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CO2 Facts
Permian Basin
CO2 Facts

 3 Bcf of CO2 utilized per day
 2 Bcf brought by pipeline from SW Colorado and northern New Mexico

o McElmo Dome, Doe Canyon, Sheep Mountain and Bravo Dome, y , p
 Sequester around .5 Bcf of CO2 per day
 Make 200, 000 barrels of oil per day using CO2
 Currently 10,000 BOPD from ROZ CO2 floodsy ,
 Cumulative oil from CO2 is over 1 billion barrels
 Two FutureGen style plants being built

o Pennwell – will capture 140 MMcf CO2/dayp y
o Tensaka builing a post combustion plant at Sweetwater 
o Both will sell CO2 for EOR projects.



And Looking 
Outside the PB 

as Well

Understanding
ROZ Response ROZ Science

Permian Basin Regional
ROZ Science

as Well



UTPB UTPB –– APTA ProjectsAPTA Projects

•• DOE_ResearchDOE_Research Partnership to Secure Energy (RPSEA): Improved Oil Recovery for Partnership to Secure Energy (RPSEA): Improved Oil Recovery for 
Small Prod cersSmall Prod cers “Commercial E ploitation and the Origin of Resid al Oil“Commercial E ploitation and the Origin of Resid al OilSmall Producers, Small Producers, “Commercial Exploitation and the Origin of Residual Oil “Commercial Exploitation and the Origin of Residual Oil 
Zones: Developing a Case History in the Permian Basin of New Mexico and Zones: Developing a Case History in the Permian Basin of New Mexico and 
West Texas”. West Texas”. CoCo--PI’s: Robert C. Trentham, Steve Melzer, PI’s: Robert C. Trentham, Steve Melzer, 2 1/2 years, $ 631,001, 2 1/2 years, $ 631,001, 
Plus $110,000 from industry partnersPlus $110,000 from industry partners, End date March 9, 2012, End date March 9, 2012, y p, y p

•• DOE: Recovery Act: Regional Sequestration Technology Training, DOE: Recovery Act: Regional Sequestration Technology Training, “Carbon Capture “Carbon Capture 
and Storage in the Permian Basin, A Regional Technology Transfer and and Storage in the Permian Basin, A Regional Technology Transfer and 
Training Program.” Co PI’s: PTTC, AAPG, APTA, Total Funding Requested: $ Training Program.” Co PI’s: PTTC, AAPG, APTA, Total Funding Requested: $ 
994 998 UTPB/CEED S b t t $84 270 J l 22 2009994 998 UTPB/CEED S b t t $84 270 J l 22 2009994,998, UTPB/CEED as Subcontractor: $84,270, July 22, 2009994,998, UTPB/CEED as Subcontractor: $84,270, July 22, 2009..

•• DOE Recovery Act: “DOE Recovery Act: “A Modular Curriculum for Training University Students in A Modular Curriculum for Training University Students in 
Industry Standard CO2 Sequestration and Enhanced Oil Recovery Industry Standard CO2 Sequestration and Enhanced Oil Recovery 
Methodologies” CoMethodologies” Co--PI’s: Dr Emily Stoudt Dr Robert Trentham DOE $ 296 000PI’s: Dr Emily Stoudt Dr Robert Trentham DOE $ 296 000Methodologies , CoMethodologies , Co PI s: Dr Emily Stoudt, Dr Robert Trentham, DOE $ 296,000, PI s: Dr Emily Stoudt, Dr Robert Trentham, DOE $ 296,000, 
Start Date Aug 11, 2009Start Date Aug 11, 2009..

•• National Energy Technology Lab (NETL): National Energy Technology Lab (NETL): “Using Next Generation CO2 EOR “Using Next Generation CO2 EOR 
Technologies to Optimize the Residual Oil Zone CO2 Flood at Goldsmith Technologies to Optimize the Residual Oil Zone CO2 Flood at Goldsmith 
LandrethLandreth Unit, Ector County, Texas”Unit, Ector County, Texas”, PI: Robert Trentham, Start , PI: Robert Trentham, Start 
2/23/20112/23/2011--9/30/2013.  NETL $1,198,547.00 Industry Match $654,563.009/30/2013.  NETL $1,198,547.00 Industry Match $654,563.00

