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EXECUTIVE SUMMARY

The mission of the State of Texas Advanced Resource Recovery (STARR) program is to conduct
geoscience and engineering research to increase the production and profitability of earth
resources, including oil, natural gas, hydrogen, geothermal and minerals, within the State of
Texas while encouraging responsible economic development and supporting education and
environmental stewardship. As part of this mission, one of our main objectives is to help increase
severance tax income for the State of Texas through research projects that promote the drilling
of profitable oil and gas wells in the state. Most recently, our team has also initiated research
activities to better understand the potential of developing emerging energy solutions within the
State. These novel solutions include hydrogen, geothermal, and mineral resources. In addition,
members of our team look closely at the land, energy, and water nexus incorporating projects
that range from wildfire detection and monitoring to produced water management research.

The Bureau of Economic Geology receives funds from the State to conduct research that assists
energy operators, particularly small oil and gas operators, in adding new or increasing existing
production throughout Texas. Revenue associated with STARR projects must equal or exceed
the amount appropriated to the program by the Legislature. This report summarizes accomplish-
ments of the STARR program from September 1, 2022, to August 31, 2024.

Credit to the STARR program for the 2022-2024 biennium, in accordance with methodology
approved by the State of Texas Comptroller’s office, is approximately $144,426,413 (table 1).
Relative to total funding of $9.9 million over the current biennium, STARR is revenue positive by
a factor of 14.6.

BIENNIUM REPORT 2022-2024 1



69'918°269'82 ($) anuanay Apms pjai4
80°.21'v20'8l | 8G'689'€€9'0L s|ejol
anct wogpt anct cogpt anct ‘a1 bieca’ - .y Lol een: 000" _ (uonesojdx3 presows)
¥2'905°¢L2 9Legy'LeL ¥2'905°¢L2 9Legy’LeL ¥2'905°¢L2 €691¥'ce9'e 00°¢6¥'262 L 9Legy’LeL 1€181'650° 00'G88'8¢ ¥20¢-2¢02 (faunog uosyoer) uonewLIod enbay
(9100
eeley'v6 71'997°8€0°L ee 1ey'v6 ¥1'99v'8€0°L | ¢¢’ lev'v6 99'616'8G2° L 00°069°9YS 71'997°8€0°L 6€'620°220'€Z | 00'220°96C ¥20¢-2¢02 U0Xx3) YHOL UM G.||0D :(X L ‘09 UIMEB|N) 8100 pJeuos
Jaddn ‘A118qe.ds ‘pseuoa appi ‘uesq ‘Y dweajom
(saaunosay AbBiau3 Yy pue ou| ABiau3 xdg
ONO R o1 otre )¢ ONO R o1 otre )¢ ONO R Lo ner 010 Ch o1 otre )¢ 011°G10¢ . . '$921n0S8Y [ejusuRU0)) IpJE| ouenshiyg pue JexoseH
29'808'v6Y | 10'81G'6€LC 29'808'v61 | 10°'81G'6ELC | 298086V | 99'18/'0¢6'6L | 00'8.8'S0V'9 10'81G'6€LC 90'8/1'8/8'09 | 6169 ¥20¢-2¢02 Wepy (THOY YN UoRoUN[U0a ul) (‘0 piebaineag
‘uoula) ‘auiqes ‘uomay ‘Jadser “a)hl) yieyo unsny
. - . - . . . - i . _ (589H/110 avised) :(kuno)
€6'¢ 18°€82'8¢ €6'¢ 18°€82'8¢ £€6'¢ cL'6g 008t 18°€82'8¢ 8¥'298'198 LEC'LL €20¢-1¢02 $5UIE) SPIals PIOIPUEH PUE S|OUILIAS SBIPUY UES
. nnt . nnt . . . ennt et . _ (Auedwo) 110 Wouing) zepo) AaiL
88'7E 10v00°€} 88'7¢ 10v00°€} 88'v7¢ 10°G97 0061 10v00°€} 66'2.6'88C 19/°¢ €20¢-1c02 pUE SUBSQ oer :(1UN0g BUI) SAUOISPUES [IyaULEL
ons'700¢ a1 onoi700¢ a1 onoi700¢ 1 1490 P a1 - f _ uonaQ
G¥'€02'¢85 € ¥¥'9.1°298 G¥'€02'¢85 € ¥¥'9.1°298 G¥'€02'¢85 € 12°212'292°Ly | 000S8°'8EE YL | ¥¥'9L1'298 ¥9'9/¥'6GL'61L | #0005 €20¢-1¢02 THSIN UM UOROUN[UOD Ul A3UNGY 3SIA BJEYS NaEg
(uoneiodiod AYG)
19'9%0°061'21 1¥'282' 19" 19'9v0°061°2L | L'28L°19%'Y 19'970°061°'21 | 18'%G6°€€SCIL | 00'GEE'9¥809 | L¥'/8L°L9%'Y 9/'¥91'v82'66 €EY 1691 ¥202-1c02 uojbutliey 89808y (QvHd Pue TSI Uim uonounfuod
ul) (Saunog asip pue uojus() afeys nauseg
. oot . oot . . . oot a0 f _ (uapuadapu)) suebbng e ueq
000 G6°'1E8°EL 000 G6°1E8°EL 000 000 000 G6°1E8°EL 899/€°/0€ 898°¢ €20¢-1e0e :(5911UN0Y /e pUE ‘803511 ‘Phold ‘Repopy) dnoig 03siy
e e o _ _ (RBiau3 uoone1)
LL'E0L'06€ €9'8€9'¢ee’t LL'E0L'06€ €9'8€9'¢ee’L | L1'€0L'06E ¥8'v.€'102°S 00°082'896 €9'8€9¢ee’ L 99'696'L6E'6C | €82°LGE €20¢-1e0e UpINeR JioLieq :(unog Jausty) dnoiy umens

(%001) (% 001) (%G°2) xeL ) ,
o @M q - @mv q 9JUBIdN3S adueIanas 9JUeIdN3S onjep pesy e“””“ﬂuwux ] M%v u”_m>_ & mM—__me._o
9 [ejol 110 |ejoL 589 o P Ioa 25 S 110 | PeaH |I3M 110 | @lesuapuo)

awen Apms piaid

wniuualq £20z-zz0z dY3 Bulnp anie aiam Jey saipnys [euoifai pue pjaly ay} o Aiewwng *| ajqel

STATE OF TEXAS ADVANCED RESOURCE RECOVERY (STARR]




1 EI'92y YL ($) anuanay [ejoL
G9'965°9L°GLL ($) anuanay Apms euoibay

8€'€L2'00V'2e | L2'€2E'89€'€6 sjejoL
000 0010681 000 00°106‘8L 000 000 000 66'€09'GL 89880089’ 00602°Le 6202-€202 (00 buny) yous
ul8)se3 uIsyuop ‘dnoly umels pue dnoig 0asi
(sanunoa Buiialg

. . . . . . . . . . » ‘909 ‘pJEMOH ‘UBION ‘||BYINIA]) S82uaNbas ansejdIol|l
198 000 198 000 69v€ fradsid 00°S1e 000 000 000 6202-€202 ~aJBUOGIED PAXIL (BUUDIA-UOKUED) PIEUOST JOMOT
0} 8UI9 UelWIad JamoT-ueluenjAsuusad Jaddn
(Bury ‘yuay ‘|lemaucys ‘|IayseH
‘BHUDIM UBYLY ‘UOLIOWND0Y] ‘Susydals ‘pioj|axoeys
. . . . . . . . o . y ‘10]/Ae] ‘UBYR|[R) ‘Y00 ‘S|auUNy ‘UBWIAI0) ‘USBID
000 ¥6°012 000 76012 000 000 000 vL'ev8 6L°6v.8L 00'9¢2 9202-202 WOJ ‘042U0Y ‘YI0INJOI ‘PIRUSN) HAUS WiaKseT
aU} ul dnoJn 09S19 81BUOGIRI-INISBIDIONIS PaXIW
aU} J0 82UBUBA0Id pue Aydelbneng/ABojojuawipss
.l ook . oot roant - 1ot wran - - con ¢ _ (09 ¥sny) UoRBLLIOS 1913d 8)eU0qIed BU} Ul Spusly
8y 19EL €2°890°G 8Y'19E"L €1'890°G 26'ShY'G 12192, 00'690°c€ 16'722'02 25°€85°0GY 00'80.°G 9202-¥202 wonanpoid pue Ayienb JIoABSal UO SJ0U03 JIBOJOUIT
- o) e e e e - an ¢ oo - > uojbug (Senunod Jmaa
66108 €9'9/2°02 66108 €9'9/2°02 G6'120°CE ¥9°00L°L2y 00°068°G6 1 0G°901°¢8 L LIg9Y8 L 00'6Y1€2 9202-¥202 pUE sauizy) dnoiy Xoajiy 10 Siskieuy oydeiBnensoig
1811S0.}8d pUe $821n0SaY U0YBUIIIT Y)M UONRIOGR]|0I
9/°G00°6€ 2Lele'66¢ 9/°G00°6E - 2L2Le'66¢ G0°€20°955 Y90v9'e Ly, 00°G1G'69€°E 88°060°L61'} 87'610'209°9¢ 00v2L'eee 6202-€202 3U0}$93.4 ‘U0aT ‘U0SIAPUY ‘BIBAET ‘OPEIO|0)
‘dosyseg ‘WiMaq ‘sauey doysyiop 8109 X09[im
opoionat nofern B oieRat \roriann [ PR o07'ar 1t conaireniaTet 70 {1t _ (TSIl Um uonounfuod uj) (senunog
09'8G€'200°LL | 66°028°'€69'87 | 09'85€'200°L}L | 66°028°€69'8Y | Ly ¥EY'600VY | 98°8GY'26L'98S 00'70L'169°ELL | 86°€8C'GLL'Y6L | C6'EVYI6EEC'BCEY | 00929 VLY ¥G | €20C—120C Souley pUE UeBeay) pio4 8[6e3 pue duesjom
9€'GG6'828'8 | 09°€95'92K'9E | 96°GGG'828'e | 09°'€95'92Y'9E | v¥ Lee'vIE'GE | 88'G82'9S8°0Ly | 00°62S LEL'GeL | Ly'¥S290L'GyL | LG¥92'916°L€2°E | 0029L 19V Ly | €202-1202 (sau.ey)) pio4 8|6eq
. . X . . ron0¢ . . . . _ (dnoug uoneloldx3 Aajiy) (sanunoy ayafed pue
¥0°GE 9€°96 ¥0'G€ 9¢°96 SLovk 99'898°| 00°€SS €1'G8¢ 81'696'8 0060+ €202-1202 ‘doxiseq ‘957) UONBWIO BUCISPUES JOjAE] PIAL] UIGIES
ot a0nionat oot roon‘Tant I oot N onatone! 00t Akt ‘1o 1t _ (dnoJ9 Y40 L 8u} YuM uopoun(uod ui)
98'20SLSY GE'880°C09°| 98°205°2G¥ GE'880C09°L | ¢ LLO'0E8'L | LECSL 00V v 00°€2y'9ey's 6€°€GE'80%'9 61°€58°20¥cyL | 00°0LE'GILL €202-1202 (s811Un07 ABP{20K PUE UEBESY) LONEWLI0d dWEaloM
. . . . . o et . . . (dno19 190 Yk Yim uoiouN(uod ui) (s8lUN0Y
G/'06 000 G/'06 000 10°€9¢ 8008y 00Cv0°'L 000 000 000 €202-1202 sanaaY pue BuIAGT) U0AUE) ALIBLY) puB UOAUE) [19g
91°098'29S v¥'86€'LeL'E 91°098'295 v¥'86€'LeL'e | €9°0V¥ L2’ | 90°G/8'G82'0E 00°G€2°05G'S 11'€65'606'7L | 20°90€72€ LEE | 00°L69'8E0'Y €202-1202 (S31Unoa g |) uIseq UeILLIad W4 Saipuy Ues
. SV . - . i —_— annt \aeioat na st _ (531Uno3 J3ydIv|YIS PUE JOJAEL ‘UBJON ‘UdaIY
18'SS 99°9¢21°LL 18°68 999z}’ /L 9v'€ce 05'6.6'C 00°0ZL'L 29905'89 ¥€'69¢°CeS | 000926} €202-1202 WoL ‘SjaUUNY ‘307 ‘pIRUaYY ‘0yauon) dnosg 09st
($913UN09 UoUIaN ‘BuIgeS
99°/88'v.€'L | 19'2.5'067'C 99°/88'v/€'L | 19'2/6'06¥'C | 29°06G°'66Y'S | L9'LvEL2E'EL 00'G22'62L'0¢ | 2¥'06¢'296'6 09'L€C'v8E'1ce | 00°969'128'C €202-1202 I81AL AN0d ‘Jex[ep ‘U0sIaqoY ‘uosaling ‘937 ‘anaked
‘QImaq ‘sejezuoy ‘uos|ip ‘ajies e7) dnoig yieyg unsny
-ron . \ront . oot - - 0/ P 000" _ (sanunog
£8'680°C 95 v¥9° 19 £8'680°C 95°v¥9°L9 0£'65ECH 19°06L 791 00'%28'6¢ 22'8.L5'9ve 10'91G'6.Y'G 00'898'89 €202-1202 U3y} pUE SUaI] ‘[leMauols ‘Buy) dnog umeng
—_— oyt _— - crag - N ozt e - $91UN0Y POOM SBYI0PBOTEN

