 

9,598 

I 79,639 

31,283 

~ 
$ 31,487 

14,460 

1,000 

1,520 

500 

11,000 u 

28,480 

6,104 --

1 34,584 

$ 35,838 

5,943 

I 5,772 I 4,296 

-----"-'57'-'.7 __ 4_3 

I 8,729 I 29,752 I 15,942 

Wll~~ 

I 14,142 I 24,444 I 10,648 I 21,532 I 13,734 I 13,791 

____L_lli ~ 845 1 879 ~ 1 237 ---

41,781 

500 

5,940 

850 

·6 ,349 

200 

1 '150 
300 

4,339 

1,000 

1,720 

600 

250 

10,146 

1 ,465 

250 
2.500 20,000 ____hQQQ_ ~ 

51,571 27,999 8,909 46,861 

16,485 2,655 ---..L.2Z§. ~ 
I 68,056 I 30,654 I 10,885 $ 54,376 

32,995 

480 

1,000 

9,040 

1,800 

675 
3,800 

49.790 

~ 
$ 63,475 

17,201 

27,500 

1,200 

5,240 

BOO 
450 

~ 
58,391 

~ 
s 65,724 

15,383 

1,000 

1,200 

5,830 

BOO 

1,242 

___]_QQ 
25,655 

~ 
$ 32,160 

26,888 

5,700 

5,300 

2,400 

2,250 

~ 
54,138 

_l__h_lli 
$ 65,382 

11,493 

4,360 

1,482 

600 

23,411 

5,650 

1' 140 
600 

15,602 

4,000 

900 

900 

225 450 

15,028 

1,000 

1,520 

500 

5,200 ~ ----- 11,000 863,500 

23,135 35,876 21,852 29,048 863,500 

4,B98 9,905 6 317 ~ ~ 

I 28,033 $ 45,781 $ 28,169 $ 35,392 $949,850 

2.14 

$ 8,622 

682 

9,304 

250 

1,720 

1,125 

__£QQ_ 
12,599 

3,966 

$ 16,565 

s 8,622 

~ 

9,304 

3,000 

1,050 

2,420 

1,000 

1 '125 

200 

18,099 

3,966 

$ 22,065 

Totals 

$218,454 

24,107 

242,561 

171 ,290 

28,860 

44,241 

5,950 

6,125 

267,700 

766,727 

103,988 

$870,715 

S207 I 242 

22,678 

229,920 

31,980 

26,860 

43,147 

11 ,150 

6,917 

964,850 

11,314,824 

185,178 

$1,500,002 

$144,856 S 61,388 $ 21,629 $108,212 $132,710 1128,128 I 57,722 $229,578 1182,123 I 54,839 $125,420 I 65,656 I 69,976 1949,850 I 38,630 $2,370,717 
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Task 

t. Year 01 

A. Salarfes & Wages 

B. Fringe Benefits 

C. Total Salaries, Wages. 
& fringe Benefits 

D. P£>ntldnent Equipment 

E. Expendable Equipment & 
Supplies 

F. TraYel 

G. Publication Costs 

H. (O<Tlputer Costs 

I. Other Costs 

J. Total Direct Costs 

K. Indirect Costs 

l. Total Project Costs 

II. Year 0£ 

A. Salaries & Wages 

B. Fringe Benefits 

C, Total Salaries, Wages, 
& Fringe Benefits 

D. Permanent Equipment 

E. E~penddble Equipment 6 
Supplies 

F, TraYel 

G. Publication Costs 

H. Cornputer Costs 

I. Other Costs 

J. Total Direct Costs 

k. Indirect Costs 

l. Total Project Costs 

Ill. Two-Year Tgtals 

3.o 3.1 3.2 3.3 

PElE Pt·oject 
Engineering Program Budget Sunmary 

3.4 3.5 3.6 3.7 

I i i • • 

3.8 3.9 3.10 3.11 

$ 33,752 $ 37,053 $ 38,042 $ 71,788 $ 35,396 $ 42,010 $ 29,445 s 22,332 $ 19,728 $ 18,934 $ 15,522 $ 11,434 

6,547 __ 3,433 _!d?i __hWL 2'343 __ 5,274 2 957 1,2!15 1,634 2,240 1,249 _.121 

40,299 

2,290 

40,486 

13,000 

700 1,600 

2,100 5,200 

700 fiOO 

2,250 

5,900 _b.?50 

51,989 65,586 

41 ,371 

1 ,500 

5,000 

800 

2,250 

79,695 

16,090 

5,210 

3,650 

1,400 

450 

37.739 

50,500 

12,000 

2,900 

500 

10,500 __ 1,300 ____?_200 

61,421 107,795 109,139 

47,284 

14,745 

32,402 

10,200 

1,500 3,750 

2,700 5,600 

500 400 

4,500 1,800 

_· _2J_!JOO _ __:___2QQ_ 

73,229 54,452 

23,587 

42.700 

5,000 

2,850 

200 

1 ,125 

___5..._800 

81,262 

_15..Ji26 __!Ir_944 17,499 33,022 _1_6_~..,_2.§1 _12...1_325 -~ 10,273 

$ 67,515 $ 82,630 $ 78,920 $140,817 $125,421 s 92,554 $ 67,997 $ 91,535 

21 ,362 

20,800 

500 
6,596 

250 

1,575 

400 

51,483 

9,075 

$ 60,558 

21 ,174 16,771 

400 

900 1,950 

200 200 

225 

--'4"'0,_0 zoo 
23,299 19,121 

8,710 7,140 

s 32 .oo• is 26.261 

$ 35,008 $ 38,503 $ 39,551 s 72,489 $ 36,665 $ 51,809 s 30,608 s 23,132 $ 19,215 $ 19,647 $ 14,927 

6. 918 __ 3 .,SQS_ 3,418 8,121 __?_,_387 _8~_488 __ !,!l35 1 296 1,6 72 2,299 1 245 

41 ,926 

700 

2,100 

700 

42 ,008 

5,000 
42,969 80,610 39,052 

12,000 

60,297 

15,000 

33,643 

4,000 

1.600 1,500 4,750 11,000 1,500 3,000 

5,200 5,000 6,300 2,900 5,400 2,100 

BOO 800 1 ,400 500 1 ,000 400 

2,150 2,250 1,125 -- 9,000 2,250 

2,250 ~00 __bl00 ~R ~000 _ _lQQ_ 

59,108 58,019 96,485 65,452 96,197 45,693 

24,428 

7,000 

2,850 

20,887 

10,500 

1,000 
3,076 

500 

2,250 

400 

21,946 

400 

1,100 

200 

225 

400 

16,172 

950 

200. 

100 

17 ,422 

11,725 

500 

500 

12,725 

5,260 

$ 17,985 

10,842 

189 

11,131 

500 
1,000 

500 

675 

13,806 

• 

3.11 3.13 

10,175 7,203 

----"28""4 _.ill. 

10,459 

500 
2,000 . 

500 

13,459 

7,470 

200 
400 

200 

675 

500 

9,445 

5,900 
51,326 

16,104 l2..till 18,193 33,345 16.866 23,832 14,080 

200 

1,125 

5,800 

41 ,403 

10,641 
38,613 

8,839 

$ 47,452 

24,271 

9,038 

$ 33,309 

6,866 4.987 4,681 __l.dl1 
$ 67,430 $ 76,819 $ 76,212 $129,830 S 82,318 1120,029 I 59,773 $ 52,044 $ 24,288 $ 18,793 $ 18,140 $ 12,756 

$134,945 $159,449 $155,131 $270,647 $107,739 $111,583 $127,770 $143,579 $108,040 $ 65,318 $ 50,549 $ 36,778 $ 18,140 $ 12,758 

Totals 

$375,436 

38,459 

413,895 

170,325 

32,660 

39,446 

6,450 

14,175 

~~2Q 
711,501 

_l?l~Jil 
$884,102 

409.774 

~_4_ 

452,998 

46 ,500 

33,650 

40,376 

7,900 

21,815 

27,450 

630,699 

188,496 

$819,195 

$1,703,397 



~ 

"' co 

i • 

Task 

I. Year 01 

A. Salaries & Wages 
B. Fringe Benefits 
C. Total Salaries, Wages, 

& Fringe Benefits 
D. Permanent Equipment 
E. Expendable Equipment & 

Supplies 
F. Travel 
G. Publication Costs 
H. Computer Costs 
I. Other Costs 
J. Total Direct Costs 
K. Indirect Costs 
L. Total Project Costs 

II. Year 02 
A. Salaries & Wages 
B. Fringe Benefits 
C. Total Salaries, Wages, 

& Fringe Benefits 
D. Permanent Equipment 
E. Expendable Equipment & 

Supplies 
F. Travel 
G. Publication Costs 
H. Computer Costs 
I. Other Costs 
J. Total Direct Costs 
K. Indirect Costs 
L. Total Project Costs 

III. Two-Year Totals 

' ' I I IJ • I I 

PELE Project 
Environmental and Socioeconomic Program Budget Summary 

4.0 4.1 4.2 4.3 4.4 

$ 30,330 $ 18,535 $ 8,522 $ 8,634 $ 5,170 $ 

4,151 2,892 275 1,700 1,165 

34,4Bl 

2 '145 

500 

1,900 
200 

250 
39,476 

21,427 

500 
2,400 

100 
4,250 

28,677 

8,797 

BOO 

500 

800 
300 

11 '197 
13,952 8,526 3,920 

10,334 

500 
1 ,900 

200 

6,335 

300 

600 

150 
7 ,3B5 
2,378 

4.5 

400 
1,300 

100 

1 ,800 

4.6 4.7 4.8 4.9 

$ 33,685 $ 66,619 $ 3,595 $ 6,688 

4,155 12,156 610 264 

37,840 78,775 

500 150,000 

500 22,000 

3,150 2,500 

400 
3,150 800 

300 6,200 
45,840 260,275 
15,495 30,645 

4,205 

600 
500 

5,305 

1 ,654 

6,952 

400 

7,352 
3,077 

$ 53,428 $ 37,203 $ 15,117 

2,500 
15,434 

3,972 

$ 19,406 $ 9,763 $ 1,800 $ 61,335 $290,920 $ 6,959 $ 10,429 

$ 32,563 $ 19,123 $ 9,308 $ 8,982 $ 5,400 $ 6,147 $ 40,008 $ 61,195 $ 7,340 $ 13,061 
4,288 3,209 279 1,754 1,201 1,329 4,536 10,611 1,219 526 

36,851 
500 

500 

1 ,900 

200 

250 

40,201 

22,332 

500 
1,200 

100 
5,250 

29,382 

9,587 

500 

300 
1,600 

200 

12 '187 

10,736 

500 

1,900 

400 

2,500 

16,036 

6,601 

300 

800 

150 
7,851 

7,476 

400 
1,200 

300 

2,000 

11 ,376 

44,544 71,806 
500 10,000 

500 10,000 

3,150 2,500 

500 400 
2,250 BOO 

-----"'40"'-0 6 '1 00 
51 ,844 101 ,606 

8,559 
1,000 

500 

600 
500 
450 

1 ,400 

13,009 

13,587 
500 

1 ,000 

800 

200 

16,087 
14,979 8,797 4,281 4,132 2,484 2,828 18,404 28,150 3,376 6,008 

$ 55,180 $ 38,179 $ 16,468 $ 20,168 $ 10,335 $ 14,204 $ 70,248 $129,756 $ 16,385 $ 22,095 

$108,608 $ 75,382 $ 31,585 $ 39,574 $ 20,098 $ 16,004 $131,583 $420,676 $ 23,344 $ 32,524 

