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ABSTRACT

The U.S. Department of Enerdynded Hawaii Play Fairway project has progressed over 3 phases. Now in Phase 3, the project aims to
deepen one or two existing wells on Lanai Island in additiqetéorming geophysial and groundwater exploration activities in key

areas around the state. In Phase 1 of the pr@gisting geologic, groundwater, and geophysical datasets relevant to subsurface heat,
fluid and permeability were identified, compiled, and mohkA statistical methodology to integrate these data into a resource
probability map was developed. Phase 2 of the project involved the collection of new groundwater data in 10 locatitine siaiess

and new geophysical data on Lanai, Maui, and eehtawaii Island, as well as modeling of topographically induced sttbsslast to

better characterize permeability. Here, we succinctly present results of the Phase 1 and 2 activitiedinaridhase 3 plans and
progress

1. INTRODUCTION

The primary goal oBudgePhasgBP) 3 is to validate thdlay Fairway PF) methodology established in the earlier 2 phases through

drilling of a test hole ira region of high probability and confidencét the conclusion of a large body of work during tréor two

budget periodsfour locations in the state were investigated thoroughly enough during BP2 to warrant -@@anoexploratory
drilling: the north, east , and south flanks of MaMauig ankea vol
L U n asuinniitscaldera and rift zone¥he teamconducted a comprehensive screening of each of these sites based not only on
probability of a resource, but also with respect to legal, institutional, economic, angetitoal barriers/incemtes for future viability

of a project should a resource prospect bdigoad. That screening process resulted in the identification fo A Go 6 | ocati o
drilling during BP3that had both encouraging resource probability as well as a minimum obaglverii nt angi bl ed consi
could potentially preclude folloven developmentor possibly interfere with, or unacceptably delaggulatory approval of our

proposed investigationsThese locations are: i) on Department of Hawaiian Homelands dosatgh/southeast of the summit of

Mauna Kea volcano on Hawaii Island, and ii) in the former caldera region of the prigatedd Island of Lanai.

A combination of scientific and logistical consideratiaimately led us to focus orthe L U n préspet for Phase 3 workThe
probability for a resource ib anai 6 s ¢ al cheaccassible edgpthdsnsupported &y gravity, resistivity, and groundwater
temperature data collected as part of BP2. The landowner is committed to the development of resmsvgpland the land
management company offered us the possibility of deepening two existing >1000 ft watehavedi®eno longer in production. The
regulatory process is streamlined due to existinljural andenvironmentalsurveys, as well as priouseof the land forpineapple
cultivation

We plan to pursue the deepening of Lanai Well 10, and, should circumstances permit, Lanai Well 9. Lanai Well 10 isdetfb feet

and has abottom hole temperature of 11F . It i s the waandrecated ompthie riln afrPalawai Basiw € ankis

vol canods <calder a) and roughly in the center of our lowhase 2
propagation of warm fluidgto theshallow groundwater systemWell 9 is 975 éet deep, 89F at its bottom, and located near the

center of the Palawai caldera. The overall objective of this work will be to develop a better understatindiritydrology of the Lanai

caldera dike complex, as well as the impact of the inferred theemal activity on fluid circulation within it. Intended data collection

include: an extended temperature gradient, fluid chemistry, and stratified core sampling to the total depth drilledesErdatatwe

expect to be able to better define the deepmperature gradients in the borehole, to infer the temperature of last fluid equilibrium
using geothermometry computations, and to gain insights into the heat budget (and thermal decline curves) from basaltiwvealde

time. This will be the firstdeep (>1 km) drilling project off of the Big Island of Hawaii, and provide important insight into how
Hawaiian volcanoes cool with time; insight that wiltgyhave br oec

2. BP 2 RESULTS

Ofthef our si t es soutdautheasflank @ndlLolsndaséical dera region rose to LOhtas6i op f
caldera region being ultimately selected. Below we include a description of each site, with more attentiselentdte 0 a calidera

region.

2.1 Mauna Kea Prospect

Mauna Kea is the thirgoungest volcano oil a w alslaind. It last erupted between 4 and 6 ka, and is in itsghisid phase of

activity. The younger volcanoes of Kilauea and Mauna Loa are in their shield building stage, Mmmak e ads shi el d stag
~150,000 years ago. Our assessment of Mdueaa 6 s r esource potenti al aims to identify
intrusive activity (e.g. elevated gravity, reduced resistivity, groundwater anomalies).
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Mauna Kea has been the focus of a substantial amount of recent research ledhbynBs Tinder neDOE funding. This includes
magnetotelluric (MT)and audiofrequency magnetotelluriAMT) s ur veys on al | f | anartkemsi(sermecotthis t h e
data had not been analyzed at the start of BP2), and drilling of 2 dedpn(ltRreholes with downhole fluid sampling on theuth
southwestand west flanks. Encouraging geophysical results on sloeitheasflank that were obtained during BP2 stimulated the
attainment of additional gravity and groundwater data included, but not diggfenned, as part of BP2.