L6y LL 0718y 1671 LL 0L718LY 88°/9/°69 9v°8€2°0€6 00°22€£°062 2892161 6¢°0v0°GeY 00'882°G €202-1202

©

sex |ejol

)
110 [el0L

(%52)
23uRIaNag
sey

(% s2)
29UBION3S

10

(%5°2) xeL
29UBION3S
sep

($) aniep
Pe3H |13 e

(u02) WinluudIq Z0Z-220Z Y3 Bunnp aaie a1am jeyl saipnis jeuoibai pue pjaly ayy jo Alewwng * ajqeyr

(%9°%) xeL
30UBIANAS [10

($) anrep
PE3H 113 110

(1a9)
ajesuapuo?)

eloueq 66219 ynws 993018y ¥sny 0b1|S pue 1918

awep Apn)s |euoibay

BIENNIUM REPORT 2022-2024



STARR MISSION AND PROGRAM

The STARR mission is to conduct geoscience and engineering research to increase the production
and profitability of earth resources, including oil, natural gas, hydrogen, geothermal and minerals,
within the State of Texas while encouraging responsible economic development and supporting
education and environmental stewardship (fig. 1).

STARR

State of Texas Advanced Resource Recovery Program

Water Mineral i Land

Resources Ul Er Resources
Resources

Geohazards

Figure 1. STARR organizational structure. The oil and gas division is our largest with researchers engaging in research and
exploration related activities in collaboration with small Texas operators.

Texas leads the nation in oil and gas production from a combination of unconventional shale
resources and continued development of conventional resources. The STARR program provides
geological and engineering support to smaller operators who have limited staffing so that they
can access state of the art tools and expertise to support their efforts to maintain and increase
energy production within the state. STARR also engages in research to identify emerging energy
opportunities within the State of Texas; this research is strategic for the future of the State and our
Nation, and it includes assessments for hydrogen production and storage, improvement of tech-
niques associated with CO2 enhanced oil recovery (EOR) for older oil fields, critical mineral and
natural H2 exploration, and evaluation of geothermal potential, among others. In addition, STARR
personnel and collaborators conduct important research associated with water management and
environmental stewardship. The results from STARR are published in journals and Bureau Reports
of Investigation and are presented at conferences in Texas and more broadly (see appendices

B and C). As the energy economy grows and evolves, the work of STARR will continue to help
shape energy exploration and resource assessment within the great State of Texas.

STARR Revenue-Neutrality Metrics

STARR Energy

An important goal of the STARR program is to demonstrate revenue neutrality. STARR's revenue
neutrality is calculated over a period of two years. Royalties and severance taxes for the State are
the basis for revenue-neutrality calculations (table 2). This metrics table was developed in con-
junction with the State of Texas Comptroller’s office in 2004.

Revenue values summarized in table 1 are derived from total production in areas defined by field
and regional studies during the 2022-2024 biennium. Total revenue value is defined as all new

STATE OF TEXAS ADVANCED RESOURCE RECOVERY (STARR]



production multiplied by the price of oil and gas for a given month and totaled from oil and gas
well head value. STARR involvement in regional plays allows the Bureau of Economic Geology
to sum up 25% of the severance tax, whereas severance-tax credit for STARR field studies is at

a 100% value (table 2). The total revenue in table 1 is the summation of this process for every
regional and field study in the current biennium.

STARR Land, Fire, Water, and Energy Nexus

STARR funds continue to leverage and match external grants in at least four different programs.
For the environmental side of the program, NASA sponsored the FireSense Technology project
at $1,330,944.42 for three years to develop novel remote sensing and geospatial techniques to
understand the potential for wildfires and impact on land and communities. In 2024, STARR also
leveraged a $1 million grant from the National Science Foundation, which was awarded to UT
Austin Energy Institute and distributed to the Permian Development Lab (PEDL) partners includ-
ing STARR. The Bureau and STARR provided technical support for PEDL's research by developing

geospatial frameworks and databases of surface and subsurface assets. STARR also leveraged
funding to obtain support from the STATEMAP program with USGS providing $642,268 from

federal sources in FY24. Finally, the STARR/University Lands (UL) project in emerging energies
was executed with a total budget of $750,000 with UL providing $400,000 in funding.

Table 2. STARR revenue-neutrality metrics

Expiration period following

recommendation (Initial/

Time period for credit

Type of STAR.R incremental production following initial Royal'ty Severamfe
recommendation q - credit tax credit
must begin before production
recommendation expires)
1. Drilling new infill or step- o o
out well in established field 4 years 2 years 100% 100%
2 Drlingpen il ot
. . . . 4 years completion of each 100% 100%
field with multiple reservoir o =
. additional reservoir interval
intervals
3. Recompletion—missed pay o o
well in established field 4 years 2 years 100% 100%
2 years following date o o
4. Enhanced oil recovery selected by STARR within . 16105 @i . 16105 @i
N . 4 years . L incremental | incremental
(EOR) field project a 5-year period from initial ducti ducti
i production production
5. Exploration well 4 years 2 years 100% 100%
5a. Subsequent development 2 years following initial
wells following discovery production from exploration 2 years 100% 100%
of new field well
5b. Copveat wells followin 2 years following initial
' di Py Wing production from exploration 2 years 25% 25%
iscovery of new field well
6. Wells drilled on basis of .
influence of regional trend 4 years stTrtln‘g 6 modnths ST 2 years 25% 25%
studies releasing stuay
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Energy Division: Oil and Gas Research

Texas continues to produce more oil and natural gas than any other state (fig. 2). In 2022, Texas
and New Mexico contributed the most growth to U.S. crude oil production. In 2023, oil production
hit a record 1.92 billion barrels and operators produced 12.01 trillion cubic feet of natural gas. In
May 2024, approximately 160,233 active oil wells and 83,415 active gas wells were producing oil
and natural gas in the state (Railroad Commission of Texas) (fig. 3). The vast majority of this pro-
duction comes from the Permian Basin in West Texas. No other state, or other region worldwide,
has been as heavily explored or drilled for oil and natural gas as the Permian Basin.
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Figure 2. Crude oil production in thousand barrels per day for the United States compared to Texas and New Mexico.
Source: U.S. Energy Information Administration.

Despite decades of heavy exploration and drilling within the state, the data clearly points to the
untapped potential of the Texas subsurface with oil and gas production steadily increasing since
2009. As production continued to increase (fig. 2), the 2022-2024 biennium saw more stable
prices in contrast to the previous two years (fig. 4). This behavior was influenced by post-pandemic
economic adjustments and by geopolitical factors including the Russia-Ukraine conflict. Within this
context, the STARR program provides geological and engineering support to smaller operators

in Texas who have limited staffing and technical resources to enable access to state-of-the-art
tools and expertise. Many oil and gas companies benefited from STARR field and regional studies
during the 2022-2024 biennium (see Letters of Cooperation [see appendix Al).

STATE OF TEXAS ADVANCED RESOURCE RECOVERY [STARR]
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Figure 4. Oil and gas prices during the 2022-2024 biennium. Source: U.S. Energy Information Administration.
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STARR researchers provide technical support that leads to drilling opportunities for increased oil
and gas exploration and production. The STARR program provides a variety of research products
that include core descriptions and interpretations, as well as subsurface lithology and structure
maps from wireline-log data. These interactions with Texas operators take place across the state
and by using a multitude of formats, from one-on-one interactions to the offering of workshops
and the publishing of technical reports and articles (fig. 5). STARR researchers also produce a
host of research products from seismic data such as cross sections, inversion analyses, stratal-
slice maps, and attribute maps. These research products help oil and gas operators to define new
exploration and production targets from infill wells, recompletions, field extensions, redesigned
waterfloods, EOR, and exploration wells in sparsely drilled areas outside of existing fields.

Figure 5. STARR researchers delivering a core workshop on the Wilcox Group for Texas operators at the Bureau's Core
Research Center in Austin, Texas in 2023.

STARR has a technology-transfer approach. During the current 2022-2024 biennium, STARR
researchers produced a variety of publications, presentations, and workshops. These are summa-
rized in appendices B to D.

During the 2022-2024 biennium, STARR researchers gave several presentations and conducted
reviews of core, wireline-log, and seismic data for industry partners (fig. 5). A partial list of recent
and current STARR partners includes TGN Natural Resources, Surge Energy, Portentum Energy,
Dan Earl Duggan (independent), Cartodyne, Sabinal Energy Operating LLC, Ovintiv, TotalEnergies,
Terra Volta, and WD3 Qil & Gas. A comprehensive list of oil and gas operators who have worked
with STARR since 1995 is presented in table 2. In addition, STARR researchers frequently support
the efforts of local and regional professional societies that seek our support to organize technical
events. During the 2022-2024 biennium, STARR provided significant support organizing technical
events to the Southwest Section of the American Association of Petroleum Geologists and the
Abilene Geological Society. The involvement with professional associations magnifies the impact
of the STARR program by widening exposure to oil and gas operators across Texas.

STATE OF TEXAS ADVANCED RESOURCE RECOVERY (STARR]



Table 3. STARR Oil & Gas field studies, 1995 to present

Operator

Period of Project

STARR Interaction

eystone Eas el BassEnterprises, Halluood Energ, Ploner Natura 1995-1999
gfeéa:llg:g;)Ford and Ford West fields (primary funding by U.S. Department Conoco, Incorporated 1995-1997
E‘;ﬂgfg‘;n\’t\’gi‘gn ae?;yvgflzaG‘githeEgL‘:zé‘I’r']is’{‘i?ﬂef)“”d"‘g by U.S. Shell Ol and Mobil Ol (now ExxonMobil) 1996-1998
Bar Mar field Hanson Corporation 1997-1998
Ozona field Union Pacific Resources, Cross Timbers Qil Co. 1996-1999
Duval County Ranch field Killam Ol 1998-1999
Umbrella Point field Panaco, Incorporated 1995-1999
Red Fish Bay field (shallow Frio) Pi Energy 1996-1997
Corpus Christi East field (Frio) Sabco Oil and Gas, Royal Exploration 1998-2000
Corpus Christi NW field (Frio) Sabco Oil and Gas, Royal Exploration 1998-2000
Encinal Channel field (Frio) Sabco Oil and Gas, Royal Exploration 1999-2000
Mustang Island 889 field (Frio) Sabco Oil and Gas 2000-2001
Red Fish Bay field (Middle Frio) IBC Petroleum, Cinco 2001-2008
Red Fish Bay field (Deep Frio) Boss Exploration, Cinco 2003-2008
Mustang Island offshore (Frio) Cabot Oil and Gas 2003

Northeast Red Fish Bay project (Frio) Cabot Oil and Gas 2003

Laguna Madre (Frio) Novus 2004-2005
Yates field EOR (Permian) Kinder Morgan 2004-2006
Galveston Bay Shelf area study (Frio) Santos USA Corp 2004-2006
Carancahua and Matagorda Bay projects (Frio, Miocene) Brigham Exploration Company 2004-2008
West Bay area study (Alligator Point field; Frio, Miocene) Gulf Energy Exploration 2005-2007
LaSalle, Calhoun offshore (Frio) Gulf Energy Exploration 2005-2007
Gold River North field (Olmos) Huber 2006

Gold River North field (Olmos) St. Mary's Land and Exploration 2007-2009
East Texas field (Woodbine) Various operators 2006-2008
North Newark field (Barnett) Various operators 2007-2009
Spur Lake and Broken Bone fields Gunn Qil Co. 2007-2009
Mustang Island (Frio) Sabco Operating Co. 2006-2008
Copano Bay MPG Petroleum 2007-2009
East Texas field (Moncrief lease) Danmark Energy 2007-2009
Sugarkane field Texas Crude 2006-2008
Cleveland/Marmaton/Atoka field Jones Energy, Ltd. 2008-2010
Lavaca Bay field Neumin Production Co. 2008-2010
Alabama Ferry field Antioch Energy LLC 2009-2011
Haynesville Petrohawk, Common Resources, BP 2009-2011
Spraberry/Wolfcamp (Midland County) Pioneer Natural Resources 2010-2012
Lavaca Bay field (Frio) Neumin Production Co. 2010-2012
Eliasville and Breckinridge fields (Caddo Limestone) BASA Resources 2011-2013
Dismukes field (Dimmit County: Austin Chalk/Eagle Ford Shale) CMLExploration 2011-2013
Sugar Creek field (Austin Chalk/Woodbine) BBX Operating 2011-2013
Double A Wells field (Woodbine) Vision Resources 2011-2013
K-R-S field (Marble Falls Limestone) Cobra Oil & Gas, Stalker Energy 2011-2013
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Table 3. STARR Qil & Gas field studies, 1995 to present (cont.)