I I f I I I I I 
i ' . ' i i i I ! i ; ~ 

Totals 

$181,778 
27,368 

209,146 
153,445 

25,200 

15,550 

1 '700 
4,050 

13,650 
422,741 
83,619 

$506,360 

$203,127 . 
28,952 

232,079 
13,000 

14,500 

15,650 
2,500 

3,800 
18,050 

299,579 
93,439 

$393,018 

$899,378 



PELE Project 
Proposed Budget 

Task 2.0 
Coordination 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 
A. SALARIES & WAGES 

1. Senior Pe rs onne 1 
a. A.S. Furumoto 

Summer, 1.0 mo.--100% $ 1,910 $ 1 ,987 

2. Other Personne 1 
a. Graduate Assistant 

Academic Year--50%; 
Summer--100% $ 5,988 5,988 6,234 

b. Pre-8acca 1 aureate Students 
(800 hrs) 1,920 1,920 1,920 

c. Secretarial-Clerical--100% 8,208 8,358 8,358 

d. Secretarial-Clerical--100% 7,596 7,896 8,208 

e. Technician--100% 11,232 11,676 12. 144 
Total. Sal.ru>ies & Wages 34,944 35,838 36,864 

'••-1• 

8. FRINGE BENEFITS 5,682 5,943 6,117 

c. TOTAL SALARIES, WAGES & 
FRINGE BENEFITS 40,626 41,781 42,981 

D. PERMANENT EQUIPf\ENT 
1. Signal generator w/accessories 350 
2. Voltmeter 550 
3. Oscilloscope, portable 2,000 
4. Battery inverter 70 
5. Small meters, other equipment 100 
6. Desk calculator 600 
7. Portable typewriter 250 
8. Trailer (with shipping cost) 3,000 
9. Air conditioner for trailer 300 

10. Tables, desks, shelves for 
trailer 500 

11. Office furniture & equipment 2,290 

TotaZ. Pe:tW~ar.ent Equipment 10,010 

E. EXPENDABLE EQUIPMENT & SUPPLIES 
1. Electronic supplies, cables, 

plugs, transistors 300 300 300 
2. Office supplies, stationery, 

graph papers 200 200 200 
Total Expendab Ze Equip-

ment & SuppLies 500 500 500 

F. TRAVEL 
1. Interisland 5,240 5,240 5,240 
2. Domestic 700 700 700 

Total Trat)e Z 5,940 5,940 5,940 
·~ G. PUBLICATION COSTS 850 850 850 

H. COMPUTER COSTS 

I. OTHER COSTS 
1. Outfitting trailer 300 
2. Interisland shipment of trailer 200 200 200 
3. Trailer maintenance, hauling 500 500 500 
4. Vehicle rental, 3 mos. 1,200 1,200 1,200 
5. Communications 600 600 600 

J. TOTAL DIRECT COSTS 60,726 51,571 52,771 
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Proposed Budget, Task 2.0 (Continued) 

K. INDIRECT COSTS (46.00% of 
Salaries & Wages) 

L. TOTAL PROJECT COSTS 

01 YEAR 

16,074 
$76,800 

02 YEAR 

16,485 
$68,056 

160 

03 YEAR 

16,457 
$69,228 

04 YEAR 05 YEAR 

.... 

.... 

.... 
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PELE Project 
Proposed Project 

Task 2.1 
Photogeologic Survey 

01 YEAR 02 YEAR 03 YEAR. 04 YEAR 05 YEAR 

A. SALARIES AND riAGES 
1. Senior Personnel 

a. A. T. Abbott 
,, ~~~ 

2. Other Personnel 
a. Graduate Assistant (50%) 5,772 5,772 

, ~I 
Total Salaries and Wages 5,772 5,772 

B. FRINGE BENEFITS 577 577 
c. TOTAL SALARIES, WAGES & 

FRINGE BENEFITS 6,349 6,349 
"' D. PERMANENT EQU!Pt4ENT 

E. EXPENDABLE EQUIP~IENT AND SUPPLIES 

.• 1. Stationery, graph paper 200 200 
F. TRAVEL 

1. lnteri s 1 and 530 450 
2. Domestic 700 700 ,,. 

Total Travel. 1,230 1,150 
G. PUBLICAT!Otl COSTS 300 300 
H. 

"'~ 
COMPUTER COSTS 

I. OTHER COSTS 
1. Infra-Red Scanning Survey 

Subcontract 20,000 20,000 
J. TOTAL DIRECT COSTS 28,079 27,999 
K. INDIRECT COSTS (46.00% of 

Salaries and Wages) 2,655 2,655 
L • TOTAL PROJECT COSTS $30,734 $30,654 

.. 
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A. SALARIES & WAGES 
l. Senior Personnel 

a. A.S. Furumoto 
b. A.Malahoff 
c. R. Fox 

Summer, 3 mos.--100% 
2. Other Personnel 

a. Pre-Baccalaureate Students 

PELE Project 
Proposed Budget 

Task 2.2 
Aeromagnetic Survey 

01 YEAR 02 YEAR 

$ 2,400 $ 2,496 

(800 hrs) 1,800 1,800 
Total SaZ.ca>ies & Wages 

8, FRINGE BENE FITS 
C. TOTAL SALARIES, WAGES & 

FRINGE BENEFITS 
D. PERMANENT EQUIPMENT 
E. EXPENDABLE EQUIPMENT & SUPPLIES 

1. Chart paper 
2. Office supplies 
3. Electronic spare parts 

F. TRAVEL 

Total Expendable Equipment 
& Supplies 

1. Interisland 
2. Domestic 

Tota7.. Trcr,;a'Z 

G. PUBLICATION COSTS 
H. COMPUTER COSTS 
I. OTHER COSTS 

1. Equipment restoration 
2. Equipment maintenance 
3. Aircraft rental (2D hrs/yr) 

TotaL Other Costs 

J. TOTAL DIRECT COSTS 
K. INDIRECT COSTS (46.00% of 

Salaries & Wages) 
L. TOTAL PROJECT COSTS 

4,200 
42 

4,242 

400 
200 
400 

1,000 

620 
700 

1,320 
400 
250 

600 
300 
700 

1,600 
8,812 

1,932 
$10,744 

162 

4,296 
43 

4,339 

400 
200 
400 

1,000 

1,020 
700 

l,iZO 
600 
250 

300 
700 

1,000 
8,909 

1,976 
$10,885 

.. 

03 YEAR 04 YEAR 05 YEAR 

-
, .. 

... 
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.. 
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• .. .. .. 
--



163 



.. 
PELE Project 

Proposed Budget 
Task 2.4 

Electromagnetic Induction Survey 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 
A. SALARIES & WAGES 

1. Senior Personnel 
a. D.P. Klein 

Academic Year--lao:; $ 9,984 $ 10,380 $ 10,800 
Summer, 1.0 mo.--100% 832 865 900 

b. R.R. Harvey (in Task 2.3) 

Subtotal 10,816 11,245 11,700 ... 
2. Other Personnel 

a. Graduate Assistants (2) 
Academic Year--50%; 

ld' 
SuiTI11er--lOO% 11,544 11 ,967 11 ,967 

b. Pre-Baccalaureate Students 3,840 3,840 3,840 

c. Casual Help (field workers) 2,700 2,700 2,700 . •. 
Total. Salaries & Wages 28,900 29,752 30,207 

B. FRINGE BENEFITS 3,126 3,243 3,260 

c. TOTAL SALARIES, ~IAGES & 
FRINGE BENEFITS 32,026 32,995 33,467 -

D. PERMANENT EQUIPMENT •• 
1. Digital Microvoltmeter 1,000 
2. Ni-Cad Battery pack 1 '150 .. 
3. Audio oscillator & power 

amplifier 1,800 ... 
4. Source cable, #7-1 core 

insulated, 2000 ft 240 120 120 • 5. Receiver ca~let #20~ 10,000 ft 200 200 200 
6. Connectors and accessories 160 60 60 ... 
7. Gasoline power generator 900 
8. Walkie-Talkie, 5 watt, 4 sets 480 • 9. Back pack wire reel, 2 sets 600 

10. Field tool box, tools 200 100 100 .. 
Total Permanent Equipment 6,730 480 480 

E. EXPENDABLE EQUIPMENT & SUPPLIES • 
1. Field equipment, tents, shovels, -picks 500 200 100 
2. Electronic supplies & spare .. 

parts 500 400 300 
3. Office supplies, chart paper, .. 

graph paper, tapes 400 400 400 

Total Expendable Equipment .. 
& Supplies 1,400 1,000 800 

F. TRAVEL -
1. Interisland 7,860 7,640 7,640 .. 
2. Domestic 1,400 1,400 700 

Total Trave Z 9,260 9,040 8,340 .. 
G. PUBLICATION COSTS 600 1,800 800 .. 
H. COMPUTER COSTS 1,125 675 675 

• .. --.. 
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Proposed Budget, Task 2.4 (Continued) 
01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

I. OTHER COSTS 
1. Conmuni cations 300 300 300 
2. Field equipment, repairs & 

maintenance 800 800 800 
3. Rental of analysis equipment 400 500 500 
4. Interisland equipment 

transportation 200 100 100 
5. Equip~ent fabrication 1,700 500 200 
6. _Vehicle rental, 80 days 1,600 1,600 1 ,600 

,, Total Other Costs 5,000 3,800 3,500 
J. TOTAL DIRECT COSTS 55 ,9-41 49.790 47,387 
K. INDIRECT COSTS (46.00% of 

•r~ Salaries & Wages) 13,2g4 13,685 13,895 
L. TOTAL PROJECT COSTS $69,235 $63,475 $61,282 

1-""' 
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PELE Project 
Proposed Budget 

Task 2.5 
Microseismic Surveys 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 
A. SALARIES & WAGES 

1 . Senior Personnel 
a. A.S. Furumoto 

'"' 2. Other Personnel 
a. Graduate Assistants (2) 

Academic Year--50%; 
Summer--100% $11,760 $12,222 $12,222 .. 

b. Pre-Bacca 1 aureate Students 
(800 hrs) 1,920 1,920 1,920 

c. Field Assistant 1,800 1 ,800 1,800 ·~ 
Total Salaries & Wages 15,480 15,942 15,942 

B. FRINGE BENEFITS 1,213 _1,259 1,259 
c. TOTAL SALARIES, WAGES & ·~ 

FRINGE BENEFITS 16,693 17,201 17,201 
D. PERMANENT EQU! PfiENT 

l. Microearthquake system .. 
6@ $4,200 ea 25,200 

2. Field equipment and housing ~ 

for instruments 1,800 
3. Horizontal geophones, 6 1,800 

""' 4. 24 channel film recorder 10,000 
5. 3 component, do11m hole seismo- .. 

meter, 6 @ $800 ea 4,800 
6. Clock and radio system 2,200 
7. . .a~rnp1iflers. 18 units 9,000 .. 
8. Accessories, cables, plugs, 

casings 500 1,500 li! 

