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Why Geothermal?

Installed Capacity -- 980,000 MW (EIA)
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Fig. 6 Continuous approximation of the energy demand distribution density with Electrical System Energy Losses (ESEL). The energy demand is
normalized by the temperature, i e. the total area under the curve represents the total thermal energy demand. The scale on the right-hand side indicates
the depth needed to achieve the corresponding temperature for three different temperature gradients (20, 40, 60 "Clkm). The dashed horizontal line
presents the current maximum economic drilling depth.
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“Green” Electrical Resources

* Geothermal

* Wind

* Solar

* Biomass

* Coal-CO, sequestration
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United States - Wind Resource Map

This map shows the
annual average wind
power estimates at 50
meaters above the
surface of the United
States. tisa
combination of high
resclution and low
resolution datasets
produced by NREL
and other
arganizations. The
data was screened
to eliminate areas
unlikely to be
developed cnshore
due to land use or
environmental ssues.
In miany states, the wind
resource on this map is
visually enhanced to
better show the distribution
on ndge crasts and other
features.

Wind Power Classification
Wind FRescurce  Wind Power  Wind Speed” Wind Speed”

Powear  Polantial Density at 50m  at S50m at 50 m
Class Wim® mis gt
13 Far 300 - 400 G4- 70 14.3-157
4 Good 200 - 500 T0- 75 15.7- 168
£  Excellent 500 - B00 TE- 80 168179 i
f Owlstanding 600 - 800 B0- 88 17.9-197 ol ".‘,N-‘):|

7 Supet 800 - 1600 B6-111 19.7- 248 o _ b5
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Wind Energy, Texas Style

9,000 MW installed

3 to 8% load Factor

Delivery Problem-Power Lines
Availability Problem
Deregulated Power
Ownership and Construction
Energy Density




Solar Power

: ‘ Concentrating Solar Power Prospects of the Southwest United States
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Direct Normal Solar Radiation
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—— 500KV - 734kV
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230kV - 34aky S NREL
— — Below 230ng

Potentially sensitive environmental lands, major urban
areas, water features, areas with slope > 3%, and
remaining areas less than 1 sq.km were excluded to
identify those areas with the greatest potential for
development.

*Source: POWERmap, powermap.platts.com ° é
©2007 Platts, A Division of The McGraw-Hill Companies

The direct normal solar resource estimates shown are
derived from 10 km SUNY data, with modifications by NREL.
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From Hot Water to Hydrogen
Bringing Geothermal Power to Alaska
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Types of Unconventional Resources

Basement EGS-Hot Dry Rock

Basement EGS Hot Wet Rock? (Landau & Insheim)
Thick Sediments in high heat flow areas
Hydrothermal Margins

Geopressure-Gulf Coast/East Texas

Tight gas sands-Gross Schoenbeck, Germany
Coproduced-Green Oil Fields-Teapot Dome
Heating and Cooling Applications Everywhere
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Thermal Energy (10° EJ)
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The Future of
- Geothermal Energy

Impact of Enhanced Geothermal
Systems [EGS) on the United States
in the 215t Century

United States EGS Resource

Total US Energy
Consumption in
L 2005 =100 EJ

2.8x10°EJ

1,000,000 EJ
10,000 x US use

56x 10°EJ

28x10°EJ

2% Conservative 20% Midrange 40% Upper Limit

j————— Estimated Recoverable EGS Resource ————|

14x10°EJ

Resource Base

PREVIOUS WORK:
Geopressure Geothermal
Low Temperature

THE EGS SYSTEM
Introduction of water into rock
of limited permeability (either
tight sediment or basement) in
a controlled fracture setting so
that this water can be with-
drawn in other wells for heat
extraction, i.e. heat mining
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Scenarios for Electrical Development in Sedimentary Basins

Coproduced fluids
Geopressure fluids
Sedimentary EGS

These are briefly described, resource base discussed, and examples of
development given for each category