Operator

Period of Project

STARR Interaction

Bend Conglomerate (Wise County) Devon Energy 2011-2013
La Sara field (Frio) Risco La Sara Operations 2011-2013
Ranger Limestone (Eastland County) Stalker Energy 2011-2013
Austin Chalk (Dimmit County) Newfield Exploration Company 2011-2013
Frio Formation (Refugio County) T-C Oil Company 2012-2014
Cleveland/Marmaton/Granite Wash (Hemphill County) Devon Resources, Aréte Resources 2012-2014
Woodbine Group (Leon County) Risco La Sara Operations, Chesapeake Energy 2012-2014
Woodbine Group (Walker County) Chesapeake Energy 2012-2014
Cisco limestone (Tom Green County) AEATX 2012-2014
Pearsall Formation (McMullen, Dimmit County) Valence, Devon 2012-2014
San Angelo Sandstone (Irion County) Renda Energy 2012-2014
Atoka/Cherokee Group (Ochiltree, Lipscomb, Hemphill Counties) Aréte Resources 2012-2014
Mississippian Lime (Shackelford, Stephens, Throckmorton, Young Counties) Tracker Resources 2012-2014
Glorieta group (Ward County) Whiting Resources 2012-2014
Harkey, Swastika, Cline Woodbine/Eagle Ford (Polk County) BP 2012-2014
Woodbine Group (Tyler County) BP 2012-2014
ClearFork formation (latan field) BASA Resources 2013-2015
Buda Limestone (Dimmit County) US Enercorp 2013-2015
Tonkawa, Douglas formations (Hemphill County) Chesapeake Energy 2013-2015
Woodbine Group (AA Wells, Hortense fields) Apache Corporation 2013-2015
Pettet Limestone (Anderson County) Aréte Resources 2013-2015
Woodbine Group (East Texas field) Zone Energy 2013-2015
Woodbine Group (Kerens, South field) Five Star Energy 2013-2015
Wilcox Group (Bee, Goliad Counties) Excellong 2013-2015
Wolfcamp Formation (Howard County) Excellong 2013-2015
Eaglebine trend (Fayette County) Devon Resources 2014-2016
Marble Falls Formation (Jack County) Atlas Resource Partners 2014-2016
ClearFork/Spraberry/Wolfcamp (Howard, Borden, Scurry Counties) Harmonia, Inc. 2014-2016
Wilcox Group (Bee County) Formosa Petrochemical 2014-2016
Douglas/Tonkawa formations (Lipscomb County) Jones Energy, Ltd. 2014-2016
Wilcox Group (Lavaca County) Imagine Resources LLC 2014-2016
Spraberry/Dean/Wolfcamp (Howard County) Haimo America, Inc. 2015-2017
Nowack/Thrall (Williamson County) Trinity Brothers 2015-2017
Serbin (Bastrop/Lee Counties) Riley Exploration 2015-2017
Wolfcamp Formation (Howard County) Anadarko Petroleum 2016-2018
Thrall (Williamson County) Patriot Operating Co. 2016-2018
Ellenburger (Nolan County) Winchester Energy Limited 2016-2018
San Miguel/Olmos (Maverick County) Endeavor Natural Gas LP 2016-2018
Smackover Formation (Rains County) Dyersdale Energy 2016-2018
Reinecke Horseshoe Atoll (Borden County) Harmonia, Inc. 2016-2018
Cleveland formation (Hansford County) Latigo Producing 2016-2018
Austin Chalk/Eagleford (Fayette County) Oak Spring Energy 2016-2018
Wilcox/Carrizo (Grimes County) Prolifico Exploration 2016-2018
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Table 3. STARR Oil & Gas field studies, 1995 to present (cont.)

Period of Project

il SRS ‘ STARR Interaction

Austin Chalk (Jasper County) Fourhorses LLC 2016-2018
Tannehill sandstone (Nolan/Taylor County) TrayCon Exploration 2016-2018
Spraberry Formation (Reagan/Martin Counties) De laTerra Exploration 2016-2018
Wilcox/Reklaw (Duval County) Stalker Energy 2016-2018
Bend Conglomerate (Jack County) TECCorp International 2017-2019
Wilcox Group (Dewitt County) Copeland Resources 2017-2019
Tannehill formation (Nolan/Taylor/Coke County) Teal Exploration 2018-2020
Woodbine Group (Polk County) Petrotex 2018-2020
Strawn Group (Knox County) Tri-Star Petroleum Company 2018-2020
Cleveland formation (Lipscomb County) Tecolote, Inc. 2019-2020
Taylor Group (Williamson County) Boardman Industries 2019-2020
Ellenburger Group (Kendall County) Starcreek Energy 2019-2020
Wilcox Group (Zapata County) Hilcorp 2019-2020
Frio Formation (Nueces/San Patricio Counties) Durango Resources 2019-2020
Yegua Formation (Jackson County) Emerald Bay Exploration 2019-2020
Caddo/Canyon/Tannehill (Knox County) Daylight Petroleum 2019-2020
Strawn Group (Coke/Nolan Counties) Affirmed Resources 2020-2022
Clearfork formation (Crosby County) Surge Energy 2020-2022
Cisco and Strawn Groups (Nolan County) Winchester Energy Limited 2020-2022
Woodbine Group (Polk County) Pantheon Qil and Gas 2020-2022
Hope Sandstone (Concho County) SCAL, Inc. 2020-2022
Pearsall Formation (Maverick County) Tony Ortiz Production Services 2020-2022
Barnett Shale (Wise County) Devon 2020-2021
Austin Chalk (Tyler, Jasper, Newton, Sabine, Vernon, Beauregard Counties) Continental Resources 2020-2022
Austin Chalk (Tyler, Jasper, Newton, Sabine, Vernon, Beauregard Counties) BPX Energy, Inc. 2020-2022
Austin Chalk (Tyler, Jasper, Newton, Sabine, Vernon, Beauregard Counties) RKI Energy Resources 2020-2022
Strawn Group (Fisher County) TravCon Geology 2020-2022
Serpentine Thrall field (Williamson County) P&F Operations 2020-2022
Caballos Novaculite, Maravillas Chert, Thistle field (Pecos County) Jim Levy (Independent) 2020-2022
Cisco Group (Motley, Floyd, Briscoe, and Hall Counties) Dan Earl Duggans (Independent) 2020-2022
Frio Formation, Aransas Pass field (Aransas and Refugio Counties) Claude Joseph and Nathaniel Mayfield (Independents) 2020-2022
San Andres Seminole unit (Gaines County) Fasken Oil 2020-2022
Pettet Play (East Texas) TG Natural Resources 2023-2024
Wilcox Group (Gulf Coast) Portentum Energy 2023-2024
Ellenburger (Eastern Shelf) Cartodyne 2024

San Andres/Grayburg Fms (UL Block 10) Sabinal Energy Operating, LLC 2024

Two Finger Sand/Upper Barnett/Atoka (Midland/Andrews Counties) Ovintiv 2024

Wilcox Group (Gulf Coast) TotalEnergies 2024

Vicksburg Formation (South Texas) WD3 0il & Gas, LP 2024

Strawn/Tannehill (King County) Burnett Oil 2019-

Strawn Group (Scurry County) Carr Resources 2020-

Barnett Shale (Denton and Wise Counties) BKV Corporation 2021-

Wolcamp D and Ellenburger (Eastern Shelf) Surge Energy 2024-

Smackover (East Texas) TerraVolta 2024-
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Synopsis STARR 0il and Gas Energy Projects

Comprehensive Strawn Eastern Shelf Study Continues

The Pennsylvanian Strawn Group of

the Eastern Shelf of the Permian Basin
remains a hot topic, with intense interest
from academic geologists and operators
alike. The Strawn has been a hydrocarbon
target for over 80 years, but is relatively
poorly known from a geologic perspec-
tive as it is highly heterogeneous with

a complex stratigraphic and tectonic
evolution, reservoir development, and
petroleum fill history. STARR researchers
have been working diligently to fill these
knowledge gaps through a multidisci-
plinary regional-scale study.

Figure 6. STARR researcher Peter Flaig and graduate student Isabel
Stratigraphers Dr. Peter Flaig and Kelly Johnson image an outcrop in the Sacramento Mountains.

Hattori have analyzed many Strawn cores

in King and Stonewall Counties, defining facies, determining depositional systems, and developing
new models for the stratigraphic evolution of the system. Hattori and Flaig have also identified an
outcrop analog of equivalent age and similar depositional setting in the Sacramento Mountains,
NM, and are conducting fieldwork seeking to characterize carbonate, mixed carbonate-clastic,
and clastic stratigraphy observed there at a seismic scale. They have recruited a new graduate
student, Isabel Johnson, to assist with these efforts; Johnson will be characterizing mixed
carbonate-siliciclastic Strawn systems in Haskell/Stonewall Counties and will be comparing these
to the Sacramento Mountains outcrop analog.

Petroleum engineer Jerry Jensen worked to gain a better understanding of Strawn production
characteristics through detailed permeability measurements and interpretation for a core
retrieved from a well in Katz field (King/Stonewall

T 20 Counties). Results of the initial study highlighted
3 the effect of bioturbation on permeability, and
3 150 also revealed that traditional core plug-derived
E analyses overestimate permeability by a factor of
g 100 three compared to more high-resolution contin-
% + { uous probe pgrmeameter me'asurements. The
;6; 50 o s work was published in Geosciences, and will be
¥ ¢ expanded to include more cores in the upcoming
g 0 year. Additionally, Jensen has recruited a new
0 1 ) 3 a 5 6 graduate student in petroleum engineering,
Bioturbation index David Dadzie, to study reservoir connectivity
of the Katz field using a dataset acquired from
Figure 7. Permeability versus bioturbation index operators Atlas and KinderMorgan. This work is
demonstrating positive effect of moderate bioturbation expected to illuminate factors controlling produc-
intensity on permeability. tion efficacy in the field.
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Geophysicist Chris Ogiesoba
worked closely with Burnett Oil
to perform seismic reservoir
characterization of part of the
northern end of the Eastern Shelf.
As part of his work, he performed
seismic inversion, multiattribute
analysis, and Bayesian classifi-
cation on a 3D seismic volume
and generated porosity, acoustic
impedance, and lithology cubes
to increase understanding of the
lithology distribution and pro-
spectivity of the formation.

