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Project Objective: The Great Basin Center for Geothermal Energy (GBCGE) is conducting work encompassing two main tasks.  (1) We are producing a web-based, stakeholder geothermal information system for Nevada data relevant to assessing and developing geothermal resources (as part of the GeoPowering the West Initiative), and (2) we are conducting an applied research program of peer-reviewed geothermal research with the goal of increasing production and utilization of geothermal energy in the Great Basin.  Approximately 10% of the granted funds will be used to accomplish the goals of task (1); another 10% will be used to provide partial administrative and management support; and, about 80% is being used to fund research proposals, whose progress is described in this quarterly report.

Specific project-oriented objectives:

(1) Management Activities 


Lisa Shevenell and Jane Long


The objective of this part of the grant is to: coordinate research projects and database development; assist PIs with administrative tasks associated with their funded projects; organize and oversee workshops; conduct outreach activities; manage the research projects; track spending; and, prepare required reporting to DOE and other entities.  This part of the grant funds a portion of the salaries for the Principal Investigators (PIs) Shevenell and Long, the administrative assistant’s salary, allowing for some student assistance, as well as other required travel and operating expenses needed to manage the grant, and  satisfy reporting requirements. These funds are also used for salaries for web and database developers and the part of the administrative asssitant’s salary used to help coordinate and organize workshops, and maintain selected databases.

(2) Dating of young igneous rocks associated with geothermal systems in the Great Basin

     Greg Arehart and Mark Coolbaugh 
The purpose of the research proposed here is to examine in more detail the relationships between geothermal systems and young spatially-associated igneous rocks. There are a number of active geothermal systems in the interior of the Great Basin that occur near mafic extrusive igneous rocks, as elucidated from county geological maps of Nevada as well as from personal observations. In contrast, there also are several active geothermal systems on the margin of the Great Basin that have no apparent young igneous rocks associated with them. This proposal requests funds for field and laboratory work to examine in more detail a number of these systems with the goal of acquiring samples of young igneous rocks for radioisotopic dating. We have focused on known productive or potentially-productive systems because subsurface data are available on these areas and, therefore, we have a better knowledge of their geology and geochemistry.
(3) Targeting potential geothermal resources in the Great Basin from regional relationships 

      between geodetic strain and geological structures


Geoff Blewitt

The objective of this part of the grant is to assess a new method to target potential geothermal resources on the regional scale.  The method is based on seeking relationships between geologic structures and geodetic observations of regional tectonic strain.  The working hypothesis is that geothermal plumbing systems might in some regions be controlled by fault planes acting as conduits that are continuously being stressed apart by tectonic activity.  The outcome of this project will be a map indicating regions that this new method indicates as having promising geothermal potential.
(4)  Remote Sensing for Exploration and Mapping of Geothermal Resources


Wendy Calvin and Mark Coolbaugh

The objective of this research is to establish mineral or thermal anomaly markers that could lead to identification of new resources or expansion of existing sites.  Minerals associated with fumarole deposits or mineral variation occurring due to closed hydrothermal systems are particularly targetted along with day/night temperature variations as indicators of hot spot potential. This work seeks to define surface identifiers of geothermal sources through analysis of remote sensing imagery to characterize mineral, vegetation, and thermal properties at a known source region (Steamboat Hills) and compare the results to similar properties at an area with geothermal exploration potential (near Bradys Hot springs).  

(5) Regional assessment of exploration potential for geothermal systems in Nevada using a 
     Geographic Information System (GIS)

           Mark Coolbaugh, Gary Raines, Lisa Shevenell, Tim Minor, Don Sawatzky and 


Gary Oppliger
The objective of this sub-task is to develop a geographic information system (GIS) of geothermal systems of the Great Basin.  Included in this GIS is a detailed database of known geothermal systems in the Great Basin, as well as co-registered geological, geochemical, hydrological and geophysical maps useful in defining geothermal potential.  These databases will be assembled in collaboration with other PIs working on Center projects.

(6) Geologic and Geophysical Analysis of the Desert Peak-Brady Geothermal Fields:  Structural Controls on Geothermal Reservoirs in the Humboldt Structural Zone
     James Faulds


The major goals of this project are to 1) characterize links between thermal reservoirs and individual structural and stratigraphic features, 2) better define the boundaries of the geothermal reservoirs in the Desert Peak-Brady fields, and 3) elucidate the late Cenozoic 3D strain and stress fields. The Desert Peak geothermal field may ultimately serve as a prototype for identification of blind resources elsewhere in the northern Great Basin, particularly in the Humboldt structural zone. This project is relevant to applied research areas, including 1) inventory of existing geothermal resources in GIS context (Part 1A), 2) geologic mapping and fault characterization (1B), and 3) assessment of controls of reservoir boundaries (2B).  

(7) Exploration for Concealed Structures at Desert Peak Using Mercury Soil Gas Detectors

Paul Lechler, Mark Coolbaugh, and Chris Sladek


       The objective of this project is to identify previously- unrecognized structural controls at 
the Desert Peak geothermal system, both in the current production area and in the area being 
evaluated with EGS technology.  The structural controls on the Desert Peak geothermal system

and the planned EGS site are poorly understood and are the subject of ongoing studies, including 
the mapping research project of Jim Faulds at UNR.  The Desert Peak geothermal system does 
not display any active surficial manifestation of geothermal activity, as does the nearby Brady’s 
system.  Subtle indicators of past geothermal activity are locally present but a large portion of the 
area is covered by sand, preventing the bedrock geology from being mapped. Most faults and 
structures in the area have a significant vertical dip; meaning that they are likely to extend to the 
surface, but may be concealed beneath sand.  The Hg gas study will attempt to map the surface 
expression of those faults by detecting emanations of Hg gas that could easily pass through the 
surface sands.
(8) Assembly of a crustal seismic velocity database for the western Great Basin


John Louie
The objective of this continuing sub-project, in its second year, is to assemble a three-dimensional reference model of crustal seismic velocity for the western Great Basin region of Nevada and eastern California. The seismic velocity model consists of simplified rule-based representations of region's crust to 50 km depth, and more detailed characterization of geothermal areas and sedimentary basins. The model has been contributed to the associated sub-projects assembling geographic databases of geothermal indicators. With the resulting more complete sampling of the crustal geophysical characteristics of geothermal resources in the Great Basin, these measures have contributed to quantitative analyses of the associations between different indicators. Under the Center’s goal “(1) Geothermal Resource Assessment and Exploration: B. Identification and Characterization of New Potential Geothermal Resource Targets,” this project contributes critical data toward the effective exploration for new geothermal resources.
(9) Investigating the relation between geothermal reservoir compaction, geometry and 
     production rates from a ten-year InSAR ground displacement history at the Bradys and 
     Desert Peak fields
     Gary Oppliger and Mark Coolbaugh

The objectives of this sub-project are to 1) demonstrate the recovery and application of retrospective Satellite Interferometric Synthetic Aperture Radar (InSAR) annual ground movement histories for geothermal fields lacking documented subsidence; 2) identify specific reservoir structural controls through integration of the subsidence patterns with mapped geological and geophysical data; 3) chart measures of each reservoir’s subsidence vs. production sensitivity over time to define its progression toward production equilibrium. This sub-project supports increased utilization of geothermal resources in the Western United States by developing basic measurements and interpretations that will assist reservoir management and expansion at Bradys, Desert Peak and the Desert Peak EGS study area and serve as technology templates for other geothermal fields.

(10) Geochemical sampling of thermal and nonthermal waters in Nevada: Evaluation of
        geothermal resources for electrical power generation and direct-use applications

  
 Lisa Shevenell and Larry Garside


The objective of this part of the project is to obtain geochemical data from springs (and some wells) for which data are not publicly available, or for which the analyses are incomplete or poor.  With these data, geothermometers are being calculated and a preliminary assessment of the geothermal potential and ranking of the sampled areas will be conducted using the new geochemical data.

Background:


(1) Management Activities 


Lisa Shevenell and Jane Long

The GBCGE was established at the University of Nevada, Reno in May 2000 to promote research on and utilization of geothermal resources in the Great Basin of the Western United States.  The Center received funding through this grant to promote increased geothermal development in the Great Basin, with most of the funding being used to fund peer-reviewed research. Funding to the Center and work under the contract were initiated March 22, 2002.  The Center continues to monitor the research projects that were competitively awarded in March 2002, and then again in June 2003.

