llexas Geothermal Energy:

A Focus On Permian Basin And
lirans-Peces Regions

Profiessionals:
Richard J. Erdlac, Jr., Robert C. Trentham, Linda Armour-Finch, & Robert L ee
(Bruce C. Miller)

Student Resear ch Assistants:;
Michael W. Serensen, Michael N. Matteucci, and Jordan Horton
(Susan| Primeaux & ChasePaiton)

IThe University eii T'exas of the Permiian Basin
Center lor Energy & Econemic Diversification

nihwellis jornalugallgas:s

nichelis for !B@@llﬂiﬂililm.ﬂ? :




Research Funded By:

* DOE grant off $194,458 10 study deep Permian Basin
geothermal energy/ (part of anjanticipated S-y/ear
Congressional appropriation) ( jj

* State Ener gy Consarvation Ofifice grant of $40,000te help
siudy deep: Permian Basin geothermal energy and o
develop a siate-wide geothermal programi( ).



Electric Power Preduction Eguivalence

Geothermal energy and geothermal plants aredescribed
IRtV (megawait) deliveraniity:

Size range 10ite 250 M.

ol éectricity will meet the
needs of
(Approximately 4,000/ people).

1l crude ol =1.,699 kK\Wi electricity,
1mchi gasi= 305 KWW & ectiflicity

A 250 MWW generating plant reguires 1,288,994 bhis of ol
Or 7,227,722 mcl of naturall gasin ene year.
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Permian Basin - Deep
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Therearea several possible stratigraphic targets
within the Delaware and Val Verde Basins.

Devonian Porosity Range 2 to 25%
Avg. Por osity 6to0 8%
Fracture Permeability Range  1to 2,840 md
Avg. Permeability 10.5md

Fusselman  Porosity 31011%
Avg. Por osity 4t05%
Fracture Permeability Range  2to 26 md
Avg. Permeability 8.5md

Ellenburger Porosity 210 14%
Avg. Por osity 4%

Fracture Permeability Range  0.1to 2,250 md

Avg. Permeability 75 md

_W

l.owcr

o | oo | Fumson

=
Tulip Creek g Tulip Creek
g [ McLish |
lim- g m

MM

360 MYA

mm

Ordoviclan
504 MYA

Cambrian
570 MYA

_m Frecambrian

Slmpson

| Bromide | g| Bromide
& | TulipCreek | £ Tulip Cree
e[ Melish | ¢
; e
Eé
al o Jal e |
P reaag bty
[ | 2
| — Bl ettt Dt Sefect ]

i
i
£

Pleistocene
Tertiary Fllm:-n'l

67 MYA Em:onn

g

Delaware Mtn. Group

Leonardian

Bone Spring

i

Barnett - Miss. Shale

Woodford Woodford

F
AL

Lower

Lower

AEEOIEEN

IEIHEHHI E MR ) | L et el

— ————————— —

|




The Delaware and Val Verde Basins
represent the deepest and hottest sub-
basins of the entire Permian Basin.
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44,525 Wells From O to Basement. | 33,481 Wells From O to 4,999 Feet.
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Data Base In Pecos County

FA Microsoft Excel - DOEGEOTHERMALPROJECT _PecosCounty 2.x:ls
J File Edit Wiew Insert Format Tools Data Window Help Acrobat

JDﬁ'HEﬂ|§@.¢9|%E|ﬂ*ﬁ*|ﬂ|@ ?J.ﬁ.rial

~ 9 -

bzu ==

[heshl

o3

4

1
2
44

A

40

]

=

F

€

H

APl number

Operator

Well Hame

Location

(on log)

{Including #)

Sec

Survey

131

Qates ME

Humble

Eichenhofer 31

TEPRRE

45

41

110

42-371-1107 4

ME Dates

E CIL & REFIN B Vallat #1

TEPRR

46

47

110

42-371-30440

Dates

En Qil Corpar

hoffer-State #

TLFRER

47

43

110

42 3711068820

Wildcat

Gregg Oil Co.