L. "PB sourced & migrated 8il

Basin_

Midiand

& -
Brady * _Kieen

Geochemists Drs. Lucy Ko and
Xun Sun have been working on Figure 8. Paleogeographic reconstruction of the Pennsylvanian Strawn
understanding the migration and  petroleum system. Reservoir distribution is overlain on major deltaic complexes
charging history of the oils in the  and carhonate reef buildups, while arrows trace hydrocarbon migration pathways
mixed siliciclastic and carbonate from source rocks in the Fort Worth Basin (east) and Midland Basin (west). Key
Strawn reservoirs from the Fort structural features-the Horseshoe Atoll, Bend Arch, and Concho Arch-are labeled.
Worth Basin on the east and the Locations of core, cutting, and produced oil samples are also indicated.
Midland Basin on the west. They
gathered data from literature for the
chemical and physical oil properties
and conducted compositional and
biomarker analyses of oil samples
retrieved from Strawn reservoirs
around the Eastern Shelf to fingerprint
the oil's origin. They have also incorpo-
rated oil samples retrieved from source
rocks in the surrounding area, includ-
ing the Wolfcamp D/Cline Shale.

The research group has presented

the results of their work at numerous Figure 9. STARR researchers present at a sold-out core workshop on

meetings over the past two years, the Strawn Group to a large group of very attentive geologists.
including Southwest Section AAPG

Annual Meeting, Geological Society of America Annual Meeting, and AAPG IMAGE. They have also

given presentations at local geological societies, including Abilene Geological Society and Fort Worth
Geological Society. Most recently, they led a very successful core workshop for the Fort Worth Qil Infor-
mation Library. The team will continue working on this project through 2025-2026 by expanding the
scope of the project, adding new data and understanding, and interfacing with stakeholders frequently.

Pettet Formation Depositional Systems, East Texas Basin

STARR researcher Kelly Hattori has been spearheading an effort to characterize the geology of
the Early Cretaceous Pettet Formation, an active play in the East Texas region. The formation
produces hydrocarbons from skeletal-oolitic grainstones interpreted to be ancient shoal belts
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similar to that observed in modern sand flats off the
coast of Florida. Very little literature is published on
this formation; Hattori and co-workers Dr. Bob Loucks
and Eric Radjef have thus spent the past few years
working it in detail.

The initial study by Hattori and Loucks (published

in Gulf Coast Association of Geological Societies
Journal) sought to characterize the lithofacies,
depositional environments, and timing of deposi-
tion for the Pettet Formation in Rusk County, East
Texas. Hattori conducted extensive mapping of four
identifiable subunits of the Pettet Formation, then
developed cross sections and isopachs that visualize

the migration of shoals through these units across Figure 10. Map of correlated wells (black dots) and
the study area through time. These shoals have never  described Pettet cores (stars) in the study area. Red line
been mapped as individual units before; the effort shows line of cross section. Further work published in

provided new insight into potential reservoir distribu-  Hattori and Loucks (2021), GCAGS Journal.
tion and partitioning.

A follow-up study by Hattori and Radjef
(published in the American Association of
Petroleum Geologists Bulletin) expanded on
the initial work and incorporated hydrocar-
bon production figures, contextualizing the
impact of lithologies and timing of deposi-
tion on real-world reservoir production. The
study found that shoal deposits from Pettet
subunit B have higher porosity and perme-
ability than those of other units, and have
accordingly higher oil and gas production.

2
=

| D | Pettet C Gas Production
g

Additional work has been conducted to
expand the Pettet study area to the broader
East Texas region: Loucks and Hattori pub-
lished a manuscript (Marine and Petroleum
Geology) detailing the facies and depositional
environments in the Wright Mountain field, , , :
Smith County; a manuscript is in progress, g — e Q = W s e
detailing the facies and depositional environ-  [: = S B
ments of the Pettet in Van Zandt County; and :
further work involving well-log correlation
has been conducted to provide a framework
for the larger region. Study results have been
presented at several conferences (AAPG
IMAGE, Southwest Section AAPG Annual
Meeting, GCAGS GeoGulf, and Mountjoy
Carbonate Research Conference) and to many local geological societies (South Texas Geological
Society, East Texas Geological Society, Fort Worth branch of SIPES, Dallas branch of SIPES).

Gas Production (McF)

Figure 11. Pettet shoals have been shown to produce different
amounts of hydrocarbons based on subunit (time of deposition) and
position in the region relative to the thickest portions of the shoals.
For more detail, see Hattori and Radjef (2024), AAPG Bulletin.
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San Andres and Grayburg Formations in University Lands

The Fuhrman-Mascho field is located
on the eastern side of the Central
Basin Platform within University
Lands. The field was discovered in
1930 producing from the carbonates
and sandstones of the Andres and
Grayburg Formations. Qil production
has been active for the last 90 years
and water injection is ubiquitous
across the field. In order to predict
fluid interactions within the reservoir
and to identify frac'ing targets, it is
necessary to understand reservoir
characteristics of the sandstone and I
carbonate intervals in order to maxi- PEAS NP ¥/ U .
mize oil production while minimizing  Figure 12. Union of California No. 12-A Fuhrman-Mascho 4285.3 ft.

produced water (fig. 12). SEM-EDS images. Image shows a porous sandstone with abundant grains

of quartz, albite, K-spar, and silicified volcanic rock fragments. Interparticle
In this project, the STARR team pore space (black) is common; however, anhydrite cement fills some of the
engaged in a study to identify interparticle pores space. The anhydrite cement displays dissolution. Good
sandstone reservoir distribution, permeability should be associated with this sandstone.

mineralogy, and reservoir quality.
The research project included petrographic work to help calibrate the gamma-ray logs across the
field in order to understand vertical and horizontal heterogeneities. Also, it documented the pore
types and how they formed. Results of the study indicated that sand-silt-rich intervals have good
intergranular porosity while
N | silty and dolomite-rich units
i W Ehs= S SRS present poor reservoir
characteristics. In addition,
the STARR team engaged
in core descriptions and
mapping of depositional
systems so that the distribu-
tion of the good reservoir
intervals could be better
understood. This work is
relevant for operators since
the integration of these
results with production data
helps inform strategies for
future oil and water flows.
Also, this is one of the first

Silt layer 1 (4,282-4,292 ft in core)
Net thickness (ft)

@  Union12-A F-M core location e studies to map out the
sandstone reservoir lithofa-
Figure 13. Integration of core description, well logs, and mapping of net thickness cies, which will help locate
of key intervals. This approach will help operators place infill wells and provide data infill wells and provide data
for field extension. for field extension (fig. 13).
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Reservoir Characterization Wolfcamp Formation

The upper Pennsylvanian Cline
Shale (Wolfcamp D) is a prolific
source of oil and shale gas.

This unit is one of the largest
hydrocarbon plays in the United
States; however, the lithology,
total organic matter content
(TOCQ), and its thermal maturity is
highly variable across the Perm-
ian Basin of West Texas (fig. 14).
STARR researchers have ample
experience studying and docu-
menting the heterogeneities of
the Cline Shale. Texas operators
across the state frequently seek
our advice to help in the char-
acterization of this important oil
and gas exploration target. In
this project, our team provided
a regional overview of the Cline
Shale allowing the operator to
obtain a better understanding
of subsurface conditions in their
region of interest in Howard and
Martin Counties (Midland Basin).
The team provided information
relevant to better understand
the regional distribution of sed-
imentary facies, mineralogical
trends, source rock quality, and

paleodepositional environments.

This information was of value

to the operator providing new insights to improve
reservoir quality predictions and to inform new drilling

efforts.

The STARR team also performed work on the lower
Permian Wolfcamp (B and C1) section of the eastern
Midland Basin. This interval is >1,000 ft thick, char-
acterized by a mixed succession of shale (mudrock)
and sandstone lithofacies (fig. 15). Both mudrocks
and sandstones are prolific reservoirs and active

Figure 15. Core photo of the Wolfcamp sandstone in the
F. Stubblefield #1-A well, showing Bouma sequence Tb, Tc, and
Td interpreted to be turbidity-flow deposits. Depth: 6197.5 ft.
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Figure 14. Column section of the Cline Shale in the Adoue #1-H well showing
stratigraphic cycles (3rd-order), lithofacies, and variation in TOC.
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exploration/production targets.
Because the succession is
highly heterolithic, it is critical
to understand and predict the
stratigraphic and lateral vari-
ability in lithologic change and
assess its impacts on reservoir
properties.

Diagenesis is a major factor

that substantially affects the Figure 16. (a) Photomicrograph showing dissolution created secondary
sandstone reservoir property intraparticle pores in feldspar (examples by hollow arrows) and enhanced
within the lower Wolfcamp (B intergranular pores (solid arrow). Well: V.T. McCabe #18-D. Depth: 6036.0 ft.

and C1) (fig. 16). In this project, (b) SEM-EDS image showing pores are filled/cemented by kaolinite/dickite
the core samples were analyzed (k) ferroan dolomite (d), and sparse, euhedral to subhedral, microcrystalline
using petrographic and SEM quartz (solid arrows) and albite (hollow arrows). Well: V.T. MaCabe #18-D.

techniques to characterize dia- Depth: 6,066.2 ft.

genetic processes that impact

reservoir characteristics, such as porosity types, porosity distribution, and permeability pathways.
Petrographic observations provided key constraints for reservoir-quality predictive models.

Woodbine Group Depositional Model and Age

STARR research on the Woodbine Group focuses on outcrops in the Arlington area near
Grapevine Lake, Texas. Dr. Peter Flaig is collaborating with paleontologists and paleobotanists

at the University of Wisconsin-Parkside and Perot Museum of Nature and Science along with
palynologists with Ellington Geological Services. The goal is to refine the depositional model

for Woodbine deposits as well as the depositional age. Deposits of the Woodbine in outcrop

are interpreted as those of tidal deltas, tidal flats, tidal channels, and fluvial channels emplaced
along a Cretaceous coastline. Deposits are unique because they represent rarely exposed paralic
systems along the southern coast of Appalachia separated from Laramidia by the Cretaceous
Western Interior Seaway. They also include well-preserved plant material, pollen, and vertebrates
including turtles, crocodiles, fish, amphibians, and dinosaurs.

Refining the Woodbine Group dep-
ositional model and age is important
because the Woodbine dips into
the subsurface and becomes an
important oil and gas reservoir in
the nearby East Texas Basin and East
Texas Oil Field. A new depositional
model and age constraints will

allow us to correlate age-equivalent
deposits from the outcrop into the
subsurface at locations where core
is available. Continuing and future

Figure 17. Drone image of the Woodbine Group outcrops at the work includes the addition of several
Arlington Archosaur Site near Arlington, Texas. From Noto et al., 2025 core-based investigations near the
(Sedimentologika). outcrop beltin the Dallas area and
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in the East Texas Field. Wireline well-log correlations will place the core analysis within a regional
stratigraphic framework.
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Figure 18. Idealized depositional model of paleoenvironments in the Woodbine Group at the Arlington Archosaur Site,
Arlington, Texas. The model combines data from sedimentology, palynology, and vertebrate paleontology. From Noto et al.,
2025 (Sedimentologika).

Wilcox Group Depositional Systems, Paleogeography, Climate, and Correlations

STARR research on the Lower Wil-
cox Group is based on subsurface
data (well logs, seismic, and cores)

1485m: 1485m
T

in south-central Texas. Detailed
stratigraphic and sedimentologic
interpretations are integrated with
geochemistry and palynology with
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help from our collaborators at
Ellington Geological Services. The
goal is to refine the depositional ss0m
model for Wilcox deposits in a
source-to-sink framework, from

the outcrop to the deep-water
basin through refined stratigraphic
correlations across challenging
shelf-margin structures. The
onshore Wilcox Group has been targeted for hydrocarbon exploration and production for many
decades. These depleted reservoirs can be used today for carbon sequestration, energy storage,
and geothermal energy. In addition, the comprehensive characterization of the Lower Wilcox
deposits helps detect patterns related to paleogeography and climate. Fine-scale geochemical
fingerprinting of the Lower Wilcox (fig. 19) reveals relative humid-arid cycles occurring over

4th order timeframes that generally follow the shoreline movement described by independent
stratigraphic analysis. These observations are valuable as they can help improve predictions for
reservoir presence and quality.
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Figure 19. Geochemistry analysis for a 4th order Lower Wilcox cored interval
in Moczygemba #11 well A. Weathering (CIA) B. Mean Annual Precipitation
(MAP). C. Wire-line log From Olariu et al., 2025.
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Research on the Middle to Upper
Wilcox Group provides strati-
graphic, isotopic, biostratigraphic,
and geochemical evidence from
outcrops near Bastrop, Texas

and contemporaneous core that
include the Paleocene-Eocene
Thermal Maximum (PETM). This
multidisciplinary data set identified
key characteristics that place the
outcrops within a regional frame-
work, and ultimately enables us to
correlate deposits with down-dip
onshore shelf and deepwater
Wilcox wells. Research includes
one master's thesis and collabora-
tions with the University of Geneva
(Isotopes), PetroStrat (Palynology),
and Rohmtek (Geochemistry).
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Figure 20. Paleoenvironmental models developed from Bastrop outcrops
and probable correlations with down-dip datasets including A) Time 1:
Sabinetown and lower Dark Band, B) Time 2: upper Dark Band, C) Time 3:
sub-Carrizo unconformity, and D) Time 4: basal Carrizo.