A number of considerations including the newly discovered corroborating evidence provided by the geophysical data, and our
probability analyses, leads us to gmutheastiank of Mauna Kea as a high priority target for BP3 drill{ig. 1). In this location, both
elevated gravity and reduced resistivity point to thermal activity at favorable resource depths. The gravity signapeetednto be
part of a robust dik system that extends acrossihe mu &addlaregion between Mauna Loa and Mauna(R&aders et al., 2003
While the reduced resistivity values could be attributed to a variety of factors (including secondary mineralizatiommelignfo
saltwaterintrusion), several factors argue strongly in favor of warm fluid as the primary source for the low resistivity in tiois. lbtat
particular, one of th&.8 kmdeep boreholes, located approximately 12 km tonthréhwest identified high elevation (> m amsl)
fresh and hot groundwater. Results of the completed well include water with temperatures™ 6f 448 depth of 1760 m and a
temperature gradient of 16E8/km as the electrically conductive formations were approached. Hence, it is likelyetitashwell as the
fluid components of a resource are present in this top priority BP3 drilling target. According to our modeling of peynieati@P3
target site would have similar permeability as the completed test well. The deep formationsshwiedl ieere not flow tested due to
its small diameter, but the borehole did show evidence of internal flow from depth up into the shallower formationg (resekimg
of the deep section of that hole with dense drilling mud to protect the uppfardouin contamination).
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Figure 1: Local probabilities for Mauna Kea of (a) heat, (b) permeability, (c) fluid, and (d) a geothermal resourcéur BP3,
highestpriority drill site is marked by the dashed oval.

A number of other factors contributed to our selectioMafina Keaas a top BP3 target. This land is controlled and managed by the
Department ofHawaiian Home Lands (DHHL). DHHL enjoys a favorable regulatory status in terms of their compliance with
environmental requirements and County zoning rules. Also, DHHL will receive 100% of State royalties from geothermal revenues. The
HawaiianHomes Commission, who establishes policy for the Department and provides guidance on new initiatives to Department staff,
has been very supportive of our prior geothermal exploration work on their lands and, when the results of our exploratimereffo
presented at a recent Commission meeting, we received a very favorable response from the Commissioners.

An additional fator favoring this site is that D. Thomas is very familiar witts ttegion. Thomas managed the groundwater exploration
program that was done in ttu mu 6Saddla. This work included developmentasf environmental assessment (Hé) two test
borehole ges, acquisition of a drill rig and support equipment, and oversight of the drilling program for 2 slim holes drillecktn.~1.8
Much of the environmental documentation done for those previous sidakl Wwe applicablehere The selected sitavould be
logistically challengingn that noproduction wells exist within thel u mu &addle, savater from Hilo (approximately 40 km distant)
would need tdehauled in
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2.2L 0 n ®rospect

L Un B the third smallest of the eight maitawaiianislands (West, 1992). The main mountain range of the island stretches in the
northwest direciton and has three known rift zones (West, 1P92)l basn iis thought to be the remnant caldera of the island, which

is 7 kilometers in diameter (Walker, 1990 is formed by a single shield volcano, now extinct, estimated to be 1.3 Ma and active from
approximately 2 Mato 1 Md Un a 6 i apparéntyatopped erupting during its shield stage, as inferredtimabsence of a more

commonly foundalkalic ca and post erosional lavas (Walker, 1990). Growth &f n ia thaught to have beg during the Tertiary and

ceased ~1 Ma (Stearns, 1940; HersBavera et al., 2000). h e L wdloaaics iargholeiitic and comprisall the volcanic rock units

forming the island(Walker, 1990) The bioclastic Hulopoe Gravel is a carborzgenented gravel on the southern slopes of the island,

with competing theories of origin, including sea level rise and megatsutepuosition A rift zone extends from the northwestttee
southeast of the island, radiating from the cal deresa.Bothar® Ul Uwai
marked by dike complexes.

The combined probabilities for heat, fluid, and permeability indicate several Iocan'(hn{{J n thai ¢ould host a resource at the depths
of interest for geothermal productigRig. 2). The area of greatest interest is within Bh&) | (Basiniwhere a high gravity signature
and reduced resistivities at depth ardamated.Groundwateiof notably elevatedemperature is presenttinis area.

—0.1
0.05
—0.02
—0.01

—0.007

-0.006
& o0
Prob-

ability

(b) Perm. ﬂﬁesource - _I

-157.0° -156.9" -156.8" -157.0° -156.9° -156.8°

' drilling area §

Figure 2: Local probabilities for Lanai of (a) heat, (b) permeability, (c) fluid, and (d) a geothermal resource. The reliablarea
for the MT results is contained within the footprint (outlined by dashed lines) of the MT stations (dots), both due to data
coverage as well as the likelihood that highly conductivealt water probably intrudes the volcano flanksnear the shorelines.

