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Project objectives:

— Barriers to Geothermal
 Many small, low-T systems but few large magnitude producers
« Difficulty in establishing ultimate heat source
* Non-uniqueness in the interpretation of individual techniques

— Cost Reduction and Applications
» Improved recognition of high-T heat sources
* Reduction of false structures and anomalies
 Economies of scale and increased resource base

— Innovative Aspects and Strengths
» Exploits recently-recognized opportunities in individual techniques

» Combines highly independent methodologies to curtail non-
unigueness

» Brings district-scale geophysical concepts into exploration
» Strong cooperation with geothermal industry
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Defining High-T, High-Enthalpy Geothermal Systems

. 1), Select two districts in Great Basin with pronounced crustal-scale, low-resistivity
upwellings (2-D) for large, high-T resource promise.

o 2), Firstis new development with proven resource (McGinness Hills, Ormat Inc.),
favorable geophysical structure (Phase |).

o 3), Follow up with: a), 3D MT survey and inversion to pinpoint core structures,
relation to production; b), detailed structural analysis with integration of industry data to
resolve crustal fluid plumbing framework; c), Verify magmatic/deep metamorphic
character of source using isotope geochemistry from soil gas and well surveying.

 4), Presuming favorable confluence of geoscientific indicators, apply exploration
concept to a more ‘greenfield area’: Black Rock/Kumiva Valley area (Phase II).

 5), Strong Scientific Team: Phil Wannamaker (P.I.), Virginie Maris (post-doc) (U
Utah)- Concept identification, 3D MT survey design and inversion; Jim Faulds (Co-I),
Drew Siler (post-doc) (U NV Reno)- Structural controls on geothermal systems, new
mapping and cross sections, 3D visualization; B. Mack Kennedy (Co-I) (LBNL), Jen
Lewicki (now at USGS), Isotope techniques in geothermal systems, noble gases and
radiometric dating, crustal and geothermal fluid fluxes.
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Presenter
Presentation Notes
Shown here are inversion models of an MT transect centered upon Dixie Valley and extending west to the CA border west of Gerlach (Smoke Cr – SC), and east to near the town of Eureka (eu). This model was constructed with a regularized algorithm developed by the P.I.
MT structures of the central GB show spectacular multi-scale magmatic-hydrothermal residence zones and pathways to the upper crust and geothermal systems.
Specifically, enhanced primitive He3 is observed in thermal springs in the Dixie Valley (DV) area, argued by Kennedy to reflect recent mantle input.
This is supported by the Buena Vista-Dixie Valley conductive zone, which lies in a well known seismic anomaly of P-wave attenuation, high reflectivity, and high Vp underplate. There is magmatic input to the DV field, just not from a nearby, high-level chamber.
The deep crustal low rho zone at the east end of the transect, though initially surprising, projects to the surface at the currently developing McGinniss Hills geothermal field.
Dense MT array profiling over the producing area (upper panel) shows dispersal of magmatic fluids into the valley, up the rangefront (where most production is), and in small-scale graben fault structure.
This concept is in keeping with independent study of geothermal systems in Grand Canyon area, where travertine and He3 were interpreted to reflect Neogene magmatism below the seismogenic zone.
A second conductive zone coming to near-surface just east of Austin NV (au) coincides with newly recognized McGinniss Hills geothermal system.
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Presenter
Presentation Notes
Although magmatic/upper mantle input to geothermal systems along the Walker Lane and Cascades is clear in the helium geochemistry, there also appears to be a degree of input to systems within the Great Basin.
Important interior examples include Black Rock Desert, Dixie Valley and Diamond Valley.
Prospects of the Great Basin interior are attractive owing to much reduced population densities (in relation to e.g. induced seismicity in EGS) and somewhat reduced environmental sensitivity.



Original Planned Milestone/ Actual Milestone/Technical

Technical Accomplishment Accomplishment Completed
Design and execution of new 3D MT  All completed November,
survey, incorporation of legacy Ormat 2012

MT data, creation of 3D MT inverse
resistivity model, distribution to
Ormat and to co-investigators.