•• RPSEA: RPSEA: “Identifying and Developing Technologies for Enabling Small “Identifying and Developing Technologies for Enabling Small 
Producers to Pursue the Residual Oil Zones (ROZ) Fairways in the PermianProducers to Pursue the Residual Oil Zones (ROZ) Fairways in the PermianProducers to Pursue the Residual Oil Zones (ROZ) Fairways in the Permian Producers to Pursue the Residual Oil Zones (ROZ) Fairways in the Permian 
Basin, San Andres” Basin, San Andres” CoCo--PI’s Robert C. Trentham, Steve Melzer, Start 5/01/2011, end PI’s Robert C. Trentham, Steve Melzer, Start 5/01/2011, end 
11/01/2013, $1,243, 369.98, RPSEA Share, $859,269.98 Industry Match: 11/01/2013, $1,243, 369.98, RPSEA Share, $859,269.98 Industry Match: 
$374,100.00 $374,100.00 



The World of Residual Oil Zones

Focus Today:  San Andres ROZs 
i h P i B iin the Permian Basin



Residual Oil Zone
ROZ

Residual Oil Zone

 Zone of immobile oil left after the oil has migrated out of the original geologic 
reservoir.

 Concept based on discovery in the Permian Basin that below the oil/water 
contact an unexpected oil reservoir existed. 

 ROZ characteristics similar to a mature waterflooded reservoir.
 Lateral flushing occurred geologically sometime after original emplacement.
 Mother Nature’s Waterflood
 CO2 EOR target- ROZ have been waterflooded by Mother Nature



MIDDLE SAN ANDRES PALEOGEOGRAPHY
with Location of Industry Documented ROZ Zones/Fields*
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The List of On-going ROZ 
Projects

Announced Additions:   Exxon at Means (2011)
Rumored Additions:   Conoco at East Vacuum (2011)

Chevron at Central Vacuum (2012)
XTO at CA Goldsmith (2013?)
Tabula Rasa at E. Seminole and Lindoss (2013)



Where we are todayWhere we are today
• ROZ’s appear to be common in Leonardian and 

Guadalupian carbonates on the Central Basin 
Platform and Northwest ShelfPlatform and Northwest Shelf.  

• Exploitation of thick ROZ’s associated with many 
of the major San Andres fields has begun with 
CO2 j t d t W S i lCO2 projects underway at Wasson, Seminole, 
Vacuum, Means, Goldsmith, and Hanford Fields, 
with others planned. 

• Production from ROZ’s and anecdotal evidence 
from exploration wells, coupled with the 
theory/model of the development of Residual Oiltheory/model of the development of Residual Oil 
Zones (ROZ’s), has led to the belief that there are 
potentially billions of barrels of additional 
producible tertiary reserves in the Permian Basinproducible tertiary reserves in the Permian Basin 
and elsewhere. 



Calibrating the Oil Recovery Models and Calibrating the Oil Recovery Models and 
EstimatingTechnicallyEstimatingTechnically

5656 fieldsfields inin fivefive majormajor PermianPermian BasinBasin oiloil playsplays thatthat havehave potentialpotential
forfor significantsignificant TZ/ROZTZ/ROZ resourcesresources werewere identifiedidentified byby ARIARI..

g yg y
Recoverable ROZ  Oil Recoverable ROZ  Oil –– MPZ and TZ/ROZ Oil in PlaceMPZ and TZ/ROZ Oil in Place

TZ/ROZ TZ/ROZ No. of MPZ No. of MPZ 
No. of No. of 

Fields with Fields with 

forfor significantsignificant TZ/ROZTZ/ROZ resourcesresources werewere identifiedidentified byby ARIARI..
TZ/ROZTZ/ROZ OOIPOOIP inin thesethese 5656 fieldsfields isis estimatedestimated toto bebe 3030..77 BillionBillion

BarrelsBarrels..

