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HAWAII GEOTHERMAL PROJECT
PHASE II PROPOSAL REVISION

ABSTRACT OF PROPOSAL REVISION

The original proposal for continuing support for the Hawaii Geothermal
Project (HGP) through calendar year 1975 was submitted to NSF July 1, 1974.
Included in the total budget request of $1,986,000 was $1,206,000 to initiate
an exploratory drilling program at three potential geothermal sites on the
Big Island of Hawaii. Subsequent negotiations with NSF geothermal personnel
drastically reduced the budget ceiling and necessitated this proposal revision.

The revised budget of $995,000 reflects a reduction in the Drilling
Program from $1,206,000 to $580,000 and will fund only one deep hole in the
Puna Area. The support programs are reduced by 47% from the original proposal,
and represent a near-minimum level of support, if the interdisciplinary
aspects of the HGP are to be retained.

This proposal revision was prepared as a supplement to the major proposal
submitted in July, and is not intended to stand as an independent document.
The Overview section--as well as those for Management, Engineering, and
Environmental-Socioeconomics--contains only brief narratives explaining the
adjustments from the original program plans brought about by imposed budget
cuts.

The Geophysical Program was completely redone and makes up the bulk of
this revised proposal. It presents a summary of the geological, geochemical,
and geophysical tasks completed to date--including additional survey results
and interpretation of data completed since the original proposal was submitted.
Also included is a description by task of the total Geophysical research
program to be undertaken during 1975.

The narrative for the Drilling Program presents the rationale for
selecting an appropriate drilling site and planning an optimum drilling
program within the stringent budget limitations. ~his rationale was developed
through interpretation of the most recent geological and geophysical data, as
well as ~entative negotiations with the probable drilling contractor.

i

------""'--------------------------------- -



HAWAII GEOTHERMAL PROJECT
PHASE II PROPOSAL REVISION

OVERVIEW OF PHASE II REVISIONS

Phase I of the HGP will be completed December 31, 1974. The major em-

phasis during this 19-month research program has been on geophysical explor-

ations, but complementary activity has proceeded also on engineering, envi-

ronmental, economic, legal and regulatory studies. Major funding for Phase

I has come from the National Science Foundation ($588,000) and from the

State and County of Hawaii ($200,000).

Result~ from Phase I, in conjunction with surveys and studies conduc-

ted over many years by a number of organizations, indicate some promise for

conventional geothermal anomalies existing on the Big Island. Phase II, an

exploratory drilling program, was proposed to investigate these potential

geothermal anomalies and to provide actual subsurface data with which to

verify the reliability of different geological and geophysical predictions

of subsurface conditions in Hawaii.

The Phase II proposal for calendar year 1975, as submitted July 1,

1974, requested $1,986,000--of which $1,206,000 was to be used to initiate

an exploratory drilling program at three potential geothermal sites. Refer-

ing to Figure I, these sites were to be fairly close to the sea along three

rift zones: 1) The Eastern Kilauea Rift in the Puna Area; 2) The South­

west Rift of Kilauea; and 3) The Southwest Rift of Mauna Loa.

Subsequent negotiations with NSF geothermal personnel have lowered the

budget reiling significantly. Table I shows a comparison in financial sup-

port by program and by task between the original and revised budgets. Drill­

ing funding has decreased from $1,206,000 to $580,000, while support pro-

grams of management, geophysics, engineering, and socioeconomics were reduced

0-1
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TABLE I - HAWAII GEOTHERMAL PROJECT PHASE II

BUDGET SUMMARIES BY PROGRAM AND TASK
January 1 Through December 31, 1975

REVISED RESIDUAL NEW NSF
INITIAL PROPOSAL BALANCE FUND

MANAGEMENT REQUEST TOTAL BUDGET AT 12/31/74 REQUEST
1.0 Coordination and Support $ 39,401 $ 26,339 $ 0 $ 26,339

GEOPHYSICAL PROGRAM
2.0 Coordination and Support 43,454 44,577 7,479 37,098
2.2 Geoelectric Surveys 58,709 44,393 12,080 32,313
2.3 Modelling, Magn. &Grav. Surveys 33,625 30,784 8,190 22,594
2.4 Temperature Survey 43,124 18,903 8,262 10,641
2.5 Seismic Studies 57,000 36,664 11 ,200 25,464
2.6 Geochemical Studies 36,718 27,915 10,843 17 ,072
2.7 Hydrology 35,107 31,860 11 ,550 20,310
2.8 Physical Properties of Rocks 49, 191 39,934 20,450 19,484

Subtota1 356,928 275,030 90,054 184,976
0

ENGINEERING PROGRAM
w

3.0 Coordination and Support 41,774 23,880 1,000 22,880
3. 1 Geothermal Reservoir Engineering 122,892 70,288 4,000 66,288
3.6 Optimal Geothermal Plant Design 87,781 65,832 4,000 61,832

Subtotal 252,447 160,000 9,000 151,000

ENVIRONMENTAL-SOCIOECONOMIC PROGRAM
4.0 Coordination and Support 24,824 23,338 3,549 19,789
4. 1 Environmental Aspects 42,313 9,990 4,212 5,778
4.2 Legal and Regulatory Aspects 6,800 800 800 0
4.3 Land-Use and Planning Aspects 11 ,415 0 0 0
4.4 Economics 46,411 28,644 1,211 27,433

Subtotal 131 ,763 62,772 9,772 53,000

EXPLORATORY RESEARCH DRILLING PROGRAM
5.0 Drilling Contract and Support 1,205,974 579,925 0 579,925

TOTAL $1,986,513 $1,104,066 $108,826 $995,240



TABLE II
HAWAII GEOTHERMAL PROJECT

PROGRAM PLANNING AND EXPENDITURE SCHEDULE

- ........------ PHASE I --------~....._ -<4(IIE---PHASE 11-------
May

1974

19,789

5,778

27,433

32,313

22,880
66,288

61,832

37,098

22,594
10,641

25,464
17,072
20,310

19,484

26,339

579,925

Jan
1976

Jan
1975

17,561

10,552

47,768

60,798

27,638

30,687
24,109

12,463
33,813

27,765

14,100

11 ,426

$ 11,920

Jan
1975

I
~_3,~al£:ll

I 0

I

May
1974

9,300

36,690

79,135

14,886

44,924
38,533

44,871

45,270

23.900
62,626

S 51,865
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5.0 Exploratory Research Drilling Program ...••.•

3.0 Engineering Coordination and Support.
3.1 Geothermal Reservoir Engineering.
3.6 Optimal Geothermal Plant Design .••

4.0 Environmental-Socioeconomic Program Support.
4.1 Environmenta 1 Aspects ....
4.2 Legal and Regulatory Aspects.
4.3 Land-Use and Planning Aspects
4.4 Economics .

2.0 Geophysical Coordination &Support
2.1 Photogeologic Surveys •......
2.2 Geoelectric Surveys •.......
2.3 Theoretical and Numerical Modelling, Computational

Geophysics. ~~gnetic and Gravity Surveys.
2.4 Temperature Survey.
2.5 Seismic Studies .•
2.6 Geochemical Surveys
2.7 Hydrology .....
2.8 Physical Properties of Rocks.

1.0 Manag2ment. . . . • • • • •
Hawaii Advisory Committee.
National Liaison Board•.•

o

$452,000" $335,600 $995,240

*lncludes SlOO,OOO from State of Hawaii and $100,000 from County of Hawaii



an average of 47%. The r8vised budget will fund only one deep hole in the

Puna Area, rather than multiple drilling at three potential sites, and has

caused across-the-board cuts in all support programs. Table 1 also lists

the amount of carry-over funds from Phase I that are still unencumbered.

The final column shows the amount of new support requested from NSF in this

proposal.

A revised planning and expenditure schedule, reflecting the budget

reductions, is shown in Table II. The expenditures for Phase I through

December, 1974 are listed by task, as well as projected expenditures through

Year I of Phase II. This table provides an overall summary of the total

research activity and related funding that has gone into the project to date,

along with the projected research program and budget through December, 1975.

In the Sections that follow:

1.0 Management
2.0 Geophysical Program
3.0 Engineering Program
4.0 Environmental-Socioeconomic Program
5.0 Drilling Program,

each Co-P.I. discusses the changes necessitated by the budget cuts and

presents a revised research plan for his respective program. For Management,

Engineering, and the Environmental-Socioeconomic Programs only brief narra­

tives and revised budgets are included, since the information contained in the

original proposal requires only minor adjustments to reflect the changes

imposed by the reduced budget.

The description of the Geophysical Program, however, was completely

redone and should be considered as a total replacement for that section from

the original proposal. Consequently, the Geophysical Program makes up the

bulk of this proposal revision. It provides a review of all of the tasks

0-5
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conducted to date--geo1ogica1, geochemical, and geophysica1--inc1uding

additional survey results and evaluations completed during the four-month

interim since the original proposal was submitted. Also revised are

descriptions for each task of the research programs to be undertaken during

1975.

The section on the Drilling Program reinforces the rationale developed

by Geophysics for locating the one drilling site in the Puna Area, and

lists the information to be obtained from this exploratory research drill

hole. It also justifies how the limited drilling budget can be most

effectively utilized to obtain this information and is based upon negotia­

tions with the probable drilling contractor.

BUDGET SUMMARIES

Immediately following are six budget summaries--the total budget, plus

one each for Management and the Geophysical, Engineering, Environmental­

Socioeconomic, and Drilling Programs. Budgets for each of the individual

tasks are included with the narrative descriptions of the separate programs.

The figures tabulated on these budget worksheets represent the total

amount budgeted for a given category for calendar year 1975. Also listed

is the projected residual balance, or carry-over funding, from Phase I as

of December 3l~ 1974. The Adjusted Request represents the total amount of

new support from NSF.

0-6



HAWAII GEOTHERMAL PROJECT
BUDGET SUMMARY

NATIO~AL SCII\U. [CX'\[)ATION RESEARCH GRANT IWlshinglon,0.C. 20550
nUDGET WORKSHEET

II~~TITUTION AND ADDH<:SS NSF PROGRAM PRIN::IPAL. INVr:ITlGATont~1

University of Hawaii HAWAII GEOTHERMAL
John W. Shupe

Honolulu, Hawa i i 96822 PROJECT

I'ROPOSAl- NUMBER IRECOMMCt-<DCD DURATIONI GRANT NO. RECOMMENDED (;RAr-iT AMOUNT

I

NSF Funddd Man Months
NSF GIlANTA. SALARIES AND ;'{AGES fto thi! ncaft/st (t:ntnl

1. $!lnior Pcrsonnel eel. Aced . Summ.
CUDGn

•. __5_ICol F-rincipal Inve~tigator(s) 6 6 $ 36.879*
b.-.lL Faculty Associates 17 4.5 17 64,372*--

Sub·Total
2. Other Personnel (Non· Faculty:

s. 2 Re~earch Associa tes-Postdoctora( ~. 9 3 19,245---
h._,_ Nnn·Faculty Profeowionals
e.--.ll- Graduatc Students ••••••••••••••••••••• 0 ••• 0 ••••••••• 0 ......... 0 •••••••••••• 0. 71 ,336
d. 14 Pre· Barcalaureate Students • ............ 0 •••• 0.0 ............................... 0.

20,000

e.~Secretarial-Clerical ................•....•.....•.••........................•... 34,356
f. __4_ Technical, ShOP. and Other .......... ; ............. ~ ............................ 19,950

TOll\L SALf"PIES ..\t.~) ;\'/,GES 1-2bJJJL_ I-------
B. STAFF 8ENEFITS IF CHARGED :'5 81RECT COST

~~H,:AiL]c. TOTAL SAL/,R;E5. '''AGES. A',D STAFF BENEFITS fA + Bl

O. PERMANENT EQUIPMENT ~~~,,~~~(~~~~~:~,'~,~~~~

24,870
E. EXPENDABLE EQUIP~~ENT AND SUPPLIES 25.712
F. TRAVEL l. Domestic (Including Canada I 39,012

2. Foreign 4,100
G. PUBLICATION COSTS 11 ,700
H. CO~.1PUTER COSTS IF CHARGED AS DIRECT COST 12,166
I. OTHER DIRECT COSTS 1~'~~:0"'Z,0'::::7--:': ~~

.~:A~~ \:,~<:;:{,·~C
"''' ~~""~\'2-.'-':(~

576,681
J. TOTAL DIRECT COSTS fC through II 983,520
K. INDIRECT COSTS 46.2% of $246,184 = $113,736 W~c,'~8~~~~~~7l~

34. 13~o of 19,954 = 6,810 ~"'''''''''''' '. , '"-'\; "-"Z~" ~. ~ :'. .':" .:.:~ . ~~

$266,138
~ ~,\":":",,.,.:,,.,. 120,546

L TOTAL COSTS (J plus K) 1 ,104,066
Residual Balance at 12/31/74 108,826

M.~~~R~~~W~~~~~~~~~~XAdjusted Request $ 995,240
REMARKS: Use ex tra sheet If nece-ssary ..

"*Inc1udes anticipated 10% salary increase

HS,. FORM 'U. JULV ''1' SUI'ERSEDES ALL "''':V'OUS EDITIONS



MANAGEMENT

BUDGET SUMMARY

HATIO~r'.L SCII\"l L fCL'\LlATION RESEARCH GRA~;TWashingtvll, D.C. ~u550

BUDGET WORKSHEET

INSTITUTION AND ADDRESS NSFPROGflAM PflIN::IPAI.. INVf:ITI(;ATOnj51

University of Hawaii HAWAII GEOTHERMAL
John W. Shupe

Honolulu, Hawaii 96822 PROJECT

PROPOSAL NUMBER IRECOMMC!'<DEO DURATION/ GRANT NO. RECOMMENDED GRAP"T AMOUNT

-,
NSF Fund~d Man Months NSF GRANTA. SALARIES AND WAGES fto thi! ni!~'~S I r>!nl!"ll

1. Senior Personnel Cel. Acad. Summ.
eUOGn

•• _l_ICol F-rincipal Investigator(s) 1.0 $ 3.300*
b. ___ Faculty A~ociates

3,300'-Suh·Total

2. Other Personnel INon· Faculty)..---Research ASSOC'J les - Pos tdoc loral ~.
h. ___ Nr;n·Faculty Professiona!s

t. ___ Graduate Students ••••••••••••••••••••••••• 0 •• 0 ••••••• 0 ......................... eo

d. Pre· Baccalaureate Students
.

--- • ............. 0 •••••• 0 ••••• '0 •• ' ..........................

e. 1 Sccretarial-Cletlcal ...............••.••.•••••••••••...•.••...........•...••••• 9,360---
f. __ Tochnical. Shop. and Other .......... ; ........•.•..•..•.........•...•......•...•

"i
TOTt,L SAL,c,;{I[S :.~.. l) \·,':.GCS 12,660 __I
-------------------------

B. STAFf BENEFITS IF CYARCED AS 81RECT CCST 1 .930
C. TOTAL SALARIES. ·//f..GES. A';D STAFF GUiEFITS (A ~ B) I 14,590
D. PERMANENT EOUIP,\1ENT

{-.....~ ..,., .~~~.;ry-""'C""7~~

~\~~~~i~~~~~,~~~,~,~~~~

E. EXPENDABLE EQUIP~..;ENTAND SUPPLIES 600
F. TRAVEL 1. Domestic (IncludIng Can>dal 3 400

2. Foreign

G. PUBLICATION COSTS 700
H. CO~.1PUTER COSTS IF CHARGED AS DIRECT COST I

.~.\,'Z"~~

I. OTHER DIRECT COSTS
Xerox $600

~.,,~:-. :o:<'\." .~.,.,.:, '."';
.~S~l~l<~;. :~:C:-:

Communications 600 ~~ ·~~i*-..z~~~,~~~\
1,200

J. TOTAL DIRECT COSTS (C through Il 20,490
K. INDIRECT COSTS

~.~"·~~~~,~,~0
~ ~"\,,,..>::;,,;; ;;.:.. : . ;:;: ".