Total Permanent Equipment 29,300 27,500 • E. EXPENDABLE EQUIPfiENT & SUPPLIES 
1. Seismogram paper 400 600 • 
2. Chemicals 200 200 
3. Office supply 200 200 • 
4. Calipers, dividers, rulers, 

speci a 1 graph papers 200 200 .. 
Total Expendable Equip~nt 

& SuppLies 1,000 1,200 •• 
F. TRAVEL -

1. Interisland 5,240 5,240 
G. PUBLICATION COSTS 400 -800 
H. COMPUTER COSTS 450 450 ... 
I. OTHER COSTS -l. Rental of frequency analyzer 400 400 

2. Array building with down hole -seismometers 3,000 
3. Machine shop work 300 1,000 -4. Equipment transportation 100 200 
5. Vehicle rental, 3 mo. per year 1,200 1 ,200 .. 
6. Communications 200 200 

TotaZ Other Costs 2,200 5,600 .. 
• 

-
"' 
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Proposed Budget, Task 2.5 (Continued) 
01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

J. TOTAL DIRECT COSTS 55,283 58,391 17,201 

K. INDIRECT COSTS (46.00% of 
Salaries & Wages) 7. 121 7,333 7,912 

L. TOTAL PROJECT COSTS $62,404 $65,724 $25,113 
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PELE Project 
Proposed Budget 

Task 2.6 
Offshore Seismology 

A. SALARIES & WAGES 
1. Senior Personnel 

a. G.H. Sutton 
b. M.E. Odegard 

Calendar Year--25% 
2. Other Personne 1 

a. Graduate Assistant 
Academic Year--75%; 
Summer, 3.0 mos.--100% 

b. Pre-Baccalaureate Students 
(1300 hrs) 

c. Technician, 50% 
Total Salaries & Wages 

B. FRINGE BENEFITS 
C. TOTAL SALARIES, WAGES & 

01 YEAR 

$ 3,414 

6,234 

2,600 
4,800 

17,048 
2,208 

FRINGE BENEFITS 19,256 
D. PERMANENT EQUIPI~ENT 

1. Ocean-bottom package (pressure 
case, 3 seismometers, hydro
phone, power supplies, 
amplifiers, modulators) 8,000 

2. Shore station (power supplies, 
monitors, radio telemetry) 6,000 
Total Permanent Equipment 14,000 

E. EXPENDABLE EQUIP!~ENT & SUPPLIES 
1. Repair and modification of 

cable laying equipnent 500 
2. Explosives for testing and 

calibrating seismograph 
installation (2 tons at $600/ 
ton including caps, fuse, 
boosters, and lighters) 1,200 

3. Magnetic tape and recording 
paper for chart and drum 
recorders 700 

4. Miscellaneous supplies & 
expendable equipment 500 

TotaZ ExpendabLe Equipment 
& SuppZies 2,900 

F. TRAVEL 
1. Interisland 2,124 

G. PUBLICATION COSTS 
H. COMPUTER COSTS 
I. OTHER COSTS 

1. Tug boat charter for cable 
laying (6 days @ $1600/day) 

2. Physical preparation of shore 
& station & cable termination) 

3. Communication & shipping 
Total. Other Costs 

9,600 

1,000 
1,000 

11 ,600 

02 YEAR 

168 

03 YEAR 04 YEAR 05 YEAR 
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Proposed Budget, Task 2.6 (Continued) 

J. TOTAL DIRECT COSTS 
K. INDIRECT COSTS (46.00% of 

Salaries & Wages) 
L. TOTAL PROJECT COSTS 

01 YEAR 
49,880 

7,842 

$57,722 

02 YEAR 03 YEAR 04 YEAR 05 YEAR 
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PELE Project 
Proposed Budget 

Task 2.B 
Shallow Seismic Survey 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 
A. SALARIES & WAGES 

1. Senior Personne 1 
a. W.M. Adams 

2. Other Personnel 

,., a. Graduate Assistants (4) 
Academic Year--50%i 

Su!Ti.1er, 3 mos.-- 00% $23,520 $24,444 
B. FRINGE BENEFITS 2,352 2,444 

., c . TOTAL SALARIES, WAGES & 
FRINGE BENEFITS 25,B72 26,8B8 

D. PERMANENT EQUIPMENT ... 1. Digital recording system, 
12 channels, IBM compatible 36 ,000 

·- 2. Digital playback facility 
12 channels lB,OOO 

... TotaZ Permanent Equipment 54,000 
E. EXPENDABLE EQUIPMENT & SUPPLIES 

1. Explosives 500 500 - 2. Visible monitoring paper 1,000 1,000 
3. Magnetic Tapes Bank 1,500 1,500 
4. Field supplies, tools 1,500 1,500 
5. Cables between geophones & 

recording truck 1,200 1 ,200 
TotaZ E:r:pendab Ze Equipment 

& SuppZies 5,700 5,700 
F. TRAVEL 

1. Interi s 1 and 4,550 4,550 
2. Domestic 750 750 

TotaZ TrweZ 5,300 5,300 

G. PUBLICATION COSTS 1,200 2,400 

H. COMPUTER COSTS 2,250 2,250 

I. OTHER COSTS 
1. Shot hole drilling, 20 holes 10,000 10,000 
2. Truck rental, 30 days, 

insurance, gasoline 1,200 1,200 
3. CorJJJlunications 400 400 

TotaZ Other Costs 1,600 1,600 

J. TOTAL OIRECT COSTS 105,922 54,138 
K. INDIRECT COSTS (46.00% of 

Salaries & Wages) 10,819 11,244 

L. TOTAL PROJECT COSTS $116,741 $65,382 
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PELE Project 
Proposed Budget 

Task 2.9 
Petrology, Structural Geology and Geochemistry 

A. SALARIES & WAGES 
1. Senior Personnel 

a. K.A. Pankiwskyj 
Summer, 3 mos.--100% 

2. Other Personnel 
a. Graduate Assistant 

Academic Year--so;~; 
Summer, 3 mos.--100% 

b. Secretarial-clerical 
Total Salaries & Wages 

B. FRINGE BENEFITS 
C. TOTAL SALARIES, WAGES & 

FRINGE BENEFITS 
D. PERMANENT EQUIPMENT 

1. Mechanical stages (2) 
2. Point counters (2) 
3. Illuminators (2) 
4. Desk calculator 

Total Permanent Equipment 

E. EXPENDABLE EQUIPMENT & SUPPLIES 
1. Sawblades (1 per year) 
2. Core boxes, 1000 units @ $8 
3. Thin section boxes (12) 
4. Office supplies 

Total Expendab Z.e Equipment 
& Supplies 

F. TRAVEL 
1. Interisland 
2. Domestic 

TotaL Trat!e L 

G. PUBLICATION COSTS 
H. COMPUTER COSTS 
I. OTHER COSTS 

1. Making petrographic thin 
sections, 600 units 

2. Chemical analyses done 
conunercia11y, 50 times 

3. Shipment of core boxes 
interisland 

4. Communications 
TotaL Other Costs 

J. TOTAL DIRECT COSTS 
K. INDIRECT COSTS (46.00% of 

Salaries & Wages) 

L. TOTAL PROJECT COSTS 

01 YEAR 

$ 3,282 

5,988 
1,000 

10,270 

820 

11,090 

500 
250 
500 

1,000 
2,250 

100 
4,000 

60 
200 

4,360 

1,032 
450 

1,482 
200 

1,800 

500 

200 
200 

2,700 
22,082 

4, 724 

$26,806 
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02 YEAR 

$ 3,414 

6,234 
1 ,000 

10,648 
845 

11,493 

100 
4,000 

60 
200 

4,360 

1,032 
450 

1,482 
600 

1,800 

3,000 

200 
200 

5,200 
23,135 

4,898 

$28,033 

03 YEAR 04 YEAR OS YEAR 

-
-
--.. .. 
-• 
.. 
-... 
-... .. 
.. .. .. --.. 
• ... 
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Proposed Budget, Task 2.10 (Continued) 
01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

I. OTHER COSTS 
]. Corrrnunications 100 100 100 
2. Field Work per diem 

(120 man days @ $20/day) 2,400 2,400 2,400 
3. Equipment Repairs & 

Maintenance 2,000 2,000 
4. Machine Shop Time 350 350 350 

Totat Other Costs 2,850 4,850 4,850 

J. TOTAL DIRECT COSTS 70,040 35,876 36,150 
K. INDIRECT COSTS (46.00% of 

Salaries & Wages) 9,598 9,905 10,018 " 
L. TOTAL PROJECT COSTS $79,638 $45 '781 $46,168 

"" 

... 

•• 

.. 

-.. .. .. .. .. 
-
--
• -.. --.. .. 
... 
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PELE Project 
Proposed Budget 

Task 2.11 
Physical Properties of Rocks 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 
A. SALARIES & WAGES 

1. Senior Personnel 
a. M. Manghnani 
b. R. Ramanananantoandro 

Calender Year--50% $ 6,500 $ 6,500 
, ' 2. Other Personnel 

a. Graduate Assistant 
Academic Year--50%; 

.,,. Summer, 3 mos.--100% 5,988 6,234 
b. Pre-Baccalaureate Students 1,000 1 ,000 

Total Salaries & Wages 13,488 13,734 
.. ,, B. FRINGE BENEFITS 1 ,845 1 ,868 

c. TOTAL SALARIES, II AGES & 
FRINGE BENEFITS 15,333 15,602 

D. PERMANENT EQUIPMENT 

1. Thermal Conductivity Bridge & 
Furnace (to be fabricated) 4,500 

2. Recorder 1 ,500 ... 3 • Digital Thermometer 1,900 
4. Frequency counter 700 
5. Oscillator 1 '100 

Total. Permanent Equipment 9,700 

E. EXPENDABLE EQUIPMENT & SUPPLIES 
1. Transducers, seals 1,000 1,000 
2. Electronic parts, wires iOO iOO 

'""'" 3. Cutting, coring & polishing 
tools & compounds 1 ,500 1,500 

4. Miscellaneous supplies 800 800 
Total Expendable Equipment 

& Supplies 4,000 4,000 

F. TRAVEL 
1. Interisland 200 200 
2. Domestic 700 700 

Total Traver 900 900 

G. PUBLICATION COSTS 900 900 
H. COMPUTER COSTS 450 450 

I. OTHER COSTS 
J. TOTAL DIRECT COSTS 31,283 21 ,852 

, ' K. INDIRECT COSTS (46.00% of 
Salaries & Wages) 6,204 6,317 

L. TOTAL PROJECT COSTS $37,487 $28,169 
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PELE Project 
Proposed Budget 

Task 2.12 
Groundwater Study 

01 YEAR 02 YEAR 
A. SALARIES & WAGES 

B. 
c. 

D. 
E. 

F. 

G. 
H. 
I. 

J. 
K. 

·L. 

1. Senior Personnel 
a. P. Fan 

Summer, 1.0 mo.--100% 
2. Other Pers anne 1 

a. Graduate Assistant 
Academic Year--50%; 

Summer, 3 mos.--100% 
b. Graduate Assistant 

Academic Year--50%; 
Summer, 3 mos.--100% 
Total Salaries & Wages 

FRINGE BENEFITS 
TOTAL SALARIES, WAGES & 

FRINGE BENEFITS 
PERMANENT EQUIPMENT 
EXPENDABLE EQUIPMENT & SUPPLIES 

1. Chemicals 
2. Sampling equipment, containers 

Total Expendable Equipment 
& Supplies 

TRAVEL 
1. Interisland 
2. Domestic 

Total Travel 

PUBLICATION COSTS 
COMPUTER COSTS 
OTHER COSTS 

1. Chemical analyses by commercial 

$ 1 • 509 

5,772 

5,988 
13,269 

1 • 191 

14,460 

400 
600 

1,000 

1,020 
500 

1,520 

500 

firms 
a. c13;cl2 analyses, 20 samples 1,000 
b. cl4 analyses, 20 samples 2,000 
c. Tritium analyses, 20 samples 2,000 
d. olB/ol6 analyses, 20 samples 2,000 
d. Metal ions analyses, 

20 samples 4,000 
TotaL Other Costs 11 ,000 

TOTAL DIRECT COSTS 28,480 
INDIRECT COSTS (46.00% of 

Salaries & Wages) 6,104 
TOTAL PROJECT COSTS $34,584 

$ 1,569 

5,988 

6,234 
13,791 
1,237 

15,028 

400 
600 

1,000 

1 ,020 
500 

1,520 
500 

1,000 
2,000 
2,000 
2,000 

4,000 
11 ,000 
29,048 

6,344 

$35,392 

176 
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A. 