Emerging Energy Opportunities in Texas

University Lands Project in Emerging Energy Opportunities

In 2022, the STARR program entered into a partnership with University Lands (UL), which is the
fiduciary steward of 2.1 million acres of land across 19 counties in West Texas. UL manages
surface and mineral interests of this land for the benefit of the Permanent University Fund (PUF).
The PUF is a university endowment that benefits more than 20 educational and health institutions
across The University of Texas System and Texas A&M University System. UL wanted to evaluate
emerging energy and resource opportunities within their acreage. Within this context, STARR
conducted research to assess emerging energy and resource opportunities and their fiscal and
environmental impacts on UL acreage in West Texas.

Deliverables included value-based, geospatial assessments of UL surface and subsurface
resources. The first phase of the project consisted in assembling a GIS database with layers that
take into consideration the entire value chain for different emerging energy opportunities

(fig. 21). This approach allows the user to customize maps using a versatile and reliable geospatial
framework.

In addition, our researchers examined opportunities associated with a broad set of emerging
energies including hydrogen, carbon management (enhanced oil recovery and carbon capture
and sequestration), critical minerals, and geothermal. One of the conclusions of the study was
that the Permian Basin of West Texas offers a wide range of opportunities to develop emerging
energies; however, high development cost (technology and infrastructure), lack of access to mar-
kets, and regulation uncertainties pose significant challenges to these technologies. Our study
also revealed that there is a great deal of complex interdependence that links emerging energies
and hydrocarbon production (fig. 22). The true nature of these relationships needs deeper con-
sideration to avoid unwanted and potentially harmful activity interference that can harm energy
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production. The main take away was that hydrocarbon exploration and production in the Permian
Basin will continue to play a significant role for decades to come in order to ensure energy
reliability, affordability, and security in Texas and beyond.

Phase |
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Depleted O&G reservoirs Transportation, 17, 4%

Figure 21. The GIS database delivered to UL contained more than 387 layers that were organized taking into consideration
the role of the information obtained or generated as part of broader value chains.
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Figure 22. The development of emerging energies poses many challenges. Some of them relate to the intricacy of relationships
between different opportunities, the competition for resources, and the risk of interference with proven energy sources.
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Permian Energy Development Lab Geospatial and Socio-Economic Modeling

Permian Energy Development Lab (PEDL) is a consortium founded by the University of Texas at
Austin and the Cynthia and George Mitchell Foundation, primarily, with significant collabora-
tion from several universities, colleges, and DOE National Laboratories. PEDL was founded to
facilitate and conduct advanced research on integrated energy systems in the Permian Basin,
leveraging the significant
energy-related infrastructure e propesst eglom i emicetore bl

and geologic resources that has ~\

been created by STARR, and
other funding sources for many
years, even decades. Figure 23
shows the 66 county footprint of
the PEDL area.

Parmer | Castro | Swisher | Briscoe | Hall Chilress

Leveraging STARR's energy

research expertise and a robust T

geospatial database, a suite /777 Delaware Basin .

. Midland Basin Marathon ¥ )
Of geOSpatlal frameworks and Federal Lands Brewsler L — .
databases was created to model Gy

County Boundary

the Permian Basin’s infra-
structure, natural and energy
resources, and socioeconomic
structure. STARR researcher
Mert Ugurhan created interac- Figure 23. Map of proposed region of service for PEDL.

tive GIS platforms for visualizing

and analyzing the region’s resources and socioeconomic indicators. These platforms were inte-
grated into PEDL's webpage (https://pedl.tech/geospatial-maps) and are currently being used

by PEDL's research teams to support ongoing research and decision-making processes. All the
information is available to the public, and thus is an excellent resource for anyone seeking infor-
mation on regional characteristics. STARR's expertise in geoscience and engineering research has
the potential to further expand the STARR-PEDL collaboration and contribute to PEDL's research
goals of integrating current, emerging, and new energy technologies.

The Role of Evaporitic Sequences in the Permian Basin of West Texas -
Energy Storage and Produced Water Disposal

Emerging energies and oil and gas activities are becoming increasingly intertwined. The shallow
evaporitic sequences of the Permian Basin in West Texas, specifically the Castile and Salado for-
mations (fig. 24), exemplify the importance of the subsurface for various applications. The STARR
team has conducted extensive research characterizing these units, as their utility spans a wide
range of applications, including energy storage in salt caverns and their role as seals for shallow
water disposal zones. Additionally, dissolution fronts affecting evaporitic sequences can pose
drilling hazards in the wider Permian Basin region. STARR researchers will increase their collabo-
ration with the Center for Injection and Seismicity Research (CISR) during the upcoming biennium
to leverage our recently acquired knowledge regarding the shallow evaporitic sequences of
West Texas. The main aim for this upcoming collaboration will be to characterize the physical
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geomechanical characteristics of
the Castile Formation to evaluate its
sealing capacity and use this infor-
mation to generate a risk map for
produced water (PW) disposal in the
Permian Basin of West Texas.

In addition, during the 2022-2024
biennium we integrated key geo-
science input and engineering
tools to estimate energy storage
capacities using salt caverns in the
Permian Basin. These tools allow
us to estimate subsurface storage
capacities for a variety of energy
vectors including hydrogen and
natural gas (fig. 25). We have also
included information associated
with infrastructure (e.g., pipelines,

natural gas plants, etc.) to obtain a
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comprehensive view of the inter-
connection between subsurface and
surface conditions, resource coloca-
tion opportunities, and proximity to
markets.

Figure 24. Core samples illustrating the complexities and heterogeneities
that are present in the Castile Formation. This unit represents the main seal
for the shallow water injection zone in the Delaware Basin. STARR and CISR
teams at the Bureau are currently evaluating the regional sealing capacity
of this unit to better inform PW injection strategies at a regional scale.
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Figure 25. The map on the left showcases several layers of infrastructure in the Permian Basin of West Texas including natural
gas pipelines in green, refineries (brown circles), and natural gas plants (blue circles - sizes reflect CO, emission intensity per
facility). The map on the right illustrates the location of high potential and low uncertainty (darker shades of blue) regions in
the Permian Basin for salt cavern development. This information is then used as input to calculate energy storage capacity for a

variety of energy vectors including but not limited to hydrogen and natural gas (right).
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Exploration for Lithium-rich Brines in Northeast Texas

In recent years the Jurassic Smackover Formation in northeast Texas has become a major explo-
ration target for the production of lithium-rich brines. STARR is working with several companies
to understand and locate the highest quality reservoir strata to explore for these brines. The
investigation, based on numerous cores, have defined the best reservoirs as those that are in the
upper Smackover grainstones that have been dolomitized. In the dolomitized reservoirs permea-
bilities can range from hundreds into several thousand millidarcys. Because exploration of brines
is not dependent on trapping, as is oil and gas, brine reservoirs are considered to be continuous,
making reservoir quality the major risk factor for economic production (fig. 26). This STARR
project provides major support to companies in their exploration effort for lithium-rich brines in
northeast Texas.
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Figure 26. Highly dolomitized ooid grainstone reservoir with intercrystalline and oomoldic pores. Porosity = 22.1%;
permeability = 309 md (left). Smackover porosity versus permeability plot where samples are differentiated by mineralogy.
Dolomitized samples have better reservoir quality (right).

Conventional and Emerging Energies in the Ellenburger Group

The Ellenburger Group in West Texas exemplifies the potential for multipurpose uses of the
subsurface for both traditional oil and gas activities, as well as for emerging energy applications.
The Ellenburger has been a target for hydrocarbon exploration and production for many years.
Recently, this unit has also been used for CO» injection and wastewater disposal. In November
2023, BKV Corporation began injecting CO2 into the Ellenburger Group near Bridgeport, Texas
(https://www.bkv.com/news/bkv-enlink-first-carbon-sequestration-project-barnett-zero). For
each of these undertakings to be economically successful, reservoir quality and heterogeneity
are important risk factors. Within the Ellenburger, these factors are complex due to diagenetic
processes of dolomitization and karstification, which have significantly affected the original lime-
stone. The STARR team has many years of experience studying the Ellenburger Group. In the fall
of 2024, the team hosted a workshop for industry partners to take a closer look at this important
geologic formation in Texas (fig. 27).
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Figure 27. Dr. Bob Loucks delivers a lecture to participants of the STARR
Ellenburger workshop showcasing the complexity of karst depositional models.

Thousands of feet of Ellen-
burger core have been
described by STARR researchers
to provide operators with
comprehensive depositional
models, maps with lithofacies
distributions, and diagenetic
studies that helped progress
their understanding of reservoir
quality and heterogeneity. In
addition, our seismic interpret-
ers have performed seismic
characterization analysis that
shows the three-dimensional
architecture of karst systems
within the Ellenburger.
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STARR LAND, WATER, AND ENERGY NEXUS

STARR Mapping, Hazards, and Minerals

During the current biennium,
STARR matching funds have
enabled increases in U.S. Geolog-
ical Survey funding through the
STATEMAP Program to expand
coastal-, groundwater-, geohaz-
ards, and minerals-related geologic
mapping in Texas. These funds sup-
ported hiring of geologists for the
mapping program, new detailed
mapping in six project areas

(fig. 28), preparing maps in the dis-
tributable USGS/AASG Geologic
Map Schema (GeMS) for public
use, and compiling statewide salt
distribution and geothermal attri-
bute maps. In addition, multiple
cooperative Earth MRI projects

are supplementing the STARR and
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Figure 28. Location of geologic mapping project areas on the Texas Coastal
Plain (1Aand 1B), in the central (2A) and western (2B) Texas groundwater-
and mineral-resource areas, in the central Texas urban-growth corridor (3),
and in the Trans-Pecos critical minerals resource area (4).

During FY2024 and FY2025,
Bureau researchers completed 18
new quadrangle-scale Open-File
Maps, six multi-quadrangle compilation maps, a statewide subsurface salt distribution map, and a
regional geothermal attributes map as part of the cooperative STARR and STATEMAP programs.
Beyond mapping, STARR Hazards funds have enabled Bureau researchers to respond quickly

to requests for emergency assistance from state and regional officials when geologic hazards
threaten public safety, critical infrastructure, or environmental health. One example from the cur-
rent biennium is the Southwest Mesa sinkhole in Crockett County, where RRC officials requested
Bureau assistance to assess the collapse potential of a large fissured area near Fort Stockton
before re-entering a well.

Wildfires in Texas

Globally, the quantity, size, and severity of wildland fires have increased by approximately 5%

annually over the past two decades. These fires evolve rapidly, injecting heat, gases, and particu-
late matter into the environment. High-resolution multispectral thermal infrared data of an entire
wildfire can aid in active fire detection, behavior evaluation, and emission assessment—important
metrics for fire managers (fig. 29). This line of research is particularly relevant for Texas, where the
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frequency and intensity of fires appear to be increasing, threatening human life and infrastructure

within the state.