The BP2 gravity data delineates the direl cumulateomplex associated wih Unwéi canodés centr al ~magma cc
evident in the gravity data or density models is the dike complex associated with the rift system, locatadrtbehsbf theL Un a 6 i
caldera and striking in a generatigrthwestsoutheastlirection(Fig. 3).
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Figure 3: (a) Local complete Bouguer anomaly of Lanai usingo = 2600 kg/n¥ (colored patches at measurement locations).
Topography is illuminated from the NE and the shoreline outlined. (b) Map of the depth below the surface to 96#obability
of densities 02900 kg/ m3. Subaeri al tity gaians aseprarked with red¢ dots.t our e d
(c) Eastwest and (d) vertical cross sections along the lines in (b) showing probability of density >2900 kg/back contour is
for median density of 2900 kg/r. Vertical axis is elevation relative to sea level.

The 3-D resistivity modeling shows a complex distribution of resistivity values across the island and at depth, which requires a
correspondingly complex interpretati@fig. 4).
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Figure 4: 3D resistivity structure from inversions of MT data shown at (a) Ikm, (b) 2 km, and (c) 3 km below the surface.
Vertical sections along dashed lines are shown. White curves outline a median density of 2900 Kdgtom the gravity inversions.

In addition to theP U | (Basinifeature, there are two additional {oegistivty features located to theortheastand north-northeast

within the dike complexof Uneo6i canods rift zone. The resistive formations s
flanking the island are less compelling and, hence, the Hibeti of northermally induced conductivity is somewhat reduced
Therefore these features are of secondary interest. FugbephysicaWwork on thesestructurescould be pursued (outside of PF) if a

heat source was confirmed within tRel) | (Basini
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As with the other resistivity datasets, we recognize the potential for the conductive features priedémémsé i di ke compl ex t
secondary mineralization and clay formation in a yevausted hydrothermal system. However, the presence of thernmalaso
argues that there is residual heat remaining withihnéasd imagma condui t .

The P 0| (Basini site is attractive to the project for a number of additionakgeologic reasonslhe authordhave had extensive
discussions with thiand managers of #island (PlamaL U n)aridithere is strong interesttime workthat we have been conducting.
Pllama LUnadi and former | andowners have perfor medhePalawa@ nsi ve
Basin was formerly used f@ineapple agriculture for several decades.

Our interest in recovering deep thermal informatiorLodl n is @ugmented by the fact that it will be the fiiste direct evidence dhe
long-term rates of cooling of the corestdfa w @is 6 iv o Iwill herrec@vered All geothermal exploratory drilling to date has taken
place on the youngest of island in the stit@ w alsladd. |dentification of a viable thermal source withinU n eolgano will provide
encouraging evidence thheat may exisbn even aler volcanic system#cluding: on Maui, Gahu (where the vast majority of the
energy market resides) and Kduaikewise, failure to find evidence of residual heatlot) n may irdicae that, if geothermal heat is
to provide electrical power td a w a it willihave to be generated ¢ha w alslaad.

3.PROJECT SCOPE

We ganto drill 1 or 2temperature gradient h@) to a depth of 1 km below the ground surface using diamond wireline core drilling
techniquesLanai Well 10 has not been in operation siRedama Lanai took over management of the isi@®d2) and theyrecently

took Well 9 out of production because the water was @ltobl emat
deepen because: i) it is in the center of our elevated probability target area, ii) it is distant from Lanai City suchinbavifirhave

little to no effect on the community, iii) it ispen to the total depth drilled (1455 ft) and therefersuitablefor deepenindFigure 5)

Well 10 is the warmest well on Lanai and is | ocat eaofbamingt he v ol
served as a conduit for transport of deep fluids toward the surface. Lanai Well 9 ésl Ipeat the center of Lanai caldera and is an
interesting potential second deepening target. The pilot fooleanai 9was drilled to 1462 feet, however 500 feet of the well are

infilled with loose rock, which may present a drilling challenge to thedwiHed coring rig. Well 9 is cased to 775 of its total 975 feet

depth and at this depthas a temperature 80 F (belowwhich is approximately 500 feet of loose materialjyell 9 is also in close

proximity to Lanai City, which may present a sodhbllenggFigure 5)

Figure 5: Map of Lanai showing location of Wells 9 and 10

Although having access to the existing well(s) provides a significant advantage by having drilled through the shalloeftst, thed

most difficult formations for corerdling, we developed atepwise project plarthat includeddweiling aStateowned camera down the

well (to ensure no blockageere present and performing a gyroscopic (deviation) log on both wells. Both have been completed and
resultsappear favorabléor deepening these holes using wireline coring equipmafe also published an Environmental Assessment
and Finding of No Significant Impautith a relatively muted public response

In the near future for the project, the project witinsportthe UHowned drill rigand temporary casindgrom its current location on

Hawai 0i Il sl and, to LUnaoi . Additionally, ot her equi pméeet mu st
project. Along with Drilling Superviso Ron Fierbah, D. Thomasand N. Lautzeassessed site access, power supply, water supply,
lodging, and shipping, among other itertlpcoming action items includédinalization of the NEPA reviewsubmission ofa Well
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