B. 

c. 

D. 

E. 

F. 

G. 
H. 

I. 

J. 

K. 
L. 

PEL£ Project 
Proposed Budget 

Task 2.13 
Deep Dri 11 

Dl YEAR 02 YEAR 
SALARIES & WAGES 

FRINGE BENEFITS 

TOTAL SALARIES, HAGES & 
FRINGE BENEFITS 

PER/oiANENT EQUIPMENT 

EXPENDABLE EQUIPMENT & SUPPLIES 

TRAVEL 

PUBLICATION COSTS 

COMPUTER COSTS 

OTHER COSTS 

1. Drilling Operation 

a. Mobilize Rig 
b. Location Cost 
c. Drilling (100 days @ $2400/day) 
d. Directional service 
e. Logging 
f. Bits (17'> & 12\ in.) 
g. Casing (20 in., 13-3/8 in., & 

9-5/B in.) 
h. Cementing 
1. Air compressors 
j. Fixed cost 

. Total DliUing Operation 

2. Environmental Protection (1 0%) 

Subtotal 

Fi:r:ed Fee 

Total Other Costs 

TOTAL DIRECT COSTS 

INDIRECT COSTS 

TOTAL PROJECT COSTS 

Estimate is by K. Brunet 
14162 Half Moon Bay Road 
Del Mar, Calif. 94014 

$100,000 
20,000 

240,000 
35,000 
40,000 
58,000 

85,000 
75,000 
55,000 
77,000 

785,000 

78,500 

863,500 

86,350 

949,850 

949,850 

$949,850 
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03 YEAR 04 YEAR 05 YEAR 

$25,000 
20,000 

240,000 
35,000 
40,000 
58,000 

B5,000 
75,000 

77,000 

655,000 

65,500 

720,500 

72,050 

792,550 

792,550 

$792,550 



PELE Project 
Proposed Budget 

Task 2.14 
Model Study 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

A. SALARIES & \IAGES 

1. Senior Personne 1 

a. A.S. Furumoto 

b. W.M. Adams 

2. Other Personnel 

1 a. Graduate Assistant 
Academic Year--50%; 

Summer, 3 mos.--100% $ 6,702 $ 6,702 $ 6,702 

b. Pre-Bacca 1 aureate Students 
(BOO hrs) 1,920 1 ,920 1,920 

TotaL Salaries & Wages 8,622 8,622 8,622 .•. 
B. FRINGE BENEFITS 682 682 682 

c. TOTAL SALARIES, VI AGES & 
FRINGE BENEFITS 9,304 9,304 9,304 .. 

D. PERMANENT EQUIPMENT 

1. Fabrication of models 1,500 500 
2. Heaters & accessories 1,500 

Total Permanent Equipment 3,000 500 -~·' 
E. EXPENDABLE EQUIPMENT & SUPPLIES " 

1. Laboratory supplies, cables, 
foam plastic, gravel, etc. BOO 500 fil' 

2. Office supplies 250 250 300 
tiu 

Total Expendable Equipment 
& Supplies 250 1,050 BOO .... 

F. TRAVEL 
1. lnterisl and 1,020 1,020 lilo 

2. Domestic 700 1,400 
Total Travel 1,720 2,420 

.. ,. 
G. PUBLICATION COSTS 1,000 lili! 

H. COMPUTER COSTS 1,125 1,125 
I. OTHER COSTS 

.. 
1. Conrnunications 200 200 ... 

J. TOTAL DIRECT COSTS 12,599 18,099 10,604 .. 
K. INDUECT COSTS (46.00% of 

Salaries & Wages) 3,966 3,966 3,966 -
L. TOTAL PROJECT COSTS $16,565 $22,065 $14,570 -... 

-
"" .. .. , 
-.. .. 
... 
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PELE Project 
Proposed Budget 

Task 3.0 
Engineering Coordination and Support 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

A. SALARIES & WAGES 
1. Senior Personnel 

a. P.C. Yuen 
Calendar Year, 50% $ 14,608 $ 15,192, $ 15,800 $ 16,432 $ 17,089 

2. Other Personnel 
a. Secretary (2)--100% 17,064 17,736 18,456 19,200 19,968 
b. Pre-Baccalaureate Students 

(1,040 hrs.) 2,080 2,080 2,080 2,080 2,080 

Totat Salaries & Wages 33,752 35,008 36,336 37,712 39 '137 
B. FRINGE BENEFITS 6,547 6,918 7,129 7,288 7,558 

c. TOTAL SALARIES, WAGES & 
FRINGE BENEFITS 40,299 41 ,926 43,465 45,000 46,695 

D. PERMANENT EQUIPMENT 

1. Office Furniture & Equipment 2,290 

E. EXPENDABLE EQUIPMENT & SUPPLIES 700 700 700 700 700 

F. TRAVEL 
1. Interi s 1 and 600 600 1 ,200 1,200 1,200 
2. Domestic 1,500 1,500 1,500 1,500 1,500 

TotaZ TraveZ 2,100 2,100 2,700 2,700 2,700 

G. PUBLICATION COSTS 700 700 700 1,400 1,400 

H. COMPUTER COSTS 

I. OTHER COSTS 
1. Consultant 

H.J. Ramey, Jr. 4,400 4,400 4,400 4,400 4,400 
2. Corrmunications 1,000 1 ,000 1 ,000 1,000 1,000 
3. Reproduction 500 500 500 500 500 

Totat Other Costs 5,900 5,900 5,900 5,900 5,900 

J. TOTAL DIRECT COSTS 51,989 51,326 53,465 55,700 57,395 

K. INDIRECT COSTS (46.00% of 
Salaries & Wages) 15,526 16,104 16,715 17,348 18,003 

L. TOTAL PROJECT COSTS $ 67,515 $ 67,430 $ 70,180 $ 73,048 $ 75,398 
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PELE Project 
Proposed Budget 

Task 3.1 
Well Test Analyses 

01 YEAR 02 YEAR 03 YEAR 04 YEAR OS YEAR 

A. SALARIES & WAGES 

1. Senior Personnel 

a. P. Cheng 
Academic Year--25% $ 3,993 $ 4,152' $ 4,317 
Summer, 1.5 mos.--100% 2,fj60 2,765 2,876 

b. B.H. Chen . .. 
Academic Year--25% 3,156 3,282 3,414 
Summer, 1.5 mos.--100% 2,105 2,186 2,274 

c. P.K. Takahashi 
Academic Year--10% 1,262 1,313 1,366 •• Summer, 1 mo.--100% 1,403 1,457 1,516 

d. D.R. Stoutemyer 
Academic Year--15% 1,969 2,048 2 '131 
Summer, .5 mo.--100% 729 756 789 ... 

Subtotal 17,277 17,959 18,683 .. 
2. Other Personnel 

a. Graduate Assistants (4) ... 
Academic Year--50% 14,832 15,408 16,032 
Summer, 3 mos.--100% 4,944 5,136 5,352 .. 

Total. Salaries & Wages 37,053 38,503 40,067 •• 
B. FRINGE BENEFITS 3,433 3,505 3,579 
c. TOTAL SALARIES, WAGES & .. 

FRINGE BENEFITS 40,486 42,008 43,646 
D. PERMANENT EQUIFiv:ENT • 

1. Pressure & Temperature Gauges 5,000 ... 
2. Calorimeter 1,000 
3. Orifice Meter Recorder 2,000 .. 
4. Miscellaneous Field 

Instrumentation s,ooo 5,000 • 
Total Permanent Equipment 13,000 5,000 

E. EXPENDABLE EQUIPMENT AND SUPPLIES 1 ,600 1,600 1,600 • 
F. TRAVEL .. 

1. Interi s 1 and 1,600 1,600 1,600 -2. Domestic 3,600 3,600 3,600 
Tota Z Travel 5,200 5,200 5,200 -

G. PUBLICATION COSTS 800 800 1,600 -H. COMPUTER COSTS 2,250 2,250 4,500 
I. OTHER COSTS -

1. Training Courses .. Two@ $1,000 each 2,000 2,000 
2. Communication 250 250 250 -J. TOTAL DIRECT COSTS 65,586 59,108. 56,796 

K. INDIRECT COSTS (46.00% of -Salaries & Wages) 17,044 17 '711 18,431 ... 
L. TOTAL PROJECT COSTS $ 82,630 $ 76,819 $ 75,227 

.: 

... 

... -
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PELE Project 
Proposed Budget 

Task 3.2 
Ghyben-Herzberg Lens Dynamics 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

A. SALARIES & WAGES 
1 • Senior Personnel 

a. L.S. Lau 
Academic Year--25% $ 5,910 $ 6, 147, $ 6,393 $ 6,648 $ 6,915 
Summer, 2 mos.--100% 5,248 5,459 5,677 .s,go3 6 '141 

b. K.J. Augustus 
Academic Year--15% 2,048 2 '131 2,216 2,304 2,396 
Summer, 1 mo.--100% 1 ,516 
Summer, 1.5 mos.--100% 2,366 2,460 2,558 2,660 

c. K.H. Lau 
Academic Year--25% 3,414 3,552 3,693 3,840 3,993 
Summer, 2 mos.--100~~ 3,032 
Summer, 1.5 mos.--100% 2,366 2,460 2,558 2,660 

d. D.R. Stoutemyer 
Academic Year--10% 1 ,313 1,366 1 ,421 
Academic Year--25% 3,693 3,840 
Summer, .5 mo.--100% 729 756 789 
Summer, 1 mo.--100% 1,640 1,705 

" SubtotaL 23,210 24 '143 25,109 29 '144 30,310 
2'. Other Personnel 

a. Graduate Assistants (3) 
Academic Year--50% 11 '124 11 ,556 12,024 12,456 12,924 
Summer, 3 mos.--100% 3,708 3,852 4,008 4,152 4,308 

Total Sala:t'ies & Wages 38,042 39,551 41 '141 45,752 47,542 
B. FRINGE BENEFITS 3,32g 3,418 3,504 3,878 4,006 
c. TOTAL SALARIES, WAGES & 

FRINGE BENEFITS 41 ,371 42,969 44,645 49,630 51,548 
D. PERMANENT EQUIPMENT 
E. EXPENDABLE EQUIPMENT & SUPPLIES 1,500 1 ,500 1,500 1,500 1,500 
F. TRAVEL 

l. Interisland 3,200 3,200 3,200 3,200 3,200 
2. Domestic 1,800 11BOO 1 ,BOO 1 ,800 1 ,800 

Total Travel 5,000 5,000 5,000 5,000 5,000 
G. PUBLICATION COSTS 800 800 800 800 800 
H. COMPUTER COSTS 2,250 2,250 2,250 2,250 2,250 
I. OTHER COSTS 

1. Physical Model Construction 10,000 5,000 2,000 
2. Conrnunication 500 500 500 500 500 

Total Other Costs 10,500 5,500 2,500 500 500 

J. TOTAL DIRECT COSTS 61,421 58,019 56,695 59,680 61 ,598 

K. INDIRECT COSTS (46.00% of 
Salaries & Wages) 17,499 18,193 18,925 21,046 21 ,869 

L. TOTAL PROJECT COSTS $ 78,920 $ 76,212 $ 75,620 $ 80,726 $ 83,467 
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PELE Project 
Proposed Budget 