Field/UnitField/Unit
MPZ OOIP MPZ OOIP 

(BB)(BB)
OOIPOOIP
(BB)(BB)

No. ofNo. of
FieldsFields

Fields with CO2Fields with CO2--
EOR ProjectsEOR Projects

TZ/ROZ COTZ/ROZ CO22--
EOR ProjectsEOR Projects

1.  Northern Shelf Permian 1.  Northern Shelf Permian 
Basin (San Andres)Basin (San Andres) 13.013.0 13.213.2 1313 55 11
2.  North Central Basin 2.  North Central Basin 
Platform (San Platform (San 
Andres/Grayburg)Andres/Grayburg) 2.92.9 2.62.6 66 22 11
3.  South Central Basin 3.  South Central Basin 3.  South Central Basin 3.  South Central Basin 
Platform (San Platform (San 
Andres/Grayburg)Andres/Grayburg) 9.99.9 7.97.9 1616 55 00
4. Horseshoe Atoll (Canyon)4. Horseshoe Atoll (Canyon) 5.45.4 2.92.9 1010 44 22
5   E t N  M i  (S  5   E t N  M i  (S  5.  East New Mexico (San 5.  East New Mexico (San 
Andres)Andres) 2.32.3 4.14.1 1111 22 00
TotalTotal 33.533.5 30.730.7 5656 1818 44



Technically Recoverable Resources from Technically Recoverable Resources from 
the MPZ and ROZthe MPZ and ROZ

BasedBased onon reservoirreservoir modelingmodeling ofof applyingapplying COCO22--EOREOR toto thethe TZ/ROZTZ/ROZ
ARIARI ti tti t th tth t

the MPZ and ROZthe MPZ and ROZ

resources,resources, ARIARI estimatesestimates thatthat
1111..99 BillionBillion BOBO isis technicallytechnically recoverablerecoverable fromfrom thethe 3030..77 BillionBillion

BOBO ofof TZ/ROZTZ/ROZ oiloil inin--placeplace inin thesethese fivefive PermianPermian BasinBasin oiloil playsplays

Field/UnitField/Unit
Total COTotal CO22--EOR EOR 

(BB)(BB)
MPZ COMPZ CO22--EOR EOR 

(BB)(BB)
TZ/ROZ COTZ/ROZ CO22--

EOR (BB)EOR (BB)
1.  Northern Shelf Permian Basin (San Andres)1.  Northern Shelf Permian Basin (San Andres) 8.38.3 2.82.8 5.55.5
2.  North Central Basin Platform (San 2.  North Central Basin Platform (San 
Andres/Grayburg)Andres/Grayburg) 1.51.5 0.60.6 0.90.9
3.  South Central Basin Platform (San 3.  South Central Basin Platform (San 
Andres/Grayburg)Andres/Grayburg) 4.64.6 1.71.7 2.92.9Andres/Grayburg)Andres/Grayburg) 4.64.6 1.71.7 2.92.9
4. Horseshoe Atoll (Canyon)4. Horseshoe Atoll (Canyon) 2.72.7 1.41.4 1.31.3
5.  East New Mexico (San Andres)  5.  East New Mexico (San Andres)  1.71.7 0.40.4 1.31.3
TotalTotal 18.818.8 6.96.9 11.911.9



The Science of Residual Oil ZonesThe Science of Residual Oil Zones



Original Oil Accumulation Under Static Aquifer 
C diti (A H th ti l E l )Conditions (A Hypothetical Example)

W E

TYPE 1 ROZ



Original Accumulation with a Breached then Repaired 
S l & F i ROZSeal & Forming a ROZ

ORIGINAL POST BREACH

TYPE 2 ROZ



TYPE 3.  Change in Hydrodynamic Conditions, Sweep of the 
lower part of the Oil Column and Development of a Residual Oillower part of the  Oil Column and Development of a Residual Oil 

Zone. 

Areas with ROZ without associated fieldAreas with ROZ without associated field

Dynamic SystemDynamic System

TYPE 3 ROZTYPE 3 ROZ

Areas with ROZ without associated fieldAreas with ROZ without associated field

TYPE 3 ROZTYPE 3 ROZ



Post-Subsidence Phase of Permian Basin Development 
(From Lindsay, R. (2001)



Extensional Phases and Reduction of Hydrodynamic Gradients in 
the Permian Basin (From Lindsay R (2001)the Permian Basin (From Lindsay, R. (2001)



Closing of 
the Midland 

Basin**
Glorieta Shelf MarginGlorieta Shelf Margin

Basin  

Brown, 1999Brown, 1999

Distribution of Tilted OilDistribution of Tilted Oil--Water Contacts in theWater Contacts in the

The direction of OWC tilt may beThe direction of OWC tilt may be

Distribution of Tilted OilDistribution of Tilted Oil Water Contacts in the Water Contacts in the 
Northern Shelf and Central Basin Platform Areas of Northern Shelf and Central Basin Platform Areas of 
the Permian Basin*the Permian Basin*