Kennedy #1

T&PRER

48

44

110

4237101140

Wildcat

Bond il Co.

1.R. Kennedy #

TEPRR

13

415

110

42 371 331831

Wildcat

Texaco

anzanita Unit 3

TEPRRE

a0

46

110

4237111188

Qates ME

Sinclair

Wofford #1

TEPRR

51
52
53

47
43
49

110

110

42 371 11157

42 371 33051

Dates ME

Dates ME

Hurmibile

Exxan

fitchell #1

Dates G L 4 #

L | D | D |l | D | D | e | e

TEPRRE

TEFRRE

a0

110

Qates NE

Humble

Dates G U 4 3

TEFRRE

a1

110

42 371 10671

Qates ME

Humble

Srmith #1

TEPRRE

52

110

42 37100583

Wildcat

comer

Dates #1

TEPRR

53

110

Oates NE

Humhble

Cravis #1

T&FRER

a4

110

42 371 10860

Cates ME

Humble

Belding #1

T&PER

55

110

Dates ME

[Great Western

Dates #1

TEPRRE

56

110

42 371 30032

Dates NE

Humble

Shell #1

TEFRRE

57

110

42 371108249

Dates ME

Hurmiile

fes Gas Unit 2

TEPRRE

58

110

Oates NE

mbers & Kenmtic Eichenhofd

T&FRER

44

110

42371 11077

Cates NE

mbers & Kenntic Eichenhofg

T&PRER

G0

110

Dates ME

estern Matur

Diulaney 31

o O | el | e | | D |l | e D D | e | e

TEFRRE

A1

110

42 371 305745

Wildcat

CEK

miwnsend Est #

[an}

TEPRRE

[

TLISFS

42-371-01054

ILDCAT)

| PETROLELU

uth-Liniversity

16

T Lands

Fi3

TL/ASIF2

42-371-10855

ILDCAT)

POV, H. L, JUniversity #3-1

16

LT Lands

Fd

LIT Landg

42-371-36805

S (DEYON

FETREOLELIM

niversity "4" #3

16

UT Lands

G5

LT Lands

42-371-37278

5 (DEVON

ESTERN DR

ivarsity "16-3"

16

UT Lands

Gif

TS

42-371-30512

HAYES (C

FETROLELIM

niversity #1

16

UT Lands

67

LT Lands

42-371-30512

HAYES (C

FETROLELIM

niversity #1

16

UT Lands

ok

LT Landg

42-371-363396

5 (DEYON

FETROLELIM

University "4" #

16

UT Lands

B4

LIT Landg

42-371-36508

S (DEYON

FETREOLELIM

University "4" #

16

LT Lan

Driller's
depth

15897
13730
15000
5130
5026
17050
15500
15106
a06
13088
14375
13725
4512
13050
15050
2274
13859
14700
14800
14600
15123
14,972
7,400
7,250

6,285

Logger's |

depth

060168

1212770

02728161

03r25061

11001580

08r21168

0a/04Es

10/04580

12107167

1001 8165

0111161

10/02ES

0331067

0116553

OEF2316Y

1111067

OE 365

0EM 1765

01 arn

121171549

12104067

060471

212.00
162.00
106.00
100.00
107.00
255.00
225.00

250.00
131.00
98.00

104.00
310.00
109.00
94.00

295.00
229.00
235.00

242.00

a0
114

4[4 [» M general £ Basic £ DSTs Stemps ¢ engineeting 4 Pecos County £ Tops £ Sheetl /
JD[aw-r R | Autoshapes - S tw ] O 4 [ﬂ‘ Ec: ﬁv év —m
FEead