Task 3.3 
Geothermal Plant Optimum Design 

01 YEAR 02 YEAR 03 YEAR 04 YEAR OS YEAR 

A. SALARIES & WAGES 
1. Senior Personnel 

a. J.C.S. Chou I' I 

Academic Year--25% $ 4,857 $ 5,052 $ 5,253 $ 5,463 $ 5,682 
Summer, 1.5 mos.--100% 3,236 3,365 3,498 .3,639 3,785 

b. K.J. Augustus 
Academic Year--10% 1 ,421 1,477 1 ,536 1,597 1 ,661 
Su!M1er, 1 rna. --1 00~~ 1 ,516 
Summer, .5 mo.--100% 789 820 853 887 

c. J.C. Burgess 
" Academic Year--25% 6,147 6,393 6,648 6,915 7 '191 

Summer, 1.5 mos.--100% 4,094 4,255 4,428 4,605 4,790 
d. H.C. Chai 

Academic Year--10% 2,364 2,459 2,557 2,659 2,766 ,., 
Summer, 1 mo.--100% 2,624 2,729 2,838 2,952 3,070 

D.H. Kihara " e. 
Academic Year--10% 1,536 1,597 1 ,661 1,727 1 ,796 
Summer, 1 mo.--100% 1,705 1,773 1,844 1,917 1,994 ., 

f. M.L.P. Go • Academic Year--25% 5,910 6,147 6,393 6,648 6,915 
Summer, 2 mos.--100% 5,248 
Summer, 1.5 mos,--100% 4,094 4,258 4,428 4,605 II:• 

g. R.Q. Palmer :11· 

Calendar Year--50% 9,342 9. 714 10,104 10,506 10,926 
h. A.M.H. Yen "'" Academic Year--25% 3,282 3,414 3,552 3,693 3,840 

Summer, 1 mo.--100% 1,457 1 ,516 1 577 1,640 1,705 llllr 

SUbtotaL 54,739 54,774 56,967 59,242 61,613 
2. Other Personne 1 

.. 
a. Graduate Assistants (3) 

~,, 

Academic Year--50% 11,124 11 ,556 12,024 12,456 12,924 
Summer, 3 mos.--100% 3,708 3,852 4,008 4,152 4,308 .. 

b. Laboratory Technicians ... 
Academic Year--25% 2,217 2,307 2,400 2,496 2,595 

To~aZ Salaries & Wages 71,788 72,489 75,399 78,346 81,440 .. 
B. FRINGE BENEFITS 7,907 8,121 8,365 8,615 8 776 

"" c. TOTAL SALARIES, WAGES & 
FRINGE BENEFITS 79,695 80,610 83,764 86,961 90,216 .. 

D. PERMANENT EQUIPMENT .. 
1. 8&K \i" Microphones, Type 

4149, (4) 1,200 
2. B&K Microphone Preamp, -Type 2619 (3) 1,140 

"' 3. B&K Microphone Power Supplies, 
Type 2804, (3) 975 

4. B&K Piston Phones, Type 4220, 360 -5. B&K Microphone Calibrator, 
Type 4230 125 .. ,, 

6. B&K 1" Microphones, Type 4146(2) 600 
7. NAGRA IV-S Two-Channel Tape .. 

Recorder 2,300 .. 
.. .. 
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Proposed Budget, Task 3.3, (continued) 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

D. PERMANENT EQUIPMENT (continued) 
8. B&K Sound Level Meter, 

Type 2205 $ 500 $ $ $ $ 
9. B&K Precision Sound Level 

Meter, Type 2209 1,550 
10. H.P. Instrumentation Tape 

Recorder, Model 3960 5,000 
11. B&K ~" Microphones, Type 4136, 

(2) 560 
12. Pressure Transducers & 

Signal Conditioners (2) 1 ,"600 
13. G.R. Low-Speed Motor, 1521-9514 100 
14. G.R. Linear Potentiometer, 1521-

9604 80 
Total. Permanent Equipment 16,090 

E. EXPENDABLE EQUIPMENT & SUPPLIES 

l. B&K Windscreens, UA 0381 ( 4) 280 
2. B&K Rain Covers, UA 0393 (4) 600 
3. B&K Dehumidifiers, UA 0308 (4) 280 
4. B&K Tripods, UA 0026, (3) 150 
5. B&K Tripod Adapters, UA 0028 (3) 30 
6. B&K Dehumidifier, UA 0310 (2) 140 
7. B&K Adapters, UA 0035 (2) 100 
8. B&K Adapter, JJ 0037 40 
9. Battery Charger, 12 v 40 

10. Temperature, Humidity, Barometric 
Pressure and Wind Velocity 
Instruments 200 

11. Materials of Special-Purpose 
Anechoic Chamber 1,000 

12. Cable, Coaxial, 3,000 ft. 200 
13. Connectors, Adapters 300 
14. Carrying Cases for Air Ship-

ment 300 
15. Batteries 600 1,200 
16. Magnetic Tape 600 1,200 
17. Compressed Air, Cylinders, 

Valves, Gauges 600 600 
18. Mi s ce 11 aneou s 750 750 500 500 500 

TotaL EXpendabLe Equipment 
& SuppZies 5,210 4,750 500 500 500 

F. TRAVEL 

l. Interisland 1,400 4,800 
2. Domestic 2,250 
3. Foreign (Japan; New Zealand) 1,500 

TotaL TI'a:VeL 3,650 6,300 

G. PUBLICATION COSTS 1,400 1,400 1,400 1,400 1,400 

H. COMPUTER COSTS 450 1,125 450 450 450 

I. OTHER COSTS 
1. Car Rental, ($15/day) 600 
2. Van Rental, ($25/day) 200 
3. Flow Facility Components 200 1,000 
4. Flow Model Fabrication 1,000 
5. Corrrnunication 300 300 

Total Other Costs 1 ,300 2,300 

J. TOTAL DIRECT COSTS 107,795 96,485 86,114 89,311 92,566 

K. INDIRECT COSTS (46.00% of 
Salaries & Wages) 33,022 33,345 34,684 36,039 37,462 

L. TOTAL PROJECT COSTS $140,817 $129,830 $120,798 $125,350 $130,028 
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-
PELE Project 

Proposed Budget 
Task 3.4 

Corrosion and Wear Reduction 

01 YEAR 02 YEAR 03 YEAR 04 YEAR OS YEAR 

A. SALARIES & WAGES 

1. Senior Personnel 

a. J. Larsen-Basse 
Academic Year~-15% $ 2,803 $ 2,914 $ 3,031 $ 3,152 $ 3,278 
Summer, 1.5 mos.--100% 3 'lll 3,235 3,365 3,498 3,638 

b. D.A. Jones •·! 

Academic Year--25% 3,552 3,693 3,840 3,993 4,152 
Summer, 2 mos.--100% 3,154 3,279 3,410 3,546 3,687 

Suhtotal 12,620 13 '121 13,646 14,189 14,755 
'" 2. Other Personnel 

a. Graduate Assistants (4) 
Academic Year--50% 14,832 15,408 16,032 16,608 17,232 
Summer, 3 mos.--100% 4,944 5,136 5,352 5,532 5,736 f'li'~" 

b. Pre-Baccalaureate Students, 
(1500 hrs.) 3,000 3,000 3,000 3,000 3,000 
TotaL Salaries & Wages 35,396 36,665 38,030 39,329 40,723 ... 

B. FRINGE BENEFITS 2,343 2,387 2,435 2,484 2,535 
Ill--

c. TOTAL SALARIES, WAGES & 
FRINGE BENEFITS 37,739 39,052 40,465 41,813 43,258 

"'" o. PERMANENT EQUIPMENT 

1. Erosion-Corrosion Testing Loop 15,000 
ill~-

2. Autoclave Systems 20,000 10,000 
3. Microbalance 4,500 .. 
4. Evaporator for SEM 4,000 
5. High-Speed Camera 4,000 ... 
6. Frame Analyzer for Camera 3,000 
7. Other Permanent Equipment 2,000 2,000 1,500 .. 

Total Permanent Equipment 50,500 12,000 2,000 1,500 .. 
E. EXPENDABLE EQUIPMENT & SUPPLIES 

1. Supplies and Maintenance 5,000 5,000 5,000 5,000 5,000 .. 
2. Small Items of Equipment 3,000 2,000 2,000 2,000 2,000 
3. Alloys, Chemicals, and -Photographic Supplies 4,000 4,000 4,000 4,000 4,000 

Total Expendable Equipment .. 
& Supplies 12,000 11 ,000 11 ,000 11 ,000 11 ,000 .. 

F. TRAVEL 
1. Interisland (7 trips) 1,400 1,400 1,400 1,400 1,400 ... 
2. Domestic (2 trips) 1,500 1,500 1 ,sao 1,500 1,500 ... 

Total Travel 2,900 2,900 2,900 2,900 2,900 

G. PUBLICATION COSTS 500 500 500 500 500 .. 
H. COMPUTER COSTS ... 
!. OTHER COSTS 

1. Construction .. 
a. Improved Wear Tester 1,500 
b. Furnace for Elevated .. 

Temperature Wear 1,000 
c. Miscellaneous Smaller • Attachments for 

Impacter, etc. 3,000 '"' 
Total Other Costs 5,500 

J. TOTAL DIRECT COSTS 109,139 65,452 56,865 57,713 57,658 • 
K. INDIRECT COSTS (46.00% of • 

Salaries & Wages) 16,282 16,866 17,494 18,091 18 '733 

L TOTAL PROJECT COSTS $125,421 $ 82,318 $ 74,359 $ 75,804 $ 76,391 .. 
... 
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PELE Project 
Proposed Budget 

Task 3.5 
Electrical Energy Transmission 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

A. SALARIES & WAGES 

1. Senior Personnel 
1111 

H.H. Hwang a. 
Academic Year--25% $ 5,463 $ 5,682 $ 5,910 $ 6,147 $ 6,393 
Summer, 2 mos.--100% 4,852 
Summer, 1.5 mos.--100% 3,785 3,936 4,094 4,257 

'~!! 

b. B.S.M, Granberg 
Academic Year--25% 4,317 4,491 4,671 4,857 5,052 
Summer, 2 mos.--100% 3,834 
Summer, 1.5 mos.--100% 2,991 3 111 3,236 3,365 

Subtotal 18,466 16,949 17,628 18,334 19,067 

2. Other Personnel 
. ~!il a • Research Associate--100% 13,656 14,208 14.772 15,360 15,972 

b. Technician--100~' 10,380 10,800 11,232 11,676 
c. Graduate Assistants (2) 

Academic Year--50% 7,416 7,704 8,016 8,304 8,616 
>> 

Summer, 3 mos.--100% 2,472 2,568 2,676 2,766 2,868 
Total salaries & Wages 42,010 51 ,809 53,892 55,996 58,199 

B. FRINGE BENEFITS 5,274 8,488 8,735 8,989 9,256 
c. TOTAL SALARIES, WAGES & 

FRINGE BENEFITS 47,284 60,297 62,627 64,985 67,455 
D. PERMANENT EQUIPMENT 

1. Card Files, Tab. Model 1664 (4) 2,100 
2. H.P. 9800 Desk Calculator 2,975 
3. Card Reader, Model 9860 A 850 
4. Printer, Model Opt. 006 675 
5. Plug in Function Block--Math 4B5 
6. Plug in Function Block--

Definable 485 
7. Plotter, Model 9B62 A 2,675 
8. Ship Rental Fee for Surveying 

of Seabed Profile 3,000 
9. Production and Testing of 

Prototype Cab 1 e 5,000 
lD. Research Model of the Transmission 

System (excluding the Terminal 
Stati ens) 1,500 

11. Equipment and Full-Scale Testing 
of Electrodes on the Shore 10,000 

Total Permanent Equipment 14,745 15,000 
E. EXPENDABLE EQUIPMENT & SUPPLIES 

1 • Books and Reprints 1,500 1,500 1,500 1 ,500 1,500 
2. Laboratory Parts 2,000 2,000 2,000 