Reconnaissance and detailed Nearly completed. Possibly some  January,

geological/structural mapping, limited mapping followup and 2013
integration of legacy Ormat structural  odel refinement.

data, distribution of models to Co-I's.
Surveying for soil gas flux anomalies, Initial soil gas flux surveying done, well October,

follow-up soil gas isotope collection  fluids sampled. Funding to LBNL 2012: March,
at anomalies, analysis of well fluids arrived August, 2012. Cannot operate 513

for magmatic/metamorphic comp’s. in wet or snowy conditions.

Correlation of structural style, MT In progress, awaits minor Ongoing

resistivity structure, composition of structural and MT refinement,

soill gas gnomahes t_o verify magmatic gas/fluid geochem completion
contribution to McGinness system.



Structural Characterization (UNR)

Geologic mapping.
— Map compilation (B. Delwiche, Ormat) and legacy regional mapping.
— New geologic mapping (total of 60 km?) by D. Siler (UNR).
— Construction of preliminary cross-sections.

Structural setting — Step-over (or relay ramp) in broad
accommodation zone.

esults

US DOE Geothermal




Geologic Map & Cross Sections
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2D MT Inversions
i i (derived by contractor,
courtesy of Ormat Corp.

--w~ “B” is production conductor,

"""" “A” is proj. of deep conductor
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McGinness Hills, central Nevada
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Presenter
Presentation Notes
Uppermost layer of 3D inversion model. Top is oriented N020E. Patchy conductive layer over east-central survey may be altered tuffaceous unit.
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McGinness Hills, central Nevada
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Presenter
Presentation Notes
Uppermost layer of 3D inversion model. Top is oriented N020E. Patchy conductive layer over east-central survey may be altered tuffaceous unit.
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McGinness Hills, central Nevada
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Presenter
Presentation Notes
Uppermost layer of 3D inversion model. Top is oriented N020E. Patchy conductive layer over east-central survey may be altered tuffaceous unit.



Soil Gases as Surface Manifestations of “Hidden” Systems
In the Basin and Range

Hi-Resolution 2D MT T t .
i-Resolution ransec McGinness Valley, Nevada
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Integration of Data Sets

Preliminary fault model of
McGinness Hills using geologic
map, cross-sections, and mud log
data (courtesy of Ormat). Wide
areas along well paths
correspond to loss circulation
zones and are used to constrain
fault locations in the subsurface.

Correlation of preliminary |
fault model of McGinness Hills »
with MT survey.

Results
US DOE Geothermal



Milestone or Go/No-Go Status & Expected Completion Date

P1: 3D MT resistivity model. Essentially done, may increase discretization,
June/13.
P1: Detailed structural model. Well advanced, some integration of drill

lithology, full digital representation, June/13.
P1: Soil gas geochem surveying. Promising recon, more to come, July/13.

P1: Go/NoGo- Concept evaluation Close to complete, August/13.
(magmatically connected structures

can be ID’'d geophys, geochem,

structurally).

P2: Black Rock-Kumiva proceeds: Start Date: September/13.
structural recon, 3D MT surveying.
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e Motivated to focus on high-enthalpy systems.

e Recognition of indicators of magmatic input.

* Fully 3-D approach to proving/pinpointing resources.
 Integration of highly independent resource indicators.

Target/Milestone McGinness Hills MT McGinness analysis comple-
survey, initial inversion, tion and write-up; Phase Il
structural study, soil gas plan/ permit; MT/structure/
survey, Phase | decision  geochem at Black Rock-

Kumiva

Results MT survey acquired; new
mapping, integr of legacy
Ormat structure, geophys;
new gas geochemistry

20 | US DOE Geothermal Program eere.energy.gov



J.5. DEPARTMENT OF

;j;;tzi;jifftf

Planned Planned Actual Current
. . ] Start Date End Date Start Date End Date
Timeline:

October 1, 2011 December 31, 2012 February, 2012 (August, December 31, 2013, for Phs 1
2012 for LBNL) December 31, 2014, for Phs Il

Value of
Work Completed to

Funding
needed to

Actual
Expenses to

Planned
Expenses to

Federal Share Cost Share

Budget:

Pl: $418,214
-UU $ 90,947
-QTG $127,000
-UNR $ 89,715
-LBL $110,552*"

P2: $574,061
-UU $ 90,947
-QTG $114,500
-UNR $ 89,715
-LBL $110,552™

e Summary:

P1: $0

P1: $185,531
-UU $ 90,947
-QTG $127,000
-UNR $ 89,715
-LBL $110,552™"

Date

Pl: $256,717
-UU $ 37,339
-QTG $ 96,921
-UNR $ 11,905
-LBL $

P1: $0

Date

P1: $256,717
-UU $ 37,339
-QTG $ 96,921
-UNR $ 11,905"
-LBL $
*some function
of invoicing

P1: $0

Date

Pl: $256,717
-UU $ 37,339
-QTG $ 96,921
-UNR $ 11,905

-LBL $ 27,638™
*assumes 25%
compl. to date

$0

Complete Work

P1: $161,497*
-UU $ 53,608
-QTG $ 33,069
-UNR $ 77,810
-LBL $110,552*"

*funding straight
from DOE to LBNL

P1: $759,572

— Strong coordination with Ormat, provided much data, feedback and access to
field, undertook well sampling for project.

— Type of project may benefit down the road from other GTO research in

geophysical imaging, geothermometers, structural categorization.
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Supplemental Slides:

» The following two slides depict the latest MT site spand and 2D inversion
of the regional MT transect wherein the crustal scale magmatic-
geothermal connections were first identified.

* First slide shows transect distribution of 393 wideband sites (dark blue
dots) now extending from Pacific coast south of Eureka CA eastward
across the Great Basin to east of Green River UT. Sites across
McGinness Hills (au-TB) include new project densification. Also plotted
are locations of long-period (upper mantle level) MT recordings, complete
but not yet inverted. GPS vectors after Thatcher et al (2005).

» Second slide shows two 2D models, the upper derived from TM mode
only data (most robust to finite strike effects) and the lower from
TM+tipper data (some along-strike info included). Compatibility of
sections suggests 3D effects not fundamental. Note the strong shallow
low resistivity under Black Rock-Kumiva area (kv), subject of Phase II.

22 | US DOE Geothermal Program eere.energy.gov
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Presenter
Presentation Notes
Some of our geothermal research efforts have been motived by results of larger-scale MT transect studies, which underscores the merits of greenfield exploration. Our recent large transect program commenced centered on Dixie Valley in order to illuminate mid-scale resource controls.

We have pursued MT transect coverage of the extensional Great Basin and its transition to neighboring provinces for a number of years.
Purposes are to illuminate basic modes of lithospheric extension (both interior and at province margins), reveal the frequency of magmatic underplating events and their correlation with surface manifestations, and demonstrate the importance of crustal-scale fault zones in connecting mantle-sourced fluids with shallow geothermal systems.
Transects only work well in select locations due to the 2D assumption and our two main ones are deliberately placed to maximize information recovery via 2D.
The Utah line into the Colorado Plateau was published in GGG in 2008 and will not be discussed further here.
The central Great Basin (blue) line currently contains ~280 wideband (WB) (200 – 0.003 Hz) sites with 30 new ones being added at time of this presentation to the east end across the Sevier Basin and Canyon Range thrust front. Added are long period (LP) (20 – 10000 s) sites every 5-6 WB’s to image upper mantle source regions.
Support for the transect is a combination of (early) DOE, NSF, State of Utah and in-kind contractor contributions.
Such combinations allow an enormous range of scales to be covered; an equivalent not seen in seismology. However, transect is nearly coincident with Cocorp reflection and Passcal wide-angle seismic profiling for comparison. It also is nearly coincident with GPS geodetic deformation profiling of Thatcher, and of Wernicke.
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Presenter
Presentation Notes
A resistivity inversion model view to 200 km depth along the central Great Basin line from upper mantle melt source regions through lower crustal underplating zones to upper crustal dispersal. View of previous slide occupies ~central one-third.
Fluidized crustal breaks appear common across the Great Basin, at least some are correlated with geothermal systems and mantle He3.
The NW GB ends abruptly at S Modoc Plateau boundary, no apparent non-uniform extension (NUE) below latter. S Modoc Plateau (Sierran) basement thick, resistant, with moderate LC conductor.
The NW and EGB seems to have shallowest LC conductive regions on average, E CGB  is deepest. As expected there is a conductive axis under Lassen Peak volcano, while conductors below S Klamath Mtns are fluid release from southernmost Juan de Fuca subduction system?
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