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 Thermal anomaly

* Resource assessment
* Reservoir assessment
* Pilot project

* Next steps
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Raton Basin Geology
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» 300° F Isotherm Surface

» Sedimentary package > 300°F

~10:1 Vertical Exaggeration




Basement Mapping
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Geothermal Gradient

s

[T =
I [IEE - PRODUCTION
=4 Mercer. Pa,
1455489 2 -
L0G B ey
3
- FEE )
ol 08211 %‘g g Company Pioneer Natural Resources
=
Ranch o w
5 Company  Red River 232 8 Well  Weston 23-24 Deep
! Well Red River 13-4 3¢ 5 _ o
4, £53 . Field Purgatorie River
5 Field ~ Purgatore Rwver i x g _
£ c Las Animas E3%. 8Os County  Las Animas State  CO
= D\,I!W =53 =2 =
£y ; o PR/ 05010821940 E E %g g9 % @ Location: APl #: 0507107566 00 Other Services
“gggg Locals ] - 45 E PRES
Figsb 1946 FIuL & 825 FWL i sEis fogs 449" FSL & 1683 FWL CONTROL
235830 ; 8752 sSL58Q
ZEado SEC 13 TWP 35S RGE*‘;‘M TS Eeid %51—'0 SEC 23 TWP 335 RGE 67W Bevaton
E_ .2, o oo §382 o g z  [Pemanentoatm  Ground Level Bevaton 7042 |g. 7060
2 g 2 28 Lumw'xm o Level £533 |2 E3 23 £ | Log Measured From  Kelly Bushing 18 Above G.L. D.F. e
S=u Drimg | R " — i% =% |§ O = i O & |Drilling Measured From  Kelly Bushing GL. 7047
. 3 (&3
e — ; One . 7 Date T1/16/06
w__ _._._.__33'“?_ - ) % ?%‘é Run Number one
| Dephitonger I s , : EEES Depth Criller 4357
[ Bottom Loggedwierd -, 250 : IS5 Depth Logger 4300
| Top Log Interal = 11 8232 Bottom Lagged Interval 4300
[OpenHuleSce Violer I E g;; Top Log Interval 3800
%’A—————— it — 1 BED Open Hole Size 834"
Vs n;‘f:%—‘;? 130 DEGF S % S By Type Fluid water
 Man_Recoriec © 1 5 1 —— 1 FEEE) e~ ——
g T H 124 St naty / Viscosity [
e e —11| 352 Wiax. Recardsd Temp. T83F D
[ Time Logger on Bofiom . i ' ==E iTop R ——
[ Equpment tureer e i 5 EE Time Vel Ready 10°30
lﬁ;—%——' T Aflen I . E - Time Logger on Bottom 11:00
ey —?;—'— T M Jurio Whoton | + Tooord . 2 % s Equipment Number T244
Barhole Focoid - s “From | To E - Location Trinidad
| Runtumber | Bt Tom _.——:—M'Lr | S s Z Recorded By Worley
—_— —— ! ] — 22 Witnessad By
__—I—-—[ — HEEE ] . ..% : Borehole Record Tubing Recard
F— i = T owm i g 5d | Run Number Bit From To Size Weight From To
[CoangRocod | Sce : [T E—— HIE g 3 |
SurbceSmng 85 : t 2| 582 : A
Frot 5 —g w i 1A % £2 ;
Production i) S B .. | —'l= = g
Liner e — i Casing Record Size W t/Ft Top Bottom kS
Surface String 958" i) 1820° =
Prot. Sting &
Production String T 1] 48977 v
Liner I




 PIONEER

Geothermal Gradient

\ NATURAL RESOURCES

Jarosa 32-33 WDW

4.3

0 =

35—

35—

3.3 —

-
-
-
-

30—
=
2.5
paic
20
1=
1=

nTg@inmaow

°F /100’

SR n

o
=X
— Lul
- e -
A e T
: e %
n o o _._..n,n_,.?
/ N SR
TR e
N m s
¢ e PG
o B #M.o..“ i
. o :
4 & g & a/?
¥ . q.\q ) bt il e B2
Y \m %. ./fl\.
o & b
ot S d T LT
ks hiid [
__ o = \\W\
i
o
(o]

yidag

6000’

| 1
|
L

I, o

Temp 280°

| LT

e
| L——1

———
[y

4Q°

Temperature Log




300° F Isotherm Surface PON R
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Sedimentary Rock >300° F
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Reservoir Assessment - Targets

Phelps Dodge #1
Sec 21, T26N R22W

Colfax Co. NM
GR Deep Resistivity

Niobrara

Graneros

Dakota

Morrison

Entrada

Chinle

Glorieta - Yeso

angre de Cristo

Madera

pre-Cambrian
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Outcrop Sampling
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Sample Preparation
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Thermal Conductivity PIONEER
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Thermal Modeling CLONEER

Injector Producer

«—— Distance (residence time) >

W
Heat
Recharge
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Thermal Modeling

2D well-to-well
fields
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Reservoir Assessment

Hydraulic fracture profile
h ./: ————————— N ~
Nll \\\ /7’ Uh
1
Injector Producer
h=50" (15m)
Stimulated | = 250’ (75m)
rock Py
volume w =20° (6 m)
Pmatrix = 1-65 gm/cm3
P =6%

T.. = 300°F (150°C)

Outcrop of target reservoir,
Sangre De Cristo fm.
(Permian), Huerfano Co., CO

¢ = matrix + fracture porosity
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EGS - Subsurface Risk Assessment

= Heat, at target depth P,
= Reservoir present P,
* Drilling & stimulation success P .
* Flow & containment P;

= Thermal life (slow depletion) P,

Probability of success Ps = Ph * Pr * Pds * Pf * Pt

Above ground risk: access & permits, water, energy market

21




PIONEER

NATURAL RESOURCES

Pilot Project Schematic

Water Heat Exchange

Disposal Well (Coolers) Monitor Array
(Existing)

Injector

Target Interval

Pi lOt ' (Not to Scale)
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Microseismic Monitoring

o

Microseismic array

Example from Hulsey et al, SPE 2009

Producer

Local stress
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Proposed Wet Canyon Site \

GeothermalPilot 24-23
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Next Steps

= Thermal modeling
= Energy balance analysis

= Economic analysis
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