The 2024 Smokehouse Creek Fire in the Texas Panhandle developed into the largest wildfire
recorded in the state's history (and second largest ever in the U.S.), burning more than one mil-
lion acres. Although human casualties were limited to two fatalities and material damages were
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Figure 29. Initial ground deployment at a prescribed burn of the thermal infrared instruments at Balcones Canyonlands National
Wildlife Refuge. (A-D) Visible photographs and (E-H) surface temperature data of the burn. Flexibility in uncrewed aerial system
observations enables 3D representations of dynamics and fluxes, which will help inform incident commanders in decision making.

1,000 Kis equivalent to approximately 1,340.33°F.
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relatively minor due to the sparse population in the region, future events in West Texas could
seriously compromise infrastructure (e.g., transmission lines, oil and gas infrastructure) and larger
communities. Therefore, it is crucial to advance research in order to accurately evaluate wildland
fire risks and help rapidly mitigate these risks.

This project contains three primary wildland fire science and technology tasks focusing on the
active-fire stage of wildland fire management across Texas and the U.S. The technological aspects
of the project involve the development of novel small uncrewed aerial systems with multispectral
thermal infrared spectral imaging instruments to investigate the thermodynamics and gas emis-
sions from wildfires, as well as constraining the ecological (vegetation and soils) and societal
impacts (infrastructure and air quality). These systems will characterize active fires from previously
unattainable perspectives, as well as high temporal resolutions, and improve our ability to evaluate
risk both to fire fighters and society.

The project also involves participation and training of undergraduate and graduate students

in fire-related projects (fig. 30). Students are engaging through undergraduate fellowships, the
JSG graduate program, and the JSG Research Traineeship Experience (RTX) program. These
student-lead research projects include (1) the development of autonomous fire detection instru-
mentation; (2) ecological investigations at Indiangrass Wildlife Sanctuary in east Austin; and (3)
understanding of the immediate and long-term effects of the application of fire on soil hydraulic
properties, key chemical compo-
nents, and ecological recovery in
the Texas Hill Country. The partic-
ipation of students in this overall
project is vital to develop a skilled
workforce to help reduce the risks
of wildland fires across Texas and
the U.S. into the future.

The goals of this project will be
achieved via STARR collaborations
with partners at NASA FireSense,
U.S. Fish & Wildlife Service,
Balcones Canyonlands National
Wildlife Refuge (BCNWR), UT Austin
Wildflower Center, TAMU Forest
Service, and the city of Austin.
Partners have provided insights into
improving wildfire characterization,
reducing the impact and likelihood
of catastrophic wildfires in Texas;
and provided access to natural
experiments through prescribed
burning. Further, the improvements

in fire characterization through Figure 30. (A) RTX student conducting site surveys for ecological
advances in instrumentation and investigations across both burned and unburned sites at Indiangrass
data products with near real-time Wildlife Sanctuary in east Austin. (B) Graduate student acquiring

data distribution is highly beneficial ~ multispectral thermal infrared data from an uncrewed aerial system overa
to fire managers and models. prescribed burn at Balcones Canyonlands National Wildlife Refuge.
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APPENDIX A: LETTERS OF COOPERATION

The following selected letters are from partner companies with whom the STARR program has
recently collaborated. These letters document the strong interaction between STARR and the oil
and gas industry.
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"n TG00k
RESOURCES
7/31/2023

STARR Program

Bureau of Economic Geology
Jackson School of Geosciences
Austin, Texas

Dr. Moscardelli:

On behalf of TG Natural Resources, | would like to express our sincere gratitude to the
Bureau of Economic Geology and especially Kelly Hattori for slabbing and showing us
several Pettet cores that she has used in her research.

Kelly’s in depth understanding of carbonate development as well as here high-level
ability to differentiate different core facies was very helpful in my understanding of
carbonate rocks in East Texas. Mapping different carbonate facies can be a challenge
and | have found it to be very helpful seeing the different facies in person and thanks to
Kelly we were able to do just that.

Once again, thank you to Kelly, and the BEG for letting us come visit and take a tour
around the facility. We look forward to developing a relationship with Kelly and the BEG
moving forward.

Sincerely,
Will Pollard

Staff Geologist
TG Natural Resources
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S'L#EI 11330 Clay Rd, Suite 200, Houston, Texas 77041

Energy

Lorena G. Moscardelli, Ph.D.

Research Associate Professor and Principal Investigator

State of Texas Advanced Resource Recovery (STARR) Program Bureau of Economic Geology, Jackson
School of Geosciences, The University of Texas at Austin

P.O. Box X

University Station

Austin, TX 78713-8924 September 11, 2024

Dear Dr. Moscardelli:

| would like to acknowledge the significant contributions that the State of Texas Advanced Resource
Recovery (STARR) Program at the Texas Bureau of Economic Geology have made to Surge Energy’s
understanding of Strawn, Cline Shale (Wolfcamp D formation), Wolfcamp C sandstone reservoir, and
Ellenburger carbonate caves on the Eastern Shelf of the Midland basin.

The core workshop conducted at the Bureau in July 2024 provided us an excellent opportunity to
observe the lithofacies and vertical variation of the different reservoirs, which we believe will help us
find more oil in this part of the basin.

As in the past, your professional staff always work hard to meet our need and provided us very
important information for the plays and our areas of interest, which are very critical for our future effort
in finding more oil and gas in the Permian basin.

Surge Energy looks forward to a long and fruitful relationship with the STARR program as we continue
to explore and develop oil and gas resources in Texas.

Sincerely,

.

*

Dr. Xijin (CJ) Liu
Chief Geologist
Surge Energy America
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THE SOUTHWEST SECTION
of the
AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS
2023 CONVENTION

P.O. Box 1671 * Wichita Falls, Texas 76307

www.swsaapg.orq *

Dr. Lorena G. Moscardelli
STARR Program
Bureau of Economic Geology
The University of Texas at Austin
P.O. Box X
University Station
Austin, Texas 78713-8924
June 12, 2023

Dear Dr. Moscardelli,

The Southwest Section of the American Association of Petroleum Geologists
(SWS-AAPG) held a very successful convention in Wichita Falls, Texas,

May 6-9, 2023. The technical session was outstanding and bolstered by the
strong commitment from the geologists working within the State of Texas
Advanced Resource Recovery (STARR) Program at the Bureau of Economic
Geology (BEG). The range of formations the Program’s geologists covered,
including the Tannehill, Wolfcamp, and Strawn on the Eastern Shelf, generated
much excitement and provoked stimulating discussions among the attendees.

Those presentations, along with the STARR Program’s Cisco study in the Palo
Duro Basin, could not have been presented in a more favorable geographical
location than Wichita Falls. The North Texas Geological Society (NTGS) was
honored with the STARR Program’s participation helping us celebrate our 100"
Anniversary.

Geologists exploring for oil and gas in Texas depend on the science and research
provided by thc STARR Program to guide and direct our exploration. Without
this research, geologists would struggle understanding the technical processes of
the petroleum systems sourcing the reservoirs we seek to discover and develop.
The NTGS and SWS-AAPG certainly hope the State of Texas continues
supporting this extremely important and valuable program that develops the
mineral interests of our private citizens and State.

Thank you for the STARR Program’s participation.
Best regards,
Craig Reynolds

General Chair
2023 SWS-AAPG Convention

AFFILIATED GEOLOGIC SOCIETIES
Abilene * Dallas * El Paso * Fort Worth * North Texas * Roswell * San Angglo * West Texas
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PORTENTUM ENERGY

PRODIGY » TECHNOLOGY e SYNERGY

4/13/2023

STARR Program

Bureau of Economic Geology
The University of Texas
Austin, Texas

Howdy Dr. Moscardelli:

On behalf of the Portentum Energy Co., | would like to express our sincere gratitude to the Bureau of
Economic Geology and especially to Dr. Lulia Olariu, her esteemed colleagues, and students for setting
up the Wilcox Formation Workshop on March 22, 2023.

The displayed Wilcox Formation cores along with the regional geological interpretations, and discussions
were of tremendous value to our company and our operations.

As a newly minted O&G Operator in the State of Texas, we rely heavily on the publications of well, and
geological records from all sources. The Wilcox Formation Workshop supplements our regional
geological understanding and production characteristics, all of which will enable us to conduct our
operations more effectively.

Once again, thank you, your colleagues, and all the contributors for their great work with the Bureau of
Economic Geology at the University of Texas.

Sincerely,

Bob Tu
President and COO
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10/23/2023

STARR Program

Bureau of Economic Geology
The University of Texas at Austin
Austin, Texas

Dear Dr. Moscardelli,

The Abilene Geological Society would like to offer our sincere thanks to Kelly Hattori
for her presentation, “Carbonate and mixed carbonate-clastic facies variability across
the Upper Strawn Formation on the Eastern Shelf, King County, TX” given at our
October 19th luncheon.

Her and the other researchers work on regional studies on the Strawn formation of the
Eastern Shelf is extremely valuable to our members and we greatly appreciate the
significant contributions the State of Texas Advanced Resource Recovery Program has
made to the understanding of technical processes of depositional systems in the area and
greater understanding on the petroleum systems associated to them. The insights gained
by many of us from these studies, contribute to our exploration efforts in the area. Our
members greatly appreciate these studies and look forward to collaborating with more
in the future as the program continues its efforts in local counties.

As always, we greatly appreciate the STARR Program’s willingness to participate and
lead in our technical programs, workshops and luncheons. The research and science

provided is extremely important to our professional understanding of the reservoirs we
seek and we hope the State of Texas continues to support the program in coming years.

Sincerely,
Brittnee Brannan
AGS President
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¥ BKV

1200 17th Street, Suite 2100
Denver, CO 80202
bkvcorp.com

Lorena G. Moscardelli, Ph.D. March 11, 2025
Research Scientist and Principal Investigator

State of Texas Advanced Resource Recovery (STARR) Program

Bureau of Economic Geology, Jackson School of Geosciences

The University of Texas at Austin

P.O. Box X

University Station

Austin, TX 78713-8924

Dear Ms. Moscardelli:

On behalf of BKV Corporation, | would like to express our sincere appreciation for the significant contributions
that the State of Texas Advanced Resource Recovery (STARR} Program at the Texas Bureau of Economic Geology
has made to our understanding of the Ellenburger and Woodbine Groups in Texas.

Over the past year, the STARR Program has shared numerous insights and research results on the Ellenburger,
most notably an Ellenburger pressure model in the Fort Worth Basin. Additionally, we greatly benefited from the
all-day lecture and core workshop that you and your team hosted for the BKV subsurface team and other Texas
operators on November 18, 2024.

Your team’s presentations on Ellenburger research, followed by the presentation of relevant cores, provided
invaluable insights. The BKV subsurface team gained important knowledge of reservoir quality and regional
stratigraphy, which will be instrumental in assessing Ellenburger water hazards for our Barnett new drilling and
refracturing operations, as well as in evaluating saltwater disposal and carbon capture and sequestration (CCs)
opportunities in the Fort Worth Basin.

Furthermore, BKV has benefitted from STARR-supported research on the Woodbine of East Texas, which is
emerging as a potential CCS target. Your team’s work in sharing a regional stratigraphic framework, core
descriptions, and core analysis has significantly enhanced our understanding of this reservoir.

The STARR Program’s continued efforts in providing valuable geologic interpretations and analyses
are greatly appreciated as we develop our gas resources and pursue carbon sequestration initiatives in Texas.
We look forward to continued collaboration with you and your team.

Thank you again for your dedication and contributions.

Sincerely,
Rebecca R. Harrington

Geoscience Manager
BKV Corporation
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CARTODYNE

Matt Williams
Geologist/ New Venture Advisor Cartodyne
Houston, TX

LORENA G MOSCARDELLI, Ph.D., Research Associate Professor and Principal Investigator
State of Texas Advanced Resource Recovery (STARR) Program

Bureau of Economic Geology

Jackson School of Geosciences | The University of Texas at Austin

Dr. Moscardelli,

| wanted to take the opportunity to let you know of the value of the STARR/ BEG Ordovician Core
workshop in November of 2024. | am now working as an advisor to a Cartodyne, a small private
GIS-focused enterprise providing high-quality GIS and geoscience technology to clients
predominantly in Texas who are pursuing development in oil and gas, CCS, as well as supporting
cities and other agencies complying with RRC and other regulatory bodies.