46.20% of Salaries and Wages If\/\·':,"\· .;' .: .'
~~~~\~:~~:,;~.,~. 5,849

L TOTAL COSTS (J plus K) 26.339
Residual Balance at 12/31/74 0

M. ~~~K~$(~)(.'XIXwxoo;Q(.t('W€f);( Adjusted Request $ 26,339
REMARKS: Use extra sheet If necessary

't.
*Includes anticipated 10% increase

----
NSF' FORM 5U. JUI.Y "7' SUP£RSED£S AI.L ~ftI[VIOU' EDITIONS



GEOPHYSICAL PROGRAM
BUDGET SUMMARY

NATIO~AL SCII\CE fOL'\l)ATION RESEARCH GRA'iTWashington, D.C. 20550
tnJDGET \,'ORKSHEET

INSTITUTION AND A00Hi:SS NSf' PROGRAM PRIN::IPAl- INVCITIGATOn(11

University of Hawaii HAWAI I GEOTHERMAL Augustine S. FurumotoHonolulu, Hawaii 96822 PROJECT

PROPOSAL NUMBER IRECOMME"'DEO DURATION/ GRANT NO. RECOMMENDED (;RA"'T AMOUNT

S

NSf funded Man Months NSF GRANT
A. SALARIES AND "JAGES fro rll~ ,.,e/JltI$ ( tenth)

eel. S'';fr,m.
tUDGET

1. &nior Pe,sonnel Ac",~.

•. _1_ ICo) F-rincipal Inves1igator(s) 2 $ 5,583*
b._3_ Feculty A150clates 16 1 18,780*--

Suh·Total 24,363
2. Other Personnel INon.Faculty)

D. 2 R CSf' ~ r (. h A ~ SCoC i,~ ~ (; '$ - F-' C', t d oc tor ~! I 12 9 3 19,245-- --
h. __ Nr.n·F"culty Profcs:;,onals

c. 8 Graduate Students • •. ••••••• ••••• 0 ...... 0.0.0 .................... • ............. • 41.770'
d. 8 Pre·Baccalaureate Students • ............. of •• o ••••••• ...... 0 ••••••••• 0 •• 0 •••••••• 12.800---
c. 1 Secretarial-Clerical .......•......••••••.•••••••.••••.••.••..•..•....••.•.••••. 9 960
f. 2 Technical, Shop, and Other .......... ; .••••.•.•.••••••••...............••.•••••• 14 2 300

(

'Ior.l\ L S /\ l :, 0.1 ~ S ;,:; (.J \',',,\ G £: S 1_~?-, 438__1-_._-- _.. _-_._--
TB. STAFF BE'JEFITS IF CH:'RGED :'S ~IRECT COST 10.783

C. TOTAL SALf,RIES. ·"AGES. A';O 5TAF~ 8E"-'EFITS (A + B) 133,221
D. PERMANErn EOUlr:.1ENT (For description see individual task budget .~~\~~;:LC~~~~=,~::

sheets following Geophysical Program Narrative) 16,050
E. EXPENDABLE EOUIP:MNT AND SUPPLIES 20 112
F. TRAVEL 1. DomeStIc (IncludIng Canada) 22, 112

2. Foreign IUGG Meeting, Grenoble, France 2,600
G. puc lICA T iON COSTS 7,500
H. COMPUTER COSTS IF CHARGED AS DIRECT COST I 5,566

~~,,~'~....."'~-~~
I. OTHER DIRECT COSTS '~'':~'':-'''- ',. <"':"...>,.","'.

~'~"''''''\.-'':-\. ."" ....'.,.,,,'

.\;~~~~::~:~,:,;:,:\'.;.'
~ ~\~~\,~",.""";.:,,,.

13 ,350
J. TOTAL DIRECT COSTS IC through I) 220,511
K. INDIRECT COSTS 46.2% of $105,48.4 = $48,734 ~J7{~~'~':0?'j34.13% of 16,954 = 5,786

$122,438 -~~~,,,'''~-.:::.;.,,.,~.. 54,519
L TOTAL COSTS IJ plus KI 275,030

Residual Balance at 12/31/74 90,054
M.~XXX~~~X~Xk~~A~~~~~~~~~~k Adjusted Request $ 184,976
REMARKS: Use extra sheet If ne.::~ry

tt,

*Inc1udes anticipated 1O~~ salary increase

HS,. FORM "t. JUl-Y 1~71 SUPERSEDES ALL ~"EVIOU' EDITION.



ENGINEERING PROGRAM
BUDGET SUI·1j·iARY

NATJOSAL SCiI >;cr IOL':\[)ATIO~ RESEARCH GRA\TWlshington, D.C. 20550
BUDGET WORKSHEET

INSTITUTION AND ADDRESS NSF PRO<;RAM PRINCIPAL. INIlr:ITI<;ATont'l

University of Hawaii HAWAII GEOTHERHAL
Honolulu, Hav/a i i 96822 PROJECT Paul C. Yuen

f'ROPOSAL. NUMBER IRECOMMEt'tDEO OURATIONI <;AANT NO. RECOMMENDED GRANT AMOUNT

S

NSF funded Man "'onlha
NSF GRANTA. SALARIES AND VIAGES Ito th" nell,.H ,,,nrh}

Ce'. Aced. Summ.
~UOGET

1. Senior Personnel

••-.l-ICol Principal Investigatorlsl 1.0 $ 2,996*
b.-L faculty Associatas

.. 4.5 1300 38,112*
Sub-Total 41,108--

2. Other Personnel (Non-Facultv)

.'--Rewuch Associates-Postdoctoral
,

b._ Non·faculty Professionals

. c._·_6_ Graduate Students .................................... ................................................................ 26.016
d.---3.- P'e~Bacc:afaureate Students .... '................................................................................................... 4,200

. .._1_ s.:-:retari,J -Clertc.al ........................................................................................................... 9,036
•._1_ TKhnical. Shop, and Other ....•.•••• , •••••••••••••••••••••••••••••••••••••••• ;'. 4,650

TOTAL SALARIES AND WAGES 85.010
C. STAFF BENEFITS IF CHARGED ':"S DIRECT COST 5 784
c. TOTAL SALARIES. '..IAGES. A~D STAFF BENEFITS (A + BI 90,794
D. PERMANENT EQUIPMENT (For description individual task budget ~"" ...... ,.. ;,' .. ,.... ,see ~~~~~~~~~~~~~~sheets following EngineerinCj ProCjram Narrative--T-ask 3.6)
E. EXPENDABLE EQUIP~~ENTM;D SUPPLIES 3.600
F. TRAVEL 1. Dom.stic (Including Canadal 9,400

2. Foreion

G. PUBLICATION COSTS 3.000
H. COMPUTER COSTS IF CHARGED AS DIRECT COST 6 500

•• OTHER DIRECT COSTS ~,,~..:~ •. ,.;~::w~.
.~ ~~~R~~/~~>~);~~~·.<

Consultant Fee 500 .~~~~~~i~~
Corrrnunications 1,331 1,831

J. TOTAL DIRECT COSTS IC through 1\ 120,725
Ie. INDIRECT COSTS ~~~-~,)<..,." .:",~~>-,,'_.,~."~'.. ~~,<~~ "'''' ~:--""- ',,,.,,~.,

.~ ..~" ""~"~... :
'-~'~": ~ ..'",~ .. :"~

46.20% of Salaries & Hages ' ~':-"~ ," .",", "
~"~,,,"'<~~"~~

• 39.275
L TOTAL COSTS (J plus Kl 160,000

Residual Balance at 12/31/74 9.000
~~x~~x~~x~~~~~~~~~x Adjusted Balance $ 151 ,000

. REMARKS: Usa utra Jheet .f nec~ry

*lncludes anticipated 10% salary increase .
__ - 0-

.. .
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RESEARCH GRo\~T

nllDGET \'·Or. r SH FET

ENVIRONMENTAL-SOCIOECONOMIC PROGRAM
BUDGET SUMMARY

( ~{J\TIO:--iAL SCII\CE rOl'\[)ATIO:--J
_"'-ishington, D.C. 2l\550

- , - -

IHSTITUTION AND ADDAi:SS NSF PROGRAM PRIf:j::IPAL. INVE:1TlGATOnj81

University of Hawaii HAWAI I GEOTHERMAL Robert M. Kami ns
Honolulu, Hawa i i 96822 PROJECT

PROPOSAL NUMBER IRECOMMC,",OCO DURATIONI GRANT NO. RECOMMENDED GRAt;T AMOUNT

S

NSf funded Mon Month.
NSF Gr.ANTA. SALARIES AND "/AGES fto. the ne~,p~r tt>n'''J

1. Senior Personnel Cel. Aced_ Summ .
CUDGEl

•. _1_ (Co) F-rincipal Investigator(5) 6 1 $ 21.900*
b._5__ Faculty Associates 1 3 7,480*.-

Suo·Total 29,380*
2. Other Personnd INon-Facul!'{)

F-
-----~

...---Rescarch I.S'OCld IC; -Postdoc tor al

h. ___ Ne,n-Faculty Profc'~lonals
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DRILLING PROGRAM
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REMARKS: Use eXira $heet If fteC~ry

-*Includes anticipated 10% increase _.. ..

.

NSF FORM 'U. JULY "71 SU,.ERSEDES ALL ""I:VIOUI EOITIOHC



HAWAII GEOTHERMAL PROJECT
PHASE II PROPOSAL REVISION

MANAGEMENT ('/.0)

Management responsibilities remain essentially unchanged from those

described in the initial proposal--only at a slightly reduced level. Figure

M-I is repeated for ready reference and illustrates the relationship between

Management and: a) the four research programs, and b) the three advisory

groups.

The revised management budget was decreased from the original figure

by a third--from $39,401 to $26,339. This $13,062 reduction came from: 1)

Travel - $5,600; 2) Consultants - $2,000; and 3) Student help - $2,026, with

lesser savings in communications, publications, expendable supplies, staff

benefits and overhead. The elimination of consultants and the drastic de-

crease in travel funds will curtail interaction with other geothermal pro-

grams and minimize the involvement of the National Liaison Board with the

HGP--illustrating one of many sacrifices necessitated by the budget reduction.

The revised budget appears as page 1 - 3 in this section and is also

included with the budget summaries in the Overview Section.
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Hawaii Geothermal Project - Geophysical Program

Principal Investigator: Augustine S. Furumoto

A PROPOSAL FOR CONTINUING EXPLORATION IN SEARCH FOR

GEOTHERMAL SOURCES IN THE ISLAND OF HAWAII

I. INTRODUCTION: Objectives of the Present Proposal

The following is a proposal to the National Science Foundation, Research

Applied to National Needs, to continue geophysical and other exploratory

investigations in search for geothermal sources on the island of Hawaii by

faculty and staff of the Hawaii Institute of Geophysics (HIG). The program

proposed is a continuation of that started in May 1973 under NSF grant

GI-383l9. Specifically funding is requested:

(a) to process and analyze the geophysical field data gathered

during 1973 and 1974;

(b) to initiate two new types of study that are considered

necessary for interpretation of the field data;

(c) to carry out a limited amount of field surveys to cover

those areas that were omitted in previous surveys for lack

of time or funds or both; and

(d) to carry out a drilling program to test interpretation of

our data.

The above mentioned activities are considered necessary before
,

embarking on a full scale drilling program to look for geothermal sources

at great depths.

At the present time the on going geophysical program consists of

seven tasks all housed within HIG. For the calender year 1975, the program

~~ll eliminate one task and initiate two more. The task to be eliminated
2-1



has essentially accomplished its objective with this proposal, since its.

objective was to look into the cost factor and other questions involving

a drilling program.

The proposal is organized into five sections. Section I introduces

the overall picture. Section II presents a coherent summary of the

geological, geochemical and geophysical tasks and surveys carried out

during 1973 and 1974 and explains how the program has arrived at its present

status in a step by step logical manner. Section III gives the methods

of investigation and results of each task. In Section IV the objective

of the program is explained with a coordinated scheme on how this will be

attained by contribution from each task. Section V will contain brief

descriptions of each individual task.

With the completion of the work as outlined in the proposal the

exploratory phase of the project will come to a conclusion. The answer

will be given as to whether there exists a geothermal source utilizable by

present day technology, and if the answer is affirmative, an estimate of

the available power of the source and its expected longevity will be made.

It should be emphasized that the responsibility laid to this project by

NSF monitors is to find utilizable resources. Hence estimates of hot

rock capacity or magma reservoir are not within the perview of this proposal.

Should a utilizable geothermal source be found the geophysical

program can proceed to the next responsibility of monjtoring the reservoir

and the environment to forestall ecological damage.

SECTION II A SUMMARY OF EXPLORATORY SURVEYS CARRIED OUT DURING 1973 AND 1974

Upon receipt of Grant GI-38319 from the National Science Foundation

and matching grants from the State of Hawaii and the County of Hawaii, the
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genohysiral ~rogram was initiated by carrying into action a plan already

formulated. But as with all plans, alterations had to be made due to circum-

stances that could not be foreseen, such as late delivery of instruments

by manufacturers. The exploration program, however, was carried out according

to the flow chart given in Figure 1. The flow chart indicates the sequence

of various tasks and the names of the persons in charge of the tasks. On

the right of the flow chart are given the times during which the tasks were

carried out.

It should be pointed out that in the flow chart are two distinct

electrical surveys, one carried out by George Keller of the Colorado School

of Mines and the other by Douglas Klein of HIG. The distinction will

become apparent in the discussions that follow.

The planning and coordination section took care of coordinating the

program in many facets, such as equipment purchases, assignments of students

to tasks, logistics of the field work. The geophysical team worked smoothly

and in the field there was much intertask cooperation and assistance. An

electronic technician attached to this section had the responsibility of

assembling equipment and instruments according to the specifications spelled

out by the various task leaders. The section also included an administrative

clerical assistant to handle purchasing, typing, filing, and intertasks

communications.

Literature surveys on past geological, geochemical, and geophysical

investigations on the volcanoes of the island of Hawaii began as soon as the

program was funded and continued throughout 1973 and 1974 even while the

field surveys were going on. Three reports are now nearing completion, one

each to cover geology, geochemistry and geophysics of the east rift of

Kilauea volcano. As several authors cooperated on these reports, no one

person can be said to be responsible for the literature surveys.
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EXPLORATION SCHEA~E
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Figure 1. Exploration Program Carried Out During 1973 and 1974
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The infra red scanning survey ~y aerial photography with A. T. Abb~tt

in charge \'/aS launched in early summer of 1973 to survey the rift zones of

Kilauea, Mauna Loa and Hualalai volcanoes. (See Figure 2 for locations of

volcanoes and rift zones.) The survey showed that possible thermal anomalies

existed on the east rift and southwest rift of Kilauea and the southwest

rift of Mauna Loa. The rift zones of Hualalai looked unpromising.

Because of the existence of fumaroles and steaming vents, it is quite

obvious even to a casual observer that the east rift of Kilauea contains

spots of thermal anomalies. Also, the east rift was the scene of profuse

eruptions in 1955 and in 1960. For these reasons even before the results

of the infra red survey were in, it was decided to carry out electrical

resistivity survey over that part of the east rift that is not included

in the National Park. This meant surveying what is geographicaily known

as the Puna District of Hawaii. As the capability for electrical resisti­

vity surveys did not yet exist at the Hawaii Institute of Geophysics,

G. V. Keller of Colorado School of Mines was contracted to carry out

reconnaisance type surveys over the Puna District and over a small area

near the .summit of Kilauea volcano.

Keller used the dipole-dipole method and covered very nearly all of

Puna District in four weeks. His results showed that there were three

areas on the east rift zone of Kilauea where the subsurface resistivity'was

anomalously low compared to other areas. (Figure 3). As these areas of

anomaly will arise frequently in our discussions we shall name them the

Kapoho anomaly, Pahoa anomaly and Opihikao anomaly, according to their

geographical locations.

Keller then proposed a two layer model of resistivity for the Puna

District. According to him the first layer had a resistivity of 10 - 20 ohm-m
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extending fronl :,:~-:,!ind surface to a depth of 700 m; the second layc}' had a

resistivity of less than 10 ohm-m and extended from 7DO m depth to a depth

of 2200 m. Below 2200 m he assumed the resistivity to be infinite. The

10\'1 resistivity of the second layer was explained by-Keller as a rise in

electrical conductivity of briny ground water due to high temperature.

During the s~mer of 1973 the electical survey task of HIG with

D. Klein in charge was busy assembling and testing equipment. An attempt

was made at field surveys in the Puna District but instrumental failure

plagued the team. Also during the summer of 1973 the seismic task set up a

tripartite geophone array over the Opihikao anomaly, but hardly any earth­

quake was detected originating from the anomaly.

During the spring of 1974 Klein carried out a gravity survey over a

portion of the Puna District to see whether the dikes associated ~ith the

rift zone were dipping -or not. The results were inconclusive.

The summer of °1974 saw a prol iferation of field activities on the part

of faculty and staff of the Hawaii Institute of Geophysics. Several teams

were usually in the field simultaneous1y.

The electrical survey team had to use several different methods,

depending on the depth of penetration desired. The details of this are

given in the task description. One side result of the survey was the

knowledge of limitations of electrical methods when applied to Hawaiian

basaltic rock. From the results of the electrical surveys, it became

obvious that the east rift of Kilauea, namely the Puna District was the most

promising for geothermal sources. It was decided on the strength of electrical

surveys that henceforth investigation should concentrate on the Puna District.

The southwest rift of Kilauea may contain a thermal anomaly but it is much,

much less promising than the east rift.
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During the ~a:l~ summer of 1974, a few persons from HIG assisted

Charles Zablocki of the U.S. Geological Survey in carrying out a self­

potential electrical survey over the Puna District. In return the data

were made available to the HIG exploration group. For this reason in

the flow chart of Figure 1 the self-potential task is shown to be contri­

buted from an external source. The results showed that a self-potential

source of +500 millivolts existed close to the Pahoa anomaly and a +900

millivolt source existed close to the Opihikao anomaly. The Kapoho anomaly

showed no signs of a self-potential source.

Throughout the island of Hawaii are numerous wells drilled for

irrigation and other purposes, with quite a few in the 'Puna District. As

part of the geochemistry task, water samples from these wells throughout

the islands were gathered and analyzed for oxygen isotope ratio, by P. F.

Fan and Gary McMurtry. One preliminary inference from the data is that

the water in some of the Puna wells came through a hot regime of about 200°C.

The full implication of the geochemical surveys has not been arrived yet at

the present writing.

The temperature distribution with depth of these wells were measured

by J. Halunen and D. Epp. A well near the Pahoa anomaly showed a temperature

of 93°C at the top of the water table. The temperature however decreased

rapidly after a few meters below the water table, an indication of convec­

tive motion of water from a hot source. Within the Opihikao anomaly area

a well showed a temperature of 1000e but the well was unfortunately not deep

enough tJ reach water table. ~

The seismic survey task consisted of two parts. One was the ground

noise survey done by W. Suyenaga and R. Norris whereby the level of ambient
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ground vibrations was compared from place to place. Very early unrefined

results show that the 8 hz band of ground noise seems to center around the

Pahoa anomaly. The level of lower frequency bands decreased consistently

when one went away from the seashore and towards the interior of the'island,

indicating that for these bands the noise source was the surf action on

the rugged cliff coasts. The other part of the seismic task was to monitor

microearthquakes over anomalous areas by setting up an array of seismic

stations. Because of late delivery of components from the manufacturers,

W. Suyenaga had time enough only to set up the array over the Pahoa anomaly

and record for two and half weeks. Several earthquakes per day were

recorded, and the seismograms are now being processed t~ locate the epi­

centers and foci. A preliminary result show that microearthquakes are

associated with the rift near the anomalies. The depth of the foci ranges

from 3 to 15 km.

In brief summary, the following sequence of surveys narrowed down

prospective geothermal sites to two locations. The infra red surveys

suggested areas on the east and southwest rifts of Kilauea and the southwest

rift of Mauna Loa as prospective sites for further investigations. The

electrical surveys by Klein indicated that the east rift of Kilauea was

much more likely as a prospective area than the other two rifts. Keller's

electrical survey narrowed down the east rift to three areas and Klein's work

confirmed Keller. The self-potential survey by Zablocki showed that of

the three areas, the Pahoa anomaly and the Opihikao anomaly were spots of

subsurfare activity. Preliminary ground noise survey says that the Pahoa

anomaly is more active than the Opihikao anomaly, although the ground noise

data need more scrutiny. Well temperature measurements and geochemical surveys

say that both Pahoa and Opihikao anomalies should be examined.

2-10



SECTION III RESULTS OF INDIVIDUAL SURVEYS

Condensed forms of the results of the following surveys are presented

in this section.

(1) Infrared scanninq survey

(2) Electrical t'esis t i vity survey by Keller

(3) Electrical resistivity survey by Klein

(4) Self-potential survey

(5) Microearthquake and microseismic surveys

(6) Gravity surveys

(7) Well temperature survey

Results of geochemical surveys are not given as results have not been

collated. Oral reports on this survey have been included in parts of this

proposa1.
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1. Infrared Scanni ng Survey

Investigator: A. T. Abbott

INTRODUCTION

From July 31 through August 4, 1973 night time flights for obtaining

infrared imagery along the east and southwest rift zones of Kilauea and the

southwest rift zone of Mauna Loa were undertaken on the island of Hawaii.

Flights were also made on Haulalai and Kohala volcanoes, but because of

inconclusive results are not included in this report. Ground control

stations had been established during daylight hours several days prior to

starting the flight program. Students stationed at the ground central

points guided the aircraft on predetermined flight paths by the use of

directional nghts which were visible to the plane's navigator. Results of

the infrared scanning program are considered to be very successful. Events

leading up to the final imagery on 8 x 10 color prints will be discussed

below.

The sum of $23,900 was designated by the NSF to be expended on aerial

photogeologic work on the Hawaii Geothermal Project. Infrared scanning was

the only aerial technique employed in this phase.

A firm specializing in infrared surveys, Daedalus Enterprises of Ann

Arbor, Michigan was selected as best equipped and p.xperienced in Hawaiian

conditions to accomplish the infrared imagery survey. Towill Engineering

Corporation of Honolulu provided the aircraft, pilot and navigator and sub­

mitted a report with maps and black and white aerial photographic mosaics.

These firms earlier the same year had flown paths for Dr. George Keller
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of Colorado School of Mines, who was engaged in locating a deep drill hole

near the summit of Kil auea.

FLIGHT PATHS AND DESCRIPTIONS

(1) East Rift Zone of Kilauea

Two long parallel flight paths were flown along the East rift zone from

points outside the boundary of Hawaii Volcanoes National Park to Cape Kumu­

kahi. Shorter paths crossing the two long parallel lines were flown at the

intersection of the rift zone with the main highway between Pahoa and Kalapana.

Approximately 35 line miles of usable record was obtained. From this the

following strips were selected for reproduction in infrared false color

imagery:

Three miles of light paths high on the rift zone at an average ground

elevation of 2100 feet provide excellent examples of rift lineation and

temperatures aureoles. The DIGICOLOR prints showed a temperature range of

14°C to 20°C. Numerous sites along the rift showed spots of white color

indicating the temperature exceeded the highest range on that temperature

set. This is not surprising in view of the fact that wisps of steam are

issuing from some of the vents probably as a result of meteoric water coming

in contact with residual heat of lavas from the 1966 eruption in this area.

Downslope from the steam vents, a fairly extensive area shows a slightly

higher surface temperature than its surroundings, by an average of 1°C.

The area for the second set of DIGICOLOR prints in the Kilauea east

rift zone was selected from a flight path of approximately two miles in

length across the area of intersection of the rift zone and the Pahoa­

Kalapana highway at a ground elevation of approximately 300 feet. The
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temperature range of this path is 16°C - 25°C or 1.5°C per color. Again

numerous sites showing white along the rift zone indicate local hot spots

and an aureole of decr~asing temperatures are distributed outward from the

rift. Fine examples of surface temperature zones is demonstrated in this

imagery.

(2) Southwest Rift Zone of Kilauea

A flight path 12 miles long was followed from the point of intersection

of the western boundary of Hawaii Volcanoes National Park and the main

highway between Kilauea summit to Pahala to a point on the seacoast approxi-

mately 4 miles east of Punaluu.