The resource base for these 3 types of geothermal development is
briefly summarized: HUGE!
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US heat flow map data sites including sites of wells with BHT data
in the AAPG data base. BHT symbols are based on depth and
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A Protocol for Estimating and Mapping the
Global Potential for EGS

GEOWATT /AG

Graeme Beardsmore — HDR (Australia)
Ladislaus Rybach — GeoWatt (Switzerland)

David Blackwell — SMU (Texas)
Charles Baron — Google.org (California)

iy SM U

GEOTHERMAL
LABORATORY

google.org




GRC Transactions, Vol. 34, 2010

A Protocol for Estimating and Mapping Global EGS Potential

Graeme R. Beardsmore', Ladislaus Rybach?, David Blackwell® and Charles Baron*

"Hot Dry Rocks PL, South Yarra, Australia
2Geowatt AG, Ziirich, Switzerland
*Southern Methodist University, Dallas TX
1Google.org, Mountain View CA
graeme.beardsmore@hotdryrocks.com

1. Grid geographic region
into 5" x 5° cells.

Each cell becomes a node in the regional resource
estimate. A temperature vs depth profile to 10 km depth
will be derived for each cell.

2. Create sediment
thickness (depth to
basement) map.

From well-basement intersections, seismic
interpretations, potential field inversions etc.

3. Populate sediment
thermal properties

Thermal conductivity (K<) and heat generation (A.).
Include depth variation if known. From measurements if
available. Else, estimate from lithological mixing and age
if possible, Else, estimate from age and basin setting.
Else, global averages.

4. Populate basement
thermal properties

Thermal conductivity (Kg) and heat generation {Ag).

From measurements and geochemical data if available.
Else, estimate from lithology. Else, global averages.

5. Create surface
temperature map.

Mean average annual surface air temperature

6. Create surface heat
flow map.

Average real data in 5° x 5° cell where available, Else, for
Qg use BHTs and average conductivity if available. Else,

assign by tectonic age. Else, use Q, = 0.032 + b x Ag +
5x Al:,.

|
7a. Derive temperature
and heat flow at
sediment-basement
interface (5 < 4,000 m)

Ts = To + [(Qo x S) / Ke] = Aq (S” [ 2.Ks);
Qs =Qp-Sxhg

7b. Derive temperature
and heat flow at
sediment-basement

Ts = Taum + [(Qp - 4000.A,) x (S-4000) / Kg)
- A, X (S-4000)° f 2.Kg);
Qs = Qp-5xAg

interface (5 > 4,000 m)
I

8. Derive T at depth X,
between 3,000 m -
10,000 m.

Ty = Ts + (Qs x (X-5) / Kg] - Ag x ({X-5)" [ 2.Kp)

Figure 3. General process for estimating the temperature profile of the

crust to 10,000 m depth.
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Bottom Hole Temperatures

Mosley and Haynes, LA
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Blackwell,
Richards,
and Stepp,
(2010)
Texas SECO

0 - — . . . .
‘4 ,' @® Fairway Field Pressure Temps. |
4000 so *o.» A Fairway Field Well Log BHT
‘ A% . O SMUTX Qil/Gas Data’

n . .

b I a0t Trendline

L

8000 ¢

o

()

0

12000
16000 :
50 100 150 200 250 300 350
S Temperature (°F)
Average Average M aximum
Depth Range Number of Uncorrected Corrected Corrected
Feet Wells Temperature Temperature Temperature
°F °F °F

12,000- 13,000 879 263 299 363
13,000- 14 000 628 283 320 430
14 000- 15,000 330 304 340 423
15,000- 16,000 159 306 349 420
16,000- 17,000 107 319 361 422
17,000- 18,000 60 319 358 454
18,000- 24 000 46 362 402 544
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Conductivity Model for BHT Sites

| * Lithology based on AAPG'’s Correlation of Stratigraphic
Units of North America (COSUNA) seen on left, scaled to
e | |l sl sediment thickness
- | * Measured conductivities for a formation used when
available, otherwise values from the table below used
e ! é 7 steel He;d :[ate 7
Rock Tvoe Thermal Brass II'—*
P Conductivity* N
Dolomite 4.4 brss |
Limestone 2.9 Temperature ?\“-Micaﬂ&
Sandstone 4.2 hubid <§> ::::!m
/
Shale 1.4 S s l_’
Unconsolidated 1.2 Cold Bath
Sediment )
Brass e
Evaporites 4.7 Fabbor
: Conglomerate 4.0 Hcara
= | st |
Limestone/Shale 2.0 L = .
= Coal 0.6 | ILlluwl\I‘uyd:auuc Ram
floge | | = Chert 4.0 : =