This part of the grant is also used to support public outreach activities, including web page and database development and informational workshops for stakeholders.  Web page development is on-going, and several workshops were organized and executed during previous reporting periods.

(2) Dating of young igneous rocks associated with geothermal systems in the Great Basin.


     Greg Arehart and Mark Coolbaugh

       The vast majority of producing geothermal systems (i.e., those that produce electrical
power) around the world are associated with active magmatic provinces; heat associated with
recent magmatic activity is thought to drive fluid convection. In contrast, the geothermal systems 
in the Great Basin appear to be of two types: magmatic-driven (similar to most other geothermal 
systems globally) and extensional (driven by deep circulation in a region of high heat flow).
Magmatic-driven systems in the Great Basin can be identified by their geochemical signature 
(Arehart et al., 2002) and their spatial association with young rhyolites (Figure 1). These systems 
appear to be localized on the margins of the Great Basin. In contrast, extensional systems occur 
primarily in the interior of the Great Basin, and do not appear to be associated with young 
rhyolites (Figure 1). However, extensional systems do correlate with the presence of young 
basaltic volcanism 1.5 Ma or less in age (Coolbaugh et. al, 2002). Much of this basaltic 
volcanism consists of volumetrically minor cinder cones and lavas whose presence is thought to 
indicate regions of active extensional tectonism: such tectonism is a favorable environment for 
the formation of high-temperature geothermal systems.


It has been shown empirically in the Great Basin and elsewhere that magmatic-type systems have a higher temperature gradient with depth and are, therefore, potentially more productive targets. Consequently, the presence of young (<1.5 Ma) siliceous volcanic rocks should be considered a positive indicator of the exploration potential of geothermal systems. The presence of young basaltic rocks (<1.5 Ma) is considered a positive indicator for the occurrence of extensional geothermal systems, as these basaltic rocks may utilize similar pathways in extended or extending crust.

(3) Targeting potential geothermal resources in the Great Basin from regional to basin-scale relationships between geodetic strain and geological structures


Geoff Blewitt

The objective of this part of the grant is to assess a new method to target potential geothermal resources on the regional scale.  The method is based on seeking relationships between geologic structures and geodetic observations of regional tectonic strain.  The working hypothesis is that geothermal plumbing systems might in some regions be controlled by fault planes acting as conduits that are continuously being stressed apart by tectonic activity. The outcome of this project will be a map indicating regions that this new method indicates as having promising geothermal potential. 
(4) Remote Sensing for Exploration and Mapping of Geothermal Resources


Wendy Calvin and Mark Coolbaugh

Thermal infrared imagery has been used previously to locate hot springs above geothermal resources, but its usefulness in exploration has been limited because the thermal anomalies were detected only in the immediate vicinity of known hot springs or fumaroles.  Hyperspectral imagery in the visible and near-infrared has long been used to map surface mineralogy and alteration deposits.  Recent significant advances in the availability and quality of both short-wave and thermal infrared imagery demand a reassessment of their role in geothermal exploration.  The proposed work builds on our demonstrated success using both TIMS and ASTER data that show increases in the number of remotely detected thermal anomalies by an order of magnitude.  This initial study was performed in the Steamboat Springs region.  Preliminary work with ASTER data suggests the potential for obtaining similar results over the Brady Hot Springs region.  At 90m/pixel, this space-borne data can easily identify an outcrop ~2km in length. The work will acquire higher resolution airborne imagery to map mineralogy and other features at known vents and fumaroles in the region and provide a regional scale assessment of other thermal anomalies at the site.

(5) Regional assessment of exploration potential for geothermal systems in Nevada using a 
     Geographic Information System (GIS)


Mark Coolbaugh, Gary Raines, Lisa Shevenell, Tim Minor, Don Sawatzky and


Gary Oppliger
There is a need for the numerous datasets relevant to geothermal exploration and assessment to be compiled and simultaneously modeled using a GIS system to identify likely targets for future geothermal resource exploration drilling and development. There are three primary objectives of this type of research: 1) analyze spatial correlations and inter-relationships between geothermal systems and map features such as geologic rock types, young faults, young volcanism, depth to water table, 2) combine geologic, geochemical, and geophysical maps together into an overall predictive model for geothermal systems in the Great Basin, and 3) make this GIS database accessible to the public to promote greater resource utilization.

(6) Geologic and Geophysical Analysis of the Desert Peak-Brady Geothermal Fields:  Structural Controls on Geothermal Reservoirs in the Humboldt Structural Zone

     Jim Faulds


A broad region of high heat flow, the Battle Mountain heat-flow high, covers much of northern Nevada and includes an ENE-trending zone of faults (Fig. 1). This zone of faulting and high heat flow has been referred to as the Humboldt structural zone (HSZ). Most major geothermal fields in northern Nevada occur along NNE-striking faults in or near the HSZ. The abundance of producing fields and regional extent of the heat flow anomaly indicate high potential for discovering additional geothermal reservoirs. Despite the economic significance of the HSZ, few detailed investigations have been conducted on its Cenozoic stratigraphic and structural framework. How structures and strata control geothermal resources in the HSZ are generally poorly understood. Our integrated structural and geophysical investigation of the Desert Peak-Brady geothermal fields in the Hot Springs Mountains of western Nevada has significant potential for characterizing the structural setting (strain and stress fields) and controls on geothermal reservoirs in the HSZ. Of developed fields, some of the best exposures of faults and folds occur in the Desert Peak-Brady fields. Our research complements an ongoing EGS study by ORMAT and GeothermEX and builds on our completed work in the area.  

Scope of Work:  

This study involves: 1) expansion of detailed mapping (1:24k scale) to include remaining parts of the northern Hot Springs Mountains, 2) more thorough stratigraphic-structural analyses, 3) acquisition of additional gravity data, 4) a micro-earthquake (MEQ) study, and 5) continuation of the GIS compilation. The mapping and structural-stratigraphic analyses will better delineate the late Cenozoic 3D strain-stress fields and further elucidate relations between faults, strata, and geothermal reservoirs. The gravity work will further constrain the subsurface geometry of major faults and configuration of the Tertiary-basement contact. The MEQ survey will discern the subsurface geometry of faults and fractures that channel fluids. 

(7) Exploration for Concealed Structures at Desert Peak Using Mercury Soil Gas Detectors

Paul Lechler, Mark Coolbaugh, and Chris Sladek


Both Hg soil gas and soil Hg concentrations have been shown to correlate well with fossil and active geothermal systems, and are commonly used for mineral exploration (Rose, 1979) and geothermal exploration (Klusman, 1993).  Mercury vapor analysis correlated well with temperature gradients at Dixie Valley in previous geochemical surveys, for instance (Klusman, 1993).  Mercury vapor is capable of penetrating sand and soil cover, which makes it useful for identification of buried structures favorable for fluid transport in geothermal systems. Combined with structural, geophysical, and thermal data, Hg soil gas surveys can yield valuable information to help identify geothermal targets. The cost of such a survey is very low, on the order of $10.00/sample. 

Results of a preliminary Hg vapor survey conducted at the southwest end of the Brady’s geothermal system indicate a positive correlation with areas of steaming and warm ground. Mercury emissions from steam-heated ground over inferred structural trends ranged from approximately 116 to 485 ng/m2/day versus values of 40 to 100 ng/m2/day for areas away from or between structures.  Peak to background resolution for this methodology is very good.
(8) Assembly of a crustal seismic velocity database for the western Great Basin

     John Louie

This sub-project, in its second year, is concerned with assembling a three-dimensional reference model of seismic velocity for the western Great Basin region of Nevada and eastern California. Exploration for hidden resources requires a realistic crustal and upper-mantle model to understand the deep sources of geothermal heat. In the western Great Basin, crustal properties and thickness are known only at wide spacing, but the structure of the urban basins and certain geothermal regions is known at some detail. We are compiling velocity information from sources in the literature, results of previous seismic experiments and earthquake-monitoring projects, and data donated from mining, geothermal, and petroleum companies. We also collected (May 2002) a new crustal refraction profile across western Nevada and the northern Sierra to Auburn, Calif. This section had not been characterized previously. Two additional regional refraction experiments are planned for the next two project years. The resulting seismic velocity model consists of simplified rule-based representations of the lithosphere to 50 km depth, and of the region's most important geothermal areas and sedimentary basins. The model is specified in a form compatible with computer codes developed for SCEC, EarthScope, and a collaborating project on seismic hazards in southern Nevada funded by the Lawrence Livermore National Lab. The resulting seismic velocity model has been contributed to the associated sub-projects assembling geographic databases of geothermal indicators. With the resulting more complete sampling of the crustal geophysical characteristics of geothermal resources in the Great Basin, these measures have contributed to quantitative analyses of the associations between different indicators. This project develops critical data toward the effective exploration for new geothermal resources.
(9) Investigating the relation between geothermal reservoir compaction, geometry and 
     production rates from a ten-year InSAR ground displacement history at the Bradys and 
     Desert Peak fields.