The altitude maintained was about 3000 feet above ground level. Through-

out most of the strip a thermal anomaly was evident along the Great Crack.

The temperature range on the flight path was 18°C - 22°C. Of unusual inter-

est on this path is a thermal anomaly in a target-like pattern near the

southern end of the Great Crack approximately 1 1/4 miles from the coastline

at an elevation of 300 feet above sea level. The target-like pattern is

1200 feet wide, 1600 feet long. The roughly circular pattern of thermal

anomaly lies 600 feet northwest of a splinter extension of the Great Crack.

The highest temperature within the target area reaches the red color or

22°C in two small spots, and within the Great Crack extension, small local

spots reach white, or off scale.

The anomaly appears to be associated with the lower slopes along the

south side of Puu Ko1ekole, a prehistoric cinder cone, and with the exten-

sion of the Great Crack.

This surface thermal anomaly as registered by infrared scanning imagery

should receive careful attention as a potential area for further geophysical

investigation and possibly research drilling.
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(3) The Southwest Rift Zone of Mauna Loa

A flight path with the total length of approximately 22 miles followed

the southwest rift of Mauna Loa from an elevation of approximately 7000 feet

above sea level·to the tip of South Point. Only the lowest five mile section

of this path to the tip of South Point showed any significant thermal anoma­

lies. This portion his been reproduced in DIGICOLOR a~d prints developed.

The temperature range on one subset is 16°C -22°c. Thermal anomalies

appear along the cliff face of the Kahuku fault as clusters along the base

of the cliff and as linear features possibly indicating bedding planes in

the lava flows. Numerous spots along the cliff register red and a few local

areas show white, or off scale.

The cause of these anomalies is not known at the present time. The

Kahuku fault scarp, which reaches 400 feet in height in this area, faces

west. Consideration must be given to the possibility that the anomalies

result from residual late afternoon solar heat. The imagery was taken at

0030 hours in order to reduce the effect of residual heat. The physical

distribution of the warmer areas does not appear to show a pattern that

might be caused by residual heating, nonetheless this factor must be kept in

mind.

Another, more intriguing possibility lies in the concept that heat may

be rising from depth along the plane of the Kahuku fault and issuing at the

base of the cliff and along bedding planes of the lava flows. The Kahuku

fault is a major structural feature of Mauna Loa shield volcano. It extends

ten miles inland from the coast and has been followed out to sea for a distance

of over 15 miles. Depth recordings made on board the R/V VALDIVIA in 1973

while steaming past the extension of the fault 4 miles off shore registered

a vertical displacement along the fault plane of 1900 meters.
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Further geophysical and geological work should be concentrated in the

section of the lower portions of the Kahuku fault. This may have promise

as an area in which to locate an array of research drill holes.

Also of interest along the South Point shoreline as registered by the

infrared imagery is the temperature distribution in the sea water. Directly

offshore a large patch of water shows as a white area indicating that its

temperature is greater than 22°C. It is not recognized at this time whether

this is a bay of warm surface water brought in by ocean currents or wind or

whether the warming is caused by some other process.
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Infrared Scanning Survey

rask 2.1

A. T. Abbott

With attention focusing on the lower portions of Kilauea east rift

zone, infrared scanning imagery in that area was printed and enlarged

for study.

Significant in the location of the drill hole location north of

Puuleua crater, which is the largest pit crater on the lower rift, is the

indication of a small spot of higher temperature on the south rim of the

pit crater. It is not an overwhelming beacon, but does indicate perhaps

a seepage of heat that may underlie the crater area.
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2. Electrical Resistivity Surveys

Investigator:
Report by:

G. V. Keller'
A. S. Furumoto

The electrical resistivity surveys by George Keller were done in June

and July 1973 and a report entitled "An Electrical Resistivity Survey of

the Puna and Kau Districts, Hawaii County, Hawaii" was submitted by him.

The method he used is known as the ~ipole mapping method. In short, using

existing well casings as dipole sources, he caused a large amount of current

to flow into the ground, then with a pair of probes the area around the

dipole source was surveyed to measure variations in voltage and current.

With that, resistivity of the ground between the dipole source and probe is

determined. The sUl'vey in effect gives an integrated picture of resistivity

with respect to depth. Hence the method is a good reconnaissance tool.

The survey came up with three promising areas (Figure 3), the anomalies

of Opihikao t Pahoa and Kapoho, along the east rift of Kilauea.

Keller also attempted a depth vs. resistivity interpretation from his

data. The profile resulted in a two layer model; the first layer extending

from surface to an average depth of 700 m with resistivity about about 20

ohm-m; the second layer extending from 700 m to 2300 m depth with resistivity

about 5 ohm-m; and below that a half space of very high resistivity. Keller

attributed the low resistivity in the second layer to high temperature.
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3. Electrical Resistivity Survey

Investigator: D. P. Klein

Geoelectric reconnaissance surveys in the regions of most promise for

geothermal resources on tne Island of Hawaii (See Fig. 4) have located no other

targets of generally low resistivity as favorable as the lower East Rift of

Kilauea which we call the Puna Anomaly. Further work was therefore concen­

trated on the Puna Anomaly to attempt to determine the vertical resistivity

profile and to map the horizontal variations in resistivity.

Keller's results, Fig. 5. provided the first general geoelectric

picture of Puna. Note the general regions of low apparent resistivity (less

than 5 ohm-m) anomalies I, II and III, as well as the general resistivity­

depth profile (20 Q-m to 600 m, 5 Q-m from 600-2000 m, high resistivity

below 2 km). However, problems arise in dipole mapping where large horizontal

resistivity contrasts exist because apparent resistivities are generally

a function of source location. Therefore, it was our goal to test the

results using inductive techniques. Inductive methods tend to smooth off

the effects of lateral inhomogeneities and we expected to obtain a mean

resistivity for the depth of penetration at each site. By varying the depth

of penetration by station spacing or frequency, an estimate of resistivity­

depth may be obtained and by making measurements at many sides horizontal

maps of conductivity for a given penetration depth may be obtained. Since

inductive methods are not sensitive to resistive media, it was also decided

to establish a few schlumberger soundings to establish the electrical

properties of the basaltic rocks above sea level. Also, to investigate the
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lateral variations in- the tht::'lir.?!l realm) a fine scale mapping of the self­

potential field was undertaken by C. Zablocki of the U.S.G.S. with support

from the Hawaii Institute of Geophysics.

The formal data analysis of our surveys are now being carried out by

J. Kauahikaua) a graduate student at the Hawaii Institute of Geophysics.

Thus) we are not yet prepared to present any detailed interpretations.

However, we do have a preliminary depth resistivity profile for the regions

seaward and landward of the rift (see Fig. 6).

In Fig. 6) the upper control point, above sea level, and the sea level

control point are based on loop-loop induction data. The deep control point

at roughly 850 m is based on line-loop induction data.' The limiting

horizontal and vertical bars refer respectively to the spread of calculated

resistivities and estimated depth of penetration. The data points in the

deep zone are plotted as apparent resistivities versus half-spread for

several measurements of the line-loop system. The data points marked by

squares are those generally in and above region I (see Fig. 5). The

anomalously low resistivity at sea level below the rift implies a thin

layer of warm water which is verified by well data and thermal probes.

The deeper resistivity data deserves comment in terms of probable

geothermal potential even at this point in analysis. Taking the lower limit

of resistivity,S ohm-m, and a typical porosity of Hawaiian rocks, 10%, we

can estimate the fluid resistivity from Archie's law

p fluid = p bulk x (porosity)2

as .05. If the rock is saturated with sea-water (p = .25 at 18°C) the expected
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temperature is about l80~C. The uncertainties in porosity and salinity,·

however, made this estimate of temperature rather hazardous. If porosities

of closer to 25% as the test hole on Kilauea indicates, the temperature

would be considerably lower. There is, however, no real basis for direct

comparison between the rocks of Puna at 800 m depth and those of the Kilauea

Summit. The Puna rocks at this depth were probably extruded beneath the

sea which would tend to make their porosities less.

The fluid salinity is also a guess, Puna well data all show fluids

with salinities less than half that of seawater. If salinities less than

seawater extend to depth, the temperature estimate could be considerably

increased. Only drilling data can resolve these questions. Nevertheless,

from the standpoint of our present position, the temperature profile is

summarized in Fig. 7. (Also shown is the boiling point curve.) Although

the mean temperature curve is not close to the boiling curve there is

the optimistic possibility that in the anomalous region the temperature

~radient would be considerably higher.

Future plans include several intermediate depth soundings over the

specific areas of the anomalous geoelectric data to attempt to provide more

quantitative estimates of the above possibility. Further analysis of the

present data, including the self-potential work being work on by

C. Zablocki, should outline in detail those areas of most probable anomalous

temperature conditions.
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4. Electr;c~l Sc1f-~otential Survey

Reporter: A. S. Furumoto

C. Zablocki of the Hawaii Volcano Observatory, United States

Geological Survey, has been carrying out self-potential surveys over the

various parts of the island of Hawaii for the past few years. His field

method was the usual one of using porous pots as electrodes and a high

resistance voltmeter to measure potential differences. An agreement was

made with Zablocki so that Hawaii Institute of Geophysics will provide field

personnel to assist him in surveys over the Puna Area, in exchange for

which the self-potential data will be made available to HIG.

The self-potential surveys revealed two areas of prominent potential

differences, one in the Pahoa anomaly area and the other in the Opihikao

anomaly area.

Figure 3 shows the locations of self-potential anomaly maps, while

Figures 8 and 9 show the contour maps of the potential differences of the

Pahoa and Opihikao anomalies respectively.

Consider the Pahoa anomaly map of Figure 8. A prominent positive

pole of +500 mV exists near the center with a relative negative pole of +150

mV near by and other relative negative poles of 0 mV in other spots.

Although not shown in the contour maps, the potential difference

along the shoreline south of both anomalies rose to a value of +350 mV. When

a cross section of the potential differences is plotted through the Pahoa

+500 mV and +150 mV poles and extended to the sea shore, the result will

look as shown in diagram I of Figure 9A.
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The c1~ssical method to interpret the data of diagram I is to consider

CE part of the curve as due to a regional trend which can be represented

by the line EG. If the regional trend is substracted out, the self-potential

curve due to the anomaly will look as given in diagram II. When the curve

of diagram II is analyzed by deWitte's method (1949) by considering A as

positive pole and B as negative, a dipole source at a depth of 170 m dipping

50° in the direction S42°E can be considered as causing the anomaly. This

depth of 170 m puts the dipole source right at the water table. On the

other hand, the Opihikao anomaly is due to a dipole source at 660 m depth,

dipping 60° in the S15°W direction. As the water table in the Opihikao

area is about 270 m deep, the electrical dipole is about 390 m below the

water table.

Several hypothesis can be advanced as possible explanation of the

self-potential source: (a) oxidation of sulfur compounds, (b) Nernst

effect from a hot dike, (c) streaming potential, and (d) dilute solution

of magnesium and calcium in cracks. These will be discussed separately

in the following paragraphs.

In mineral exploration, self-potential anomalies are explained in

terms of oxidation of sulfides to sulfates, which can produce an electrical

potential of 0.8 volts. Oxidation potentials are usually found in nature

as prominent negative poles, while we have a prominent positive pole.

Nevertheless Sato and Mooney (1960) cited an example where oxidation of

sulfides was manifested as a positive pole. We cannot cavalierly rule out

the possibility that the self-potential anomaly is being caused by a sub­
~

surface sulfur bank.
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The Nernst effect is a phenomenon in which heat flow occurring i~ a

magnetic field causes an electromotive force to be set up. The directions

of the magnetic field, heat flow and electromotive force are mutually

perpendicular. The possibility of a Nernst effect electromotive force

exists here as the self-potential anomaly sits right on top of the rift

zone. In the presence of a geomagnetic field, a heat flow away from a very

hot dike can cause the anomaly.

Unfortunately the Nernst effect is little understood even in physics

with very little published data on the Nernst coefficient. The Nernst

coefficient for bismuth gives a right order of magnitude for the observed

electromotive force and expected temperature gradient,.but rocks are not

bismuth. Also, as physical properties of rocks such as thermal conducti-

vity and elastic moduli change rapidly at elevated temperatures, the

Nernst coefficient can very well change rapidly. The Nernst effect of

rocks is a field that certainly needs serious investigation.

The third hypothesis is streaming potential. By this hypothesis an

electromotive force will be set up if a conducting fluid is forced through

tubes under high pressure. The electromotive force will be proportional

to the pressure difference and inversely proportional to the viscosity of

the fluid. Jakosky maintains that flow into wells can very well set up

hundreds of millivolts of electrical potential difference. As cracks

and fractures in the rocks can be equivalent to wells, the self-potential

observed here can be very well caused by streaming potentials.

On the other hand, Wyllie (1963) challenges the idea that streaming
~

potentials are the cause of self-potentials observed around wells. He

contends the observed self-potential values are too high to be caused by

streaming. He proposes an electrochemical effect caused by fluid motion of
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dilute solutions of magnesium and calcium as the sc~rce o~ the observed se1f­

potential. In our case, this can very well be as magnesium and calcium ions

can go into solution from feldspars in the basalt.

As mentioned above, the dipole source is dipping 50° to 60°. This

agrees well with Decker's (1974) analysis of ground deformation data, in

which he proposed that the east rift is dipping at 45° to the south. This

dipping rift theory favors the streaming potential hypothesis. Hot water

from deep thermal sources can be considered to be traveling upward along

cracks that are inclined 45°.

The self potential data narrowed down the areas of interest to two

small areas on the rift zone, but unambiguous interpretation of the data

is not possible. Four hypothesis can be advanced as possible interpretations.
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5. Microearthquake and Microseismic Surveys

Investigators: W. Suyenaga
R. Norris
A. S. Furumoto

Although it was planned to carry out microearthquake surveys during

the first year, it was decided to postpone these surveys until the second

year. The main reason for this decision was the delay in getting delivery

on equipment and that funds were being used up at a higher rate than antici­

pated in running the other surveys.

The field work done during 1974 included ground noise surveys in Puna,

Pahala and South Point during February, June and August and a microearthquake

survey in Puna during a three week period in August and September. Also

much time was spent building and testing the microearthquake system and

developing methods of data analysis for both types of work. For the micro-

seismic or ground noise survey, a simple system was devised. The instrument

package consists of two geophones, an amplifier bank, and a TEAC R-70

cassette tape recorder which can record in FM mode or in direct analog form.

The package is small enough to be housed in the backseat of a compact car.

For data processing, many techniques were tried; such as digitizing the

records followed by power spectrum analysis by computer; use of machine

frequency analysis. These were unsatisfactory as sampling or frequency

resolution was poor. The best results were obtained by sending the taped

signals through narrow band filters and obtaining rectified, averaged

power levels.

As of this writing, the August field data are not yet fully analyzed.

Details of all the work will appear later, but general conclusions of the
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February noise survey was that most of rhe no~se in Puna could be explained

as being surf generated. In other words, there was apparently no associa-

tion of ground noise to suspected geothermal areas, as defined by previous

electrical surveys. However, there was one anomalously high amplitude 8 Hz

site near one of the electrical resistivity anomaly found by Keller. Thus

it was decided to make a detailed study around it.

This was done during June along with preliminary studies near Pahala

and South Point. The latter two areas were chosen on the basis of infrared

anomalies found by Abbott. The study in Pahala revealed nothing signifi-

cant. The South Point areas showed a slight increase of ground noise

toward the Kahuku Pali.

The results of the June Puna study are presently being combined with

a more thorough field operation done in August. The latter survey

included 59 stations taken during a five period when the microearthquake

system was in operation. The continuous record of one or more of the MEQ

sites should enable us to accurately account for any long term trends in

the noise.

Preliminary results of the microearthquake survey reveal approximately

20 events recorded during September 1 to 9. However, more events should

be found as playback techniques improve. Appropriate test parameters and

crustal models are presently being chosen for HYP07l, the hypocenter loca­

tion program developed by members of the U.S. Geological Survey.

Early results show that epicenters of some of the events are located

on the rift zone near the Pahoa anomaly. The depth of anyone event has
~

a range of values, but the range of depths extend from 3 km to 15 km from

ground surface.
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6. Gravity Su(vey

Investigator: D. Klein

Fig. 10 shows the generalized Bouguer gravity-anomaly map of the island

of Hawaii (Kinoshita, Pac. Sci., 19, p. 340). Of signiflcance with regard

to the geothermal exploration is the gravity expression of the East Rift

of Kilauea which is the one area on Hawaii that has a promising electric

resistivity low. Generally, the Bouguer anomaly is interpreted as an

expression of a linear high density mass associated with rift intrusives.

To a first approximation, normal to the rift alignment, the anomaly is

about 10 to 20 mgal at its peak and has a half-wavelength of about 10 kilo­

meters. From Fig. 10 it can be inferred that the axis of the anomaly is

displaced slightly north of the present topographic expression of the rift.

It is conjectural, but conceivable that the rift intrusive locus might have

a slight northward dip. Equally_conceivable is the possibility that the main

intrusive feeders to the rift lie to the north of the most recent eruptive

vents which might migrate rather randomly to one side or the other of the

feeders at different episodes of extrusion.

With regard to the location of the heat sources which might be the

cause for the electric resistivity low of Puna, it seems important to

attempt to establish if the rift does dip and if so, how? For instance,

if the self-potential anomalies found by C. Zablocki are expressions of

apnormal sea level temperatures, these high temper~tures could be fed by

hydrothermal waters escaping from a deeper source along the rift fracture.

For a dipping rift, the main heat source would not be directly below the

anomaly.
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If the rift zone wen~ dist1'1guished by anomalously dense intrusives·

it is possible that its structure could be determined by a closely spaced

gravity survey normal to the rift alignment.

With this in mind a traverse of closely spaced gravity stations was

established along a 13,000 foot traverse roughly normal to the rift. The

ilTl1lediate purpose was to see if the neal~ surface rift had a grav'imetric

signature. If it did, the next goal would be to model the structure of

the rift.

Figure 11 shows the gravimetric Bouguer profile, projected along a

line normal to the rift. The data was reduced using a mean rock density

of 2.3 gm/cc. Terrain corrections have not been applied. Figure 12 shows

a map of the survey stations. The line through the data is a 3rd degree

polynomial curve, fit to remove the "regional". (Note the general trend

. of a 15 mgal regional with a high apparently to the north of the rift which

follows Kinoshita's results.) Although the traverse is probably too short

to adequately remove a "regional" trend by a polynomial, such a procedure

does seem to indicate a possible residual high in gravity centered over the

rift. The residual high looks sYmmetric and about 1 mgal in amplitude

(see Fig. 11 top).

Although this preliminary analysis does not allow firm conclusions,

there is a favorable possibility that the rift has a distinct gravimetric

expression on fine scale. In the location of the present survey it would

seem a model of a vertical rift is adequate. Based on these results it

would be worthwhile to investigate the rift over at least one other loca­

tion and extend the traverse both of this line and the next for a more

adequate model of the deep rift expression.

2-37



0 0 0 0
0 0 000 0 0

0 0 0 o 0 0
~ 0< 0

0 0 0 CO 0 RESIDUAL GRAVITY
0

0 0

~
0

0
000

0 8 o 0 00

-1
0

0 0
0

0 0

0 0
0

BOUGUER GRAVITY

N
DATA

I -5 1100
w ~

CO < A A A
0
~

A

-10
A A

A A 1000
loA

A A ....
A

w
w

-\5
...

r,' 0 2000 4000 900
I ! I I I

A 4'
HORIZONTAL SCALE,FEET

A~
A A AAA A 800

A A A

Figure 11. Station Elevations, BouQuer Gravity Values with Regional Trend
and Residual Gravity (Bouguer data minus regional)



15.:·53' W

19·30'
N

GRAVITY STA TlON

RIFT ZONE

VOLCANIC VENT

N

1
4000

Figure 12,. Survey Area and Gravity Stations

2-39

---------~---_._ ...._.



7. We ' Temperature Survey

Investigators: J. Halunen
D. Epp

During the past few months we measured the variation of temperature

with depth in a number of wells on Hawaii. The wells which have the

highest temperatures are located on or near the East Rift of Kilauea in

the Puna district. The location of the wells and the rift zones is shown

in Fig. 13. Figure 14 is a plot of temperature versus elevation above mean