The STARR workshop allowed me to remain current on research and its applications to resource
exploration and carbon storage, replenish knowledge, and expand it with industry colleagues.

| hope to participate in future STARR events, and apply to the ongoing and dynamic Texas energy
endeavors

Best,
MATT WILLIAMS

Geologist / New Ventures Advisor
Licensed Texas Professional Geologist #4372
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CARTODYNE

Matt Williams
Geologist/ New Venture Advisor Cartodyne
Houston, TX

LORENA G MOSCARDELLI, Ph.D., Research Associate Professor and Principal Investigator
State of Texas Advanced Resource Recovery (STARR) Program

Bureau of Economic Geology

Jackson School of Geosciences | The University of Texas at Austin

Dr. Moscardelli,

| wanted to update you on my recent work on the Ordovician Simpson Shale in the Permian Basin and the
assistance that the STARR program has provided to evaluate this potential new Unconventional Source
Rock Resource Play. Itis notable that minimal published data exists on the Simpson, especially specific to
the Texas Permian Basin.

The STARR/ BEG data and technical expertise can assess organic content, lithology and depositional
environments which are critical first steps before targeting areas for significant capital investments and
potential production. | connected with Dr. Loucks after a previous STARR workshop, regarding the Simpson
formation. He had identified a long (several hundred feet) core obtained decades ago in Upton County of
interest. | had the opportunity to review the core at the BEG Lab and benefit from his observations and
ideas, drawing from his extensive experience. The physical observations integrated with current thinking in
sedimentology and unconventional resource development will significantly advance these assessments.
Dr Loucks also highlighted possible additional data evaluations, such as Organic content assessment and
SEM level mineralogy determinations, which would significantly quantify the possible resource available.

Prior to my current work as a consultant and advisor to a Cartodyne, a small private GIS-focused
enterprise, | have extensive experience in assessing and developing unconventional resource plays. | have
worked over 40 years in subsurface geoscience technical evaluations and management. In the last 25
years, | have been involved in originating and developing many projects with extensive development of
unconventional resources for major companies, most recently as VP Geoscience for an LNG and
Upstream development company. | understand the technical and commercial aspects of modern
unconventional resources assessment and development, and the data and expertise at STARR are
excellent resources to further identify and evaluate future targets such as the Simpson.

I look forward to continuing these evaluations with assistance of STARR and the BEG which hopefully with
advance the development of critical additional energy resources.

Best,
MATT WILLIAMS

Geologist / New Ventures Advisor
Licensed Texas Professional Geologist #4372
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6 Sabinal Energy Operating, LLC

December 19, 2024

Dr. Lorena Moscardelli, Primary Investigator
State of Texas Advanced Oil and Gas Resource Recovery (STARR) Program
Texas Bureau of Economic Geology

Dear Dr. Moscardelli

We (Sabinal Energy) would like to thank you for the help provided by Mr. Ambose and Mr. Loucks, and
the State of Texas Advanced Oil and Gas Resource Recovery (STARR) program at the Texas Bureau of
Economic Geology. Sabinal Energy operates 147,500 acres with >3,300 producing oil wells in mature
fields scattered across the Permian Basin. In addition to efficiently producing oil from existing fields, we
are always trying to maintain and increase production from those assets. One way we are doing that is
drilling and frac’ing horizontal wells in and at the edges of our fields.

Sabinal is a relatively small company with approximately 160 employees and production of ~14,000
BOPD, and hence do not have a research staff and appreciate the help that Bill Ambrose and Bob Loucks
gave us.

One of the fields that we operate is Fuhrman-Mascho on University Lands on the eastern side of the
Central Basin Platform. It was discovered in 1930 with production from carbonates and sands in the San
Andres and Grayburg Formations. Sabinal is interested in drilling and frac’ing horizontal wells on our
acreage which includes University Lands and Block 10. During the last 90 years, much oil has been
produced and water injected. For successful wells, we need to understand where oil is still remaining
and where water is, especially water that might be under pressure from injection or aquifers. Asyou
know, frac’ing allows contact with much rock away from the original well bore, hence understanding the
reservoir characteristics of sands, silts and carbonates are important to maximize oil and minimize
produced water.

We recently drilled and frac’ed two horizontal wells in the southern margin of Fuhrman-Mascho field.
This in an area that LimeRock has gotten some nice, sustained oil production recently from horizontal
frac’ed wells. Our two wells are FUHRMAN-MASCHO UNIT 2610H and FUHRMAN-MASCHO UNIT 2101H.
FUHRMAN-MASCHO UNIT 2610H started producing approximately 450 BOPD and is still at
approximately 270 BOPD of oil along with water. FUHRMAN-MASCHO UNIT 2101H started producing
approximately 250 BOPD and is at approximately 200 BOPD of oil along with water.

1780 Hughes Landing Blvd., Suite 1200, The Woodlands, TX 77380
346-224-9300
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37 Ovintiv Ovintiv USA Inc.
Republic Plaza

370 17th Street, Suite 1700

Denver, CO, USA 80202

T 303 623 2300

Dr. Lorena Moscardelli

State of Texas Advanced Resource Recovery (STARR) Program
Bureau of Economic Geology

The University of Texas at Austin

P.O. Box X, University Station

Austin, TX 78713-8924

Dear Dr. Moscardelli,

Ovintiv would like to acknowledge and thank your team for providing us with data
through the State of Texas Advanced Resource Recovery (STARR) program, in support of a
reservoir characterization project in the Midland Basin of Texas,

We requested information on several cores that had been studied and published on by
researchers at the Bureau of Economic Geology. Your colleagues Kelly Hattori and Dr. Robert
Loucks provided the data quickly and completely. Not only were core analyses provided, but a
supporting presentation and thesis were also shared that provided us with greater context and
detail. We greatly appreciate the time, efforts and support from you and your team on this
request, and the STARR program in general to support Texas operators in the study and
development of hydrocarbon resources.

We are grateful that the research and data compiled, archived, and shared by the
STARR team and the Bureau of Economic Geology is available to assist Ovintiv’s technical and
operational capabilities. We have benefitted from many publications, presentations and
collaborations with the Bureau’s staff and consortia for many years. Continued economic
support of STARR is a valuable knowledge resource and is in the best interest of all Texas
operators and researchers.

Kind regards,

Bl

Dr. Brian Ruskin

Advisor, Geology

Texas Operating Area — Reservoir Characterization Team
Ovintiv USA Inc.
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TotalEnergies

TotalEnergies E&P Americas, LLC
1201 Louisiana Street, Suite 1800
Houston, TX 77002, USA

August 21, 2023

Dr. Lorena G. Moscardelli
Project Director

STARR Program

Bureau of Economic Geology
The University of Texas at Austin
P. O.Box X

University Station

Austin, Texas 78713-8924

Dear Dr. Moscardelli:

We would like to express our gratitude for hosting TotalEnergies at the STARR/ BEG Wilcox
Group Core Workshop on March 22, 2023. Many thanks to lulia Olarui for organizing day as
well as the contributions from Peter Flaig, Katherine Garcia, Cornel Olarui, Angela Hessler,
Evan Sivil, Vann Smith, Maria Lorente, Chris Denison, and Thomas Demchuk.

The geoscientists at TotalEnergies find the research carried out by the State of Texas
Advanced Resource Recovery project (STARR) at the Bureau of Economic Geology (BEG) to
be highly valuable for our exploration and production activities. The Wilcox Group research
and publications done by the STARR and the BEG provide unparalleled analogues and
examples of methodology for our understanding of the offshore geology, thus positively
impacting our oil and gas production and exploration potential.

The continued funding of the STARR and the BEG is essential to maintain a high level of
detailed and relevant knowledge to the overall oil and gas industry as well as TotalEnergies
geoscientists. The long history of distinguished research provides a powerful resource for the
industry.

Sincerely,

VANINY,

Richard van den Brand, Exploration Manager Argentina and US GOM,
TotalEnergies E&P Americas, LLC
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v TerraVolta

Dr. Robert Loucks

Principal Investigator

Bureau of Economic Geology
STARR Program

Dear Bob,

February 28,2024

Nick Soto-Kerans
TerraVolta Resources
3355 W Alabama St
Suite 900

Houston, TX 77098
512-968-6728
sk@tvopco.com

Attached is a brief summary highlighting some of the outstanding work you have been doing in
conjunction with us over here at TerraVolta Resources. We hope to continue this work with you all at
the STARR program, as it is very vital to us as well as many other parties looking to explore for
alternative resources such as lithium within the State of Texas.

Thanks for your help.

All the best,
Nick
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S'UQEI 11330 Clay Rd, Suite 200, Houston, Texas 77041

Energy

Lorena G. Moscardelli, Ph.D.

Research Scientist and Principal Investigator

State of Texas Advanced Resource Recovery (STARR) Program Bureau of Economic Geology, Jackson
School of Geosciences The University of Texas at Austin

P.O. Box X

University Station

Austin, TX 78713-8924 April 24, 2023

Dear Dr. Moscardelli:

| would like to acknowledge the significant contributions that the State of Texas Advanced Resource
Recovery (STARR) Program at the Texas Bureau of Economic Geology have made to Surge Energy’s
understanding of Cline Shale (Wolfcamp D formation) in central Midland basin around Howard and
Martin Counties, Texas.

The Bureau has quickly and effective shared with us the regional study of the Cline shale, which helped
enhance our understanding of the Cline shale such as regional distribution, sedimentary facies,
mineralogy, source rock (e.g., TOC) property, as well as depositional environment. We gained
important insights into the reservoir quality and regional stratigraphy that will help us better define the
area of interest and new drilling efforts.

We are thinking about initiate a new study with STARR researchers that will aid in the understanding of
the depositional fairways, petrophysical properties, and petroleum systems in the Dean Sand for
development opportunities in the northern Midland basin, Texas.

Surge Energy looks forward to a long and fruitful relationship with the STARR program as we continue to
explore and develop oil and gas resources in Texas.

Sincerely,

e

(]

Dr. Xijin (CJ) Liu
Chief Geologist
Surge Energy America
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UNIVERSITY LANDS

July 1, 2024

Lorena G Moscardelli, Ph.D.
Project Director, STARR Program

Bureau of Economic Geology — The University of Texas Austin

P.O. Box X
University Station
Austin, TX 78713-8924

Dear Dr. Moscardelli:

I am writing to acknowledge and express our gratitude for the contributions and work the STARR team has
conducted over the past years to aid University Lands in the stewardship of the 2.1 million acres in West Texas that directly
impact The University of Texas and Texas A&M Systems’ Permanent University Fund (PUF) and Available University Fund

(AUF).

This collaborative work has been a tremendous benefit in many aspects around natural resources in oil & gas, water,
minerals, and additionally emerging energy and low-carbon initiatives, and has paved a way for current and future
understandings. This is work that directly benefits the State of Texas and the more than 400,000 students attending

institutions within both University Systems.

We look forward to our ongoing work with the team and the resulting benefits provided to the State of Texas as
well as encouraging the consideration for continued funding from the State of Texas.

Sincerely, / )

ohn Tackett

Chief Geologist

HOUSTON

825 Town & Country Lane, Suite 1100
Houston, TX 77024

713.352.3808

MIDLAND WEB

704 W. Dengar Avenue www.universitylands.utsystem.edu
Midland, TX 79705

432.684.4404
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WD3 Oil & Gas, LP

8737 Candace Street

Houston, TX 77055
832-798-2373

March 26, 2024

Lorena G. Moscardelli

Project Director

STARR Program

Bureau of Economic Geology
The University of Texas at Austin
P.O. Box X

University Station

Austin, TX 78713-8924

Dear Dr. Moscardelli:

WD3 Oil & Gas, LP (WD3) and partners would like to thank the Texas Bureau of Economic Geology
(BEG) for the ongoing work you are providing through the State of Texas Advance Research Resource
Recovery project (STARR). Currently, your team is helping us evaluate the Vicksburg formation in an
area of southern Texas that has historically produced at sub-economic rates due to complicated rock
properties. This research has already provided a better understanding of the depositional setting and rock
fabric. We are currently using this insight to develop better drilling and completion strategies and believe
this will lead to more cost-effective exploitation and production.