     Gary Oppliger and Mark Coolbaugh
    
Surface deformation is an expected consequence of the production of geothermal fluids and steam even if the reservoir is kilometers deep and isolated from shallow groundwater. Knowledge of changes in the extent and compaction rates of producing geothermal reservoirs observed through subtle surface subsidence patterns promise to assist with geothermal field expansion and sustainability through improvements in production and reinjection well siting and management. Surface subsidence rates of several centimeters per year have been measured across several major geothermal fields beginning at least as early as the mid 1970’s using optical leveling techniques. In the semi-arid terrain of the western USA, satellite Interferometric Synthetic Aperture Radar (InSAR) with Global Positioning System (GPS) ground control have proven an effective, modern combination to track subsidence patterns. The existence of a twelve-year archive of satellite radar scenes (European Space Agency  ERS-1/2 radar satellites) over much of the western USA, facilitates retrospective subsidence studies over most geothermal sites, however, past studies have addressed only a few major fields.


While the InSAR-GPS method’s ability to monitor geothermal field subsidence effects has been established on some of the largest fields, the method has not been evaluated for its reservoir management value at mid-size geothermal fields, where subsidence patterns remain largely unobserved. This study will document the applicability of this monitoring and analysis approach over two such fields, Bradys and Desert Peak, located 80 km northeast of Reno, Nevada. 

(10) Geochemical sampling of thermal and nonthermal waters in Nevada: Evaluation of 
        geothermal resources for electrical power generation and direct-use applications


 Lisa Shevenell and Larry Garside


There are more than 350 known geothermal systems in Nevada.  At least 30% of these systems do not have modern, complete water analyses, with analyses for many of these from only one spring in a group of springs. Often it is not know from which spring in a group the sample was taken or if the sampled spring was from the highest temperature spring in that group.  Additional data are available from a previously digitized database containing all springs and wells on 7.5' quadrangles.  From these digitized site locations, there are (1000 springs for which a location is known, but for which there are no available temperature (or chemical) measurements.  Although many of these sites are within known geothermal areas and are located near springs for which temperature and/or geochemical data are available, many of these sites are not so located and require evaluation before the geothermal potential of the area can be assessed.  A sampling team was assembled and collaboration with researchers at Lawrence Berkeley National Laboratory (Thijs van Soest and B. Mack Kennedy) was initiated in a previous reporting period. Fluid sampling for geochemical analysis was initiated in previous quarters and will continue into subsequent quarters.  Data analysis is proceeding.

STATUS / ACCOMPLISHMENTS: 

Highlights of accomplishments over the past quarter of funding under these research projects are described below:

(1) Management Activities 


Lisa Shevenell and Jane Long


A second version (1-page, rather than the 2-page version completed in October 2003) of the 2004 Annual Operating Plans (AOP) for the Center and each of the sub-projects was prepared this quarter.



A day-long meeting was held with Ormat, DOE, INEEL, Geothermics, and UNR, and EGI personnel to discuss the EGS projects at Desert Peak and Coso.  A plan for cooperation on technical issues was discussed.


No workshops were organized or held during this quarter. Database and web page development is on-going.  An initial meeting with the newly formed advisory board was scheduled for February, 2004.

Shevenell and Long prepared a poster titled: “Great Basin Center for Geothermal Energy Mission and Research Projects” that was presented at the Western States Renewable Energy Summit in Reno, NV on October 8, 2003.


Long has been involved in facilitating the award of a geothermal contract to power the satellite campus of UNR at Redfield.  A contract had been awarded to ATS who have subsequently gone out of business. Redfield sits on the Steamboat Springs reservoir site.  If such a contract can be perfected, Redfield would provide an ideal training site for geothermal engineering and science. A meeting is scheduled with all stakeholders for January 15th to discuss common goals for a geothermal facility at Redfield.  This may include a hydrogen generating and fueling facility to power Reno Transportation Commission (RTC) busses.  


Preliminary discussions have been held to organize a Nevada-Great Basin Geothermal workshop in the spring.  Omnibus funding for the workshop is being sought through GPW funds with assistance of DOE/HQ.


All database construction and GIS activities of the individual projects continue to be coordinated through the Center to avoid any duplication of efforts and to assist researchers in obtaining complementary data sets being developed under other projects. 

Additional quotes on electronic field data gathering and mapping units were obtained this quarter, and the purchase was initiated.  These were investigated to determine if a more efficient method of data gathering for the various projects can be utilized.  Components were ordered for a probe to measure temperature gradients in existing wells.  Need for such a probe has arisen in the course of conducting several of the projects.  



Shevenell responded to numerous email and phone inquiries regarding the Center and availability of data.  Various data were again supplied to several individuals, consultants and geothermal companies.  



Several of the Center personnel attended the annual Geothermal Resources Council meeing in Morelia, Mexico and made presentations of their funded work.

Following discussions among Shevenell, Long, and DOE program manager Nathwani, approximately $40,000 of the current FY03 management money was reallocated to purchase GPS equipment such that four additional stations could be added to the network being maintained by Blewitt.  These funds will be reimbursed to the management category once FY04 funds are made available to UNR.  Currently the funded projects are funded for two years, and the second year of the projects are covered by FY04 dollars. The second year of these projects did not request all of the available research funds, and hence, it was decided to spend $40,000 of these remaining funds on GPS equipment as soon as possible, and the remaining funds to hire an additional GIS expert once the FY04 funds are available.  Hence, the current $40,000 allocation of FY03 funds for GPS equipment is actually borrowing from the FY04 research funds.


As part of the outreach activities, the geodatabase for the Geothermal Center was made available on the World Wide Web with the development of several ESRI ArcIMS services.   A thematic map composed from these geodata can be viewed by an Internet

browser or ESRI ArcExplorer.  Additionally, the geodata can be downloaded from our ftp site.  Internet links to the ArcIMS services and the ftp site are available at the Geothermal Center website (http://www.unr.edu/geothermal/).

(2) Dating of young igneous rocks associated with geothermal systems in the Great Basin.


     Greg Arehart and Mark Coolbaugh


Arrangements were made with the Naval Air Station near Fallon to visit a restricted area at Lone Rock in November, and two samples of a young basalt in the northern Carson Sink were collected.

Dr. Terry Spell of UNLV visited UNR to discuss techniques and assess sample suitability for Ar-Ar dating.  A subset of the collected samples was submitted for thin sections, which are expected to be returned in early 2004.  Petrographic analysis of these thin sections will allow us to select the best samples for dating.
 
(3)  Targeting potential geothermal resources in the Great Basin from regional to basin-scale relationships between geodetic strain and geological structures


Geoff Blewitt

Conclusions from Year 1 of this study were presented at the October 2003 GRC meeting in Morelia, Mexico (a paper that won best paper award in the Basin and Range session). Input to the FY03 annual report was prepared and submitted.  During this quarter, monuments were established at all 23 stations of the new GPS network using custom-designed stainless steel rock bolts.  The GPS equipment stations were tested to ensure that they work according to specifications, and that the solar panels are adequate to recharge the batteries to enable satellite tracking 24-hour per day.   Toward the end of this quarter, an additional $40K was approved from FY04 dollars (see management activities) to acquire 4 more GPS systems, which will be sufficient to cover 7 additional stations that span the Northern Walker Lane from the Sierra Nevada to the Desert Peak area.  This brings the total network up to 30 stations.  The current status is that 28 out of 30 stations have been selected and monumented, and 2 stations (one near Brady’s Hot Springs, and one for reference in the Sierra Nevada) are fully operational and are currently tracking GPS data.