sea level for these wells. The highest temperatures were recorded in

IIGeotherma1 tes C wells 2 and 3. Those wells were dri 11 ed in 1961 by the

Hawaii Thermal Power Company (Stearns, 1966). The elevation of the ground

surface at Geothermal 2 is about 315 m, and the well does not penetrate

to the water table. Since drilling, the hole has caved in at a depth of

about 110 m, 60 m above the original bottom. Below 75 m the temperature

increases with depth, and at 110-m reaches 97°C. The temperature at the

bottom of the hole at the time of drilling was 102°C, and this suggests

that the temperature probably continues to increase below the lowest depth

we were able to reach. How much the temperature increases below 110 m

cannot be ascertained with the present temperature data. The temperatures

measured by Keller (1974) in the exploratory hole drilled just south of

Kilauea increases to a local maximum (~85°C) just below the water table

(- 500 m depth), and increases again from ~ 1000 m to the bottom of the hole.

It cannot be determined whether the temperature increase observed at

Geothermal No. 2 correlates with the upper or lower temperature increase

observed in the hole south of Kilauea.
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The other wells shown in the figures penetrate the water table. An

increase in temperature at the water table is characteristic of these wells

and is most pronounced at Geothermal test well number 3. This well, and to

a lesser extent well number 9-9 also decreases in temperature near the

pottom of the hole. Because these wells are lo~ated close to the coast,

the fresh water lens is thin. It appears that the high temperatures observed

are confined to this lens, thus lending support to the hypothesis that in

this area groundwater has passed through a high temperature region as it

flows seawat~. The high temperatures observed may, therefore, be related

to a heat source upslope from these wells.

Fig. 13 also shows the location of two wells (9-4 and 9-10) that are

several miles from the rift zone. The temperatures in these wells is less

than 27°C at all depths. Temperatures in other wells in this area which are

not near the rift zone are also low.

The temperature data presented here, together with Keller's (1974 )

data, suggest that exploratory drill holes should be located along the East

Rift zone, perhaps somewhere between Kilauea and Geothermal No.2.

REFERENCES

Keller, G.V., 1974. Drilling at the Summit of Kilauea Volcano, Rept. to NSF.

Stearns, H.T., Geology of the State of Hawaii, Pacific Books, Palo Alto,

California, 1966.

2-41



Allison•

,

./ ,.,..
/' ~thermol3

~

./
. ,..

9-10
o

Figure 13. Location of Existing Wells in Puna Area

2-42



Figure 14. Temperature-Depth Profile of Wells
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8. Resulting Publications

The present time is too early for the results of field surveys to see

the light of publication. The infrared scanning survey is the only one of

the field work that is in publishable form. However a study of published

literature on the Koolau Volcano on the island of Oahu and on the Rabaul

Volcano on the island of New Britain, Papua New Guinea, was done as a

corollary to the project and papers on them were presented at the U.S.­

Japan Cooperative Science Seminar held in Hilo, Hawaii, during the week

of February 4-8, 1974. The papers were published recently in the

Proceedings volume of the seminar. The authors and titles of the papers

published are the following:

A. T. Abbott - Imagery from Infiared Scanning of the East and Southwest

Rifts of Kilauea and the Lower Portion of the Southwest Rift of

Mauna Loa, Island of Hawaii.Proceedings of the U.S.-Japan Science

Seminar on Utilization of Volcano Energy. Sandia Laboratories 1974

pp. 10-12.

A. S. Furumoto - Geophysical Exploration on the Structure of Volcanoes:

Two Case Histories, ibid, pp. 41-58.

W. A. Wiebenga and A. S. Furumoto - Geophysical Evidence for Availability

of Geothermal Energy in New Brttai~ibid., pp. 59-73.
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SECTION IV. OVERVIEW OF PROPOSED GEOPHYSICAL RESEARCH PROGRAM

A. Status of the Problem

The reconnaissance surveys carried out over the island of Hawaii have

narrowed the areas of interest to two spots on the east rift of Kilauea

Volcano, the Pahoa and Opihikao anomalies. However, the best intepretation

of the data cannot result in recommending the de~th to which a hole should

be drilled to determine whether there exi~s a utilizable geothermal source

or not. Let us put together briefly whatever inferences we can draw from the

data we have.

Klein in Task 2.2 has drawn up a temperature-depth profile based on

his surveys and has assigned a temperature of 180°C to the 850 m depth. This

seems promising for a geothermal source. However, Klein has assumed for his

calculations the lower limit of resistivity and a porosity of 10%. These are

the extremes of optimistic values. A more reasonable value for porosity is

14%, a value observed by Moore (1965) for rocks extruded at a depth of 760 m

below sea level, which corresponds to 930 m below ground level in our discus­

sion. A porosity of 14% with resistivity of 5 ohm-m will give a temperature

of 110°C at 850 m. A resistivity of 7 ohm-m will give a value of 80°C.

The extremes of optimistic values say that the water at 850 m depth is

hot enough for a geothermal source. From the point of view of statistics such

a convenient choice of parameters is not quite justified. Hence we must con­

clude that as far as electrical resistivity data show, the existence of a

geothermal source is marginal.

Should the temperature at 850 m be less than 140°C, which is the likely

case, the chances of having a continuously flowing geothermal well is small.

Keller (1974) drilled a deep hole in the summit area of Kilauea and obtained
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a temperature of 135°C to 140°C at the bottom ot the hole. No convective

motion in the well bore was noticed and there was no flashing to steam. Also,

even if the scheme proposed by Elder (1965) were put into effect, the chances

of a continuously discharging geothermal well is not likely.

Let us consider Elder's scheme as shown in Figure 15. A well of depth

H is drilled into a supposedly hot water aquifer of temperature T
3

, and the

well is only partly cased with a section L left uncased. The volume of water

in the well bore is then disturbed by pumping compressed air into the bottom

of the well. The pressure in the bottom of the well P4 will be reduced, and

there will be an upward surge of water up the well bore until point z* is
,

reached where the hot water flashes into steam. At that time the pressure

P4 is

P4 = SVP + pg (H-z*),

where SVP is the saturated vapor pressure for temperature T3 and p is the

density of the water. The well will flow and flash continuously if P3, the

pressure in the aquifer, is greater than P4. In practice, P4 ends up being

the hydrostatic pressure in the well.

In our case it is unlikely that P3 will be greater than P4. From seismic

refraction data of Hill (1969) we know that P wave velocity at 600 m depth is

3.6 km/sec, which implies very competent rocks. With very little yielding,

rock pressure will hardly contribute to aquifer pressure P3. Elder's scheme

works for sedimentary layers where yielding sediments contribute greatly to

aquifer ~ressure. ,

However, our knowledge of pressure, temperature, and elastic moduli of

rocks at depth are based on inferences from surface geophysical data and

2-46



Ground Surface

.. ... .. ..... .....................

.. ..... . ... . .-..... ............................
:::::: :: :::::::: ~ ::: : :: ; : :
",.-.- ......... .

............. ::::.::. :::':::':.::":::::::::;::::;;:::::.::' ::: :' , ..
:::::::::::::::: ::::::::;;; ::::.:::;:::;;::::;:::;:;::::' ................ - .
:: : : : :: : : : ; : : : : : : : : : .: : : :: ~ .: : : : : ; : : ; :: : : : : : : :: : : : : : : : : ; : : : : : : :
:::::::::;::;:;:::::::::::::::::::::::::~ :::::::::;::::::::::::
: : : : : ;: : : : : : : : :: : : : : : : : : : : : : : : : : : : : ; : : : : : : : : : : : : : : : : ~ : : ; : : : : : : :
... .... .. .. .... ... .. ..... ... ... . .... .... . . . . . ... .. .. ... ... . .. .......... _............. .. . .

A SELF MAINTAINING GEOTHERMAL WELL
ACCORDING TO ELDER

III

Figure 15

2-47



perhaps may not necessarily be the actual situation. For example, the rock

at 850 m depth may be composed of clastics rather than solid basalt as Moore

(1969) suggests. If so, porosity can be smaller and concomitantly the tem-

perature can be higher. Also, clastics are much le3s competent than solid

basalt, which in turn can mean that the scheme by Elder may be appropriate.

These are just conjectures, but they indicate that there is still room for

argument in challenging the foregoing interpretations. Further investigatfons

are needed to determine whether the derived interpretations are correct, or

whether the conjectures have basis in data.

Self potential data suggest streaming through cracks, although one must

keep in mind that other explanations, such as electrochemical reactions, are

just as viable. For the sake of argument, let us assume that streaming occurs.

Then we infer that streaming originates as leaks from pressurized chambers

and that the leaking hot fluid then moves upward along the cracks. At the

present time, electrical resistivity methods have not revealed discontinuities

that can be construed as boundaries of such a chamber. Microearthquakes on

the other hand show that in the Pahoa and Opihikao anomaly areas stress

releases occur at depths greater than 3 km. Stress releases in a volcanic

region mean thermal processes. The seismic data may very well explain the

failure of electrical methods to detect hot chambers or pressurized chambers,

as the estimated limit of the depth of penetration for electrical methods

used is 1.2 km.

Again, Keller1s survey showed that a tongue of higher resistivity
ill

material covered the self-potential anomaly of Pahoa. If we proceed accord-

ing to our customary interpretative method, we conclude that a layer of cooler

subsurface water extends over the self-potential anomaly. This may mean that
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the volume of streaming water is so small that the surrounding ground water

is not heated up. Or it can mean that the self-potential anomaly has an

electrochemical origin rather than a streaming origin.

Another point to remember is that streaming potentials are usually

observed in wells by letting one electrode into the well while the other is

kept at ground surface. In our case, the potentials were observed by elec-

trodes at the ground surface, 170 m above the water table. Zohdi and his

colleagues (1973) did measure a self-potential anomaly over thermal areas in

Yellowstone National Park and attributed the anomaly to streaming, but the

values amounted to only 50 mV.

Analysis of oxygen isotope in water samples from existing wells in the

Puna area at first gave a ray of hope for geothermal sources because the iso­

tope ratio indicated that some water samples could have come from a region of

elevated temperature of about 146°C. Subsequent reevaluation of various

factors suggested the possibility of contamination or evaporation to give the

observed values. These points should be carefully examined before coming to

definitive conclusions.

In summary then, although interpretations from resistivity surveys do

not give an encouraging picture, there is a possibility that the interpreta­

tions could be different because we do not know for certain porosity and

resistivity of rocks and salinity of ground water at depth. Neither can we

come to a definite conclusion on the nature of the self-potential anomaly.

Oxygen isotope data at present can be considered ambiguous. Microearthquake

data suggest that thermal processes are located at~ depths greater than 3 km.
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B. The Proposed Geophysical Program

To tackle the problem as summarized in the previous discussion, the

following objectives are proposed for the 1975 geophysical program:

1. Process the voluminous data gathered in 1973 and 1974, and refine

the techniques of interpretation.

2. Determine in the laboratory physical properties of rocks, such as

electrical conductivity, thermal conductivity, elastic moduli, under equiva­

lent pressures and temperatures as at various depths.

3. Initiate chemical studies to know more about electrochemical sources

that can produce self-potential anomalies.

4. Carry out limited field work to fill in gaps.

5. Carry out a drill i ng program to fi nd out cond it ions at depth and to

check out whether our geophysical interpretations are correct.

The first objective involves all the tasks that are in operation:

geoelectric surveys, thermal well surveys, microseismic surveys, and geochemi­

cal surveys. Data collected by these tasks must be processed in a refined

manner before they are ready for publication. The data that were discussed

in this proposal are actually "first cut" data, data that were hastily pro­

cessed to see whether they were consistent and to obtain a rough first view

picture of the situation. Hence, they are not in appropriate form for public

dissemination through journals or reports. It is expected that at least the

first six months of 1975 will be required to process and interpret the data,

before manuscripts for a definitive report are begun. Reports carrying

partially completed analysis will be published from time to time, however.

In addition to the kind of surveys mentioned, gravity surveys and sur­

face magnetic surveys were also carried out. Data from these will also be

processed.
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The second objective requires a new task, 2.8 Physical Properties of

Rocks. The task leader, Dr. Murli Manghnani, is a leading authority on elas­

tic properties of rocks under high pressure and temperature and has numerous

publications to his credit. Using the sophisticated equipment available in.

his laboratory, he will measure the e1ectrical and elastic properties of rocks

under simulated conditions. Also, he will measure the magnitude of Nernst

effect in volcanic recks.

As mentioned, the nature of the self-potential anomaly is puzzling.

Even when a hole is drilled into the anomaly, the answer may elude us. To

ascertain whether- electrochemical reactions could cause the anomaly, water

samples from already existing wells and from the proposed exploratory drill

hole will be analyzed chemically. As this is a rather tall order, a new

task, 2.7 Hydrology, has been initiated. This task will also examine the

hydrologic processes of the region to see whether electrokinetic processes

could have caused the anomaly. This comprises the third objective of the

program.

The fourth objective is to fill in gaps in the data. Task 2.2 Geoelec­

tric Surveys will do more intense surveys around the anomalies. Task 2.5

Seismic Surveys will carry out seismic refraction-reflection surveys over

the rift area near the anomalies. The scale of these surveys are to be small

as we expect depth of penetration to 2 km.

The fifth objective, a drilling program, is large enough to warrant a

section to itself. ,
C. The Drilling Program

A conclusion arrived at by the geophysical surveys is that the data

are amoiguous until we can check them out by a drilling program. Hence, a

drilling program is recommended as an exploratory project.
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The drill hole shouid be over the Pahoa self-potential anomaly. It

is recommended that the drilling go ~s deep as funds allow.

We expect to have some clues, if not answers, to the following questions:

(1) What is the nature of the self-potential anomaly at the depth of

170 m below surface? Is it electrochemical or electrokinetic?

(2) What is the nature of the rock at 800 m depth? Is it competent

lava flows or is it clastic as Moore (1969) suggests?

(3) What are the elastic parameters and porosity of the rocks at

about the water table, at 800 m depth and at 1200 m depth?

(4) What is the salinity of the ground water at various depths? What

is the chemical composition of the groundwater at various places?

(5) What is the variation of temperature with depth?

A drill hole at the recommended spot should give the answer to whether

geothermal resources are associated with Hawaiian volcanoes. If the answer

is affirmative, we then use the drill hole data to recommend the likeliest

spot where a production hole should be drilled.

In addition, a deep hole will provide abundant information on the vol­

cano and volcanic processes. Especially, do we hope that clues will be provided

so that we can figure out the mechanism of transfer of energy from the magma

to the nearby hydrothermal system.

2-52



References

Elder, J. W. (1965). Physical Processes in Geothermal Areas. In Terrestial

Heat Flow, Geophysical Monograph Series, No.8, American Geophysical

Union, Washington, D.C., pp. 211-239.

Hill, D. (1969). Crustal Structure of the Island of Hawaii from Seismic

Refraction Measurements. Seismological Society of America Bulletin,

Vol. 49, pp. 101-130.

Keller, G. V. (1974). Drilling at the Summit of Kilauea Volcano. Report

submitted to National Science Foundation, 45 pp.

Moore, J. G. (1965). Petrology of Deep-sea Basalt near Hawaii. American

Journal of Science, Vol. 263, pp. 40-52.

Moore, J.G., and R. S. Fiske (1969). Volcanic Substructure Inferred from

Dredge Samples and Ocean Bottom Photographs, Hawaii. Geological

Society of America Bulletin, Vol. 80, pp. 1191-1202.

Zohdi, A. A. R., O. A. Anderson and L. J. P. Muffler (1973). Resistivity,

Self-potential and Induced POlarization Surveys of a Vapor-dominated

Geothermal System. Geophysics, Vol. 38, No.6, pp. 1130-1144.

2-53



SECTION V. INDIVIDUAL TASKS

Task 2.0

General Operations Support and Coordination

Investigator: A. S. Furumoto

The purposes of this task have been twofold: (a) to provide general

services to the other geophysical tasks and (b) to plan the chronological

sequence of field work of the different types of surveys so that one type of

survey will be logically followed by the next with relevant data passed on.

To provide general services, there is a technician who has the respon­

sibility of assembling and testing instruments and later on maintaining them.

There is also an administrative assistant who doubles as a stenographer to

handle typing of manuscripts, the processing of purchase orders and keeping

the accounts of each task. The staff of this task has heavy responsibilities.

The geophysical program needs careful coordination, as the tasks are

interrelated and aimed toward a goal. From time to time, a conference of all

persons involved in the program, including student help, is held to assess the

situation. In data processing and interpretation, such conferences will have

to be held more frequently, as the interpretation process must consider all

available data to obtain a whole picture of the situation. At times, when

seemingly contradictory data are provided by different surveys, an interpre­

tive model must be sought to account for the sets of conflicting data. So far,

we have been successful in doing so. ,
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Task 2.2

Geoelectric Surveys

Investigator: D. Klein

As the culmination of the geoelectric surveys, this task proposal is

primarily for additional analysis of the data in hand.with a minimum of field

work to survey the resistivity in the intermediate depth range (sea level to

600 m) over the known self-potential and resistivity anomalies of Puna.

The exploration results to date indicate two outstanding geoelectric

anomalies within the general resistivity low of the northeast Puna District.

There are favorable indications that these anomalies are associated with geo­

thermal heat.

If a sound geophysical model of these anomalies is to be presented for

the purpose of proposing drilling, it is imperative that we close gaps and

clear ambiguities in the present data.

To this end, a large part of the remaining work is to fully analyze and

interpret the data in hand. The computer expenses and student help items in

the budget are for this purpose. Further expenses are also proposed for

additional soundings and profiles over the anomalies where the present data

are inadequate. The field program is small, we propose about 30 days work;

however, because of the nature of field work this is a large part share of

the budget. The field work will be carried out in two or three phases as

necessary in conjunction with detailed analysis of the data. This will allow

maximum use of the developing model to plan observations.

One of our immediate goals in the field program is to make intermediate

depth soundings over the known anomalies. This will provide resistivity

information in the critical area (sea level to about 500 m) where our present
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data has an obvious gap and help in our understanding of the temperature

gradient in this zone. One primary remaining question is whether or not

there exist localized areas where the temperatures approach the boiling point.

Although the temperature gradient on the average in the Puna area is abnormal,

our present knowledge is insufficient to predict (or disclaim) that it reaches

commercial geothermal temperatures.
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Task 2.3

Computational Geophysics, Magnetic and Gravity Surveys

Investigators:- A. S. Furumoto and R. A. Norris

The purpose of this task is to bring together the results of other tasks

into a coherent model that can a~count for all the data gathered. In addition,

some computer work is done for tasks that may need assistance. Also, gravity

and magnetic surveys will be done by this task.

For the first three months, the tusk will be doing computer work to

assist other tasks. One task is the processing of data from ground noise

survey from Task 2.5. A system of processing using analog computers was set

up so that power level in narrow bands around 1, 2, 4, 8, and 16 Hz could be

determined automatically. Diurnal and seasonal variations of power level are

also being taken into account.

A computer model of heat transfer by thermal conductivity is also being

studied. This seeks answers to the deeper parts of a volcanic island, to see

how much a volcanic source distorts the natural thermal gradient of the earth.

This helps in determining sizes of geothermal sources, if such exist.

In January 1975, the task will carry out gravity surveys over Puna with

a dense net of observations. Two traverses perpendicular across the east

rift are being planned. These are needed to estimate where the magma chambers

are. At present, they seem to be north of the rift, and seem to conflict with

the deformation analysis of Decker (1974).

The task will install tide gauges in a few existing wells near the sea­

shore and at two places in the seashore. From phase lags of tides in wells,

we intend to compute the permeability of rocks between the seashore and wells.

The theory is being worked out.
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The task will devote the second half of 1975 to pulling together the

results of all the tasks to derive a model of the hydrothermal system of the

east rift that will be consistent with all the data gathered.
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Task 2.4

Temperature Survey

Investigators: D. Epp and J. Halunen

. During the past field season we measured the temperature vs. depth

profile in 21 wells in the Puna and South Point areas and along the Kona

coast. Some of the wells we had originally hoped to measure are now blocked

or otherwise inaccessible. A number are being pumped, which results in an

isothermal temperature gradient in the hole. There are some wells in these

areas that we have not yet been able to locate, and, in add iti on, there a

number of wells along the north coast of the island which we have not yet

measured. We plan to measure these wells this year or early in 1975.

Also, in the next year we will choose several wells in the Puna area,

and perhaps one or two other wells, for repeated temperature measurements.

We will measure the temperature variation with depth as often as practical

during 1975. This temperature data will provide information on rates and

directions of groundwater movement, and possibly changes in heat source

areas, and, in addition, will support the geochemical work that is being