Using the BEG’s online data continuum search engine, WD3 found a whole core in well of interest that is
stored in BEG core facility in Houston, TX. WD3 contacted the BEG and your staff quickly located the
core then did a detail core description which provided a better understand of the depositional environment
and lithology. The description suggested further evaluation was warranted to better understand the
porosity and permeability distribution of the rock. Working jointly, we have defined a program to assess
these concerns.

As a small independent, WD3 values the expertise and knowledge that has been provided by BEG
through the STARR program. Hopefully the STARR program will continue to receive funding from the
State of Texas.

SZCGJ )

Walter M. Denny, 111
President of General Parnter
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APPENDIX B: STARR PUBLICATIGONS

One of the main goals of the STARR project is to disseminate results and new concepts developed
by the program. During current reporting biennium (September 1, 2022 to August 31, 2024),
STARR researchers generated 60 peer-reviewed publications, including two Bureau Reports of
Investigation.

STARR Peer-Reviewed Publications:

1. Ambrose, W. A,, Shelf and lower-shoreface deposits in the Upper Midway Group and the tran-
sition into fluvial-dominated deltaic deposits in the Hooper Formation (Lower Wilcox Group) in
the southeastern Texas Gulf Coast: GCAGS Journal, v. 13, p. 34-52, https://doi.org/10.62371/
KCUK6360.

2. Bhattacharya, S., Ambrose, W. A., Ko, L. T., and Casey, B., 2022, Integrated detection and
investigation of bad borehole section in the Wolfcamp Formation in the Midland Basin using

time machine learning, petrophysics, and core characterization, Interpretation, v. 10, C19-C27.
http://dx.doi.org/10.1190/INT-2021-0165.1.

3. Bump, A. P, Bakhshian, S., Ni, H., Hovorka, S. D., Olariu, M. I, Dunlap, D., Hosseini, S. A., and
Meckel, T. A., 2023, Composite confining systems: Rethinking geologic seals for permanent
CO2 sequestration: International Journal of Greenhouse Gas Control, v. 126, no. 103908,
12 p., http://doi.org/10.1016/].ijggc.2023.103908.

4. Duffy, O.B., Hudec, M. R, Peel, F.,, Apps, G., Bump, A., Moscardelli, L., Dooley, T. P, Fernandez,
N., Bhattacharya, S., Wisian, K., and Shuster, M. W., 2023, The role of salt tectonics in the
energy transition: an overview and future challenges: Tektonika, v. 1, no. 1, p. 18-48, http://doi.
org/10.55575/tektonika2023.1.1.11.

5. Dickerson, P.W., Stockli, D. F., and Rodriguez Calzado, E., 2024, Neoproterozoic-Early Paleozoic
Rifting in Central Southern Laurentia-Zircon U-Pb Geochronological Evidence from the Devils
River Uplift, West Texas, United States. Regional Geology and Tectonics (Second Edition),
edited by Domenico Chiarella, Nicola Scarselli, and Jirgen Adam, 2nd, Elsevier,

p. 85-100, https://doi.org/10.1016/B978-0-444-64136-6.00010-5.

6. Fu, Q. 2023, Facies, cycle stratigraphy, and heterogeneity of the Clear Fork carbonates in the
Eastern Shelf of the Permian Basin, Texas: Geoenergy Science and Engineering, v. 227,
no. 211895, 15 p., http://doi.org/10.1016/j.geoen.2023.211895.

7. Gong, Y., McMahon, T. P, and Berdysheva, S., 2024, Unveiling well performance through
integrated numerical modeling and basin-scale data analysis in the Midland Basin: Energy
& Fuels, v. 38, p. 23484-23496. https://doi.org/10.1021/acs.energyfuels.4c04389.

8. Haddad, M., Ahmadian, M., Ge, J., Nicot, J.-P,, and Ambrose, W. A., 2023, Geomechanical and
hydrogeological evaluation of a shallow hydraulic fracture at the Devine Fracture Pilot Site,
Medina County, Texas: Rock Mechanics and Rock Engineering, v. 56, no. 10, p. 7049-7069,
http://doi.org/10.1007/s00603-022-03115-z.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Hattori, K. E., Loucks, R. G., and Zeng, H., 2023, Back-reef depositional environments in a Lower
Cretaceous (Sligo) shelf-margin complex: insights into ultradeep reservoir preservation and
controls on stacking patterns in an outer platform setting: GCAGS Journal, v. 12, p. 17-32,
http://doi.org/10.62371/HGLG8668.

Hattori, K. E., and Radjef, E., 2024, Lithologic controls on reservoir quality and production
trends in the Pettet Formation, Rusk County, east Texas: AAPG Bulletin, v. 108, no. 3, p. 401-419,
http://doi.org/10.1306/11022322150.

Jensen, J. L., Flaig, P. P, and Hattori, K. E., 2024, The effects of facies variability and bioturba-
tion intensity on permeability in a mixed siliciclastic-carbonate core from the Upper Strawn
Group, Katz Field, Stonewall County, Texas: Geosciences, v. 14, no.12, 339, https://doi.org/
10.3390/geosciences14120339.

Karakaya, S., Ogiesoba, O. C., Olariu, C., and Bhattacharya, S., 2024, Generating 3D lithology
probability volumes using poststack inversion, probabilistic neural networks, and Bayesian
classification — a case study from the mixed carbonate and siliciclastic deposits of the Cisco

Group of the Eastern Shelf of the Permian Basin, north-central Texas: Geophysics, v. 89, no. 2,
p.B131-B146, http://doi.org/10.1190/GEO2023-0157.1.

Karakaya, S., Olariu, C., Kerans, C., Ogiesoba, O. C., Steel, R., and Palacios, F., 2024, Icehouse
mixed carbonate and siliciclastic sequence evolution based on 3D seismic analysis: Insights
from the Eastern Shelf of the Permian Basin, Texas: Marine and Petroleum Geology, v. 170, p.
107094, https://doi.org/10.1016/j.marpetgeo.2024.107094.

Ko, L. T., Loucks, R. G., Rowe, H., Adriaens, R., Mertens, G., and Sivil, J. E., 2024, Mudstone
Diagenesis with Depth and Thermal Maturity in the Cenomanian-Turonian Eagle Ford Group.

PART Il: Diagenetic Processes and Paragenetic Sequence, Marine and Petroleum Geology,
v. 170, 107144, https://doi.org/10.1016/j.marpetgeo.2024.107085.

Larson, T. E., Loucks, R. G., Sivil, J. E., Hattori, K. E., and Zahm, C. K., 2023, Machine learning
classification of Austin Chalk chemofacies from high-resolution x-ray fluorescence core charac-
terization: AAPG Bulletin, v. 107, no. 6, p. 907-927, http://doi.org/10.1306/09232220095.

Lin, N., Xu, L., and Moscardelli, L., 2024, Market-based asset valuation of hydrogen geological
storage: International Journal of Hydrogen Energy, v. 49, part D, p. 114-129, http://doi.org/
10.1016/j.ijhydene.2023.07.074.

Lin, N., Wang, H., Moscardelli, L., and Shuster, M., 2024, The dual role of low-carbon ammonia
in climate-smart farming and energy transition: Journal of Cleaner Production, 469, 143188,
https://doi.org/10.1016/j.jclepro.2024.143188.

Loucks, R. G., and Hattori, K. E., 2024, Geologic characterization of the Lower Cretaceous
upper Travis Peak and Pettet Formations in the Wright Mountain field, Smith County, East Texas
Basin: Potential reservoir analog for other Travis Peak and Pettet strata: Marine and Petroleum
Geology, v. 163, p.106791, https://doi.org/10.1016/j.marpetgeo.2024.106791.
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19.

20.

21

22.

23.

24.

25.

26.

27.

28.

Loucks, R. G., Hattori, K. E., and Spears, C.S., 2024, Stratigraphic and lithofacies framework of
the Lower Cretaceous Pettet Formation in the Wright Mountain field on the northeastern flank
of the East Texas Basin: GCAGS Transactions, v. 73, p. 79-87.

Loucks, R. G., Reed, R. M., and Periwal, P.,, 2024, Estimating water depths of Upper Cretaceous
Pilot Knob volcanic-related strata: the McKown and Pflugerville Formations and pyroclastic ash
at the Lower Falls section, McKinney Falls State Park, Austin, Texas: GCAGS Journal, v. 13,

p. 53-74, http://doi.org/10.62371/DSUE4387.

. Loucks, R. G., Zahm, C. K., Hattori, K. E., and Sanchez, T., 2023, Middle platform carbonate

depositional systems and lithofacies patterns in the Lower Ordovician Ellenburger Group,
Tobosa Basin in West Texas, U.S.A., and subsequent Sauk-Tppecanoe megasequence bound-
ary meteoric karsting: Marine and Petroleum Geology, v. 150, no. 106176, 17 p., http://doi.
org/10.1016/j.marpetgeo.2023.106176.

Loucks, R. G., and Reed, R. M., 2023, Volcanic origin and significance of glauconite grains in
the Upper Cretaceous Austin Chalk Formation in the Balcones Igneous Province, South and
Central Texas: GCAGS Journal, v. 12, p. 1-12, http://doi.org/10.62371/IIWU2066.

Loucks, R. G., Reed, R. M., Zeng, H., and Periwal, P., 2023, Carbonate sedimentation and res-
ervoirs associated with a volcanic mound in an open-marine, deep-water, drowned platform
setting, Elaine field area, Upper Cretaceous Anacacho Formation, South Texas U.S.A.: Marine
and Petroleum Geology, v. 154, no. 106314, 17 p., http://doi.org/10.1016/
j-marpetgeo.2023.106314.

Loucks, R. G., Alnahwi, A., and Periwal, P, 2023, Characterization of the Upper Cretaceous Del
Rio-Buda Section on the Drowned, Outer Comanche Platform in South Texas and Implications
for Reservoir Development and Exploration: GCAGS Transactions, v. 72, p. 141-147.

Loucks, R. G., and Reed, R. M., 2023, Alteration of Volcanic Grains to Glauconite in the Upper
Cretaceous Austin Chalk Formation in the Balcones Igneous Province, South and Central
Texas; Implications for Depositional History: GCAGS Transactions, v. 72, p. 149-154.

Loucks, R. G., Peng, S., Hattori, K. E., Periwal, P., Lambert, J. R., Zahm, C. K., and Ko, L. T., 2022,
Depositional systems, lithofacies, and reservoir characterization of the Upper Cretaceous
Austin Chalk, Brookeland and Burr Ferry fields in East Texas and Western Louisiana: GCAGS
Journal, v. 11, p. 37-57.

Loucks, R. G., and Reed, R. M., 2022, Implications for carbonate mass-wasting complexes
induced by volcanism from Upper Cretaceous Austin Chalk strata in the Maverick Basin and
San Marcos Arch areas of south-central Texas, USA: Sedimentary Geology, v. 432, no. 106120,
18 p., http://doi.org/10.1016/j.sedge0.2022.106120.

Male, F., Domisse, R., Sivila, L. J., Hamlin, S., and Goodman, E. D., 2023, Properties of high-
performing horizontal wells in the Midland Basin: Interpretation, v., 11, no. 4, p. T697-T706,
http://dx.doi.org/10.1190/INT-2022-0105.1.
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Male, F., Marder, M. P, Ruiz Maraggi, L. M., and Lake, L. W., 2023, Bluebonnet: Scaling solutions
for production analysis from unconventional oil and gas wells: The Journal of Open Source
Software, v. 8, no. 88, article no. 5255, 3 p., http://doi.org/10.21105/joss.05255.
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APPENDIX C: STARR PRESENTATIONS & ABSTRACTS

One of the main goals of the STARR program is to disseminate results and new concepts in oil and
gas research. During current reporting biennium (September 1, 2022 to August 31, 2024), STARR
researchers gave a variety of presentations to oil and gas operators, as well as to the broader
energy industry within the State of Texas; this is a vital outreach activity impacting new oil and gas
production in Texas, as well as the development of new energy sources.
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APPENDIX D: STARR WORKSHOPS & GUIDEBOOKS

STARR researchers have prepared and delivered the following thematic workshops and guide-
books to oil and gas operators during the current reporting biennium (September 1, 2022 to
August 31, 2024).
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