(4) Remote Sensing for Exploration and Mapping of Geothermal Resources


Wendy Calvin and Mark Coolbaugh

· HyMap data over Brady’s was delivered and analyzed for tufa and sinter deposits. Field visits to Brady's Hot Springs and Desert Peak were made to evaluate anomalies and mineral assemblages.  This ongoing work was presented at the GRC in Mexico.

· We interfaced with the MASTER flight coordinator Bruce Coffland at NASA-Ames regarding new day/night acquisitions over Jersey Valley. We requested and received MASTER data over Fish Lake Valley acquired in 2000.

· Calvin continued email/phone exchanges with Greg Nash (U Utah) and Bill Pickles (LLNL) regarding plans for a collaborative effort in remote sensing of a new region.  Expectation is that there will be a joint proposal to DOE in early 2004. 

· Meetings at the GRC suggested new efforts in using remote sensing data to coordinate with downhole stratigraphy in the Pah Rah Range.  Work with Jim Faulds should help identify where to apply new techniques of hydro fracturing.

· Attended the one-day EGS precurser meeting at DRI and began plans to characterize Desert Peak drill chip boards using field spectrometer.

· Helped Greg Nash prepare EGS opportunity proposals regarding Fish Lake Valley.

(5) Regional assessment of exploration potential for geothermal systems in Nevada using a 
      Geographic Information System (GIS)


Mark Coolbaugh, Gary Raines, Lisa Shevenell, Tim Minor, Don Sawatzky and


Gary Oppliger
A preliminary GIS compilation of strike orientations of controlling faults of known geothermal systems was completed for the state of Nevada.  This structural database was evaluated statistically and used to refine models of Quaternary extensional processes in the northwestern portion of the Great Basin, with the help of discussions with Jim Faulds (structure) and Geoff Blewitt (geodetics).  This database has helped improve the understanding of how Quaternary crustal extensional processes influence the location of geothermal systems in the Great Basin.

A new set of regional strain rate maps for the Great Basin was produced using an updated database of crustal motion derived from a world-wide network of GPS stations.  This database was generated by Geoff Blewitt’s research project on geodetic strain.  Preliminary spatial statistical analyses were used to identify correlations between high extensional strain rates and the location of geothermal systems in the Great Basin.  

Web Site Development:

A meeting was held with Richard Smith, Joel Renner, David Blackwell, and Catie Helm-Clark in Buena Vista, Colorado in November to discuss coordination of the Smith et. al. and Coolbaugh et. al. geothermal GIS research projects.  It was agreed that Smith et. al. will convert their Adobe Illustrator-formatted files into ArcView and/or ArcGIS file formats, to facilitate GIS analysis and to be posted on the web site of the Great Basin Center for Geothermal Energy in Reno, NV.  

Documentation/Information Dissemination:  

An annual operating plan was prepared for the DOE in December, 2003.  A listing of formal presentations and papers given during the quarter are listed below.

(6) Geologic and Geophysical Analysis of the Desert Peak-Brady Geothermal Fields:  Structural Controls on Geothermal Reservoirs in the Humboldt Structural Zone
       Jim Faulds

Major accomplishments in the last quarter include a) presenting a paper (Faulds et al., 2003) describing the structural and geophysical analyses at the Desert Peak and Brady’s fields at the GRC Meeting in Morelia, Mexico; b) release of the geologic map and cross section, incorporating the Phase I transect between the EGS area, Desert Peak area, and Brady geothermal fields, as a Nevada Bureau of Mines and Geology Open-File Report (Faulds and Garside, 2003), c) beginning Phase II geologic mapping in the northern Hot Springs Mountains, d) analysis of well logs and core to elucidate subsurface structural features in the northern Hot Springs Mountains, e) completion of a 2-D gravity model for the completed cross section, and f) ordering portable seismometers for the micro-earthquake study and selection of sites for the instruments.  

Major findings and accomplishments in the last quarter include:

1. Finalizing the Phase I geologic map and cross section for publication.  The Phase I map includes ~70 km2 of detailed mapping between the EGS Desert Peak study area on the east and Brady geothermal field on the west.  Copies of the new geologic map were distributed to Ormat and Geothermex. 

2. A 2-D gravity model was created using the completed geologic cross-section.  The gravity model and geologic cross-sections are in satisfactory agreement over most of the profile. Although uncertainties in actual bulk rock densities limit the reliability of the model, the results indicate that a broad gravity high centered in the northern Hot Springs Mountains results from a thick section of basalts within the Tertiary section (as shown within the cross section) rather than relatively shallow basement.  However, the gravity modeling does suggest that pre-Tertiary basement may be 400 meters deeper than shown in the cross section over a 3 km horizontal distance just east of the Brady’s Field.  The models and results were shared with Brady’s-Desert Peak stake-holders (Christy Morris and Skip Matlick of Ormat and Ann Robertson-Tait). 

3. Mineral separates of 4 volcanic units were prepared for radiogenic dating and sent to the Geochronology Lab at New Mexico Tech for analysis.  These include some of the oldest and youngest volcanic units in the area.  Dates for these units will help to constrain the timing of extension and volcanism within the northern Hot Springs Mountains.  

4. Detailed analyses of well logs and core began to help constrain the subsurface structure framework of the Desert Peak and Brady geothermal fields.  

5. Phase II geologic mapping began in the Desert Queen Mine area just north of the EGS site.  The Desert Queen area contains the only exposures of Mesozoic basement in the area.  The geothermal aquifer at the Desert Peak field resides in Mesozoic basement.  In addition, the planned hydrofracturing in the EGS well will occur in Mesozoic basement.  

6. 15 portable stations consisting of RefTek 72A digital recorders and 3-component L-22 seismometers were ordered for the Phase II micro-earthquake study.  In addition, ten potential sites were selected in the field for these instruments. 

(7) Exploration for Concealed Structures at Desert Peak Using Mercury Soil Gas Detectors

Paul Lechler, Mark Coolbaugh, and Chris Sladek

A sampling grid has been superimposed on the known geology and topography in a GIS environment, and a precise survey area has been identified.  An array of sample location coordinates has been calculated for 50m spacing along NW-trending sampling lines which are 200m apart and contain 50 samples per line.  The sample coordinates have been downloaded into handheld GPS receivers which are used for locating sample sites in the field.  Five hundred locations have now been visited and 500 detectors have been analyzed.  No samplers are currently deployed at the site.


Based on results from initial orientation surveys that functioned to evaluate materials and procedures, gold wires (0.25mm x 50mm) are being deployed for 7 day integration periods.  As data are generated, they are entered into an Excel spreadsheet and then transferred to Systat for processing and three-dimensional contouring.  Final data presentation will be via GIS.

(8) Assembly of a crustal seismic velocity database for the western Great Basin


John Louie

During this quarter, this sub-project worked primarily on preparation for the next funded seismic experiment, now scheduled for August 2004. Explanations of our 2002 survey results are available through the sub-project’s web site at www.seismo.unr.edu/geothermal. We have submitted a manuscript on these results to the journal Tectonophysics, that should be formally accepted for publication in January:

J. N. Louie, W. Thelen, S. B. Smith, J. B. Scott, M. Clark, 2003, The northern Walker Lane refraction experiment: Pn arrivals and the northern Sierra Nevada root: submitted to Tectonophysics, July 2, revised Dec. 14. (Available on line at www.seismo.unr.edu/geothermal/walker.html)


This sub-project has also continued to work in close concert with another project, sponsored by LLNL, that has developed a prototype velocity model assembler code. This code and an updated velocity data-base are available on a semi-private web server (URLs: shake.seismo.unr.edu:8081/wgbcvm/ and shake.seismo.unr.edu:8081/lv/share/ma3/ ). 
(9) Investigating the relation between geothermal reservoir compaction, geometry and 
     production rates from a ten-year InSAR ground displacement history at the Bradys and 
     Desert Peak fields

     Gary Oppliger and Mark Coolbaugh
Highlights of accomplishments over the past quarter of funding under these research projects are described below:

Significant Preliminary Results: 

In December 2003, we observed in our interferograms the first large scale production related subsidence feature reported at the Bradys geothermal field. A preliminary assessment of the subsidence pattern suggests that the Bradys production zone has strong (fault controlled?) hydrologic conductivity along a 7 km length with a weaker but visible extension along 11 km total.  The full development of this result by our study should materially aid management and expansion of the Bradys geothermal field. 