Total Expendable Equip-
ment & Supplies 1,500 1 ,500 3,500 3,500 3,500 

F. TRAVEL 
1. Interi s 1 and 1,200 2,400 2,400 2,400 2,400 
2. Domestic 1 ,500 3,000 3,000 3,000 3,000 

Total Travel 2,700 5,400 5,400 5,400 5,400 
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Proposed Budget, Task 3.5, (continued) 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

G. PUBLICATION COSTS $ 500 $ 1,000 $ 1,000 $ 1 ,000 $ 1,000 

H. COMPUTER COSTS 4,500 9,000 9,000 9,000 9,000 

!. OTHER COSTS 
l. Key Punch 1,000 2,000 2,000 2,000 2,000 
2. Communications 1,000 2,000 2,000 2,000 2,000 

Total Other Costs 2,000 4,000 4,000 4,000 4,000 
J. TOTAL DIRECT COSTS 73,229 96,197 85,527 87,885 90,355 

K. INDIRECT COSTS (46.00% of 
Salaries & Wages) 19,325 23,832 24,790 25,758 26,772 '" 

L. TOTAL PROJECT COSTS $ 92,554 $120,029 $101 ,317 $113,643 $117,127 

·~'' 
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PELE Project 
Proposed Budget 

Task 3.6 
Energy Extraction from High Temperature Brine 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 
A. SALARIES AND WAGES 

l. Senior Personnel 
a. D.H. Kihara 

Academic Year--15:' $ 2,304 2,396 2,491 2,590 2,695 
Surrmer, 1 mo.--100% 1,705 1,773 1,844 1,917 1,994 

b. H.C. Chai 
Academic Year--15% 3,546 3,688 3,836 3,989 4,149 
Summer, 1 mo.--100% 2,624 2,729 2,838 2,952 3,070 

SubtotaZ 10,179 10,586 11 ,009 11 ,448 11 ,908 

2. Other Personnel 
a. Graduate Assistants (3) 

Academic Year--50% 11 '124 11 ,556 12,024 12,456 12,924 
Summer, 3 mos.-100% 3,708 3,852 4,008 4,152 4,308 

b. Shop Technician--50% 4,434 4 614 4,800 4,992 5,190 
Total Salaries and Wages 29,445 30,608 31 ,841 33,048 34,330 

'II' B. FRINGE BErlEFITS 2,957 3,035 3,117 3,199 3,287 
c. TOTAL SALARIES, WAGES & 

FRINGE BENEFITS 32,402 33,643 34,958 36,247 37,617 

D. PERMANENT EQU IPNENT 
1. Constant Voltage Transformer, 

10 kva 1,200 
2. Variable Voltage Transformer, 

lOkva 500 
3. Water Cooler, 5 ton 1,500 
4. Power Centro 11 er 3,000 
5. Flashing chamber and associ-

ated equipment 4,000 
6. Temperature Controller 4,000 
7. Flashing Chamber Ancillary 

Equipment 2,000 2,000 2,000 
Total Perrrunent Equipment 10,200 4,000 2,000 2,000 2,000 

E. EXPENDABLE EQUIPMENT & SUPPLIES 
l. Finned tubes, heaters, 

thermocouples 3,750 3,000 2,000· 2,000 2,000 

F. TRAVEL 
l. Interisland 800 1,200 1,200 800 800 
2. Domestic 1,800 900 900 900 900 
3. Foreign 3,0DO 

TotaZ Trcrvel 5,600 2,100 2,100 1 ,700 1,700 
G. PUBLICATION COSTS 400 400 400 400 400 
H. COMPUTER COSTS 1,800 2,250 900 900 900 
.I. OTHER COSTS 

l. Communication 300 300 300 300 300 
J. TOTAL DIRECT COSTS 54,452 45,693 42,658 43,547 44,917 

K. INDIRECT COSTS (46.00% of 
Salaries & Wages) 13,545 14,080 14,647 15,202 15,792 

L. TOTAL PROJECT COSTS $67,997 $59,773 $57,305 $58,749 $60,709 
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PELE Proj oct 

Proposed Budget 
Task 3.7 

Development of Materials for Use with Magma and Hot Rock 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

A. SALARIES AND WAGES 

1. Senior Personnel 
a. K.N. Htun 

Academic Year--25% $3,993 Sj:~~~, $4,317 $4,491 $4,671 
Summer, 2 mos.--100% 3,546 3,834 3,988 4,148 

b. J. Larsen-Basse 
Academic Year--10% 1,868 1,943 2,021 2,101 2,185 
Summer, 0.5 mo.--100% 1,037 1 ,078 1 ,122 1,166 1 ,213 

Subtotal 10,444 10,860 11 ,294 11,746 12,217 ..... 
2. Other Personnel 

a. Graduate Assistants (2) 
Academic Year--50% 7,416 7,704 8,016 8,304 8,616 
Summer, 3 mos.--100% 2,472 2,568 2,676 2,766 2,868 "'~' 

b. Pre-Baccalaureate Students 
(1500 hrs.) 2,000 2,000 2,000 2,000 2,000 

.. 
Total Salaries and h'ages 22,332 23,132 23,986 24,816 25,701 .. , 

B. FRINGE BENEFITS 1,255 1,296 1,336 1,380 1 ,425 
c. TOTAL SALARIES, WAGES & 

FRINGE BENEFITS 23,587 24,428 25,322 26,196 27,126 ... 
D. PERMANENT EQUIPfiENT 

1. Energy Dispersive X-Ray lill 

Analyzer 27,000 
2. Phase Equilibria Bomb II' 

Furnace 5,000 
3. Temperature Indicators ·~' and Controllers 3,000 
4. Muffle Furnace 2,000 ... 
5. High-Frequency Induction 

Furnace 5,000 Ill• 
6. Gas Regulators and 

Flow Meters 700 .. 
Total Permanent Equipment 42,700 

E. EXPENDABLE EQUIPMENT & SUPPLIES 
.. , 

1. High Temperature Crucibles 1,000 1,000 1,000 1 ,000 1,000 -2. Magnesia and Zirconia 
Crucibles 500 500 500 500 500 -3. Thermocouples and Accessories 500 500 500 500 500 

4. High Temperature Alloy Bombs 2,000 2,000 .. 5. Chemicals 1,000 1,000 1 ,000 1,000 1,000 
6. Photographic Supplies 1,000 1,000 1 ,000 1,000 1,000 -7. Filaments, Scintillators and 

Tube liners for SEM 1,000 1 ,000 1 ,000 1,000 1,000 -TotaZ ExpendabLe Equipment 
and SuppUes 5,000 7,000 7,000 5,000 5,000 .. 

F. TRAVEL 

1. Inter! s 1 and 600 600 600 600 600 ... 
2. Domestic 2,250 2,250 2,250 2,250 2,250 .. , 

TotaZ TraveL 2,850 2,850 2,850 2,850 2,850 .,, .. 
• ... 
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Proposed Budget, Task 3.7 (Continued) 
01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

G. PUBLICATION COSTS 200 200 200 200 200 
H. COMPUTER COSTS 1 ,125 1 ,125 1,125 1,125 1,125 
I. OTHER COSTS 

1. Equipment Construction 5,000 5,000 5,000 
2. Reference Acquisition 800 800 BOO 800 800 

Totat Other Costs 5,800 5,800 5,800 800 800 
J. TOTAL DIRECT COSTS 81,262 41,403 42,297 36,171 37 ,1 01 
K. INDIRECT COSTS (46.00% of 

Salaries & Wages) 10,273 10,641 11 ,034 11,415 11 ,823 
L. TOTAL PROJECT COSTS $91,535 $52,044 $53,331 $47,586 $48,924 

""' 
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Proposed Budget, Task 3.B (Continued) 
01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

E. EXPANDABLE EQUIPMENT & SUPPLIES 500 1,000 2,000 750 2,000 
F. TRAVEL 

l. Interisland 1,048 1 ,348 1,348 1,348 3,560 
2. Foreign 5,548 1,72B ~ _Ml. 

Tota~ TraveL 6,596 3,076 2,222 2,195 3,560 
G. PUBLICATION COSTS 250 500 250 500 500 
H. COMPUTER COSTS 1,575 2,250 1,125 1 ,125 450 
I. OTHER COSTS 

' ' l. Cortl1lun i cation 400 400 400 400 400 
J. TOTAL DIRECTOCOSTS 51,483 38,613 51,907 45,177 101,209 
K. INDIRECT COSTS (46.00% of 

Salaries & Wages) 9,075 8,839 12,501 14,238 14,719 
L. TOTAL PROJECT COSTS $60,588 $47,452 $64,408 $59,415 $115,928 
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PELE Project 
Proposed Budget 

Task 3.~ 
Direct Energy Conversion 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

A. SALARIES AND IIAGES 
l. Senior Personnel 

a. F.T. Koide 
Acadenic Year--25% $ 4,317 $4,491 $ 4,671 $4,857 $5,052 
Summer, 2 mas. --10m; 3,833 3,988 ' 4,148 4,313 _!,486 

SubtotaZ 8,150 8,479 8,819 9,170 9,538 ~~!< 

2. Other Personnel 
a. Graduate Assistant 

Academic Year--25% 3,708 3,852 4,008 4,152 4,308 ... 
Summer, 3 mos.--100% 1,236 1 ,284 1,338 1,383 1,434 

b. Pre-Baccalaureate Students 
(520 hrs.) 1,040 1 ,040 1,040 1,040 1,040 

Total Salaries and wages 18,934 19,647 20,395 21,145 21,936 ... 
B. FRINGE BENEFITS 2,240 2,299 2,361 2,424 2,490 .. 
c. TOTAL SALARIES, fiAGES & 

FRINGE BENEFITS 21,174 21 ,946 22,756 23,569 24,426 ... 
D. PERMANENT EQU I PflENT 5,000 10,000 3,000 ., 
E. EXPENDABLE EQUIPNENT AND SUPPLIES 400 400 3,400 6,400 6,400 
F. TRAVEL ... 

l. Interisland 200 400 800 800 ... 
2. Domestic 900 900 900 900 900 

TotaZ Travd 900 1 ,100 1 ,300 1,700 1 ,700 ... 
G. PUBL!CAT IOrl COSTS 200 200 200 200 200 .li 
H. COMPUTER COSTS 225 225 225 225 225 
!. OTHER COSTS .. 

1. Literature Acquisition 400 400 200 200 200 ... 
J. TOTAL DIRECT COSTS 23,299 24,271 32,883 42,294 36 ,151 
K. INDIRECT COSTS (46.00% of .. 

Salaries and Wages) 8,710 9,038 9,382 9 727 10,091 .. 
L. TOTAL PROJECT COSTS $32,009 $33,309 $42,265 $52,021 $46,242 .. 