K3

SLm=24252




| 1
A T EN: H kK | LM N [ o pl @ | R I8 7 [u M w | % |
Pecos Pecos - UT Lands  — Terrell | Terrell- Mike's work — Terrell - UT Lands Crockett | Wal Werde | Brewster |
depth #wels | mean  #wells | mean #wels | mean  #wells | mean  #wells | mean #wells | mean #wvells | mean #wells | mean
w termps temp  wetemps temp . wtemps temp wetemps temp e temps teimp wtemps temp  wetemps temp . wtemps temp
2,000] 178 9539 34 9428 | 100.00 2 9650 [ 3 9266
3,000 140 10301 12 97a7 11350 9200 | 2116357
4,000 135 107 48 3 101.00 L1167 109,00 ] 5 11620
5,000 320 11229 18 11533 15050 10545 4 11250 S5 13820
5 000 124 11962 712314 13589 117189 1 errar 10 16680
7,000 106 12919 16 12556 14583 141168 4 139.00 1 17327
000 83 139.25 5 131.20 7 15500 7 15444 15| 15520 3 18067 | |
9,000/ 106 14551 3 14633 | 19063 4 179.91 & 16550 2 21150 | . g
10,000 153 161.735 15883 16321 177.74 1 165.00 2 22350
11,0000 121 17042 | 17TBET | 207.29 59 19621 12| 19150 | | | | Aver age B H T Wlthl n
12,000 85 18695 | 18833 | 20538 23288 11| 189.00 | 23660 | |
13,000 TG 21620 22700 220.00 1] 26722
14,000 59 22924 | 193.00 | 25239 238330 5 20820 | 27961 | | eaCh 1,000 fOOt d ept h
15,000 TG 230033 26350 247 83 241.63 2 24550 265.50
16,000 38 256.08 230,00 25013 221.00 1 24300 g
17,000 22 25658 26867 25238 1 254.00 334.00 | nter Val ¢
1&,000 22 27568 268.25 301.75 257 .40
13,000 g 28011 287.00 251.00 251.00
20,000 24 29633 2 30087 ) 32967 2 32250
20,500 29775 [ |
21,000 35 3405 296.00 | 288.00
21,500 F6.37 |
22,000 93 32305 2,1eror | 32000 | 355.00
22,500 23214
23,000 13 34769
23,500 3 33533
24,0007 5 3600
24,500 4 36375

3440 wells | 537 data points

d 2 [ aa Al ac [ AD Al AF [ Ac &l Al [ AL (Al AL
Presidio Hudspeth Culberson Reeves Loving Winkler Ward County
#wels | mean #wells mean  # wells mean # wells mean & wells mean #wells mean & wells #wels | mean Mame
Wy temps temp  wtemps temp wtemps temp | w temps temp - wtemps temp | wtemps temp o temps wy temps temp

300 9387 g6
| | | | 45 894 | 10492
2 14350 4 | | | 74 10232 2 102 110.25
| | | 81 10585 42 10224 111
5 148.00 23 1209 3 10667
2 160.50 E 3 11933 |
5 5 1402
2 211.00 7 1B6.5T
2 213.00 14 1595
2 24100 20 1833
3| 22567 | | | 20250 21 22214
29 2524
13 22646
28 | 188
24
29 3 23266
=B000", several accurate? 14 4 258
anomalies - bath | 12 ] 1 300
8 1 268

2033 wells with data | 441 wyith temps

12375 8 | i
121 g | 168 ElPaso
128.5
141
152.25 | 145, | |
185 | 167 | 262 ElPaso
153

R
[)
o

275 ElPaso

= R N R N e I A= - T L)
[}
[}
@

14

o

just wehat I've gotten *33=6500




Bottom Hole Temperatures

Deep 1447 Readings
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Loving County Bottomn Hole Temperatures

Tatal 36 Readings
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Pecos County Bore Hole Temperatures
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TThe “Texas
Renewahle
Energy Resource
ASSessment™ map
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"RIM ROCK" GRADIENTS

UTPB/CEED O&G data
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SMU data
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z=1948Ln(T) - 6197.8
R =0.6282 & F? = 0.6859