Accomplishments:

 Four of eight ERS-1/2 scenes obtained from the WInSAR database were successfully processed into four interferograms spanning two key periods Nov 92 - Nov 95 (3 years) and Nov 95 - Sep 00. (4.8 Years). It is significant to this project’s objectives that all of these interferograms show a well defined subsidence feature over the Bradys geothermal field. A weaker and partially noise obscured feature is also apparent over the Desert Peak field in the later interferogram period. Our preliminary assessment of the Bradys subsidence feature suggests dimensions of 7 km by 2.5 km with a northwest strike and a maximum annual subsidence rate of at least 1.3 cm/year. Over the two observation periods the Brady’s pattern grows asymmetrically toward the south-southeast. Additionally, a 500 meter wide inflation feature appears to correspond to an active injection well. The Desert Peak subsidence anomaly is more difficult to quantify in these first interferograms due to its weaker expression (perhaps only 3 mm per year) and associated interferogram noise caused by changes in the surface’s radar texture. The acquisition and processing of additional scenes planned for the next three quarters is expected to improve the definition of both of these anomalies.

(10) Geochemical sampling of thermal and nonthermal waters in Nevada: Evaluation of 
        geothermal resources for electrical power generation and direct-use applications

 Lisa Shevenell and Larry Garside


Additional sites were visited this quarter in the in Smoke Creek Desert, but only one sample was obtained.  Geothermometers were calculated on the newly analyzed waters.  Water samples were also collected from six hot springs and three cold wells in Surprise Valley as part of a separately funded project, but the data will be made available to the database being constructed as part of this project.

Data were received for sites that were selected for 14C analysis.  Literature searches and research was conducted on using 14C to date groundwaters in order to become familiar with the latest developments in this field.



Shevenell prepared a poster highlighting the geochemical data collected, and the associated database and website being constructed.  The title of the poster is “Nevada Geothermal Resources Database and Web Site”, and it was presented at the Western States Renewable Energy Summit to in Reno, NV on October 8, 2003. A PowerPoint presentation for the annual GRC meeting in Morelia, Mexico was prepared, and presented by a colleague (Chris Sladek).

We continue to revise and update the text of Bulletin 91 (Thermal Waters of Nevada, by Garside and Schilling, 1979) with information in the published literature and data collected from field visits to the selected sites in 2002 and 2003.  These new data were shared with numerous entities, including geothermal consultants and geothermal companies to assist them in their efforts to identify new geothermal prospects for more extensive exploration.  A press release was prepared to announce the new geochemical geothermal web site at: http://www.nbmg.unr.edu/geothermal/gthome.htm.
A field sheet and photo database continues to be constructed with all field data being captured.  

Plans for Next Quarter: 


(1) Management Activities 


Lisa Shevenell and Jane Long

We hope to hire a permanent administrative assistant in the next 3 months; interviews are being scheduled for early January 2004.

We will plan a workshop showcasing the research being conducted at the Center.

No problems have been encountered that would impact milestones.  Required quarterly and annual reports have been, and will continue to be prepared and submitted.  

We will continue working on web page and database development.  


Several research activities supported by GBCGE in the last year have produced new geologic, geochemistry, and aircraft images and analyses.  These and other new data will be added to the GBCGE database as they become available.  The interactive map server is under development, and is currently functioning: 

http://able1.mines.unr.edu/Geophysics_website/Geothermal_GIS_build/interactive_maps.htm

We will continue pursuing a project between UNR, GBCGE, and Ormat regarding using geothermal water to power, heat and cool the Redfield campus that is currently under construction south of Reno adjacent to the Steamboat Hills geothermal area.  It is hoped that this facility can be used for training in geothermal utilization.
(2) Dating of young igneous rocks associated with geothermal systems in the Great Basin.


     Greg Arehart and Mark Coolbaugh

During the first quarter of 2004, work will continue in the following areas:
1)  Petrographic analysis of thin sections of rocks to determine the best samples for dating;
2)  Preparation of mineral separates; and, 
3) Submission of these mineral separates to the UNLV lab for dating.  Results will likely not be available until the second quarter.

(3) Targeting potential geothermal resources in the Great Basin from regional to basin-scale relationships between geodetic strain and geological structures


Geoff Blewitt



This quarter, the remaining 2 out of 30 GPS stations will be selected and monumented in the Northern Walker Lane, and the remaining 10 GPS systems will be installed into the network and will begin collecting data.  Fieldwork is scheduled for one day every week to install the remaining GPS systems, to collect GPS data from the stations, and to relocate GPS systems from station to station so that the entire network is covered. The new 7 station extension in the Northern Walker Lane requires 4 new GPS systems, which will be purchased this quarter, along with necessary supplies for power, maintenance, data acquisition and security.  
(4) Remote Sensing for Exploration and Mapping of Geothermal Resources


Wendy Calvin and Mark Coolbaugh

· Characterize Desert Peak chip boards at UU.

· Finish analysis of HyMap data for sinter deposits and characterize potential to map other minerals (e.g. sulfates) in vicinity of fumeroles.  

· Perform XRD or microscope analysis of field samples of  sinters to explore causes of band depth variation observed in the HyMap data.

· Prepare and present summary of HyMap analysis for AVIRIS workshop (Mar 31-Apr 2 in Pasadena)

· Chris Kratt will attend Stanford Workshop.

· Organize submissions to IGARSS regarding potential for remote sensing in Geothermal Exploration (abstract deadline Mar 12).

· Begin field characterization of basement blocks related to hydrofracturing at Desert Peak.

(5) Regional assessment of exploration potential for geothermal systems in Nevada using a 
     Geographic Information System (GIS)

     Mark Coolbaugh, Gary Raines, Lisa Shevenell, Tim Minor, Don Sawatzky, Gary Oppliger
During the 1st quarter of 2004, a new map depicting the depth to the groundwater table in the entire Great Basin is scheduled for completion by Tim Minor of the Desert Research Institute.  This map was originally to be completed in the 4th quarter of 2003, but was delayed because of unrelated urgent modeling needs for the Tahoe basin.  Also during the 1st quarter of 2004, preliminary predictive maps of geothermal potential in the entire Great Basin are scheduled to be completed.

(6) Geologic and Geophysical Analysis of the Desert Peak-Brady Geothermal Fields:  Structural Controls on Geothermal Reservoirs in the Humboldt Structural Zone
           Jim Faulds

In the first quarter of 2004, the following will be carried out: 1) Geologic mapping and structural analysis will continue in the northern Hot Springs Mountains, particularly in the Desert Queen Mine area and along the northern part of the Brady’s and Rhyolite Ridge faults, along which the Brady’s and Desert Peak fields are developed, respectively.  2) Collection of Phase II gravity data. 3) Initial deployment of the seismometers for the micro-earthquake study (probably in March).  4) Thorough analysis of core and some cuttings from the Brady’s and Desert Peak fields for correlation of rock units in the subsurface, which will elucidate the overall structural and stratigraphic framework of the area.  5) Presentation of our findings at the January meeting of the Nevada Petroleum Society in Reno.  

(7) Exploration for Concealed Structures at Desert Peak Using Mercury Soil Gas Detectors

Paul Lechler, Mark Coolbaugh, and Chris Sladek

The main task for this project is the integrated field collection of mercury from approximately 1000 sample locations and the laboratory quantification of mercury on the samplers.  The timing for completion of this combined task is reliant on weather conditions.  Variations in weather conditions throughout the sampling campaign should be minimized, and sampling will pause during very windy, rainy, or snowy conditions.  When weather conditions stabilize, sampling will continue in the spring of 2004.  The entire survey area has now been sampled at 50% density.  Sampling/analytical artifacts that might arise as a function of inter-seasonal sampling should be minimized as infill data collection of every other survey line is resumed.  This final sampling campaign will be completed as soon as practical.