proposed.

Groundwater movement through the area around a well will upset the normal

temperature gradient due to the earth's heat (see, for example, Birch, 1947).

Stallman (1963), Bradehoeff and Papadopulos (1965), Domenico and Palciauskas

(1973), and others have shown that this deviation from the norm can be used

to calculate the velocity of groundwater movement. Because of the high per­

meability of the islands and the low thermal conductivity of rock, groundwater

movement is probably the dominant process that moves heat from the areas within

the island that contain hot magma. If the hydrological system in the island is
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largely an open system as proposed by Mink (1964), the heat from hot magma

sources vii 11 be carri ed to the ocean by movi ng groundwater. .On the other

hand, if closed systems exist within the island, the hot magma source will

cause convection of the groundwater within the system. The proposed tempera­

ture surveys should allow us to determine which of these two systems exist at

shallow depths in the Puna area, and, in addition, the velocity of groundwater

movement within the system.
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Task 2.5

Seismic Studies

Investigators: W. Suyenaga and A. S. Furumoto

The seismic studies will consist of the following:

1. Seismicity study of microearthquakes including the use

of borehole seismometers

2. Processing and analysis of seismic data obtained during

June-September 1974.

3. Refraction and reflection probes of the fault zone

1. Microearthquakes will be continued to be monitored in the Puna area

during the calendar year. Seasonal variation of earthquakes has been observed

in other seismic areas, and perhaps Puna area may also show such variation.

However, if microearthquakes are associated with geothermal sources, there

should be a level of seismicity irrespective of seasons.

2. During June to August 1974, a large amount of data on seismic noise

survey and microearthquake monitoring has been gathered. The main part of

this task will be data processing and interpretation.

For the microearthquake monitoring, a computer program to locate epicenters

is being prepared. The program is a slight modification of HYP071 which was

developed by staff members of the U.S. Geological Survey.

3. It has been suggested by Decker (1974) on the basis of deformation

studies that the fault zone of the East Rift dips approximately 45° to the
~.

southeast. Seismicity studies (Koyanagi et ~., 1972) show that earthquake

activity is limited to the area south of the rift zone. This suggests a simi­

lar dipping fault zone. Also, as presented elsewhere in this proposal, one

2-61



interpretation of the shape of the Pohoiki self-potential includes a dipole

dipping at 45°to the southeast.

It is, therefore, proposed that seismic reflection and refraction be used

to probe this feature. Massive dikes would probably provide a sufficient

density contrast to reflect measurable seismic energy, if the intrusive system

is thick enough. The seismic refraction and reflection surveys will use

explosives; but only small amounts, up to 2 lbs. charges, are sufficient as

we expect to probe to a maximum depth of 2 km. As the Hawaii Institute of

Geophysics has been doing refraction-reflection surveys since 1963, a lot of

the equipment is available.
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Task 2.6

Geochemical Surveys

Investigator: Pow-foong Fan

Studies of the stable isotopes of oxygen and hydrogen in groundwater

have been found to be useful in the discovery and evaluation of geothermal

systems. In addition, studies of sodium, potassium and calcium concentra-

tions in the groundwater have recently been shown to be another useful

geochemical tool in investigating geothermal systems (Coplen, 1973; Fournier

and Truesdell, 1973).

Oxygen and deuterium isotope studies of 10 wells and 2 warm-water springs

have been made in the Puna Rift System of Kilauea Volcano, island of Hawaii.

Temperature and chemical measurements have also been analyzed in an effort

to determine the thermal history of the groundwater. Results show a positive

correlation between 6018 and temperature, especially where the Puna waters

are compared with other Hawaiian waters. The 018 enrichment can be inter­

preted as water-rock exchange at geothermal temperatures (> 150°C) or

contamination of fresh waters by seawater advection since the Puna waters

showing the greatest enrichment also have high salinity. Both processes

probably occur there and either can result from thermal anomalies at depth.

We propose (1) to make a detailed literature study of the geochemistry

of the Hawaiian Islands, especially the geochemistry of Kilauea Volcano; (2)

to make chemical and isotopic studies of the groundwater; and (3) to deter-

mine mineralogical and chemical compositional changes that may have resulted
~

from hydrothermal alteration processes.

We plan to sample water from wells, springs, local precipitation, and

geochemical fluids in the Puna, Great Crack and South Point regions of the
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island of Hawaii. Special effects will concentrate on study of water and

rock samples from the proposed 8 shallow holes from Puna target areas. We

hope our data will assist the site selection of the deep holes that will

eventually be drilled on the island of Hawaii.

The alteration products, hematite, amorphous iron, opal and kaoline,

were formed by reactions of gases and wall-rock at Sulphur Bank, near the

Volcano House on the north rim of Kilauea Caldera. Similar deposits are

present in areas along the southeastern boundary cliff of Kilauea Caldera

and the Southwest Rift Zone of Mauna Loa near Sulphur Cone. Hydrothermal

alteration products that are characterized by chlorite-quartz assemblages

are found in the lao Valley of West Maui and Keolu Hills of windward Oahu.

Zeolites and calcite are present 4,000 feet at depth of Keller's well at

Kilauea. The mineral assemblages of hydrothermal alteration vary from place

to place. More detailed mineralogical and chemical studies are needed to

understand the influences of the gas-liquid-solid interface reaction between

hydrothermal fluid, groundwater, and wall-rock. Opal, quartz, calcite,

kaoline and other minerals resulted from hydrothermal alteration would be

deposited in the pores of the rocks and possibly form a impermeable dome

around the self-sealing steam reservoir. The identification and understand­

ing of different types of Hawaiian hydrothermal alteration products would be

useful background information prior to the drilling project.
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Task 2.7

Hydrology

Investigators: R. W. Buddemeier, P. M. Kroopnick,
L. S. Lau

Hydrology and hydrogeochemistry are the disciplines which most

extensively overlap and integrate all areas of geothermal energy exploration

and exploitation. The following non-inclusive list illustrates some of

the major concerns which require a systematic approach to the hydrology of

geothermal areas:

(1) Many of the most promising exploratory techniques are mediated or

controlled by the hydrologic and/or hydrogeochemical characteristics of the

system. Specifically, (a) heat flow and temperature measurements (see Task

2.4) must be interpreted in terms of flowing groundwater as a heat-transport

medium, and can in turn yield hydrologic information if coupled with an

adequate model or other information; (b) self-potential and electrical resis­

tivity anomalies may depend on groundwater streaming potentials or oxidation­

reduction reactions in a vertically unstable water column, both of which

require knowledge of flow rates, patterns, and the chemical composition of the

groundwater for interpretation (see Task 2.2); and (c) isotopic and chemical

water analyses (Task 2.6) provide clues as to the thermal history of ground­

water and the characteristics of the thermal reservoir, but are of marginal

utility unless they can be combined with some knowledge of advection patterns,

dilution effects and re-equilibration with non-thermal aquifer material.

(2) The geochemical and geophysical characteristics of a geothermal

reservoir, and in particular the rates and mechanisms of recharge by
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intrusive saline water and/or meteoric waters, will determine both the nature

of the resource (brine, hot water, steam) and its exploitability in terms of

sustainable yield, and are important inputs to any modeling or predictive

effort (Tasks 2.3 and 3.1).

(3) The chemical and physical characteristics of the geothermal fluids,

and their variations with time, are critical to the design of energy extrac-

tion equipment and processes (Task 3.6).

(4) Exploratory drilling and ultimate exploitation, including fluid

extraction or injection, brine disposal, etc., must be conducted with regard

for the agricultural and potable water resources of the region, the possible

effect on volcanic or seismic activity patterns of the region, and the long­

term stability of the resource itself, all of which require extensive knowledge

of the regional hydrology.

This task proposal is to develop a systematic approach to describing and

eventually modeling the hydrology and hydrochemistry of the most promising

geothermal areas. Most of the attention will ~e devoted to the Puna District

in anticipation of test drilling there; however, the situations at South Point

and other potential areas will be reviewed to see if some exploratory field

work is justified.

The effort will include assessment of the information requirements of

tasks which will utilize hydrologic information, coordination with the tasks

(cited above) which already propose to produce hydrologically relevant data,

and field sampling and analysis to provide necessary data not being produced

under other tasks. The major thrusts of the proposed work are summarized

below:

(1) Collection and evaluation of regional hydrologic data, including

rainfall, head and tidal response data from existing wells, 2H, 3H and 180
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data on rainfall and groulldwater. The stable isotopes are a valuable tool

for recharge source identification (1) and recognition of geothermal equili­

bration effects (2,3,4,5) while tritium studies can provide water residence

time and circulation rate data. These methods have been demonstrated both

in geothermal areas (6) and in other Hawaiian groundwater studies (7,8,9).

(2) Probing existing wells to establish vertical profiles of salinity,

pH, Eh (or an appropriate oxidation-reduction equivalent) and temperature,

and variations in these profiles with time, tide and rainfall. To date, only

temperature probing has been proposed or accomplished; chemicai analyses have

been limited to surface samples, which does not provide information relevant

to vertical water stratification, convective overturn or upwelling, or identi­

fication of the characteristics of water more closely associated with the heat

source and removed from the effects of atmospheric or soil-zone interactions.

(3) Collection of vertical profiles of samples, either by thief samplers

or jet pumping, to provide data on the vertical structure of chemical and

isotopic effects in the water. In addition to the isotopic methods mentioned

above and the major element distributions thought to be relevant to geothermal

alteration (1) (some of which have already been partially investigated under

Task 2.6), it will be critical to seach for concentration gradients of identi­

fiably volcanic or marine origin species, as well as the oxidation-reduction

characteristics of the water. The hydrologic implications of these geochemical

studies (5,11) will be carefully coordinated with Professor J. J. Naughton's

ongoing research into volcanic gas (especially H2/He) emissions in the Kilauea

area. ~

(4) During and after the drilling of test holes in the Puna (or other

geotherma1)District, samples of opportunity will be taken and the test wells
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will be probed and studied intensively in comparison with the existing water

wells in the area.

(5) The data will be assembled and interpreted to produce a general

hydrologic picture of the region of interest, specific descriptions or models

of the geothermal reservoirs and the hydrologic regimes in their immediate

environs, and to relate the results of geochemical and geophysical prospect­

ing observations to specific subsurface hydrogeochemical conditions.

Pumping tests on the test wells are considered an important aspect of

test drilling; sampling the pumped fluid as a function of time and total

withdrawal can provide isotopic and chemical data on the size and potential

yield of the reservoir, if one exists, and concurrent head observations on

other wells will provide information on area hydrology and interconnections.

Funds for this are not budgeted under this present task, however, as it is

felt that this should either be included in the drilling budget or in the

Hydrology task budget for the next project year, when the results of this

study will provide a better basis for experimeRtal design.
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Task 2.8

Physical Properties of Rocks

Investigator: M. H. Manghnani

In geophysical exploration for potential geothermal energy in Hawaii,

seismic, heat flow, and electric methods have been found to provide most of

the direct and indirect knowledge about the subsurface parameters such as

rock porosity, temperature, pore fluid and salinity.

We propose here laboratory studies involving seismic, thermal and

electrical properties of Hawaiian basaltic rocks selected from potential

geothermal areas.

Seismic velocity in a rock depends upon density, porosity, composition

(or, mean atomic weight), pressure and temperature at depth. As the effects

of temperature and fluid content on velocity in vesicular basalts at modest

pressures (1-5 kbar) have not been fully studied, a realistic interpretation

of the subsurface temperature distribution, a useful indicator of successful

exploitation of geothermal energy, cannot be made from the observed seismic

data. One of the objectives of the proposed work will be to investigate the

effects of temperature, modest pressure, and fluid content on velocity in

selected basalts from the Island of Hawaii.

Recently, it has been shown that both Vp and Vs in rock and rock-forming

minerals having the same mean atomic weight are linearly related to thermal

conductivity.l,2,3 Such a relation, if established for the Hawaiian basaltic

rocks, would be most useful for interpretation, from seismic velocities,

subsurface thermal conductivity and hence the temperature distribution beneath

(See footnotes at the end of this task description.)
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the potential areas. A knowledge of thermal conductivity of basalts as a

function of density, porosity, fluid content, and temperature is also needed

for the interpretation of heat flow measurements.

That the velocity is also in some manner related to the electrical

resistivity of rocks was recently noted. 4 Besides this, there is a real need

to know the effect of porosity, fluid content of variable salinity, tempera­

ture, and modest pressure on the electrical resistivity of basaltic rocks in

order to interpret the field electrical resistivity measurements.

It is believed now that volcanoes generate electric currerots of very

low amplitude during eruption. Such geothermal manifestations, believed to

be associated with the Nernst effect5,6 give rise to transient electric and

magnetic anomalies. In addition to the research proposed above, we also pro­

pose that the qualitative and quantitative analysis of the Nernst effect in

Hawaiian basaltic rocks be investigated in the laboratory and, if possible,

in the field.

We propose here a threefold program:

1. To undertake laboratory studies to investigate the relationships among

geophysical parameters, such a velocity (Vp and Vs )' thermal conductivity,

and electrical resistivity of basaltic rocks having various density,

porosity and fluid content of variable salinity under pressure and tem­

perature environments compatible with depth to a few kilometers of

interest (i.e., to 300°C and to 2 kbar). The results will enable us to

understand the effects of porosity, fluid content, and temperature on

the important physical properties now being measured in the field and to

establish any relationships among these parameters.
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2. To use the laboratory results in the interpretation of observed

geophysical data for locating the dense subsurface rock and the

"optimum" heat source.

3. To conduct preliminary laboratory experiments to study the Nernst

effect in Hawaiian basaltic rocks. This would involve a qualitative

and quantitative evaluatio~ of electric ~urrentsin selected Hawaiian

basalts placed in magnetic and thermal gradient consistent with those

existing at depths of several kilometers.

The subject basaltic rocks will be collected from the volcanic areas

of geothermal importance. The pulse transmission method of Vp and Vs
measurements? will be used. For studying the electrical resistivity of

basaltic rocks under various temperature and pressure environments the

technique described by Brace et~. (1965)8 will be followed. For the
9 10thermal conductivity measurements, the line-source transient method, '

will be used. Most of the necessary equipment for carrying out the pro-

posed laboratory measurements is available. However, some electronic equip-

ment is needed for making the electric and thermal conductivity, as well as

for investigating the Nernst effect.
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e, $ucr8tarlal-Clerlcal . ""., .. , ••. , ••••••.•••••••.• , •••.•...•... ,., .•.••.••••••.

l. __ T!lChnical. S/10P. and Other .... , ... , . : , ••.•...••..•.• '.' .• , .... , ... , ....•..••...•

F. TRAVEL

E. EXPENDABLE EQUIP:\~EtHAND SI.JPPLIES

1. Domestic (IncludIng C.nzdal

2. Foreign
t---------

Field work: airfare $442; per diem
$1 ,800

4,112
2,242

Car Rental $1,210
I. OTHER DIRECT COSTS

G. PU~_~~~~_N_C~.S:....T:",:S -l-__------1
H. CO~.1PUHH COSTS IF CH"RGED AS DIRECT COST IiZf3UF;:':' ?~:';::

.,~~~~~~\~~~
1 ,210

= $1 ,880
965

$4,070
2,829 =

$6,894

J. TOTAL DIRECT COSTS IC throuGh I)

K. INDIRECT COSTS 46.2% of
34.13% of

L TDTALCOSTSIJpl"sKI 18,903
Residual Ba1an_ce at 12/31/74 8,262

M. ~~~;b9fxX?t~X-X'X:-:-5l:'::~~!X~x~:::-::§(~\>(~'X~~~;i:.lX':":I~AIi:-:;d""?j-us-:-;t::-e-;d~Re-:-q=-u-e~s-;-t----------'-+-$--1~0:";,~6~4~1-~

REMARKS: Use ex trill sheet.f nec~ry
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Seismic Survey

Task 2.5
NATjO~AL SCIL~;Cr~ r OC\DA TJON RESEARCH GR:\\iTW.shing!on. D.C. 111550

BUDGET \\'Ol~KSllEET-
INSTnUTION AN;:) ADOHc..SS NSF PROGRAM rPRIN::IPAL INIlf:lTlGATOIl(~1

Uni versity of Ha\'/a i i HAWAI I GEOTHERMAL Augustine S. Furumoto
Honolulu, Hawaii 96822 PROJECT

pnOl'OSAL NUM6E" /RCCOMMCI'<OLO DURATION

j
GRANT NO. i RECOMMENDED GR."'.T AMO"'NT

S .

NSf funded Mon I.lonlhl
NSF GIlANTA. SALARIES AND '''AGES ,ro the nP.6f(J$ t (t'n''')

eel. Aced. Summ.
aUOGET

1. Senior Personnel

••__ICo) Frincipal Invesligator!51 $

b.__ Faculty A~o<:iates ----
Suh·Total

2. Other Personnel {Non· Faculty}

D.--- n('v'?,rcn t, ,:'0:: lJ t 1":5 - PO:IOO':: tor.ll EE-l --
h.--- ~.Jnn·FccuJty Profrs.slontlls --
c. 2 Graduate Students . .......................................................... 13,404
d.
-2-

Pre- Bacratau reat e Students 2,200--- • ................. 0 ••••••• •••• 0 ••• 0 •••••• 0 ••••••••• 0.

e. SDcr e la"al-CI sr lCal . ......................................................... .---
r. __1_ Technicel, Shop, and O:~lcr _......... ; ........................................... _.-L000 __

"J () '1 ,', t :;;.. ! ,',.:': '. ; '. --~ ..-: :~(~: ~.;. ! 17 604 1----- - ----- .,., "------ -_.- - --_.- ~ - -. -_.__ .
-----.~.---.!-L234---3

B. 5T j,F r EE';EFITS IF CH":"'GED ;'S ::JIHi:CT CCST

C. TOTAL SA Li, R I ES. "', AG !OS, A~;D STAFF 8 Er..: E FITS (A + B) l, 17, ?'~§7"'''----'
D. P"R\',ANErn EGUIF:\1ENT ::";i&~'- ---:: : l

,«~,~;"~,~\.,~-:"·..:z,,,,<,>,~,,,::·,<·,
0

E. EXPEND~_!3LE EGUIP/.',ENT AND SUPPLIES 2,000
f. THAVEL 1. Domastic (Including C.lO.da) Field work (airfare + per diem) 4.600

2. Foreign plus AGU meeting
G. PUDLICA TION COSTS ROO---- -------
H. CO\:PUTEf1 COSTS IF CHARGEe AS DlrlECT COST I 600._----

1~~~~2~~~~-~:~":~I. OTHER DIRECT COSTS Comm. $ 400
Equipm rna i nt. 1,000 .~~\'x~~~~{~
Vehicle rental 1,800 3,200-

J. TOTAL DiRECT COSTS IC through l} 29,038
K. INDIRECT COSTS 46.2% of $13,404.= $6, 193 'Ii~~~t~~>_-:~~F~;~-34.13% of 4,200 = 1,433 L.~~~z,"",-,~:, "',,"$17,604 . 7,626
L TOTAL COSTS (J plus Kl 36.664

Rpc; i rlilill Ri'llance at 12/31/74 11 200
M. M;(G:~:;l(}~;();f:xct;l ~)(l.X~I<f~OiJNPf.Q( Adjusted Request $ 25,464
REMARKS: Use extra sheet" necessary

·A

.

'""%

NSP' FORM ",. JULY 1t7l SUPERSEDES II-LL '''£IIIOUI EOITIONS



Geochemical Survey

Task 2.6
"

.
INATIO~AL sCIl';cr rOL'\DATION RESEARCH GRANTWlshington. [).c. 20550

nUDGET wo IH~ SH EET

PRIN::IPAI. INVf:1TICOhTOIl(5)INSTITUTION ANO ADDFH:SS NSF PROGRAM

University of Hawaii HAWAI I GEOTHERMAL Augustine S. FurumotoHonolulu, Hawaii 96822 PROJECT

"ROPO~AL. NUMBER IRECOMMl:,,"OED DURATION/ GRANT NO.

I
RECOMMENDEO COFlA,..T AMOUN)"

I

NSf f~nd~d Mon 1.lanthl
NSF GRANTA. SALARIES AND ./AGES /10 the nelJI6sf (~nthJ

Ce·!. Aced. $umm.
CUDGEl

1. Senior Personnel

••__ ICo) F-rincipal Inve,tigatods) 1 ~ 1.727
t>. __ F~culty Associates --

Suh·Total 1,727
2. Other Personnel INon-Faculty)

e. __1_ nC'>f'':HCh / .. <.~o.: IJ! t-) -- r (l'::',~ oc 1or,:,! C _9__ _ 3_._ __J ...lli____
h. ---- N.,n·FiJctdtv ProfC~!Ond!S

e.---Graduate Students . ......................................................... .
d. 2 Pre- 8accal,u reHe Students .................... ..... . .......................... 3 500---

==1c.--- $.x, etarial-CI eflcal • .............................. 0 .............................. •

f. ___ Tochnic&l, ShOll. and 01he, .......... ; ...•..•...•••••...•..•.•.........•...•.•.•

'1 () ! /" L :;.:.: : ....:; :-. ~~ ;- '.,.) ~'.;. ': '~
i---f,-,572-----;

.----....- --~._- -. --- .. - -----

---E~~~~.~t:~"--~--·l8. ST /~F F E~ .;~ F ITS IF C~-{';~RGED ;,S :JIRE.CT CCST

C. TOTAL S,\Lr,RIES. 'IU.. GES. A.';O 5TAF F BENEFITS (A + B)

O. PEr,MMJEi~l [Cl) I;:,'.~ E. ~H /i:i~:~,\~\~~:": ..",,,.,;,.,,:

E. EXPEND/l.l3LE EQUIP~:,ErHAND SUPPLIES 2,800
F. TRAVEL ,. OomeSliC ilncludlng CanaJal Field work ($4,395) meeting ($750) 5 145

2. Foreign

G. rUCLICATION COSTS 2,000--_._---_._- _.

1 hr.H. cO~.WUT[ n COSTS IF CH:"RGED :,S DIRECT COST I. ___"".......?,?8__'''"''..i. --~~--

I. OTHER DIRECT COSTS Communications $300 il~'\'~T.' ".'~l~la i ntenance, repair 300 ~:k"'ki
J. TOTAL 0 IRE Cl COSTS (C throu~h It

f-.

f~1;f~T'~"~:-'1K. INDIRECT COSTS 46.2% of $11 ,572 = $5,346
~~",~;;..;,~,,,;,,~.,._.~ ... 5,346

"-
L TOTAL COSTS (J plus KI 27,915 .

Residual Ba 1an.(:e at 12/3117i. -UL843
M.mtJtOl)J};]\( IDR mffi.$: ~x.X\.'(1;QX(){lX]AX,::OX:;l?X Adiusted Reauest $ 17,072
REMARKS: Use extra sheet If necess.ary

"
.

-
HS,. FOR .... '6'. JULY 1'71

~...."......-----,---------------

SUP£RSEO£S ALL PA[VIOU. EDITIONII



Hydrology

Task 2.7
NATIO~"L SCIlScr. rol'\l)"TION RESEARCH GRANT
Washington. D.C. 20550

I3.UDGET WORKSHEET

I'RIN::IPAL INV~ITIGATon(l}INSTITUTION AND ADDRESS NSF' PROGRAM

University of Hawaii HAWAI I GEOTHERMAL Augustine S. Furumoto
Honolulu, Hawaii 96822 PROJECT

I'ROPOSAL NUMBER jRECOMME,.,DED DURATIONI GRANT NO. i~ECOMMENDED c;RA/,;T AMOUNT

NSf funded Me n Mont h. NSf GRANTA. SALARIES AND WAGES (ro th~ ne6f.sl l~nlhI

eel. Ac.d. S~mm.
'UOGET

1. Senior Personnel

••__ICol forincipal Investigatorlsl S 1,670
b.__ Fllculty AssocIates

1,670·-Suh·Total

2. Other Personnel INon.Faculty)

"---Resurch Associates-Postdoctoral

h.__ Non·Faculty Professionals

2 Graduate Students ......................................... "" ................ 11 ,170c.__ . 1,000d. Pre· Baccalaureate Students .•••••••••••••••••••••••••••••••••••••••••••••••••••--.
Secretarial-Clerical .••••.•••••.•••••••••••••••••••••••••••••••••••••••••••••••e.--

f. __ Te<:hnicel. Shop. and Other ....•.•••• ; ••••••••••••• ~ ••••••.••••••••••.•••• , •••••

TOTAL SALARIES AND WAGES 13.840
B. STAFF BENEFITS IF CHARGED :'S alRECT COST 183
C. TOTAL SALARIES. 'IJAGES. A~D STAFF BENEFITS (A + B) 14,023
O. PERMANENT EQUIPt.1ENT ~".,.,..~""'" .',.'>; ,.' >~:;.