"~ *Table adapted from Gallardo and Blackwell (1999)
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30,000
DATA SUMMARY

25,000

20,000

B 2011 DATA

15,000 | 2004 DATA
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Data Summary
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2011 Google Heat Flow Map Data Sites

™ 2004 Data
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2011 US Heat Flow Map
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= d Sondstone and shale

Approximotely
30,0001t
{9200m)

Main sand depocenter

== shote

Verticol exaggeration
opproximately 15:

100 mi

Gregory, A. R., and Edwards, M. B., 1982, Wilcox
reservoirs in the deep subsurface along the Texas Gulif Coast: their potential for pro-
duction of geopressured geothermal energy: The University of Texas at Austin, Bureau
of Economic Geology Report of Investiga- tlons No. 117, 125 p.

Bebout, D. G., Weise, B. HR.,

Schematic cross section, central Texas Gulf Coast, showing relationship among major growth faults,
expansion of section, sand depocenters, and top of geopressure (after Bebout and others, 1882),

Gulf Coast Geology and Geopressure Geothermal Resource Setting:
USGS (1979) estimates 70 to 170 MW resource potential (gas & heat)
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Chena Mobile Power System
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Denbury Resources —
Gulf Coast Green Energy

EN Denbury Onshore, LLC. ,(C.

SFU #22
Summerland Field
Sec. 3, T9N, R14W
Jones’ County, MS

API| # 23-067-00373

EMERGENCY PHONE NUMBERS =
(601) 4281998 (972) 673-2000 2
[T e S

RPSEA.org Demonstration Project
Mississippi Summerland Field

190°F current surface temperature
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Inferred from:
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Focal mechanism
Wellbore breakouts
Fault slip data
Volcanic alignments
Hydraulic fracturing
Overcoring

Al 1
Red data—Normal faulting stress regime: S, > Sy .o > Spin

Green data—Strike-slip faulting stress regime: Sy ... > S > Shmin
Purple data—Thrust faulting stress regime: Sy .. > Spmin > Sy
Black data—Stress regime unknown

MAXIMUM HORIZONTAL STRESS ORIENTATION



Temperature Calibration

Thermal Conductivity Determination
Permeability and Porosity

Reservoir Models

Stress Regime/Fracture Characteristics
Basement Character

Aquifer Characteristics

Fill-in Data In some Places (Site Specific)
Economic Modeling
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Reality of Earthquake Risk is that it is small!
Energy Scales as 30 Times Magnitude!




If Life Gives You Hot Water

ey e S# et 2

Make Ice!
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Energy Forms

Gas-variable cost-Peaking (Baselaod)
Coal-"cheapest” —-Baseload, carbon source
Nuclear-expensive, most dangerous-Baseload
Wind-not base load, >30% typical
Solar-solar-thermal, not baseload
Geothermal-Baseload

— Hydrothermal (conventional, > 150°C, 300°F)

— Enhanced (Engineered) Geothermal Systems

— Geopressure (> 125°C, 250°F dissolved methane)

— Coproduced (> 125°C, 250°F)
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The Effect of Experience
OVERTON FIELD, EAST TEXAS

(TIGHT GAS SANDS, Kuskra, 2006)

* Reduced drilling time by > 50%.

* Increased initial production by 200%.
* Gross EUR 2.2 Bcfe per well.

Improved Drilling and Production Results
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FINA Avg - 55 Days
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2003 Avg - 24 D
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