(8) Assembly of a crustal seismic velocity database for the western Great Basin


John Louie

Velocity models and other geophysical images and databases resulting from this sub-project are now available on a web site. We will complete the integration of the May 2002 results and modeling with prior models, and get comments from the geothermal industry and other colleagues on the utility of the web site..

In August 2004 we plan to record a similar refraction profile, from the Barrick GoldStrike mine northeast of Battle Mountain, across the Long Valley Caldera and the central Sierra to Fresno, California. This profile runs south of the Humboldt Lineament and its geothermal production associated with extensional tectonics, crossing the magmatic geothermal systems of the Caldera instead. We are permitting and staging people and equipment for this profile, and have confirmed our scheduled use of additional Reftek “Texan” recorders with the PASSCAL Instrument Center at New Mexico Tech.

(9) Investigating the relation between geothermal reservoir compaction, geometry and 
      production rates from a ten-year InSAR ground displacement history at the Bradys and 
      Desert Peak fields.

      Gary Oppliger and Mark Coolbaugh
Geo-locate and load initial interferograms and well locations into GIS.  

Update radar processing software to ROI PAC v 2.2 and re-evaluate the interferogram

 formation success rate by reprocessing previously failed scene pairs. 

Reselect scene pairs to be ordered from ESA based on initial interferogram results

 and best atmospheric conditions based on satellite weather archives  

Visit field site to inventory existing survey vertical control monuments.

Update project web page. 

(10) Geochemical sampling of thermal and nonthermal waters in Nevada: Evaluation of 
        geothermal resources for electrical power generation and direct-use applications


 Lisa Shevenell and Larry Garside


We will continue evaluating data, selecting sites, and sampling springs and conducting chemical analyses of hot and cold springs sampled.  Evaluation of the currently available data will continue in the next quarter.  Data will be added to a digital database being constructed by Center personnel, in part, under separate funding.  In the future, a paper will be prepared evaluating the efficacy of geothermometers in estimating subsurface temperatures at Nevada geothermal areas.
Patents:




None.

Publications:  

Arehart, G., Coolbaugh, M., and Poulson, S., 2003. Evidence for a Magmatic Source of Heat for the Steamboat Springs Geothermal System Using Trace Elements and Gas Geochemistry.  Transactions Geothermal Resources Council 27:  269-274.

Blewitt, G., Coolbaugh, M., Sawatzky, D., Holt, W., Davis, J., and Bennett, R., 2003. Targeting of Potential Geothermal Resources in the Great Basin from Regional to Basin-Scale Relationships Between Geodetic Strain and Geological Structures. Transactions Geothermal Resources Council 27:  3-7.

Coolbaugh, M.F., 2003, The Prediction and Detection of Geothermal Systems at Regional and Local Scales in Nevada using a Geographic Information System, Spatial Statistics, and Thermal Infrared Imagery: Ph.D. dissertation, Reno, Nevada, University of Nevada, Reno, USA, 172 p.

Coolbaugh M., Sawatzky, D., Oppliger, G., Minor, T., Raines, G., Shevenell, L., Blewitt, G., and Louie, J., 2003. Geothermal GIS coverage of the Great Basin, USA: Defining regional controls and favorable exploration Terrains.  Transactions Geothermal Resources Council 27:  9-11.

Faulds, J.E., and Garside, L.J., 2003, Preliminary geologic map of the Desert Peak – Brady geothermal fields, Churchill County, Nevada: Nevada Bureau of Mines and Geology Open-File Report 03-27.  

Faulds, J., Garside, L., and Oppliger, G., 2003. Structural Analysis of the Desert Peak-Brady Geothermal Fields, Northwestern Nevada: Implications for Understanding Linkages between Northeast-Trending Structures and Geothermal Reservoirs in the Humboldt Structural Zone. Transactions Geothermal Resources Council 27: 859-864.

Kratt, C., Coolbaugh, M., and Calvin, W., 2003, Possible Extension of Brady’s Fault Identified Using Remote Mapping Techniques. Transactions Geothermal Resources Council 27:  653-656.

Louie, J.N., Thelen, W., Smith, S.B., Scott, J.B., and Clark, M., 2004, The northern Walker Lane refraction experiment: Pn arrivals and the northern Sierra Nevada root: submitted to Tectonophysics, July 2, revised Dec. 14. (Available on line at www.seismo.unr.edu/geothermal/walker.pdf)

Shevenell, L., and Garside, L., 2003. Geochemical sampling of thermal waters in Nevada. Transactions Geothermal Resources Council 27:  27-31.

Shevenell, L., and Garside, L., 2003.  Thermal Waters of Nevada: Update of Bulletin 91. Nevada Bureau of Mines and Geology CD-ROM containing interactive maps, site descriptions, detailed maps, photos, bibliography, and databases.

Presentations:
Arehart, G., Coolbaugh, M., and Poulson, S. . Evidence for a Magmatic Source of Heat for the Steamboat Springs Geothermal System Using Trace Elements and Gas Geochemistry. Presented at the GRC 2003 Meeting, Morelia, Mexico, Oct. 2003. (best paper award in its session).
Blewitt, G., Coolbaugh, M., Sawatzky, D., Holt, W., Davis, J. and Bennett, R. Targeting of 


potential geothermal resources in the Great Basin from regional to basin-scale relationships between geodetic strain and geological structures. Presented at the GRC 2003 Meeting, Morelia, Mexico, Oct. 2003 (best paper award [in its session]).

Coolbaugh M., Raines, G., Sawatzky, D., Blewitt, G., Bedell, R., Shevenell, L., Minor, T. and Taranik, J. A presentation entitled “Predicciónes regiónales para buscar a las aguas termales subterráneas en Nevada USA con análisis espacial por medio de SIG (sistemas de información geográficos)” was given at the Institute for Scientific and Technological Research of San Luis Potosi (IPICYT) (Instituto Potosino de Investigación Científica y Tecnológica) on Oct. 17, 2003, in San Luis Potosi, Mexico.
Coolbaugh M., Sawatzky, D., Oppliger, G., Minor, T., Raines, G., Shevenell, L., Blewitt, G., and Louie, J. A “GRC Best Paper Award [in its session]” was given for a talk entitled “Geothermal GIS of the Great Basin, USA: defining regional controls and favorable exploration terrain”.  This talk was presented at the annual meeting of the Geothermal Resources Council in Morelia, Mexico on Oct. 15, 2003.
Faulds, J., Garside, L., and Oppliger, G. Structural Analysis of the Desert Peak-Brady Geothermal Fields, Northwestern Nevada: Implications for Understanding Linkages between Northeast-Trending Structures and Geothermal Reservoirs in the Humboldt Structural Zone. Presented at the GRC 2003 Meeting, Morelia, Mexico, Oct. 2003.
Kratt, C., Coolbaugh, M.and Calvin, W. Possible extension of Brady’s fault identified using
    remote mapping techniques. Presented at  GRC Meeting session on Remote Sensing,  Morelia,
    Mexico, October 2003.
Louie, J., 2003. The northern Walker Lane seismic refraction experiment: poster presented at the 2003 IRIS/UNAVCO Joint Workshop, June 19-21, Fish Camp, Calif. On line at www.seismo.unr.edu/geothermal.

Shevenell. Nevada Geothermal Resources Database and Web Site.  Presented at the Western States Renewable Energy Summit in Reno, NV on October 8, 2003 (poster).

Shevenell and Long. Great Basin Center for Geothermal Energy Mission and Research Projects. Presented at the Western States Renewable Energy Summit to in Reno, NV on October 8, 2003 (poster).

Shevenell. Geochemical sampling of thermal waters in Nevada.  Presented at the annual Geothermal Resources Council meeting, Morelia, Mexico, October 15, 2003 (prepared by Shevenell and Sladek, but presented by Chris Sladek).