~~~~~"~-i-..~~;:;'~~\.~

3,500
E. EXPENDABLE EQUIPMENT AND SIJPPlIES 2,500
F. TRAVEL 1. Domistic /Including Can~da) 3,500

2. Foreign

G. PUBLICATION COSTS 400
H. COMPUTER COSTS IF CHARGED AS DIRECT COST 450
I. OTHER DIRECT COSTS Consultant $1,000 I~~~i}r~t}~~

Sample analysis 200 ~ _~i~~~0~~
1,200

J. TOTAL DIRECT COSTS (C through II 25,573
K. INDIRECT COSTS 46.2% of $12,950.= $5,983 I~\i~~~~<;~~>7:~~.;:

34.13% of 890 = 304 ~'~\'~:{':"'~" ':
~~~~~~';.~~~

$13,840 . 6,287
L TOTAL COSTS fJ plus K) 31 ,860

Residual Balance at 12/31/74 11 ,550
MJ*,1(<X1.XIXl<J)Xxoo(X~~OE«XK~ Adjusted Request $ 20,310

D. PERMANENT EqUIPMENT: Heater Control and Pyrometer for Deuterium System $112
Portable pH Meter 660
Vacuum/air Regulator 213
Portable Dissolved OXY1en Meter 450
Sensor with 250 feet 0 wire 740
Specific in electrodes H5818-16 175

II II H5817-17 150
Mass fPec/romDler componrn~

~88Va v or H Sys em
Down HoTe Water sampter ~ $~68~

TI"ITtll ct ') "E'iV\
~

NSF FORM ,n. JULY.", SUPERSEDES ALL. PRI:VIDUI EDITIONS



Physical Properties of Rocks

Task 2.8

NATIO~;AL SCII :,C!_ r Ol\[)ATION RESEARCH GrL\~T
W'~hinglon. D_C. 211550

nUDGET WO!U-:SHFET

INSTITUTION ANO AOOHLSS INSF PROGRAM PRIN::IPAL INVc;lTIGi .... TOlllaj

I

University of Hawaii HAWAI I GEOTHERMAL Augustine s. Furumoto
Honolulu. Hawaii 96822 PROJECT

rROPOSAL I<UMElEfi IRECOMMCr.OEO DuR .... TIONI GRANT NO. RECOMMENDED GiRAt<iT AMOUN'!'

S

NSf ~unjed Man Montha
NSf GRANT

A. SALARIES ArJD '!IAGES (to th~ "edllJS f (~n'hl

1- $cnior Personnel Cel. Aced_ Summ .
CUDOn

••__ ICo) f-rincipal In"estigatorfs) $

b._2__ Faculty A$Sociates 5 1 6.900
Suh·Total 6.900--

2. Other Personnel INon-Faculty) r-T-'--1 . -----------
5.--- Rc"~r.i\rch As~·(..:: Jilt ,··s - F'.)s:doc tor ~11

"- __ Nr,n·rJC"ult'{ Pfof{· ....~I()n.ds

c....-l.-- Graduate Students ........................................................... 5.485
d. Pr e- ElacfOal au reat e Students . ........................ .......................... .---
e.--- F".-'Cf otariof -CI eriC ill " ...........................................................................
f. __~4 TN:hnice l , ~~H'P ..~nrl Gt~·"r. - -, ............................................. --------i

TO"1 I.. L S;\l.,"\I~:f.S ,..\~:~) '~'I'J\G[S 12,385 I
---~ _._------_._-_. -- ---._--

B STAFf EE'JEFITS Ir C'-',~r<GED :.5 JIRECT C()ST L_l.377 -- 1----:------_.__._--------
C. TOTAL S;\L~\Rl[S. ','i:-"G::S. • l' -.. -.-- ••-- EiU;,:f'ITS (A ... B)J-' ..... 1 ::J t r-.. ~ t- '13,762 ,---_._--------_._--------._. --1.;::"'.... ~~ :- ...................."":'" ~.~' __ '. -_ ...... ~.......

D. PEm.l/\t~UJT EOUlr~.~un ~~~,(,~ ..;"~,,~"""',..'o:,~''',.0.,,,. ~
See below 12 100_.

E. EXPEr:JDABLE EQUIP~MrH MW SUPPLIES -.hLO-O
F. TRAVEL 1. DomestIC (InclUding Canida) 900

2. For~iQn IUGG Meeting (Grenoble. France) 1.200
G. puellCATIO~-JCOSTS 700

--'--- - --------------.- --
f( cO~.~PUTEf, COSTS IF CHi,RGED AS DIRECT COST I 450

~---_.

1~;~~I2:~~\~:-:~':-I. OTi-lER DIRECT COSTS

~~~~S~k~~g~~~~

J. TOTAL DIRECT COSTS (e through II 34.212
K. INDIRECT COSTS ~:~~:::"::-:~7;;:,~~::-

~~~,......"\:--''',,,, ,,' "".' ""

46.2% of $12.385 ~~~~~-~~~}« -:..--
" ~:;.~'\..~.;..'\.'\,....~,'-,--., ... ~.. :-, ..-::'.. 5.722

L TOTAL COSTS (J plus KI 39,934
Rpsidua1 Ba 1q.[l~l; at 12/31/74 20.450

M.~~~~~~xx~W~~~~~~~~~~~X Adjusted Request $ 19.484
REMARKS: Usa extra sheet ., necess<lry

D. Permanent Equipment: Thermal ConduCti vity ApParatus & Furnace $6.500
Decade Resistor Bos 500
Digital Vo ltrneter 1~400

Digital Thermometer 1.900
Freq. Counter 700
Oscillator 1.100

NSf' FORM ~S',. JULY ""

WRq 'PM 2

surERSEDES A'-L rl'l£VIOUI EDITIONS



REVISION TO PHASE II PRu?CSAL

HAWAII GEOTHEm~AL PROJECT

ENGINEERING PROGRAM

This revision to the Hawaii Geothermal Project Phase II Proposal

summarizes the changes in the 1975 Engineering Program necessitated by a

reduction in the proposed budget. Narrative summaries of the required

work changes and revised task timetables follow. The revised budgets for

the individual tasks are included with the narrative portion in this

section, while the budget summary for the total Engineering Program appears

earlier in the Overview Section of this proposal revision.

The revised budget for the Engineering Program for 1975 totals $160,000.

HO'.'Jever, there will be $9,000 in unencumbered funds that '.'Jill CatTy over

from Phase I, so the total aGount for Engineering r~quested from NSF in this

proposal revision equals $151,000. Both total budget and NSF support

requested in this proposal are shown on the budget worksheets.

3 - 1



TASK 3.0 ENGINEERING SUPPORT AND COORDINATION

A. Changes in Support and Coordination Effort

The reduced budget necessitates a reduction in the previously planned

Engineering effort and a delay in the achievement of Engineering Program

objectives. The consultant fee for Rogers Engineering for initial

geothermal power plant design and funds for undergraduate student help for

report typing and clerical work have been dropped from the budget. Also,

the fee for John F. Mink for consulting on ground water problems has been

reduced.

3 - 2
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TASK 3.1 GEOTHERMAL RESERVOIR ENGI~EERING

A. Changes in Research Effort

Because of the reduced budget request, the effort described in the

Phase II Proposal for Task 3.1, Geothermal Reservoir Engineering, will be

scaled down, resulting in a three- to six-month delay of target dates for

some aspects of the work and indefinite postponement of other aspects.

The new target date for the completion of the analyses of steady pumping

and reinjection in a hot-brine reservoir and of the dynamics of the Ghyben­

Herzberg lens \'li11 be August, 1975. The initiation of the analytical \'JOrk

on the problem of transient responses in a hot-brine reservoir will be

postponed until the latter part of Phase II. The problem of boiling heat

transfer in two-ph~~e flow will not be invectigated in 1975. The writing of

a general computer code for the simulation of Hawaii geothermal reservoirs,

taking into consideration the anisotropic properties of rock formation, the

irregular geometry of boundaries, and the presence of dikes will be deferred

until 1976.

Both the well test/analysis and physical model assembly will be forced

to proceed at a slower pace with reduced funding. Plans for obtaining on­

the-job experience in New Zealand and/or the Geysers, California, will be

postponed until 1976.

Revised timetables for the two subtasks follow.

3 - 3
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TASK 3.1 GEOTHERMAL RESERVOIR ENGINEERING

B. Revised Timetable

1. Numerical Modelling of Geothermal Reservoirs

Investigators: P. Cheng, K. H. Lau, and L. S. Lau

ex i'l;

December 31, 1974

August 31, 1975

December 31, 1975

December 31, 1976

1. Complete investigation of the effect of vertical
heat source on the upwelling of the water table

2. Formulate finite element solution of free
convection in a geothermal reservoir with irregular
geometry

1. Complete investigation of the effects of geothermal
heating on Ghyben-~erzberg lens

2. Complete nu~erical solutions for heat transfer
and fluid flo~ characteristics in an axisymmetric
geothermal reservoir

3. Complete numerical solution of steady state
pumping and reinjection in a confined geothermal
reservoir

1. Complete finite element solution of free convection
in a two-dimensional geothermal reservoir with
irregular geometry

2. Formulate problem of transient responses in
geothermal reservoirs with pumping and reinjection

1. Complete investigation of transient responses in
geothermal reservoirs with pumping and reinjection

2. Refine finite element computer code to take into
consideration various effects

3 - 4



TASK 3.1 (Continued)

2. Well Test Analysis and Phx?ical Modelling
Investigators: P. Takahashi, B. Chen, and L. S. Lau

.'fa

December" 1974

May, 1975

September, 1975

December, 1975

December, 1976

1. Select hardware for well testing
2. Assess software for well testing
3. Complete initial phase of the fabrication of the

physical model
4. Develop well test analysis methodology in

conjunction with Geophysics Drilling Program
5. Initiate computer program on \'Iell test analysis

1. Purchase hardware and select software for well
testing (with Geo~hysics Program)

2. Initiate laboratory parametric checks
3. Assess methods for measurement and analysis of

two-phase flOVJ
4. Design Ghyben-Herzberg lens physical model
5. Develop computer progrJm to combine type curve

matching and mass/energy balance into a single
predictiv£ tool

1. Initiate laboratory simulation studies
2. Fabricate Ghyben-Herzberg lens physical r;;odel
3. Purchase equipment to interface the different

physical models

1. Analyze laboratory simulation runs and correlate
with computer model

2. Interface physical models into a general model of
a geothermal field

3. Develop methods for two-phase flow measurement
and analysis

4. Measure temperature, pressure and flow rate--both
donwhole and at wellhead

5. Analyze data

1. Complete analysis of geothermal well data
2. Predict geothermal field performance

3 - 5



TASK 3.6 OPTIMAL GEOTHERMAL PLANT DES!GN

A. Changes in Research Effort

The reduced budget request has necessitated a reduction in the

originally proposed effort and a delay in the completion of subtasks. The

detailed design of the proposed research-oriented power plant will not be

initiated during 1975. Preparatory work will be continued, but at a slower

pace. The experimental test portion of the research will be concentrated

primarily on a study of heat transfer in horizontal tube bundles. The

vertical configuration will be investigated during the following year.

A revised timetable for Task 3.6 follows.

3 - 6



TASK 3.6 OPTIMAL GEOTHER1·lAL PLMIT DES I GN

Investigators: H. C. Chai, J. Chou, and D. Kihara

B. Revised Timetable

December 31, 1974

June 30, 1975

December 31, 1975

June 30, 1976

December 31, 1976

1. Survey availability of components to be used
with each working fluid

2. Construct components and assemble experimental
heat transfer loop

1. Establish general requirements, ground rules, and
design criteria for a research-oriented plant
for liquid-do~ineted fields

2. Construct and test horizontal heat exchanger

1. Set up procedures for the design and selection
of the co~ponents of regenerative binary fluid
plants

2. Continue testing of horizontal heat exchanger and
write computer program' for horizontal heat
exchanger

3. Begin testing of vertical heat exchanger

1. Layout detailed flow diagrams of the plant based
on a regenerative binery fluid system, \'Jith a
vapor flashing system as the alternative

2. Analyze test data for horizontal heat exchanger
and continue testing of vertical heat exchanger

1. Estimate capit31 costs of the plant, evaluate
unit operating cost, end compare f2asibilities
of the two systems

2. Complete testing and analyze test data for
vertical heat exchanger

3 - 7



....

ENGINEERHIG PROGRAI''i
Task 3.0

NATIC~i,\L ~(II \u r OL'\D,\ T:OS
RESL\I~CII GR.\\T

W,shir,t:iOn. D.C. 10550
nUDGET \\'0P};S!lELT

IHS1"TUTION AND ADDflLSS • NSf "IIOGBAM I'IlINCIPAL INVt:~TIGATor: (I)

I HAWAI I GEOTHERI-1ALUniversity of Hawaii
Honolulu, Ha\</a i; 96822 I PROJECT' Paul C. Yuen

I
,.ROPOSAL NUMOER 1'~I:C~MMEt.OLDDUHATIONI GRANT NO. I;I:COMMI:NDI:O GHANT AMOUNT

Nsr fund.d 1.lon Montha I NSF GRAI1TA. SALARIES ANf> \'JAGES "e- Ih~ ;,~ .. ,. Sf '"nIh!

1, ~nior Personnel Ctl. Acod. Sufnm.
IUOGn

•• -.LICo) Principal lnvesti<;atodsl 1 n ~ 2 gc;l;k.
b.__ Faculty Associates ---

Sob·Total 2,996
2. Other Personnel iNon-Faculry I

8.--- Re~arch /,SICKia:c:-s-Pos;coctoral

h.__ N'ln.Facuity Prole~lonals

"--- Graduate Students .................... " " " " " " " ... "" " """ " "" """ .. " "" .. " .. " " " " .. " " " .. " " " " ""

d. Pre· Baccalau rea te Students . .......... " " " " " " " " " " " " " " " " " " " " " " " .. " " " .. " .... " " <II " " " " " " " , " " "---. ,.._1_ ~,etarial-Clcrfcaf ................................................................................. 9.0](;
f. __ Tc-chnicel. s,'loP. and Other .......... ; .••••••••••••••••••••••••••••.•••• , ••••• :.

TOT/,L S:d.:.'·::~~~ .~.';:') '..;.:::;~S 12~.~ I-----

IB. STAFF CE'JEFliS IF C"','.. HGED /.,S OI;;:::CT COST ':862 ~
c. '-OTAL $/.,L,',PIES. ','.;GES. A~~8 .3T ...... FF S:::N"F ITS fA • Bl 13 894- ~~'~"~~; .~:~.~ -·~·--·-iD. PUlIolANEr,T [CUlf',·.~Ei'.T

~'\.~~" ..........",...«,..,.... ..:,~,;."",\,'\., ........""

I
E. EXPENDABLE EQUI?~.~ErH A~;D ~UP?L1ES 600
F. TRAVEL 1. D0t016Sl1C (Including C.n~da) 1,900

2. Forei~n

G. rUElLlCATICU COSTS 900--
H. CO~.1PUTER COSTS IF CH:"RGED AS DIRECT COST

L OTHER DIRECT COSTS ~~~"~~; ,"," .,-
~~:>::~\~....~.::., .~~:'..

Consultant Fee 500 . -"".~.,.. :.'..... ' ..~..~'\",., ..o.:,.. ,~:.;: ..,...
~, ~~,~~~~'-"""~

Communications 527 1,027
J. 'fOTAL DIRECT COSTS IC th~ou~h II 18.321
K. INDIRECT COSTS . ~~..,\,~\·.s~ ....,<,~, ..

~.>~,~~ ..\-..::,~:",.:\-,\, ':"-~'~'.~
~~,;;;.~o,.~.·.,. ~.. ".,

46.20% of Salaries & \'!ages . ~~~:""~\'\.:\~';",',\ :"~&.\.~o.:.."",•.,,,~,....,, ;,'0,

• 5.559
L TOTAL COSTS (J plus KI 23.880

Residual Balance at 12/31/74 1, 000
..,. ~'x5?~~x;B[xxlX~x'X';(~~~x~5eXJ~Rx)e) Adjusted Request $ 22,880
REMARKS: u" tlltr~ sh~~t II f\t<~ry "

*Includes anti ci pa ted 105~ salary increase
';
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ENGINEERING PROGRAM
Task 3.1

HI.1IO~~,\ L SCII \U [ Ol'\lMT:OS ]
WI~hington.lJ.c. 2055U RESEt\!(Cll Gr~'\~T

• ~n~t~Il.;..)G~J~E~T__.:.;\\..:..·()~r~J,}\c:..·~S'.:...O,i..:..:~~E.!..,T . _

III ~ TIT lJ T I 0 HAt; l> ADD f< l S S 't<~F rllOC;RAM I'HIHCII"AL. IHV(.iTIGA.TOIl(I)

University of Hawaii
Honolu1u~ Hawaii 96822

HAWAII GEOTHERMAL
PROJECT Paul C. Yuen

A. SALARIES AND V'AGES

1. Senior Personnc:

••__ ICol Principal Inliestigator(sl

b.-.5.- Feculty As,soclates

Sub·Total

N$f funded Mon Monlt'"
(IO Ih" ""."JI '<'/llhl

e.1. Aced. $u"'r.•.

2.25 8.0
$

Io/SF GRANT

BUDGET

21 ~ 021.*_-_-4
21 ,021

2. Othcr PrrlOnncl irJon·Fa·:u!ty!

.0 Research ASlocia;es-,Polldoctoral ~l--I--+-----~!
h.__ Nnn·Facu!ty Profe~iona's

c......1..::.. Graduate Students .......••..•••••••••••••.••••••••••••••••••••••• , •••••••••••

d._1__ Prc.Bacca'aureate Students ...•••••••••••••••••••••••••••••••••••••••••••••••••

e.•__ Socretariel-Clerocal 0 •••••••••••••••••••••••••••••••••••••••••••••••••••

16,944
2 ?on

______. __J

L~O, 1(':,) i
2,297

f. __ Tc<:hnicel, ~';J';,. 2:1d C~rIPf ........•• ;. '" •••••• a •••••••••••••••••••••••••••••••

TOTf,L SALAf"ES :'.';0 \·;:.GES____________________+-_.:..:::...;t....:....::...:::-_--1

O. STAFF 8E~'EFI;S IF CH,.\RGED :..S DIRECT COST

D. f'Ef1MM~ENT EGUIP:.1Ef\T

c. TOTt-L S:,U,PIES. ','I:,C;C:S. ;"'~;J ST,\FF 5"N::FITS lA" Bl

E. EXPENDABLE EOUI?"~UJT M;D SUPPLIES

F. TRAVEL 1. Dor,Hllle (IncludlllQ Clnlda)

2. Forei?n

4.200

G. PU8L1C:' TIOU c_O"-S:..-T...c,S . r'__.!..l..L!..l~O;;:O_--ll

t-_H_._C_O_~._~?_U_T_E_R_C_O_S_T_S_I_F_C_H_:.._R_G_E_D_A_S_D_I_R_E_C_T_C_O_S_i 4:..,...,..........,.3~~Q.O '
L OTHE R DIRECT COSTS I"'~~':i:\~""~''':;~

~
"" :;.':;:.,....''''~ s"" .• ,'~.... ,

~
~~:·~~'~~~S·<~,~:.:~.·,:.:·\"
~:~~~ ,.',' ' ....""','

Communications ~ ~~~~~~~~~
47n

J. TOTAL DIRECT COSTS (C throu"h II

K. INDIRECT COSTS

46.20% of Salaries &Wages

L TOTAL COSTS (J piuS Kl

Residual Balance at 12/31/74

REMARKS: u~ utr~ lheel ., ne<:e-ss.ary

Adjusted Request

70,288
4 000

$ 66,288

*Inc1udes anticipated 10% salary increase



ENGINEERING PROGRAt·1
Task 3.6

NATIO~~r\l sell :\(1. r OL·:\lJAT:O"l RESEAHCH GR ·\\TWashington. LJ.c. 20550
nUDGET \,,'OPKSHEET

INSTITUTION AMD ADDRCSS MSF PROGRAM ,./IINCIl-AL. INVL~T1GATO"I')

University of Halt/a;i HAHAII GEOTHER~lAL

Honolulu, Hawaii 96822 PROJECT Paul C. Yuen..

Rl;COMMCNDCO GHANT AMOUNTpnOPOSAL NUMBER IREC~MMCr.DtDDURATIONI GRANT NO.

J

. NSf funded ~I.n Monlha J NSf GRANT
A. SALARIES AND WAGES 'to ,,,~ "~8,.Jf I~"'/'li

1. Senior Per sonne: C.l. Acad . Summ.
IUDGEr

••_(Co) PrincipJI Investigator/sl S

b.-l..- Faculty Auociates
.. 2.25 5.0 l7,C91*

Sob·Total 17,09;-
2. Other PersoMel iNon·Facultyl

"--R~archAssociates-Postdoctoral

h.~Non.Faculty Profes.sionals

2 Graduate Students 9,072 .c,_ .............. " ..............................................
d.-2...-Pre· Baccalaureate Students .•.••••••••••••••••••••••••••••••••••••••••••••••••• 2.000.
••__ Soe,et~ri.t-Clefic~1.............................................................

f.J-TeehnicaJ, ShOP. ~nd Other ....•...•• ~ ........................................... 4 650
TOTAL SALARIES t..~;O WAGES 32.813

B. STAFF BHJEF:TS IF CHARGED:'S DIRECT COST 1,625
C. TOTAL SAL/,PIES, ~·':'GES. A~,D STAFF BEtEFITS fA + Bl 34,438
O. PERMANENT EQUIPfo.~EI'<T

.. ' ~,,:..;""'':,..:,;.';;,'::;>.

See below
.. ~~~~~~~~~\~""'" .

5.600
E. ExpnlDABLE EQUIP'.:EtH M;D SUPPLIES 3.000
F. TRAVEL 1. DOlOltSliC (IncludIng C~n~dal 3.300

2. Foreign

G. PUElllCAliON COSTS 1.000
H. COMPUTER COSTS IF CHARGED AS DIRECT COST 3,000
t. OTHER DIRECT COSTS ~~-'::~~~"" ,.,,~ ,,"

.:'i.:':'~"/' "~:" :",'". ~- ~: ~~,:.-~~.~.~y~~ . ~:\ :.'
.~'~"."'" '-:""'.',. ~'~.~"'~~""~'~.i-..""~Communications 334

J. TOTAL DIRECT COSTS IC ll'lrcugl'lll 50.6i2
K. fNDIRECT COSTS . ~1W;"~~",,,,,,~.,, .I \~N\"',':'",,,· ,:.,~,;.~

~ ,.~".~' ,,",\,:,' " ~ '-'~
" ,~, ',\" _~~ '.~V '~,""

46.20% of Salaries & Wages -~~~,~,~~~
• 15,160

L TOTAL COSTS (J plus KI 65,832
Res idua 1 Balance at 12/31/74 . 4,000

M.~G~~X~~~~~~X~~~~~~~I Adjusted Request s 61,832
REMARKS: U~ .xlIa Ihul ., n~~ry

': :
*Includes anticipated 10% salary increase

D. PERMANENT EQUIPMENT:
Pump 400 Digital Ammeter 700
Temperature Controller (2) 500 Di gita1 Vol tmeter 700 .
Di fferent; a1 Pressure Gage (2) 600 Misc. & Shipping 1,700
Density Gage (2) 1,000 TOTAL 5,600



HAWAII GEOTHERMAL PROJECT
PHASE II PROPOSAL REVISION

SOCIOECONOMIC AND ENVIRONMENTAL PROGRAM

In consideration of (i) the budget limits placed upon this program

while the geothermal resources of Hawaii are being researched Qnd (ii) the

recent grant of NSF funds to the Hawaii Department of Planning and Economic

Development for its complementary research on the application of geothermal

development in this state, the following reductions have been made in our

program proposal and budget:

1. Economic research (Task 4.4) is for the ~ime being limited to:

(i) carrying through to completion the study of energy use in Hawaii; (ii)

continuing the inventory of geothermal production units around the world and

noting their operational costs; (iii) applying a Bayesian feasibility model

to decision-making on geothermal investment; and (iiii) constructing an

econometric model of the local economy which isolates the effects of changes

in energy inputs.

Both the specialness of the Hawaii case, and the elements of its

economy more or less common to other areas of the United States, will continue

to be noted, but broader analyses -- such as by-product utilization -- will

be postponed.

Only limited attention will be given in 1975 to the economics of

electrical production (from geothermal resources) itself, e.g. the effects

of economies of scale on the per unit cost of producing electrical energy
t,.

with generating facilities of various capacities. However, we will be avail-

able to provide economic input for the Engineering program in its research

into plant design.

4 - 1



2. Environmental investigation (Task 4.1) will be confined to

establishing base line data at the Puna drill site area and monitoring

drilling as it occurs, including identification of flora and fauna on

which there may be an impact. Particular attention will be given to pos­

sible effects on the Ghybe~-Herzberg lens which might affect ground water

supplies in the Puna region.

In other areas of environmental concern, only the minimal work

necessary for an environmental impact statement will be completed.

3. The legal-regulatory task (4.2) will be limited to maintaining

-However, we will continue with the practical task of assisting our

drilling program to get permission to use land in the Puna area selected as

the research contributions of an unpaid consultant attorney, Mr. Do~ald

Kornreich of NASA/Ames, who while at the University of Hawaii last academic

year developed an interest in the project.

The draft of regulations to govern geothermal operations, already

prepared by this task, with the assistance of David N. Anderson of the

California Department of Conservation, will be made available to the Hawaii

State Department of Land and Natural Resources, which has responsibility for

administration of Hawaii's 1974 geothermal development law, including regula­

tion of drilling and production.

4.. The land use-planning task (4.3) as a research project will be

put aside for the next calendar year; it will depend on liaison with the pro­

ject of the Hawaii Department of Planning and Economic Development for main­

taining an understanding of how geothermal discovery and development will

be affected by planning, zoning and land-use regulation of the State and of

the County of Hawaii.

4 - 2



the site for exp10r~iory dr~lling. This requires negotiations with the

landowners for right of entry and for right of production in the event a

useful geothermal source is discovered, and consultation with state and

county authorities which govern land use on the Island of Hawaii. The right­

of-entry agreement now being negotiated will require implementation of con­

tingency provisions written into it to cover the event that a commercially

significant geothermal field is tapped by the exploratory drilling. We will

continue to offer advisory services to the drilling program with respect to

state and county requirements as the drilling progresses.

No separate budget is projected for this task; it is subsumed

under Task 4.0 -- Program Administration and Support.

As revised, the socioeconomic and environmental program is

essentially at a plateau. It will continue (and in some areas complete) the

tasks begun in the first phase of the project and will open up new areas of

investigation only in environmental observations, which are required by the

undertaking of exploratory drilling on the Island of Hawaii. It will under­

take responsibility for obtaining from the University and the State of Hawaii

the legal services needed to assure that a site is available for exploratory

drilling.

The budgetary effects of this revision of tasks are to reduce the

overall request for the Socioeconomic-Environmental program in 1975 by more

than half -- from $131,763 to $62,772. The revised budgets for each of the

. individual tasks follow, while the budget summary for the entire Socioeconomic

and Environmental Program appears earlier in the Overview Section of this

proposal revision. A carry-over of $9,772 in unencumbered funds from Phase I

further reduces the new support requested from NSF to $53,000.

4 - 3
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PROGRAM ADMINISTRATION AND SUPPORT

Task 4..0 ....
NATIO:~AL SCII ';cr [Ol'\[)"TION RESEARCH GRA\T
Wzshin£lon. (J.e. 2,.1550

BUDGET \,'OP r~ S11EET

INSTITUTION AHO AODHiO:SS NSF PROGRAM PRIN~IPAI-IN\lr:LTIGJ\TonI51

University of Hawaii HAWAI I GEOTHERMAL Robert M. Kamins
Honolulu, Hawaii 96822 PROJECT

I'ROPOSAI.- NUMDER I'~ECOMML"'Dl:DDURATIOH

1

GRANT NO.

I
RECOMMENDEO ~RAI'iT AMOUNT

S

NSF Funded Mon Montha I NSF GilA NTA. SALARIES AND "'AGES (to the n(!t}fest ft'n'''l

1. $enior Personnel c.1. _ /~c~~f~~;.".m. 1 tUOGET

•• __ ICo) hincipal Inves'igatods) 3 1 $ 12.500*
b.__ Faculty AssocIates -.-

Suh·Total 12,500*
2. Other Personr.el INon·Faculty).. nC~f~;,rc h /" r,$O-: I J ~ \.''"; - f·o ,;! (j C.Y:. t or d I '=:c=r ,---- --l

--- t -j--r----·
11. __._ r'.Jr,n-Fi~::u:t';' rrOfi"<.. ,n~a;s -_.

e.--- Graduate Student, . .. - .......................... ~ ................................
d. 1 Pre Baccalaureate Students . ........................ 2.000--- .......................... .
e.--- ~'Cr eta "al- Clerical . ..................................... , ....................

1f. ___ T£K:hnical, SilOP, and Other ........ ............................................ .
"J U'i /\ L S/'. L : .. ;; ! ~":-; ,\'. rj \\' :. G [. S

"

-----_.. __ .... -._-_.- .._-----_ .._-_ ..... _. - ~._.- ------ -_._--------_. ~---]t·:r~-- ..---lB. STAFF BErJEFITS IF CHlU\GED :'S JIRECT COST

C. TOTAL SAL/,RIES. ~·JAGES. A~;D ST"FF BENEFITS (A + [3) ._~_~,Q~.9__ ..,_.. .1
D. PUH.\i\NHJT EOUI;'~.1EN'

'''~, .:::.:, .. ,- .' .. " . '

.:-..~.~~'~'~'<"~~~<~<'\ '(, :-,,\"'0.'~<\.

E. EXPENDABLE EOUIP~~[NT AND SUPPLIES 200
F. TRAVEL 1. Domestic (Includ,nil Canada) 400

2. Foreign

G. PUCLIC'; TIOrJ COSTS------------_.
H. COI.'PUTUl COSTS IF CHARGED AS DIRECT COST I

.._._-----
~,.~~,~?~~~:-:::~;:--.:~~

I. OTHER DIRECT COSTS .~,:.."':"~ .. ~.~, .•":

~~_.~t~z~

J. TOTAL DIRECT COSTS IC through I) 16,639
K. INDIRECT COSTS ~\~F~IgG!~~;.~~

46.20% of Salaries & Wages "~~~~~""""'~'''':.,." ..".. 6,699
L TOTAL COSTS (J plus KJ 23,338

Residual Sa 1a[l~e at 1.Uill74 3 549
M. 4{•.x<}wKIX~Kxrmx;M.(..x'*·;.QxIX'm~.;wm Adjusted Request $ 19,789
REMARKS: Use extra sheet of ne<:~ry ,.

*Inc1udes anticipated 10% salary increase

NSP' FORM ",. JUL.Y 1911 SUPERSEDES AI-I- P"EVIOUI £OITIONI



ENVIRONMENTAL
Task 4.1

NATjO~t\L SCII\Cr [OL'\UA T10~
W.>hin!:lon. D.C. ~11550 RESEARCH G}(.\~T

t · -:B~t~Jr)~G~JE~~T!..........:\..:...:\·O~P~~c.::..5.:.:..:11~E~E~T --j

INSTITUTION AN:::> ADOHLSS

University of Hawaii
Honolulu, Hawaii 96822

INSF PROGRAM

HAWAII GEOTHERMAL
PROJECT

PH I /~:: IPA l. IN V !'.:lll co A TOllla)

Robert M. Kamins

,.ROPOSAL. NUM6CF; IRECOMMC/o,OCD DURATION

j
GRANT NO. RECO .... MENDED GRA/',T AMOUNT

s

1 ,000

NSf GRANT

CUDGn

$

eel. Aced. Summ.

NSf Funded 1.lon lA"nthl
Iro thf! "eltflf$ r ten''')

E 1 I- --1----1----
h. fJr1n·Facu!ty rICf~\<"':;ICfl;d$ .__ ----.....--l----i----------~

c._l__ Graduate Students ..(Pa.r:~:-!.i.f!1~) .

A. SALARIES AND ,',AGES

1. Senior Personnel

e. __ (Co) F-rineipal Inve>tigator(s)

b._2__ Feculty A'-Soc'a!os

$un·Total

2. Other Personnel lNon·Faculty)

d. Pre·Baer.alaureate Students .......•••••••••••••••••••••••••••••.•.•.•••.•••••••

c. $ocrotallal-Clelleal ................•••.••••••••••••..••.•......•••...•.••••••.

f. __ T€X:hnical, Shep. and Other .......•.. ; ..........•.•.•.•..................•.•...•

1
f-----..._J

___._._.__..•__." .• _.. :!.r.")j ':".:.:. ~ :...... ' ". . :'. . _. . .__ • ] ----A,2OJ1--.."J-:
C ST'Ff P""FI1" I' ~H'"'''''' ":JI''''CT U"'S'" I 330• ,.... ~~: ~ c' ~ r L. 1'-'., hu t..U ""'~ n r.. . v__' , ~::...-::.-=--_

C. TOTAL SAL/\RIES....·/AGES. A~D ST:'FF 6ENEFITS IA + B) 4,530
D. P[f1~.~ArJUJl EOUJP:.~f:t,"- Reagent Kits 720 3 Hi .-Vol. Samplers 1080', r:~E~>,::.··;>:---,.-~-.l"....,",'\.~"".,,''-,,-.,' , .."'",' .,,\ . ~ ,

Electric F1d. Srce 420 2,220 I

F. TRAVEL

E. EXPENDABLE EOUIPM[~T A~D sU_P_P_L_1E_S ~_---Ll~nl~ln-~

1--__l-"-,2_0_Q_1. Com QSlie lInelud,n. Can.da)

2. Foreign
t---------- -~------------------------------_+-------_l

G. rUCLlCATION COSTS----------_._-------_._._------------------------+---------
H. Cm.1PUTEf1 COSTS IF CHARGED AS DIRECT COST I
I. OTHER DIRECT COSTS i~Z:~Q:~~~~~·?;~\;~