R2 = Coefficient of Deter mination
(T variability explained by depth)

R = Correlation Coefficient
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Resource Amounit — Harder 7o Gage At Present: Time

Table 2

GU If COaSt ;  ASSUMED VALUES OF FAIRMAY PARAMETERS:

OPTIMISTIC WITH DEEP REINJECTION SCENARIOS
(EeneralEandi@iiceeiexasHiore)

Fairway

— ter Brazoria  Matagords  Corpus Christi

OTENTIAL GEOPRESSURED-GEOTHERMAL FAIRMAYS, Reservoir Characteristics
P10 FORMATION, GULF COAST OF TEXAS enperature 350°F 350°F 350°F
Porosi . ) 22% 20%
Permeability (mil1idarcies) . 50
Percent fluid recovery (with deep
reinjection} 45%
Gas content (SCF/bb1) 50

Fairway extent (square ."“I 908

%I:QII ratio in drilling producible
wells : 50%
Use of unsuccessful production wells
for disposal wells 100%
Flow rate per well [bbls/day) 128,838
Support area per well (sguare miles) 11.45

Fuel and Electric Generating Plants
m‘tﬁ-t— 5
_Ko. production wells per plan
No. disposal wells per plant [

Electrical generating capacity per
plant {megawatts) 48.3 ¢
Gas flow capacity per plant (SCF/yr) 7.05X10

Fatrway Development
. plants:
16

Per fairway fed by wells on PFSL [
Production wells:

Per fairmay t:

n

Adjacent to PFSL 10
No. dispesal wells per fairway : 856
Electrical generating capacity per fairway

watts) ??3.03“ ) 0 98.3%1')

Gas flow capacity per fairway (SCF/yr) 1.13X10 1.08x10'% - 1.40x1

+ OF 16 wells, 9 are assumed to be in eastern portion, and 7 in western portion.
- **0f € wells, 2 are assumed to be fn eastern portion, and 4 in western portion.

Source: C.0D. Zinn. 1977. Operations Research and Systems Analysis of Geothermal-
tigatfons Wo. 01, Gegpressured Rescurces in Texas - Final Report. Research Report No. 10,
University of Texas at Austim. Center for Energy Studies, The University of Texas at Austin.




GUITRCOAST = calculations based, Upor

aefeaaninvays ano2leasanii Bayol72Z

Parameter Faiay Total
Brazoria| M atagorda | Corpus Christi

Fairway extent (sq mi.) 908 353 632] 1893
Fraction of fairway
producible (%) 100 100 100 XXX
Production wells per
fairway 48 54 72 174
Estimated rating on heat
alone (1.1 M W/well) 52.8 59.4 79.2| 1914
Estimated rating on heat
alone (1 M W/well) 48 54 72 174
Estimated rating on heat
alone (0.9 M W/iwell) 43:2 48.6 64.8) 156.6|

TThese calculationsido not include therest off the Guli Coast!




Delaware Basil — caiculations based

UPoE Geleadianivay/siGUli Coast tiial aré oy
sandstone reservolirs and not limestone or
dolostone reservoirs.

Estimated Well

Fairway M odel

Es;i\rrneied Rating From Brazoria- 48 | M atagorda - 54 | Corpus Christi - 72
Heat Only | wells/908 mi® | wells/353mi° | wells/ 632 mi°
1L1MW 322 MW 933 MW 695 M W
5544mi° [ 1LOMW 293 MW 848 MW 632 MW
0.9 MW 264 MW 763 MW 568 MW




CONCLUSIONS

> Companies have the epportunity te use existing andl develop new
Infrastructures towards geothermal develepment.

> This will require the same entrepreneurial spirit that created the oil
and gas industry. te rise and Inaugurate a new energy. evelution in
the Permian Basin.

> This means creating an energy triad .... oil .... gas .... and geothermal
combined.
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