Shevenell.  Geochemistry of thermal waters in Nevada (2002-2003).  Presented at the Geological Society of America annual meeting, Seattle, WA, November 3, 2003.
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		ID Number		Task/Milestone Description		Planned Completion		Actual Completion		Comments

		1		Shevenell & Long - Project Management

		1.01		Prepare and distribute RFP for new competitive funding		Mar-03		Mar-03

		1.02		Review and rank submitted proposals		May-03		May-03

		1.03		Award new research grants		Jun-03		Jun-03

		1.04		Plan and hold workshop to showcase funded projects		Spring 2004

		1.05		Prepare and distribute RFP for new competitive funding		Spring 2005

		1.06		Review and rank submitted proposals		May-05

		1.07		Award new research grants		Jun-05

		1.08		Progress Report		Sep-04

		1.09		Prepare and distribute RFP for new competitive funding		Spring 2005

		1.10		Review and rank submitted proposals		May-05

		1.11		Award new research grants		Jun-05

		1.12		Progress Report		Sep-05

		1.13		Conduct additional RFPs as funding becomes available		2006-beyond

		1.14		Prepare Quarterly Reports, annual reports, and AOPs		ongoing

		2		Arehart - Dating young igneous rocks

		2.01		Collection of group 1 samples (~12 samples)		9/30/03		in progress		waiting for access to 2 sites

		2.02		Completion of mineral separates for group 1		11/15/03

		2.03		Completion of dating measurements for group 1		1/31/04

		2.04		Posting of dates on GBC website		2/15/04

		2.05		Evaluation of dates and preliminary report		5/1/04

		2.06		Collection of group 2 samples (~12 samples)		6/30/04

		2.07		Completion of mineral separates for group 2		7/30/04

		2.08		Attend DOE annual program review		8/30/04

		2.09		Completion of dating measurements for group 2		9/30/04

		2.10		Posting of dates on GBC website		10/15/04

		2.11		Presentation of results at GRC or similar meeting		11/15/04

		2.12		Completion of final report		5/30/05

		2.13		Attend DOE annual program review		8/30/05

		3		Blewitt - GPS Strain Year 1

		3.01		Compilation of GPS velocity data		6/30/02		6/30/02

		3.02		Hire graduate research assistant		7/1/02		7/1/02

		3.03		Construction of tensor strain rate field		9/10/02		9/10/02

		3.04		Presentation of preliminary results at GRC		9/24/02		9/24/02

		3.05		Inclusion in GIS database/Coordination w/Taranik-GIS		10/30/02		10/30/02

		3.06		Strike-normal extensional strain analysis using GIS		9/23/02		9/23/02

		3.07		Presentation of updated results at AGU		cancelled		cancelled

		3.08		Updated map showing favorable geothermal targets		5/7/03		5/7/03

		3.09		Preparation of journal article		6/18/03		6/18/03

		3.10		Attend DOE program review meeting		7/29/03		7/29/03

		3.11		Presentation of updated results at IRIS-UNAVCO Meeting		6/19/03		6/19/03

		3.12		Preparation of final report		7/29/03		7/29/03

				Blewitt - GPS Strain Year 2 (continuation funding)

		3.21		Complete purchase order of 12 GPS station equipment		9/30/03		9/30/03

		3.22		Site reconnaissance/selection @Buffalo Valley & Desert Peak (23 sites)		9/30/03		9/30/03

		3.23		Presentation of paper at GRC Meeting, Morelia, Mexico		10/15/03		10/15/03

		3.24		Receive and test station equipment & download procedures		10/30/03		10/30/03

		3.25		Quarterly report		10/27/03		10/27/03

		3.26		Monumentation installation at 23 sites (Desert Peak & Buffalo Valley)		12/31/03		12/17/03

		3.27		Quarterly report		1/27/04

		3.28		Site selection and monumentation at 7 additional sites (Northern Walker Lane)		1/31/04

		3.29		GPS installation at 23 sites		2/28/04

		3.30		Purchase order of additional 4 GPS systems		2/28/04

		3.31		Commence every week: visit sites, download data, relocate receivers		3/14/04				continuous task

		3.32		Delivery of additional 4 GPS systems		3/31/04

		3.33		GPS installation at 7 additional sites		4/30/04

		3.34		Initial benchmark solutions for basin-scale network		6/30/04

		3.35		Quarterly report		7/21/04

		3.36		Submit paper to annual GRC conference		7/31/04

		3.37		Update basin-scale network solutions		9/30/04

		3.38		Quarterly report		10/17/04

		4		Calvin - Remote Sensing

				Task 1: Hyperspectral Data Analysis		6/03-9/05

		4.01.01		Brady’s analysis of sinter, carbonate, playas		6/03-3/04				Continuing

		4.01.02		Dixie Valley HyMap Data		6/03-6/04				Descoped after Denver review comments on redundancy

		4.01.03		Fish Lake Valley AVIRIS data		9/03-12/04				Waiting on calibrated data.

		4.01.04		MASTER analysis at Fish Lake		1/04 -1/05				Task added in response to review. Data sets delivered.

				Task 2: Buffalo Valley

		4.02.01		ASTER/Landsat Data Acquisition/Analysis		6/03-12/03				Data sets acquired, analysis in progress.

		4.02.02		Identify targets for hyperspectral		6/03-12/03				In progress.

		4.02.03		Hyperspectral acquisitions/analysis		4/04-9/05

				Task 3: MASTER Day/Night

		4.03.01		Request acquisitions.		6/03				Submitted, approval pending

		4.03.02		Data analysis for thermal anomalies		12 months from delivery

				Deliverables:

		4.04.01		Quarterly Progress Reports		Quarterly				Ongoing

		4.04.02		Contributions to GRC Mexico:		Sept 03				Completed.

		4.04.03		Contributions to GRC 2004, San Francisco		May/Sept 04

		4.04.04		DOE annual review		Jul 03,04,05				Attended July 2003

		4.04.05		Presentations at annual AVIRIS Workshop		Feb 04, 05

		4.04.06		Peer reviewed publication(s) for RSE or similar.		Fall 04, Summer 05

		5		Coolbaugh - Geothermal GIS

		5.01		Submission of paper for annual GRC meeting 2003:		7-May-03		6-May-03

		5.02		Posting of Geo-Heat Center geochemical data on web:		31-Jul-03		28-Aug-03

		5.03		Presentation of preliminary results, GRC annual meeting:		15-Oct-03		15-Oct-03

		5.04		Creation of preliminary predictive maps of geothermal potential for Great Basin:		15-Oct-03		ongoing		to be completed 1st quarter 2004

