




















































































































Proiect
location

figure 1. Location Map of Proposed Drilling Project
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Figure 2.
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Contour values x 100

Location of Proposed Drill Sites Superimposed
on Self-potential Anomaly. Location 1 IXI is
favored. Location 200 is the alternative.
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Location of Proposed Drill Hole Sites Superimposed on Land Ownership Map.
Site 1 rn is more favorable based on geophysical results. Site 2 [K] is
location with possibly less complex land ownership problems.
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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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25,000
20,863

45,863

76,850

$579,863



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

,

•.. __ ...... ._4._-... • : ... __~ ........ __._lw..._4~ .I .:- ._ •• .-_~ • __. • _



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.

_4~ •••••• __ • ~_ ..._. ._._; ... ~._~.......... __......_.:_.__.....__~~_ • __~ __~_._•••



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

5 - 19 . '



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.
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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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Figure 2a Self Potential Profile along Traverse A-A' shown in Figure 1.

Figure 2b Conceptual Model of Streamline flow patterns which would reconcile the
potential distribution shown above
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