~~~~

4,212
$ 5 ,778

46.20% of Salaries &Wages

L TOTAL COSTS (J plus KJ

Residual Balance at 12/31/74
M.A~i.l~~;(>Of7<XfX~~X_'Xi;'(I);XlXrxiXXlXmJ Adjusted Request

J. TOTAL DIRECT COSTS IC through I).------------------------4."
1<. INDIRECT COSTS

8,050

.il~~i~;~i
t------------------'-----.------- -+_--....:...12,."940

9,990

REMARKS: Use extra sheet If necessary

NSF FORM 5". JULV "'I SUPERSEOES "I-l. P"EVIOUI EDITIONS

rrzr· anr mrwuwvr mvwS



LEGAL AND REGULATORY

Task 4.2
NATIO:"iAL SCII \CI. I OL'\DATI()~
Wishington. D.C. 2tl)~U

RESEARCH GR,\:\T
nUDGET W01U~5i!EET

INSTITUTION AND ADDflLSS INSF PIIOGRAM PRIN:;IPAL. INVl'.lTIGA,Tolltal

University of Hawaii
Honolulu~ Hawaii 96822

HAWAII GEOTHERMAL
PROJECT Robert M. Kamins

,./lOPOSA ... NUMBER iRECOMME .... DED DURATIC'.N

1

GRANT NO. RECOMMENDED l#RAr-.T AMOUNT

I

IL-__-'- ...l- +- _

NSF GRANT

CUDGET
Col. I'.c.,d. I Surr.m.1-=-==-+--s---------4

NSf fund~d Mon Month.
Ito the nedftlS t (pnfhJA. SALARIES AND .'AGES

1. Senior Personnel

•• (Co) hincipal Inve:;t,gator{sl

h. F8culty Associates

Suh·Total

2. Other Personne' INon.Faculty)

c. Graduate Students

d. Pre Baccalaureate Students ..........••••••••••••••••••••••••••...•.•••••••••••

e. s.xretallal-CltllCal .................•••.•••••••••••.•••.•...•.......••...•••••

f. Technic"I, Shop, and Otf1~(. , . - , .... ;, •••.•••••••••••••••.••••.•••••.••••••••.•
I----j
_.-------~.- --,-.(

_______ ! t.\: :~-.t ~ ~ " __ ~ ._. . .. i

B. ST/\fF- 8=.:';aITS I;: C!-i~RGED ':'S OlfiECT COST -- r------- j
C. TOTAL SALARIES. ~'JAG::S, A.':D ST... FF 8_E_N_'_E_F_IT_S_(_A_+_B_) . -J~~.~~_~.~~~._~J

~~;.~~L~.<-~~;"~,:<,,,s,,,,,,,j

E. EXPENDABLE EQUIP:-'~ENT AND ~lJ?PLlES

F. TRAVEL 1. Domastic (IncludIng Canidal

2. Foroign

800

H. CO~,~PUTEf\ COSTS Ir- CHi.. RGED AS DIRECT COST
------------

I. OTHER DIRECT COSTS

G. F'U[l~_I_~~T'_C2.r~_C:.:O:.S::....T:.:S=----- ------:.---------l
I

"4~~~
J. TOTAL DIRECT COSTS (C :hrough II

K. INDIRECT COSTS

L TOTAL COSTS IJ plus KI 800
Residual Balance at 12/31/74

C',..C-,..-~---...,...-,--:---~----

M. ~~l<~)( )(rX9{sOl, w;t.X;;CXCt..:cxJ(j;()l€;QX Ad justed Reque st $

800
o

REMARKS: Use ex Ifi sheet .f necessary

NSF' F'ORM '6'. JUl-V "71 SUPERSEOES AL.L ~"[VIOUI EOITION5

rvm....v



ECONOMICS

Task 4.4

NATIO~"lSCII\CT fOL':\[)"TION RESEARCH GR'\~TWashington. D.C. 20550
BUDGET WOFKSHEET

INSTITUTlori AriD ADDH<.:SS NSF PROGRAM PRIN::/PAL. INIIEITlGA,TOnlJ)

University of Hawaii HAWAI I GEOTHERMAL
Robert M. Kamins

Honolulu, Hawaii 96822 PROJECT

/'ROPOSAL. r'UMDER IRECOMM£r.DED DURATIONj GRANT NO. I~ECOMMENDEO liRAf'oiT AMOUNT

NSf funded Mon Month.
NSf GRANTA. SALARIES AND 'IJAGES fto the nC8f6$ t tf:!nrh)

1. Senior Personnel Clll. Acad, $'Jrnm.
CUDGEr

•• _l_ICol F-rincipal Investigator(s) 3 0 s 9,400*

b._3 _ F3culty A$.$OCiates 2 4,280*

Suh· Total 13,680*

2. Other Personnel (Non·Faculty)..---Rcse..ch Associates-Postdoctoral
-j

h. __ Nnn·Fawlty Profcssionals

c._l_ Graduate Students ••••••••••••••• 0 ••• 0.0.0.0 •••••••••• 0 •••••••••••••••••• 0 ••• 550

Pre· Baccalaureate Students
-'

d. • ••••••••••••• 0 •• 0 ••• 0 •• 0

e. 1 S<Jcretarial-Clericai .(50.%) ......................... : ~::::: ~:: ~ ~: ~ ~ ~ ~:: ~ ~ ~ ~::'. ~ 4,000

f. __ TochnicBl, Shop, and Other ..... ' .... ; ...........................................

TOT/.L S/,L.VllfS ;.,';;1 ';;,\GES 18,230*
1

'--------- ----- _.- 'lB. STAFF BUJEFITS IF Cf-~~RG[D :'S 81RECT COST 1 ,592

C. TOTAL SAL,\RICS. ',":.GES. A~;D ST:.FF BEr-JEFITS (A + 8) I 19,822 ,d
O. PERMANENT EOUIPr-,lENT '.~.~»-:.' ...<"~" .:-~~' ~ .'.,.1

. ~~\'''~~~~,,~~~~'''<~~,

E. EXPENDABLE EOUIPr-,~ENT AND SUPPLIES 100

F. TRAVEL 1. DomQsti~ (Jn~luding Canadal 200

2. Foreign

G. PUBLICATION COSTS

H. COMPUTEfl COSTS IF CHARGED AS DIRECT COST I 100

I. OTHER DIRECT COSTS -1~""''''''':'~~'0~~~~,:;\,~:;<,~',~: .~'~'~.~'~'"
..~~\~~~(~~':~~" :~.'/}"":'

~\~~,~iz\~(~

J. TOTAL DIRECT COSTS (C through /I 20,222

K. INDIRECT COSTS ~'~~~~,~~~
~~" ,\.,,~~~~ ,:.:. ~..: ..:,.~ ...~: ... ":

46.20% of Salaries and Wages
~~:~,c;:~'\G:>:,.:. ~. ,:" ~~~",,,,~~b,:,,,,.

8,422
L TOTAL COSTS (J plus Kl 28,644

Res i dua 1 Ba 1 a!1Ce at 12/31/74 1 ,211

M.~~~~~~~XX~~~~~~~~~W~~~kAdjusted Request $ 27,433
REMARKS: Use extra sheet .f nec~ry

~

*Includes anticipated 10% salary increase

L..--_

NSP' ,-0,. .... ~". JUL.Y I'll SUI'I:RSEO£S AL.L. ""£VIOUI EOITIONS
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Proposal for Research Deep Hole Drilling

Management and Support

Task 5.0
Agatin T. Abbott

Introduction

As the various avenues of research and exploration which have been

described earlier in this report are being completed or are in various

stages of completion, it becomes clear that the next logical step in the

search for geothermal energy on the island of Hawaii is to test beneath

the surface by drilling.

Previous Work

The drilling program is based on the results of a number of other

lines of investigation and research that have been carried out during earlier

stages of the Hawaii Geothermal Project. Reference is made to tasks under

Phase I Geophysics, Tasks 2.1 Photogeologic; 2.2, 2.4 Electromagnetic;

2.3 Electrical Resistivity; 2.5 Microseismic. Reference is also made under

Phase I Extension Geophysics, Tasks 2.1 Preparation for Exploratory Drilling;

2.2 Geoelectric; 2.3 Gravity and Magnetic; 2.4 Thermal; 2.5 Microseismic;

2.6 Geochemical. Under Enqineering,Task 3.1 Reservoir Engineering; and

under Environmental-Socioeconomic, Tasks 4.3, 4.4, 4.5 Legal and Planning.

Most of the preparatory effort has been concentrated in the Puna area.

A large amount of information is contained in earlier works on the

geology and groundwater hydrology of portions of the island of Hawaii that

was not done for the express purpose of gaining geothermal information.

These references are provided at the end of this chapter.
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Personnel

Because the exploratory and research drilling program of the Hawaii

Geothermal Project is very large, both in terms of financial involvement

and also in terms of the fields of interest that it encompasses, the per­

sonnel to manage this phase is as follows:

Co-principal Investigator and Director of Exploratory Drilling

Agatin T. Abbott, Geology and Management

University of Hawaii

Site Selection and Operations Committee

Agatin T. Abbott - Geology, Univ. of Hawaii

Pow-foong Fan - Geochemistry, Univ. of Hawaii

Augustine S. Furumoto - Geophysics, Univ. of Hawaii

Gordon A. Macdonald - Geology, Univ. of Hawaii

Donald Peterson - Geology, U.S. Geol. Survey

Charles Zablocki -Geophysics, U.S. Geol. Survey

The role of the Site Selection and Operations Committee is a decision­

making one regarding all phases of the drilling program and integration of

the drilling program with other phases of the HGP such as Geophysics,

Engineering, and Legal and Socio-economics. There must be a close associa­

tion between the several fields of interest in this project, if the maximum

benefit is to be achieved from the holes drilled.

In order to have as large an input as possible from knowledgeable

persons who are in one way or another concerned with geothermal energy,

a large body of advisors has been invited to contribute ideas and sugges­

tions as the project continues. There will undoubtedly be additional
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names added as time goes along, but at the present time the following

persons comprise the Advisory Group:

David Anderson - State of California Resources

Kenneth Brunot - National Science Foundation (formerly Phill'ips Petro.Co.)

Dan Davis - U.S.G.S.

Robert Kamins - University of Hawaii

Douglas Klein - University of Hawaii

George Keller - Colorado School of Mines

George Kennedy - University of California, L.A.

Kost Pankiwskyj - University of Hawaii

Henry Ramey - Stanford University

Robert Rex - Republic Geothermal Company

Fred Smales - Hawaiian Cement Company

Harold Stearns - U.S.G.S., retired

Robert Tilling U.S.G.S.

