This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.
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Today’s Objectives
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= Decision Metrics
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Project Objectives

Innovation: Three-Tiered Approach

= Production Side, Demand Side, and Whole System Analyses

PSA [Below Ground]: Predicts the time
dependent, long-term thermal performance ”
as a function of flow rate e [

QT

DSA [Above Ground]: Determines the
cumulative heating and cooling loads and

the efficiencies and losses associated with ——

their current systems evemfhnd,
eather,

WSA: System dynamics modeling to Economics
simulate the integrated dynamic behavior
between the PS and DS to identify and PSA DSA
understand dynamic dependencies,
uncertainty, and risk

WSA

The output is a comprehensive techno-economic feasibility assessment that
presents Pareto optimal results for different direct-use district heating and cooling
configurations that show the respective tradeoffs amongst a set of decision metrics
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Demand Side Energy Available

= Using gross assumptions

= Need to complete production
side analysis—it is in year 1 of 2

= Assumption is geothermal fluid
available is 600 GPM at 100°C

= As production side data is
finalized, the amount of energy
available for heating and cooling
will be adjusted in the demand
side model

= Assuming the reinjection
temperature will be
approximately 7 - 15°C lower
than the temperature of the
resource




Geothermal Energy Demand Side Use

GOAL: Use the geothermal resource to its maximum for heating
and cooling without depleting the resource

/ Deep Geothermal \

© Recirculation

Cold water after
giving up heat

©Pumping

secondary circuit

user system

primary circuit

Hot water/steam
from undergron

Geothermal direct use system configuration
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Assumptions for Demand Side
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Goal is maximize the energy use in a cost effective manner for
heating and cooling

Well source is one mile from heat exchanger

Injection point is two miles from heat exchanger
Computed the total BTU available at 600 gpm at 100°C
Reinjection in the current model is 600 gpm at 93°C
1,800,000 BTU/hr available—1800 MBH

1800 MBH is used in the Trane Trace 700 model

-'G"%EAT BASIN CENTER FOR q “ ,WE ®
m %% Geothermal Energy %‘ENGINEH&




Overall Demand Side System Layout
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Preliminary Direct-Use System Design
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Energy Model Used TRANE Software

= TRANE TRACE 700 software was selected

= |tis easily available and affordable
= Accurate for office buildings and residential buildings
= Easytolearn

software from Trane
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Modeled Office Buildings and Housing

" Current Modeling
Energy Available

= Energy Available

= 83,000 square
feet of buildings
can be heated

= 69,000 square
feet of buildings
can be cooled

Hawthorne Courthouse
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Modeled Office Buildings and Housing

= Need to review possible uses of the energy
between the City of Hawthorne and Hawthorne
Army Depot (HAD)

Typical buildings at HAD to be heated and cooled
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Potential Applications

= Hawthorne: Population ~3200, Mineral County Seat
= Hospital, K-12, county courthouse, fire station, and sheriffs office
= Energy to heat 83,000 square feet of buildings
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Potential Applications

= Hawthorne: Population ~3200, Mineral County Seat

= Cool buildings that are not heated—simplifies controls and
mechanical systems

= Need to evaluate distance to possible well site
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Potential Applications

= Hawthorne Army Depot (HAD)

* Industrial Facility

= Energy would be used for other than Industrial Buildings
— Office Buildings
— Housing on HAD for Employees

= Should heating and cooling be split among different
buildings?
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T

echnical Scope Summary

Feasibility Determined by Answering the Following:

Can the resource support more than 83,000 square feet of heating?
Can the resource support more than 69,000 square feet of cooling?
Should different buildings will be heated and cooled?

What is the probable location of the extraction and injection wells?

Engineering Questions:

Sandia
National
Laboratories

Does the location of the wells affect the energy available?

What is the ROM cost of the system?

Does the financial model make it likely for a Public Private Partnership (P3) project?
Does this study justify a full engineering feasibility study?

How do system uncertainties influence the feasibility estimates and risk of
development?
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Decision Metrics

= The output from this project supports decision making by
providing insight into the tradeoff’s between multiple metrics
= Location of wells
= Energy resilience and security
= Likelihood of P3
= Capital investment
= Return on investment
= The project must make economic sense

Must determine the economics of the
project to attract the funding

Capital Investment $

Return on Investment years

Geothermal Energy




References

1.  FAULDS, J. E., COOLBAUGH, M. F., VICE, G. S. & EDWARDS, M. L. 2006. Characterizing Structural Controls of Geothermal Fields
in the Northwestern Great Basin: A Progress Report. GRC Transactions, 30.

2.  FAULDS, J. E. & HINZ, N. H. Favorable Tectonic and Structural Settings of Geothermal Systems in the Great Basin Region, Western
USA: Proxies for Discovering Blind Geothermal Systems. World Geothermal Congress, April 19-25, 2015 2015 Melbourne, Australia.
6 pp.

3. HINZ, N.H., 2010

4. MOECK, I, HINZ, N., FAULDS, J., BELL, J., KELL-HILLS, A. & LOUIE, J. 2010. 3D Geological Mapping as a New Method in
Geothermal Exploration: A Case Study from Central Nevada. GRC Transactions, 34, 807-812.

5. TREXLER, D. T., KOEING, B. A,, FLYNN, T., BRUCE, J. L. & GHUSN JR., G. 1981. Low-to-Moderate Temperature Geothermal
Resource Assessment for Nevada: Area Specific Studies. Reno, NV: Prepared by the Nevada Bureau of Mines and Geology,
University of Nevada-Reno for the U.S. Department of Energy

6. LAZARO, M., PAGE, C., TIEDEMAN, A., SABIN, A., BJORNSTAD, S., ALM, S., MEADE, D., SHOFFNER, J., MITCHELL, K.,
CROWDER, B. & HALSEY, G. 2010. United States Department of the Navy Geothermal Exploration Leading to Shallow and
Intermediate/Deep Drilling at Hawthorne Ammunition Depot, Hawthorne, NV. GRC Transactions, 34, 595-598

7. MEADE, D., LAZARO, M., BJORNSTAD, S., ALM, S., TIEDEMAN, A., SABIN, A. & PAGE, C. 2011. Results of the US Navy
Geothermal Program Office 2010 Drilling Project at Hawthorne Army Depot, Nevada. GRC Transactions, 35, 193-196

8. BLAKE, K, A. SABIN, T. Lowry, M. LAZARO, A. TIEDEMAN, B. AYLING, R. ARGUELLO, 2017, Hawthorne Army Depot: Update of
Geothermal Exploration and Direct Use Applications, Geothermal Resources Council Annual Meeting, Salt Lake City, UT, Oct. 1-4

9. GDA 1981. A Preliminary Plan for the Development of Geothermal Energy in the Town of Hawthorne, Nevada. Reno, Nevada:
Geothermal Development Associates for the Nevada Department of Energy.

10. POWER ENGINEERS 2012. Hawthorne Army Depot Geothermal Direct Use Feasibility Study. Prepared by Power Engineers, Inc. for
the Navy Geothermal Programs Office.

11. AACE 2016. Cost Estimate Classification System - As Applied in Engineering, Procurement, and Construction for the Process
Industries. American Association of Cost Engineers.

Sandia m ¥ GREAT BASIN CENTER FOR <\ P‘,WE ®
@m“ ) o 8 s w2 Geothermal Energy q;"’sm;mmg