		5.05		Completion of Great Basin map of depth to water table:		1-Jan-04		ongoing		to be completed 1st quarter 2004

		5.06		Posting of geothermal GIS data on web:		ongoing		ongoing		initial posting: 12-Sep-03

		5.07		Updating GIS with new GIS data:		ongoing		ongoing

		5.08		Submission of paper for annual GRC meeting 2004:		7-May-04

		5.09		Completion of final reports discussing 1st year research results:		30-Sep-04

		5.10		Creation of 2nd year predictive maps of geothermal potential for Great Basin:		15-Oct-04

		5.11		Completion of Quaternary fault slip rates, integration with seismic		31-Dec-04

		5.12		Completion of NWIS major, minor, and trace element analysis		31-Jul-05

		5.13		Completion of final report discussing 2nd year research results		30-Sep-05

		6		Faulds - Desert Peak

		6.01		Process gravity data, place in digital database		4/30/04		9/15/02

		6.02		Process Bouger anomaly map		4/30/04		5/15/03

		6.03		Expanded detailed stratigraphic columns (Preliminary)		9/30/04		5/15/03

		6.04		Expanded compilation of geometry and kinematics (Preliminary)		8/31/04		5/15/03

		6.05		Expanded compilation and analysis of folds  (Preliminary)		8/31/04		5/15/03

		6.06		Integrate geochronology with other geologic data (Prelim.)		8/31/04		8/30/03

		6.07		Expanded gravity map of surface and subsurface faults (Prelim.)		7/31/04		6/30/03

		6.08		Convert hard copy to digital data		12/31/04		8/31/03

		6.09		Digitize additional well data		5/31/04		5/15/03

		6.10		Expanded 3-D subsurface model in digital format (Preliminary)		8/31/04		9/30/03

		6.11		Presentation of results at GRC		8/31/04		9/25/02

		6.12		Expanded gravity map of surface and subsurface faults (Final)		9/30/04		9/30/03

		6.13		Expanded 3-D gravity model		9/30/04		7/31/03

		6.14		Expanded detailed stratigraphic columns (Final)		9/30/04		9/30/03

		6.15		Expanded detailed geologic map and cross section		12/31/04		9/1/03

		6.16		Expanded compilation of geometry and kinematics (Final)		9/30/04		9/15/03

		6.17		Expanded compilation and analysis of folds  (Final)		9/30/04		7/31/03

		6.18		Completion of paleomagnetic study		9/30/04		9/15/03

		6.19		Integrate geochronology with other geologic data (Final)		9/30/04		9/30/03

		6.20		New geologic map in GIS format		12/31/04		9/30/03

		6.21		Digital copy of MEQ events and wave-phase arrivals		9/30/04

		6.22		Final velocity model of MEQ study		10/31/04

		6.23		MEQ hypocentral locations (depth and cross sections)		10/31/04

		6.24		MEQ focal mechansims		12/31/04

		6.25		MEQ report of results and interpretations		12/31/04

		6.26		Expanded 3-D subsurface model in digital format (Final)		12/31/04

		6.27		Attend DOE program review meeting

		7		Lechler - Hg Soil Gas Detectors

		7.01		Field sampling and analysis completed		October, 2003*				*revised to June, 2004

		7.02		GIS database finalized		November, 2003*				*revised to July, 2004

		7.03		Final Report		December, 2003*				*revised to August, 2004

		8		Louie - Seismic Database

		8.01		GRC abstract - samples of sources of data		5/1/02		5/1/02

		8.02		Complete hiring of graduate assistants and student workers		5/1/02		5/17/02		1

		8.03		Acquire and configure workstation for web service		5/1/02		6/3/02		2

		8.04		Complete full GRC paper		5/30/02		5/30/02

		8.05		Complete eastern mine blast recording		5/24/02		5/24/02		3

		8.06		Back up recorded eastern data to CD		5/28/02		5/28/02		4

		8.07		Eastern mine blast data reduction and inversion		7/15/02		9/10/02		5

		8.08		Acquire seismic equipment from RefTek		6/15/02		10/1/02		6

		8.09		Complete bibliography of WGB velocity models		8/15/02		10/15/02		7

		8.10		Complete entry of existing velocity models into database		8/15/02		12/10/02

		8.11		Announce velocity database on web to geothermal industry		8/15/02		12/6/02		8

		8.12		Present interpretation of crustal model at GRC		9/22/02		9/25/02		9

		8.13		Preliminary report of velocity data acquired to date		9/30/02		9/25/02		8

		8.14		Collect industry feedback on web interface to database		12/31/02		ongoing

		8.15		Complete integration of new and old data		7/1/03		7/1/03

		8.16		Complete development of trial indexes		7/1/03		7/1/03

		8.17		Make final changes to web database; deliver copy on CD/DVD		7/1/03		ongoing

		8.18		Report referencing all data sources; describe database		7/31/03		8/1/03

		8.19		Prepare technical papers on the velocity model		7/31/03		7/2/03

		8.20		Report on model integration, web facilities		9/30/03		In progress

		8.21		Prepare paper for 2004 GRC Meeting		4/15/04		In progress

		8.22		Execute GoldStrike-Fresno refraction profile		8/31/04

		8.23		Report preliminary results from refraction		9/30/04

				Comments

				1  Hindered because GBCGE administrative support not yet available.

				2  Delayed by articulation with another DOE project, and need to hire student programmers.

				3  No loss or injury during field work. Liaison to Auburn Calif. quarries failed.  The refraction reversal can be acquired piecemeal, using the purchased equipment. However, quarry blasts from further west in California have been identified in the May recordings, so full crustal modelling can proceed.

				4  100% data recovery achieved.

				5 Discovery of Watsonville blast data near eastern blast recordings delayed inversion efforts, so first trial inversions can combine data from both blasts. The combined data reduction and inversion will be done by 2/28/03.

				6  Initial deliveries were on 8/15. Order was completed and received by 9/15/02. The facility is now operational.

				7 Data sources and bibliography posted on a semi-private web site: http://shake.seismo.unr.edu:8081/wgbcvm/

				8 Done at GRC meeting with poster and oral presentations.

				9 Presentation is posted at project website http://www.seismo.unr.edu/geothermal/

		9		Oppliger - InSAR at Bradys Desert Peak

				(PI: Oppliger, MC: M Coolbaugh)

		9.01		SAR order     PI		Dec-03		in progress

		9.02		SAR process    PI		Aug-04		in progress

		9.03		GPS survey     PI		Sep-04

		9.04		GPS process    PI		Oct-04

		9.05		Geothermal production data      MC		Apr-04		in progress

		9.06		Project web page:      Initial           PI		Sep-03		Sep-03

		9.07		Preliminary  PI		Sep-04

		9.08		Final            PI		Jun-05

		9.09		Elevation model    PI		Jun-04		Sep-03

		9.10		Geoid model         PI		Sep-04

		9.11		GIS integration      MC		Jun-05

		9.12		Preliminary technical report    PI,MC		Sep-04

		9.13		Prepare and submit presentation   PI,MC		Aug-04

		9.14		Prepare and submit publication     PI,MC		Aug-05

		9.15		Final technical report                PI,MC		Aug-05

		10		Shevenell - Sampling

		10.01		Present Year 1.5 summary at annual GRC meeting		Oct-03		3-Oct

		10.02		Complete Phase 2 spring sampling		Sep-04

		10.03		Complete Phase 2 water analyses		Nov-04

		10.04		Complete geothermometer and mixing calculations		Feb-05

		10.05		Complete final report evaluating geothermal potential of sampled sites		May-05

		10.06		Provide data and preliminary results to industry and other stakeholders		ongoing
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				BUDGET DATA (as of December 31, 2003)

				Phase/Budget Period												Approved Spending Plan								Actual Spent

				From				To								DOE		Cost		Total				DOE		Cost		Total

				10/01/2003				12/31/2003								Amount		Share						Amount		Share

												UNR Acct #				$		$		$				$		$		$

		(1)		Project Management								1330-114-0065				113,770		0		113,770				105,952		0		105,952

												1320-114-1650				286,890		0		286,890				63,341		0		63,341

				GeoPowering the West								1330-114-0072				96,672		0		96,672				93,330		0		93,330

				Research Projects:

		(2)		Arehart				Magmatic vs Extensional				1330-114-0066				71,128		0		71,128				71,128		0		71,128

								Dating Young Igneous Rocks				1320-114-1657				34,503		0		34,503				15,050		0		15,050

		(3)		Blewitt				GPS Strain				1330-114-0070				86,917		0		86,917				86,917		0		86,917

												1320-114-1655				149,975		0		149,975				113,636		0		113,636

		(4)		Calvin				Remote Sensing				1330-114-0067				63,733		0		63,733				63,733		0		63,733

												1320-114-1658				85,407		0		85,407				29,825		0		29,825

		(5)		Coolbaugh				GIS				1330-114-0071				146,026		0		146,026				145,946		0		145,946

												1320-114-1659				93,023		0		93,023				32,630		0		32,630

		(6)		Faulds				Desert Peak				1330-114-0068				95,811		0		95,811				85,064		0		85,064

												1320-114-1653				97,760		0		97,760				9,867		0		9,867

		(7)		Lechler				Hg Soil Gas Detectors				1320-114-1654				33,984		0		33,984				6,677		0		6,677

		(8)		Louie				Seismic Database				1330-114-0069				144,584		0		144,584				141,640		0		141,640

												1320-114-1651				74,833		0		74,833				3,474		0		3,474

		(9)		Oppliger				InSAR at Bradys Desert Peak				1320-114-1656				43,056		0		43,056				13,349		0		13,349

		(10)		Shevenell				Sampling				1330-114-0064				117,359		0		117,359				75,089		0		75,089

												1320-114-1652				63,933		0		63,933				1,756		0		1,756

												Totals				1,899,364		0		1,899,364				1,158,403		0		1,158,403

														Previous Funding		936,000		0		936,000

														Most Recent Funding		963,364		0		963,364

														GRAND TOTAL		1,899,364		0		1,899,364
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