John Unger - U.S.G.S.

Donald White - U.S.G.S.

George Woollard - Hawaii Institute of Geophysics

Paul Yuen - University of Hawaii

During the time drilling is going on close supervision will be required

to watch the drill cuttings and to inform the Director of Drilling and

the Site Selection and Operations Committee of significant changes in the

rock type, structural features, temperature and other parameters which,

for one thing, could have a strong influence on the decision to take rock

cores. For this purpose the employment of two graduate and two undergraduate
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students ;s planned. Student assistance will also be required after the

drilling is completed to help log the core and perform other duties.

During the drilling a good deal of travel between Oahu and Hawaii

will be required for the co-principal investigator, members of the drilling

committee and student assistants. The co-principal investigator is planning

on two mainland visits for meetings and conferences and on a trip to Iceland

which is probably the most comparable area geologically to Hawaii.

General

Macdonald, G.A. and Abbott, A.T., Volcanoes in the Sea, University Press

of Hawaii, 441 pages, 1970.

Stearns, H.T. Geology of the State of Hawaii, Pacific Books, Palo Alto,

California, 1966.

Stearns, H.T. and Macdonald, G.A., Geology and Ground Water Resources of

the Island of Hawaii, Hawaii Division of Hydrography, Bull. 9, 363 pp.,

and colored geologic map, 1946.

Specific

Macdonald, G.A., Geological Prospects for Development of Geothermal Energy

in Hawaii, Pacific Sicence, v. 27, no. 3, pp. 209-219, 1973.
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Hawaii Geothermal Project

Task 5.1 Drilling

Agatin T. Abbott
Introduction and Review

The geothermal drilling plans on the island of Hawaii as expressed

in the earlier proposal of July 1974 have by necessity been curtailed.

Because of inconclusive and incomplete geophysical results in areas along

the southwest rift zone of Kilauea and also along the southwest rift zone

of Mauna Loa in the vicinity of South Point exploratory drilling in these

sections has been postponed. The east rift zone of Kilauea continues to

appear the most favorable from the point of view of geological and geophy-

sical conditions, so it is in the area of Kilauea lower east rift close

to an offset in the trend of the rift at an elevation of approximately

600 feet above sea level that a drilling on a self-potential anomaly

*appears warranted.

Rationale for Drillin~

With a limited amount of NSF funding for drilling and with mounting

costs of drilling since last year, decisions must be reached as to how the

money available for drilling should best be spent. Two main alternatives

exi st.

One is to use the funds to drill a series of shallow holes in the

Puna area for the purpose of obtaining additional underground information

on temperatures and water conditions without any intent of drilling into

deeper zones where we believe the potential geothermal resource may exist.

The second option is to locate a hole on the basis of our knowledge of

*Refer to Macdonald, pp. 260-270 and Zablocki, pp. 271-274 in July
1974 proposal.
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the geology and geophysics to date coupled with information from all~eady

drilled water wells, and to spend all the funds available for fiscal 1975

in pushing one hole to as great a depth as can be achieved with the funds

available.

The second option is the one considered to be the most desirable by

the Director of Drilling and by all the members of the Site Selection and

Operations Committee.

It is felt that the amount of new information to be gained on the

shallow holes does not justify the expenditure of the funds. On the other

hand, probing to depths where we now have no factual -information would be

most beneficial and we could conceivably arrive in the upper portion of

a potential geothermal resource. It is also unanimously agreed by the

Director of Drilling and the Site Selection Committee that the funds pres­

ently available in fiscal 1975 are not sufficient to allow drilling to a

critical depth of approximately 6000 feet. If conditions toward the bottom

of a hole drilled in fiscal 1975 are improving, it would be the intention

of the drilling committee to request additional funds for fiscal 1976 to

deepen the hole, and based on the results of that hole to drill additional

holes.

At the present level of funding a hole of approximately 3500 foot

depth can be drilled.

Changes in Plans for Drilling

In the July 1974 proposal for the exploratory drilling program in

three areas on the island of Hawaii, it was proposed that an engineering

firm, such as Rogers Engineering of San Francisco, be retained to plan and
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direct a rather extensive drilling program. Under the old plan consideration

was given to competitive bidding between drilling contractors both local and

mainland.

The revised plan to drill only one hole in fiscal 1975 forces canceling

of plans for an engineering firm to act as manager in order to conserve funds

and to put the maximum number of dollars to work on the principal effort,

namely, drilling the hole to as great a depth as possible.

Similarly, the consideration of mainland drilling contractors becomes

impractical as it is quite obvious that no drilling firm will travel to

Hawaii to drill one hole, or if they did the costs of mobilization alone

would be greater than the funds available for drilling.

We have concluded, therefore, that we will not employ an engineering

firm as drilling manager, and that we are constrained to employ the services

of local drillers.

From among the several local drilling companies whose usual assignments

are drilling water wells, only one has a drilling rig that will hopefully

reach the ultimate depth of 6000 feet as we recommend.

This company is Water Resources International, 2828 Paa Street, Honolulu,

Hawaii 96819, Mr. E.C. Craddick, President. The drilling rig that they would

use on the Hawaii Geothermal Project in Puna is the same rig that drilled the

4200 foot hole at the summit of Kilauea in 1973 for Dr. George Keller, Colorado

School of Mines. It is a Spencer-Harris 6000 Rotary rig with a 100 foot tower.

The company president, Mr. Craddick, has stated in conversation that he feels
~

confident that the rig can drill to a depth of 6000 feet.

The advantages of using the drilling services of Water Resources Inter­

national are that the drill rig is presently in the islands and mobilization
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costs will be considerably less than for a mainland rig, and that the

drillers who are employed by Water Resources International are experienced

in drilling in Hawaiian lava flows as well as benefiting from the experience

of drilling the deep hole for geothermal information at Kilauea's summit.

Down Hole Testing

During the course of the drilling it is planned to employ the services

of Schul umberger Inc. or a similar firm which is equipped and experienced

in making down hole measurements. Frequent measurements of temperatures

in the hole will be made during the drilling. At the conclusion of the

drilling a complete survey of the hole is planned for all physical and

chemical parameters deemed important by the Site Selection and Opera+.ions

Committee. Also during the drilling time will be allowed for the obtaining

of water samples at critical horizons.

Rock cores will be taken at critical depths and where possible where

major changes in lithology occur. It is planned to obtain sufficient cores

for information on rock characteristics at depth, but not to the point

where coring causes serious delays or excessive expenditures of funds.

It is the rationale of the Director of Drilling and the members of

the Site Selection and Operations Committee that the primary objective is

to achieve the deepest hole possible commensurate with the gathering of

vital and relevant scientific data. Scientific data gathering during the

drilling of the hole must be adequate but held to a minimum.
(.

After the hole is completed, depending of course on the behavior of

any geothermal fluids that may have been tapped, the hole will be available

for a host of engineering,geophysical, geochemical and hydrologic tests.
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Location of the Hole Relative to the Self-Potential Anomaly and to
Land Owners!l:i£

Based on evidence presented earlier in the Geophysics section a strong

self-potential anomaly lies to the north of Puulena pit crater. The deci­

sion to drill as close as possible to the apex of the self-potential anomaly

was reached by the Site Selection committee in early October.

Land ownership which is discussed under the Legal Section of this pro-

posal plays an important role in reaching a decision on the final location.

At the present time two drill hole locations are being considered as shown

in Figures 2 and 3

The most favorable location is shown close to the apex of the anomaly

and is indicated by the designation 1 [LJ on Figure 3. This location

falls within the second increment of the Lanipuna Estates subdivision. The

managers of this subdivision, Tokyu Land Co. of Japan, may be agreeable to

drilling within this increment; however, final agreement with them has not

been reached.

In case permission for the drilling on the first choice location is

not granted, an alternative site has been selected, shown by the designation

2 rJ) on Figure 2 which falls on the property of Kapoho Land and Develop-

ment Co. which is a portion of the Lyman Estate.

Although the alternative hole location does not fallon such a favor-

able area relative to the self-potential anomaly as does the primary location,

it is in a relatively favorable geologic position, and may present many

fewer legal problems.

It is the consensus of the Site Selection Committee that at depths of

3500 feet or more that if the potential geothermal resource is so limited
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in size that if we drili 1)500 feet or so off the apex of the self-potential

anomaly and are unsuccessful in finding a geothermal resource that the

extent of the resource must be so limited as to be of little economic impor­

tance.

In conclusion, if the Tokyu Co. land ownership problems are satisfac­

torily reached, the drill hole location will be as shown 1 Q8 on Figure 2

and Figure 3. If those land arrangements cannot be resolved the alternative

location will be chosen on lands owned by the Kapoho Land and Development

Co.
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COST ESTIMATE FOR DRILLING PROGRAM

Figures were furnished by Mr. E.C. Craddick,
President, Water Resources International

I. Setup Costs
1) Mobilization
2) Demobilization
3) Pit construction and blowout equipment
4) Sub-structure

Total

II. Equipment and Crew @$225/hour based on estimate
of 100 feet of drilling per 24 hour day to reach a
depth of 3,500 feet--includes coring as necessary

$ 25,000
20,000
25,000
30,000

$100,000

189,000

II 1. Ma ter ia1
1)

2)
3)
4)
5)
6)
7)
8)
9)

10)
11)

Drill stem for 3,500 foot hole
(less salvageable stem)
Bentonite drilling mud 3.500 bags @$5.00
Zeogel drilling mud 2,300 bags @ $7.50
Revert drilling fluid 580 bags Q $10.00
Rock bits 7-7/8" 35 ea. @$600.00
Hole opener 12" 10 ea. @$800.00
Hole opener 16" 6 ea. @$1,600.00
Casing 14" 1,000 ft. @$20.00
Casing 10" 1,000 ft. @ $15.00
Core bits (diamond) 3 ea. @$3,000
Hauling charges

Total

70,000
(35,000)
17,500
17,250
5,800

21,000
8,000
9,600

20,000
15,000
9,000

10,000

168,150

IV. Other Charges
1) Well testing
2) Management and support

Total

V. Contingency (Any unused portion may be applied
to additional drilling.)

Total Cost of Drilling Program
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MANAGEMENT AND SUPPORT

Task 5.0

NATICJ~AL ~(II'i(T I OL\IJAT10~
-.-

Wa'hington. D.C. 2U550 RESEARCH GRANT
nUDGET \\'0 r~;(SH EET

INSTITUTION AND ADDRESS I~SF' PROGnAM PRINCIPAL INV~STIG"'Tonllil

I

University of Hawaii HAWAII GEOTHERMAL
Honolulu, Hawaii 96822 PROJECT

I
Agatin T. Abbott

~ROPOSAL NUMBER jRECOMMEi'<DED DURATIONI GRANT-NO-.-· _. i~ECOMMENDED GRANT AMOUNT

NSf funded MAn Months NSf GRANTA. SALARIES AND V,AGES Ito the nl1aff/$( tt.'nthJ -- IUDGET
1. Senior Personnel Cel. Aced. Summ.

a. --l- (Co) Principal Investigator(s) 1 S 3,lUU .-

b.__ Faculty Associates
3,100'-Sub·Total

2. Other Personnel INon· Facul tV)

a.---Research Associate5-Postdoctoral

h. ___ Non.Faculty Professionals
-~-.

c. __2_ Graduate Students .......................................... 0 ........................................
2,000

d. 2 Pre· Baccalaureate Students . ................................ ..................................... .. 1,000

e.__1_ Sec~etarial-Clerical .... ........................................................ . 2,000

l. _1_ Tt--shntca!, Shop, and O\t\~f .
1 06{,,---

" ............................................. ' v\...,.' i

TOTAL SALARIES AND WAGES 9,100
B. STAFF BENEFITS IF CHARGED AS DIRECT COST 1,183
C. TOTAL SALARIES. WAGES, AND ST"FF 8ENE::ITS (A + B' 10,283

~,~

D. PERMANE~JT EQUIPlvlENT ~~~~~F~~(~~;:(~~~
EauiDment to handle drill cores

E. EXPENDABLE EQUIPMENT AND SUPPLIES 1,000
F. TRAVEL 1. Domestic (Including Canada) Interisland + perdiem; 2 malnland

1 <;() ()

2. Fore-ign T<"ol<lnd diem
+ per diem

1,500+ Der
G. PUBLICATION COSTS 500
H. COMPUTER COSTS IF CHARGED AS D'RECT COST

I. OTHI;R DIRECT COSTS

.~"'~Conmunications $500 ...... ~ ~:\~~~,.~

Field office - trailer 800 ••~~
1,300

J. TOTAL DIRECT COSTS lC through II .7,083
K. INDIRECT COSTS 46.2% of $6,100 = $2,818 ~~~~1%:~\

34.13% of 3,000 1,024 ~~~~~,~, .~~~"~;-~'-- """ ..~.= ~~"'~~~~~;-:,,>«~~~
89,100 3,842- .._. --'- ----_.-

1.. TOTAL COSTS (J plus K) 20,925

-
M. AMOUNT OF THIS AWARD (ROUNDED). S
REMARKS: 'Jse ex tr~ sheet if necessary ..

*Inc1udes anticipated 10% sal at'Y increase

,
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DRILLING

Task 5.1

!
t

_.'
NATlCJ:-': :\1. SCII' \,r I 0\ \ lJATIO>i RESEARCH GRANT
Wa~hini:ton.D.l'. ~O550

BUDGET WOr:;( SHEET

INSTITUTION AND ADDRESS ' NSF PROGnAM I PR I NCIPAl. "eV ZaT'GA TO R(lll

University of Hawaii HAWAII GEOTHERNAL Agatin T. Abbott
Honolulu, Hawaii 96822 PROJECT

PROPOSAl. NUMBER jRECOMME",OEO DURATIONI GRANT NO, I RECOMMENDED GRANT AMOUNT

Is
r;SF Funned MAn Month.

'~SF GRANTA. SALARIES AND \'JAGES Ito the neaf8:Jt tentn)

1. Senior Personnel ell I. AClld. Summ.
:lUOGET

•. ___ ICo) Principal Investigator/s) $
b. ___ Faculty Associates

L- --
Sub·Total

2. Other Pers0nneJ 1~,on'>=Acultv!

ll.---Research Associa tes-Postdoctoral

h. ___ Non-Faculty Profession31s

e.___ Graduate Students ...........................................................
d.---Pre·Baccalaureate Students ..................... ..... .......................... .
e.___ Secr,etarial-Clerical .....................................•............... : ..... --
f. ___ Tc-:hnlcdJ, ::;"~·'':·P. (i,",; G;:-lef. . ...............................................

TOTAL SALARIES Ar-':D WAGES

B. STAFF BENEFITS IF CHARGED AS DIRECT COST

C. TOTAL SALAf1/ES, WJ,GES. MW STAFF BEN::i'ITS (A + B)
l~~".':'\'.""'§('~'·:~~;'7i

D. PERMANENT EQUIPr.1ENT ~ ~z~~~~-:~,~\~~,~,,:...,~~~

E. EXPENDABLE EOUIPr-,1ENT AND SUPPLIES

F. TRAVEL 1. Domestic (Including Canada)

2. Fore'ign

G. PUBLICATION COSTS

H. COMPUTER COSTS IF CHARGED AS DIRECT COST

I. OTHER DIRECT COSTS Mobilization and setup $100,000 ~'~~'*tlEquipment and crew 1~9'800 - 35 days ~~'\~~""~~~
Material and contingencies2 5, 00 ,,~~~~~.
l.T~11 t-~",t-ino 25 000 559,000

J. TOTAL DIRECT COSTS (C through Il

iWO
O

K. INDIRECT COSTS -- '~""'''''''~~~~~~~~~, ".~.~~ ;."",0. .'.,..
,'®..~::';"'~~~'~~~'.:);.~

L. TOTAL COSTS (J plus K)

----
M. AMOUNT OF THIS AWARD (ROUNDED) $559.000
REMARKS: Use extra sheet if necessary ,

Time is estimated on proposed footage drilled of 100 feet
per day, i. e. , 35 days to drill 3,500 feet. This includes
time and cost for core drilling as directed.
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SELF POTENTIAL STUDIES

C. T. Zablocki
U.S.G.S.

As was reported in the Quater1y Progress Report No. 4 for March 1 ­

June 30, 1974, a detailed self-potential survey of the lower east rift

zone of Kilauea was planned in an effort to locate sites for the explo­

ratory drilling program (pages 5-22). The rationale for making the

detailed survey was based on the fact that extensive studies by the

U.S. Geological Survey in many areas of Kilauea in recent years have

indicated that measurements of self potentials appear to be the single

most useful method for identifying anomalous thermal areas. Anomalies

upwards to 1500 millivolts are related not only to recent extrusive

activity at the summit and upper rift zones of Kilauea, but also within

areas which have no obvious surface manifestations. These areas are also

associated with low electrical resistivity anomalies. Further impetus

for the detailed survey in Puna was provided by the previously reported

detection of similar type anomalies in parts of the lower east rift zone

which were associated with the eruptive activity of 1955 (see figures 1,

2, and 3 on p. 5-23, 24, and 25) of QPR No.4.

A contour map of the self potential distribution resulting from this

study is shown in fig. 1. No anomalous areas were defined outside of

this portion of the east rift zone and therefore are not shown. The con­

toured map was derived from measurements made at laD-meter intervals along

available roads, trails, and in areas not inundated by recent flows.

Besides delineating the two previously reported anomalies in more

detail (anomalies A and B shown on contour map), the survey identified only

two other features of note. One is related to the anomaly just north of

Puu1ena Crater. This small amplitude and narrow linear feature has an
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orientation (N400W) which is transverse to the trend of the rift zone

(anomaly C). The other feature (anomaly D)~ is also small in amplitude~

but is broader and longer than anomaly C. Whereas A is obviously related

to the still steaming vents of the 1955 eruption~ the others have no sur­

face indications of a heat source at depth. The fact that Band 0 are

in line with the linear anomaly A to the west suggest that they also are

related to the 1955 activity.

It is significant that only weak or no anomalies were detected over

the other eruptive fissures of 1955 and 1960.

Source depth determinations made on these anomalies show them all

to be near sea level. The shallow depths observed do not imply that magma

is at that depth. If the mechanism generating the potentials is related

to the movement of groundwater by convective forces~ the depth to the very

hot rocks or magma would probably be appreciably deeper than the depth at

which the vertically rising water cools and diverges toward the horizontal

(top of S.P. source). Co1lination of hydrothermal fluids by vertical gra-

vitational forces would explain the clearly defined S.P. anomalies obtained

at the summit of Kilauea which are much shallower than the depth to magma

inferred from seismic and deformation studies.

In detai1~ the generation of large electrokinetic, or e1ectrofi1tration

potentials do not require the mass velocity of the hydrothermal fluids

to be large. All that is required to produce an emf is a net separation of

charge in the pore waters which experience flow due to a differential

pressure. Charge separation will occur if ions of the same polarity are

preferentially absorbed on the grain surfaces of the rock, leaving the free

liquid in the center of the pores enriched in ions with the opposite charge.

Most rocks usually absorb anions so that the free moving water will contain

excessive cations. Correspondingly, the resulting potentials will be positive
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in directions toward the high pressure side of the system. All anomalies

defined in Kilauea have a positive polarity over the known or inferred

hot zones and therefore anion absorbtion is assumed for these rocks as well.

The associated low, or negative, anomalies noted on the contour map prob­
/

ably result from the change in direction of fluid flow, i.e., the descension

of the cooler waters in the convective system. A conceptual model showing

the pattern of the streamlines of fluid flows that might be involved above

the heat source in the vicinity of a steaming fissure is ~hown in figure 2.

The positive anomalies of Band 0 do not have a large negative feature

associated with them. It is possible that the descending fluids returning

to the convective system (reverse direction of fluid flow) are at a greater

depth. This could produce the more mono-polar nature of these anomalies.

The uniform positive gradient to the southeast can not result from

a diffusion potential generated by the difference in salinity of the ocean

waters and the groundwater. Notwithstanding a three decade difference in

salinity, the resulting potential would be only about 40 millivolts.

In view of the fact that very weak anomalies were detected over

other eruptive vents of 1955, it is difficult to explain the shallow,

narrow, and linear feature, C, as caused by a near-surface intrusion. Re-

peated surveys over similar shaped features near the summit of Kilauea

resulting from recent eruptions show a decrease in amplitude with time.

This is explained by the rapid cooling of thin dikes. If however, the linear

feature, C, represents a permeable vertical fracture which has hot water

continuity with a heat source at depth, then it forces the constraint that

the surrounding rocks below sea level would necessarily have to be fairly

impervious. It is recognized that such a condition would most likely be

needed for the existence of any viable hydrothermal resource in Kilauea.

5 - 20



The offset in the lower east rift zone in the vicinity of anomalies

Band e together with the coincidences of the general epicentral area of

recurrent shallow earthquake swarms (less than 5 km deep) in recent years

make this area the most interesting in the search for geothermal energy.

It is expected that a drill hole placed over anomaly B wo~ld encounter

lOOoe water at sea level and that the temperature will increase monotoni­

cally with depth. However, a hole placed too far from the top of the

anomaly might encounter a near-surface temperature inversion as inferred

in figure 2. If a potentially commercial reservoir is to be found, it

will require a target depth much deeper and pervasive than that to be

expected in the vicinity of a relatively thin dike. If we consider these

short wave length S.P. features as possible leaks in an otherwise low

permeable medium above a much larger heat source, then a deep hole located

in this general area would be justified.
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