... .. .. 
----
• .. .. .. 
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PELE Project 
Proposed Budget 

Task 3.10 
Alternate Modes of Energy Transmission and Storage 

01 YEAR 02 YEAR 03 YEAR 04 YEAR OS YEAR 

A. SALARIES AND WAGES 

1. Senior Personnel 

a. D.E. Avery 
,., Academic Year--25% $5,052 $5,253 $5,463 $5,682 $5,910 

Summer, 1.5 mos.--100% 3,498 3,639 '3,786 3,936 
Summer, 2 mos.--100% 4,486 

SubtotaL Jl,538 8,751 9,102 9,468 9,846 
11'11!11 2. Other Personnel 

a. Graduate Assistant (1) 
Academic Year--50% 3,707 3,852 4,008 4,152 4,308 

'~I 
Sull1ller, 3 mos.--100% 1,236 1,284 1,338 1,383 1,434 

b. Pre-Baccalaureate Students 
(520 hrs.) 1 ,040 l ,040 1,040 l ,040 1,040 

... , TotaZ Sat.aries and Wages 15,522 14,927 15,482 16,046 16,634 
B. FRINGE BENEFITS 1,249 1,245 1,309 1,344 1 ,381 
c. TOTAL SALARIES, WAGES & 

FRINGE BENEFITS 16,771 16,172 16,791 17,390 18,015 
•• D. PERMANENT EQUIPMENT 5,000 15,000 8,000 

E. EXPENDABLE EQUJPHENT AND SUPPLIES 2,000 4,000 4,000 
F. TRAVEL 

~· 

1. Interisland 200 200 400 600 600 
2. Domestic 1 ,750 750 750 750 750 

TotaL TraveL 1,950 950 1,150 1,350 1,350 
G. PUBLICATION COSTS 200 200 400 600 600 

H. COMPUTER COSTS 
I. OTHER COSTS 

1. Communications 200 100 
J. TOTAL DIRECT COSTS 19 ,121 17,422 25,341 38,340 31,965 
K. INDIRECT COSTS (46.00% of 

Salaries & Wages) 7,140 6,866 7,122 7,381 7,652 

L. TOTAL PROJECT COSTS $26,261 $24,288 $32,463 $45,721 $39,617 
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PELE Project 

Proposed Eudget 
Task 3.11 

Pilot Plant Steam Production 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

A. SALARIES AND WAGES 
1. Senior Personnel 

1111'" 

a. J.C.S. Chou 
Summer, 0.5 mo.--100% $1 ,079 $ 1 ,122 $1,166 $1,213 $1 ,262 

b. J.C. Burgess 
Summer, 0.5 mo.--100% 1,365 1 ,417 1,476 1,535 1,597 •• 

c. B.H. Chen 
Summer, 0.5 mo.--100% 702 729 758 
Summer, 2 mos.--100% 3,154 3,280 ... 

d. P. Cheng 
Summer, 0.5 mo.--100% 887 922 959 -~!' 
Summer, 2 mos.--100% 3,988 4,148 

e. A.M.H. Yen " Summer, 1 mo.--100% 1 ,457 1,516 1,577 1,640 1,705 ... 
s...btotaZ 5,490 5,706 5,936 11,530 11 ,992 

2. Other Personnel ... 
a. Graduate Assistant 

·~ Academic Year--50% 3,708 3,852 4,008 4,152 4,308 
Summer, 3 mo.--100% 1,236 1,284 1,338 1,383 1,434 

b. Pre-Baccalaureate Students .. 
(500 hrs.) 1 ,000 .. 

TotaZ Salaries and Wages 11 ,434 10,842 11 ,282 17,065 17,734 
B. FRINGE BENEFITS 291 289 292 325 330 .. 
c. TOTAL SALARIES, f/AGES & .. 

FRINGE BEIIEFITS 11,725 11 ,131 11,574 17,390 18,064 
D. PERMAIIEIH EQUIPI·IENT _t .. 
E. EXPENDABLE EQUIPMENT AND SUPPLIES 500 500 500 500 500 ... 
F. TRAVEL 

1. Interisland 1,000 2,000 2,000 2,000 .. 
6. PUBLICATION COSTS 500 500 500 500 500 .. 
H •. COMPUTER COSTS 675 675 675 675 
I. OTHER COSTS .. 
J. TOTAL DIRECT COSTS 12,725 13,806 15,249 21 ,065 21,739 •• 
K. INDIRECT COSTS (46.00% of 

Salaries and \·!ages) 5,260 4,987 5,190 7,850 8,158 -L. TOTAL PROJECT COSTS $17,985 $18,793 $20,439 $28,915 $29,897 .. 
... 
--.. .. .. .. .. 
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PELE Project 

Proposed Budget 
Task 3.13 

Pilot Plant Electrical Generation and Transmission 

01 YEAR 02 YEAR 03 YEAR 04 YEAR OS YEAR 
A. SALARIES & WAGES 

1. Senior Personnel 
a. H .H. Hwang 

Summer, 0.5 mo.--100% $ 1,262 $ 1,312 $ 1,365 $ 1,419 
~· 

b. B.S.M. Granberg 
Summer, 0.5 mo.--100% 997 l ,037 1,079 1,122 

Suhtotal 2,259 2,349 2,444 2,541 

2. Other Personnel 
a. Graduate Assistant (l) 

Academic Year--50" 3,708 3,852 4,008 4,152 
Summer, 3 mos.--100% 1,236 1,284 1,338 1,434 -

Total, Salaries and Wages 7,203 7,485 7,790 8,127 -
B. FRINGE BENEFITS 267 269 272 274 
c. TOTAL SALARIES, WAGES & .. 

FRINGE BENEFITS 7,470 7,754 8,062 8,401 .. 
D. PERMANENT EQUIPI1ENT 

1. Four Card Files, Tab Mod 1664 2,100 -2. HD-9800 Desk Calculator 2,975 
3. Card Reader ~1odel 9860A 850 "' 4. Printer, Model Opt 004 675 
5. Plug in Function Block-Math 485 -6. Plug in Function Block-Defineable 485 
7. Plotter Model No. 9862A 2,675 .. 
8. Operational Amplifiers and Converters 2,000 2,000 
9. PDP 8 Digital Computer, for power -sys tE!m con tro 1 use 10,000 

10. Computer Interphase, for power system • control use 10,000 
11. Two Motor-Generator Sets 5,000 
12. Transformer Banks 3,000 .. 
13. Thyristors 1,500 .. 14. Capacitors 1,000 
15. Resistors 1 ,000 
16. Inductors 1,000 -17. Synchronous Condenser 1,500 
18. Ammeters, Voltmeters 2,000 .. 
19. Frequency meters, power factor meters 1,200 
20. Accessories (diodes, relays, fuses, etc.) 2,000 .. 

Total Permanent Equipment 12,245 41,200 -E. EXPENDABLE EQUIPMENT & SUPPLIES 
1. Laboratory Parts and Supplies 200 2,200 2,200 2,200 -F. TRAVEL .. 
1. Interisland 400 400 400 400 

G. PUBLICATION COSTS 200 400 660 600 -H. COMPUTER COSTS 675 675 675 675 -I. OTHER COSTS 
1. Books and Reprints 500 200 200 200 -

J. TOTAL DIRECT COSTS 9,445 23,874 53,397 12,476 .. 
K. INDIRECT COSTS (46.00% of 

Salaries & Wages) 3,313 3,443 3,583 3,738 .. 
L. TOTAL PROJECT COSTS $12,758 $27,317 $56,980 $16,214 .. 

.. .. 
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PELE Project 
Proposed Budget 

Task 4.0 
Environmental and Socioeconomic Program Management 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

A. SALARIES AND WAGES 
1. Senior Personnel 

. a. R.M. Kamins 
Academic Year--50% $12,786 $13,297 $13,829 $14,382 $14,957 
Summer, 2 mos.--100% 5,684 5,908 6 '146 6,392 6,648 

Subtotal 18,470 19,205 19,975 20,774 21 ,605 
2. Other Personnel 

a. Secretary 6,000 6,240 6,492 6,756 7,032 
b. Pre-Baccalaureate Students 860 1 ,118 1 ,118 1 '118 1,118 
c. Clerk-Typist (hourly) 5,000 6,000 5,000 5,000 4,000 

Total Salaries and Wages 30,330 32,563 32,585 33,648 33,755 
a: FRINGE BENEFITS 4,151 4,238 4,419 4,561 4,703 
c. TOTAL SALARIES, HAGES & 

FRINGE BENEFITS 34,481 36,851 37,004 38,209 38,458 
D. PERMANENT EQUIPMENT 

1. Office Furniture and 
Equipment 1,145 

2. Others 1 ,000 500 
Total Permunent Equipment 2 '145 500 

E. EXPENDABLE EQUIPI~EIIT AND SUPPLIES 500 :iOO 500 500 500 
F. TP.AVEL 

1. Interisland 1,200 1 ,200 1,200 1,200 1 ,200 
2. Domestic 700 700 700 700 700 

Total Travel 1,900 1,900 1,900 1,900 1,900 
G. PUBLICATION COSTS 200 200 200 200 200 
H. COMPUTER COSTS 225 225 225 
I. OTHER COSTS 

1. Communication 200 200 200 200 200 
2. Postage 50 50 50 50 50 

Total Other Costs 250 250 250 250 250 
J. TOTAL DIRECT COSTS 39,476 40,201 40,079 41,284 41,533 
K. INDIRECT COSTS (46.00% of 

Salaries and ~!ages) 13,952 14,979 14,989 15,478 15 ,527 
L. TOTAL PROJECT COSTS $53,428 $55,180 $55,068 $56,762 $57,060 
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PELE Project 

Proposed Budget 
Task4.1 

Environmental Impact 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 
A. SALARIES & WAGES 

1. Senior Personnel 

a. Doak C. Cox 
Academic Year--15% $ 4,577 $ 4,667 $ 4 '761 $ 4,855 $ 4,952 

2. Other Personne 1 
a. Mon1toring Manager--50% 8,304 8,634 8,982 9,342 9,714 ,,,, 
b. Graduate Assistant 4,536 4, 704 4,896 5,076 5,268 
c. Pre-Baccalaureat Student 1 '118 1 '118 1 '118 1 '118 1 '118 

Total Salaries & Wages 18,535 19' 123 19,757 20,421 21,052 f·-· 

B. FRINGE BENEFITS 2,892 3,209 3,302 3,380 3,460 
c. TOTAL SALARIES, WAGES & 

FRINGE BENEFITS 21,427 22,332 23,059 23,801 24,512 
~~1' 

o. PERMANENT EQUI PI~ENT 
·~'' 

E. EXPENDABLE EQUIPMENT & SUPPLIES 500 500 500 500 500 
F. TRAVEL "'' 1. Interisland 2,400 1,200 1.400 1,200 1,200 

l~i I 

G. PUBLICATION COSTS 
H. COI~PUTER COSTS 100 100 725 225 225 ... 
I. OTHER COSTS ... 

1 . Consultants 4,000 5,000 7,onn 3,000 2,000 
2. Communications 200 200 200 200 200 1111' 3. Postage 50 50 50 50 50 

Total Other Costs 4,250 5,250 7,520 3,250 2,250 ... 
J. TOTAL DIRECT COSTS 28,677 29.382 32 '934 29,676 29,387 .. 
K. INDIRECT COSTS (46.00% of 

Salaries & Wages) 8,526 8,797 9,088 9,394 9,684 .. 
L. TOTAL PROJECT COSTS $37,203 $38,179 $42,022 $39,070 $39,071 

• .. 
• .. 
-.. 
-.. 
-.. 
• .. 
• .. 
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PELE Project 
Proposed Budget 

Task 4.2 
Geotoxicology 

01 YEAR 02 YEAR 03 YEAR 04 YEAR OS YEAR 
A. SALARIES & WAGES 

1. Senior Personnel 
a. S.M. Siegel 

Sumrer, 1.0 mo.--100% $ 2,626 $ 2,732 $ 2,841 
2. Other Personne 1 

a. Graduate Assistant 4,896 5,076 5,268 
b. Pre-Baccalaureate Student 1,000 1,500 1,500 

Total Salaries & Wa(JeB 8,522 9,308 9,609 
B. FRINGE BENEFITS 275 279 283 
c. TOTAL SALARIES, WAGES & 

FRINGE BENEFITS 8,797 9,587 9,892 
D. PERMANENT EQUIPI~ENT 800 500 500 
E. EXPENDABLE EQUIPMENT & SUPPLIES 500 300 200 
F. TRAVEL 

1. Interisland 800 1,600 1,600 
G. PUBLICATION COSTS 300 200 2CO 
H. COMPUTER COSTS 
I. OTHER COSTS 
J. TOTAL DIRECT COSTS 11 • 197 12. 187 12,392 
K. INDIRECT COSTS (46.00% of 

Salaries & Wages) 3,920 4,281 4,420 

L. TOTAL PROJECT COSTS $15,117 $16,468 $16,812 
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PEL£ Project 

Proposed Budget 

Task 4.3 •. 
Land Use and Land Laws 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 
A. SALARIES & WAGES 

1. Senior Personnel 

a. G.M. Sheets 
Academic Year--50% $ 8,634 $ 8,982 
Academic Year--25% $ 4,671 $ 4,857 $ 5,052 

•• .. 
B. FRINGE BENEFITS 1 '700 1,754 905 932 960 

c. TOTAL SALARIES, WAGES & -FRINGE BENEFITS 10,334 10,736 5,576 5,789 6,012 

D. PERMANENT EQUIPMENT -
E. EXPENDABLE EQUIPI~ENT & SUPPLIES 500 500 500 500 500 -F. TRAVEL 

1. Interisland 1,200 1,200 1,200 1,200 1 ,200 
2. Domestic 700 700 700 700 700 -TotaZ. Travel 1,900 1,900 1,900 1,900 1,900 

G. PUBLICATION COSTS 200 400 400 400 400 • 
H. COMPUTER COSTS • I. OTHER COSTS .. 

1. Consultants 2,500 2,500 
J. TOTAL DIRECT COSTS 15,434 16,036 8,367 8,589 8,812 .. 
K. INDIRECT COSTS (46.00% of 

Salaries & Wages) 3,972 4,132 2,149 2,234 2,324 • 
L. TOTAL PROJECT COSTS $19,406 $20,168 $10,525 $10,823 $11,136 .. . 

