Glass Buttes Exploration Project

Merging high resolution geophysical and ge
reduce exploration risk at Glass Buttes, Or

Presented to Oregon Geothermal Worki
March 23, 2010
Patrick Walsh

NOTICE OF PROP

This document contains information that is.proprietar
returned upon request. The recipient of t
employ of the recipient without express

TION

al of Ormat o

of such information to the same extent as t

ORMAT &

GREEN ENERGY you can depend on



Project’s Objectives

The primary objective of this project is to combine asuite.of high
resolution geophysical and geochemical techniques to reduce
exploration risk by characterizing hydrothermal alteration, fault
geometries and relationships

The intent of the proposed program is to use an innovative
combination of geologic observation, modern remote sensing and

geophysical techniques to analyze and structurally model. this.area
prior to siting and drilling.
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Glass Buttes Lease Map

1 Ormat Nevada, Inc.
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Temperature logs

Johnson et al.
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Ormat-DOE joint project

Principal invesigator
Patrick Walsh (Ormat)

B Co-investigators

e John Dilles (OSU)

e Jlan Madin (DOGAMI)

e Brigette Martini (Ormat)
e Paul Spielman (Ormat)

e EzraZemach (Ormat)

B DOE
e GTP - DOE Golden Office
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Exploration program

B Phase | - Exploration

Characterize fault geometries and relationships

Characterize mineral assemblages (indicating hydrothermal alteration)
Geologic field work

Geophysics

e Gravity

e High resolution aeromagnetic

Remote sensing

e LiDAR (Light Detection and Ranging)

e Hyperspectral

3D geologic model to site slim wells
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Exploration program

B Phase ll & lll- Drilling & Flow Testing

2 slim holes ~3500 feet

1 production well ~5000 feet

Wells Flow test

Reservoir properties (permeability, temperature)
Project economics

Power plant estimation

B Evaluation of methodology
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Glass Buttes - DOE funding breakdown

Project Total Budget: — $9M
~%$4.5 in DOE funding with 50% Ormat cost share
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Geologic field work
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http://earthquake.usgs.gov/regional/pacnw/ships/results/tacoma.php



Remote Sensing — Non-Invasive Regional Mapping

B Airborne-based platform

e Hyperspectral (specific material identification.on a localized-scale
including minerals, plants, man-made, etc.)

Dixie Valley, NV
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Geophysics — Lets us ‘see’ into the sub-surface

B For example, gravity data maps differences in measured gravity
vs. expected ‘earth-induced’ gravity

e Mapping of structure (faults/fractures) provides one set of controls on
system permeability

 Gravity.can also
reveal gross lithology
(rock-type) at depth
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Create 3D geologic model based on exploration data to site wells

MONTE VISTA FAULT

SAN ANDREAS FAULT HAYWARD FAULT

CALAVERAS FAULT
PILARCITOS FAULT

SILVER CREEK =|
NORTH LOGAN FAULT,

|
BERROCAL FAJ.'.ILTiI

—

-1,

_ LOMA PRIETA FAULT | /4
14 I

oS
";.'_. I -u'l .
Tag *I_l'-:r;r

-4 KB
. ey B E
= 1

i 3
o N Harvia ra ki
Ban Frandiucs T B0 D]z W

-\..l-
\
\
\
\ 57

\-y\

GREEN ENERGY you can depend on

http://pubs.usgs.gov/of/2001/0f01-223/jachens.htmi



Drilling — the first ‘physical’ measurement of the resource

B Moderate depth slim holes —a deeper measurement of subsurface
temperature and potential permeability (~3000ft)
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Drilling — the first ‘physical’ measurement of the resource

Deep production/injection hole drilling — Final definition of the
geothermal reservoir (temperature, pressure, permeability) -
spatially and with depth

Conductive gradient
in caprock

Isothermal in
hydrothermal system

Depth
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Resource Modeling/Testing

B Multiple types of geological, geophysical and geochemical data
coupled with temperature gradient information builds a

geothermal resource model

Steamboat, NV
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Progress

Initial geologic field work
Widely spaced gravity (~1 km)
Hyperspectral collected, currently being processed

Aeromagnetic data being collected
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