• .. 
• 

.. --.. 
--.. .. .. -.. .. 
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PELE Project 
Proposed Budget 

Task 4.4 
Legislation and Regulation 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

A. SALARIES AND f/AGES 
1. Senior Personnel 

a. L. Sadamoto 
2. Other Personnel 

a. Research Assistant (50%) $ 5.170 $ 5,400 $5,616 $ 5,838 ~ 6,072 

Total Salaries and Mlges 5,170 5,400 5,616 5,838 6,072 

B. FRINGE BENEFITS 1 1165 1 ,201 1 ,234 1,288 1,304 

c. TOTAL SALARIES, WAGES & 
FRINGE BENEFITS 6,335 6,601 6,850 7,126 7,376 

D. PER~lANENT EQU !PI·IENT 
E. EXPENDABLE EQUIPMENT AND SUPPLIES 300 300 200 200 

F. TRAVEL 
1. Interisland 600 800 400 400 400 

G. PUBLICATION COSTS 
H. COMPUTER COSTS 
!. OTHER COSTS 

1. Communications 100 100 100 100 100 

2. Postage 50 50 50 50 

Total Other Costs 150 150 150 150 100 

J, TOTAL DIRECT COSTS 7,385 7,851 7,800 7,876 7,876 

K. INDIRECT COSTS (46.00% of 
Salaries and Wages) 2,378 2,484 2,583 2,686 2,793 

L. TOTAL PROJECT COSTS $9,763 $10,335 $10,383 $10,562 $10,669 
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A. SALARIES & WAGES 
l. Senior Personnel 

a. E.M. Grabbe 
Calendar Year--25% 

B. FRINGE BENEFITS 
c. TOTAL SALARIES, WAGES & 

FRINGE BENEFITS 
0. PERMANENT EQUIPMENT 
E. EXPENDABLE EQUIP~[NT & SUPPLIES 
F. TRAVEL 

l. Interisland 
2. Oorresti c 

Total. Travel 

G. PUBLICATION COSTS 
H. COMPUTER COSTS 
I. OTHER COSTS 

l. Consultants 
J. TOTAL DIRECT COSTS 
K. INDIRECT COSTS (46.00% of 

Salaries & Wages) 
L. TOTAL PROJECT COSTS 

PELE Project 
Proposed Budget 

01 YEAR 

$ 400 

600 
700 

1,300 
100 

1,800 

$1,800 

Task 4.5 
Planning 
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02 YEAR 

$ 6,147 
1,329 

7,476 

400 

1 ,200 

1,200 
300 

2,000 
11 ,376 

2,828 
$14,204 

03 YEAR 

$6,393 
1 ,380 

7,773 

400 

1 ,600 
700 

2,300 
400 

3,000 
13,673 

2,941 
$16,614 

04 YEAR 05 YEAR 

.. 
• 

-
$ 400 $ 400 -1 ,000 1 ,000 

700 
1,000 1,700 • 

400 300 .. 
-

1,800 2,400 .. 
$1,800 $2,400 .. 

.. 

.. .. .. .. 
-
.. --.. .. .. 
• ... 

-... 
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Proposed Budget, Task 4.7 (Continued) 
01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

E. EXPENDABLE EQUIPMENT & SUPPLIES 
Deep ocean pipe, 1~11 9,000 
PVC-pipes, connecters, valves 3,000 5,000 
Hardware, tools 4,000 3,000 5,000 3,000 3,000 
Glassware, aquaria 2,000 2,000 2,000 2,000 2,000 
Chemicals, isotopes, reagents 2,000 2,000 2,000 2,000 2,000 
Gasoline, oil 1,000 1,000 1,000 1,000 1,000 
Deep ocean pipe, 811 25,000 
Miscellaneous 1,000 2,000 2,000 2,000 2,000 

Tota~ E:cpendoMe Equip-
22,000 10,000 10,000 ment & Supplies 42,000 10,000 

F. TRAVEL 

1. Interisland 1,800 1,800 1,800 1 ,800 1,800 
2. Dorrestic 700 700 700 700 700 

Total Travel. 2,500 2,500 2,500 2,500 2,500 

G. PUBLICATION COSTS 400 500 600 800 

H. COMPUTER COSTS 800 800 800 1,000 1,000 

I. OTHER COSTS 

1. Communications 200 400 400 600 600 
2. Freight 1,000 200 1,000 400 400 
3. Utilities 5,000 5,000 7,000 7,000 7,000 
4. Repair, maintenance 500 1,000 1,000 1,000 

Total Other Costs 6,200 6,100 9,400 9,000 9,000 

J. TOTAL DIRECT COSTS 260,275 101,606 246,856 130,750 124,581 

K. INDIRECT COSTS (46.00% of 
Salaries & Wages) 30,645 28,150 33,082 34,244 35,684 

L. TOTAL PROJECT COSTS $290,920 $129,756 $279,938 $164,994 $160,265 
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A. SALARIES AND WAGES 

1. Senior Personnel 
a. E. B. Hundtoft 

2. Other Personnel 
a. Research Assistants 
b. Pre-Baccalaureate Students 

Total Salaries and Wages 

B. FRINGE BENEFITS 
c. TOTAL SALARIES, IIAGES & 

FRINGE BEIIEFITS 
D. PERMANENT EQUIPMENT 
E. EXPENDABLE EQUIPr£NT AND SUPPLIES 
F. TRAVEL 

1. Interisland 
2. Domestic 

TotaL Travel 

G. PUBLICATION COSTS 
H. COMPUTER COSTS 
I. OTHER COSTS 

1. Reefer Lease 
J. TOTAL DIRECT COSTS 
K. INDIRECT COSTS {46.00% of 

Salaries and Wages 
L. TOTAL PROJECT COSTS 

PELE Project 
Proposed Budget 

Task 4.8 
Agriculture Research 

01 YEAR 02 YEAR 

$ 2,595 $ 5,190 
1,000 2,150 
3,595 7,340 

610 1 ,219 

4,205 8,559 
1,000 

500 

600 600 

600 600 
500 500 

450 

1,400 
5,305 13,009 

1,654 3,376 
$ 6,959 $16,385 
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03 YEAR 04 YEAR 05 YEAR 

$ 5,400 $ 5,616 $ 5,838 

2,150 2,150 2,150 

7,550 7,766 7,988 
1 ,263 1,308 1,356 .. 
8,813 9,074 9,344 

.., ... 
2,300 1,300 1 ,000 -1,000 1,000 500 -
1,200 2,000 2,000 

700 700 
1 ,900 2,000 2,700 

500 500 500 
450 450 450 .. 

1,400 1,400 1 ,sao .. 
16,363 15,724 15,994 .. 
3,473 3,572 3,675 .. 

$19,836 $19,276 $19,€99 .. .. 
.. ---.. -
.. 
.. .. 
... 



PELE Project 
Proposed Budget 

Task 4.9 
Trace-Metal Recovery 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

A. SALARIES AND f/AGES 
1. Senior Personnel 

a. H. Zeitlin ' 
Summer, 3 mos.--100% $ 2,335 $ 4,856 $ 5,050 $ 5,253 $ 5",464 

2. Other Personnel 
a. Gra~uate Assistant 3,708 3,852 4,008 4,152 4,308 
b. Graduate Assistant 3,708 3,852 4,008 4,152 
c. Pre-Baccalaureate Students 645 645 645 645 645 

TotaZ Sa Zaries and Wages 6,688 13,061 13,555 14,058 14,569 
B. FRINGE BENEFITS 264 526 529 532 535 
c. TOTAL SALARIES, fiAGES & 

FRINGE BENEFITS 6,952 13,587 14,084 14,590 15,104 
o. PERMANENT EQUIPMENT 500 2,500 1,000 1,000 
E. EXPENDABLE EQUIPMENT AND SUPPLIES 1,000 1,000 1,000 500 
F. TRAVEL 

1. Interisland 400 800 1 ,200 2,000 2,000 
2. Dor.Jestic 7~n 700 70Q 

Tota~ Trave~ 400 800 1,900 2,700 2,700 
G. PUBLICATION COSTS 200 200 200 200 
H. COMPUTER COSTS 
I. OTHER COSTS 
J. TOTAL DIRECT COSTS 7,352 16,087 19,684 19,490 19,504 
K. INDIRECT COSTS (46.00% of 

Salaries and Wages) 3,077 6,008 6,235 6,467 6,702 
L. TOTAL PROJECT COSTS $10,429 $22,095 $25,919 $25,957 $26,206 
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PELE Project 
Proposed Budget 

Task 4.9 
Trace-Metal Recovery 

01 YEAR 02 YEAR 03 YEAR 04 YEAR 05 YEAR 

A. SALARIES AND WAGES 

1. Senior Personnel 

a. H. Zeitlin 
Sunrner. 3 mos.--10m~ $ 2,335 $ 4,856 $ 5,050 $ 5,253 $5',464 

2. Other Personnel 

a. Graduate Assistant 3,708 3,852 4,008 4,152 4,308 

b. Graduate Assistant 3,708 3,852 4,008 4,152 

c. Pre-Baccalaureate Students 645 645 645 645 645 

Total Salaries and Wages 6,688 13,061 13,555 14,058 14,569 
B. FRINGE BENEFITS 264 526 529 532 535 

c. TOTAL SALARIES, HAGES & 
FRINGE BENEFITS 6,952 13,587 14,084 14,590 15. l 04 

D. PERMANENT EQUIPMENT 500 2,500 1,000 1,000 

E. EXPENDABLE EQUIPI~ENT AND SUPPLIES 1,000 1,000 1,000 500 

F. TRAVEL 
l. Interisland 400 800 1,200 2,000 2,000 
2. Domestic 7nn 700 700 

TotaZ Trave Z 400 800 1,900 2,700 2,700 

G. PUBLICATION COSTS 200 200 200 200 

H. COMPUTER COSTS 

I. OTHER COSTS 
J. TOTAL DIRECT COSTS 7,352 16,087 19,684 19,490 19,504 

K. INDIRECT COSTS (46.00% of 
Salaries and l~ages) 3,077 6,008 6,235 6,467 6,702 

L. TOTAL PROJECT COSTS $10,429 $22,095 $25,919 $25,957 $26,206 

-
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