The direction of OWC tilt may be The direction of OWC tilt may be 
influenced by the age of the producing influenced by the age of the producing 
interval and it’s relationship to the shelf interval and it’s relationship to the shelf 
marginmargin

* Brown, 1999, * Brown, 1999, 
** Ward et al, 1986** Ward et al, 1986



Karsted  Pgs     Karsted  Pgs     
(U. San Andres) (U. San Andres) 

OutcropOutcrop

Bottomless Bottomless 
Lakes Lakes 
hhRecharge Recharge 

FieldField

Artesia FairwayArtesia Fairway

Relationship of San 
Andres outcrops and 

S A d F i iSan Andres Fairways in 
New Mexico. 



A

A’

Fairway Mapping as of Jul ‘11



The Gold Standard



Seminole 
Fi ld ROZField ROZ 
Projectsj



Gaines, Future Targets or goat pasture?
• A Clearfork test, the IP #1 Campbell Heirs “158” set pipe 

on “WET” San Andres test just south of Seminole.
• All wireline logs, drill time, gas curves and sampleshows 

said “slam dunk” oil production. Atlas log analyst said it 
should be a producer. 100% water test with barely a sniff 
of live oil. ROZ?

• Anschutz #1 Patrick Keating “447”, drilled for San   
Andres west of Seminole, had good shows but made only 
water for a few months before P & A (3600 BW, 3 BO). 
W t l h i d i TDS thWater analyses show progressive drop in TDS over the 
two months of production. 

• The 2 CORED intervals, from 5464 – 5602, had oil 
t ti i f 15 t 35% 3 12% it &saturations ranging from 15 to 35%, 3 - 12% porosity, & 

50-100% fluorescence.  



GLSAU Geologic Model
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Saturation Values Between the Saturation Values Between the 
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Wyoming – Big Horn Basin 
Ten Sleep Formation 



One of the “Other“ basins we are 
l ki t f ROZ t ti llooking at for ROZ potential



Professional CO2 CCUSProfessional CO2 CCUS--EOR TrainingEOR Training

OVERVIEW OF THE 
ELEMENTS OF CCSELEMENTS OF CCS 
(& CO2 EOR + CCS)( 2 )
Presented by the Applied Petroleum Technology Academy

(www.aptapb.org)

d P t l T h l T f C iland Petroleum Technology Transfer Council
(http://www.pttc.org/)

and the American Association of Petroleum Geologists
(http://www.aapg.org/)

Texas Railroad Commission Building
1701 N. Congress

Austin, Tx

June 15 2011June 15, 2011



Overview of the Elements of CCSOverview of the Elements of CCS
Topics to be Covered TodayTopics to be Covered TodayTopics to be Covered TodayTopics to be Covered Today

1.1. EOR and CCS Industry Overview……………………………TrenthamEOR and CCS Industry Overview……………………………Trentham
2.2. Existing COExisting CO22 Markets………………………………………….TrenthamMarkets………………………………………….Trentham
33 COCO EOR d th B li f CCS T thEOR d th B li f CCS T th3.3. COCO22 EOR and the Baseline for CCS………………...………TrenthamEOR and the Baseline for CCS………………...………Trentham
4.4. Synergies of Carbon Management and EOR……...Trentham/RychelSynergies of Carbon Management and EOR……...Trentham/Rychel
5.5. Properties of COProperties of CO22………………………….…………………..Trentham………………………….…………………..Trentham
66 COCO22 Sources & Capture Technologies RychelSources & Capture Technologies Rychel

AM *AM *

6.6. COCO22 Sources & Capture Technologies……………………...RychelSources & Capture Technologies……………………...Rychel
7.7. Ongoing Research…………………………………………….RychelOngoing Research…………………………………………….Rychel
8.8. Transportation and Metering………………………………….TrenthamTransportation and Metering………………………………….Trentham
9.9. Injection Projects…………………………...…………Trentham/RychelInjection Projects…………………………...…………Trentham/Rychel
10.10. Reservoir Considerations..……………………………………TrenthamReservoir Considerations..……………………………………Trentham
11.11. COCO22 Operations………………………………………..………..TrenthamOperations………………………………………..………..Trentham

A.  A.  DownholeDownhole Equipment, ConsiderationsEquipment, Considerations
B Surface Facilities and Process FlowB Surface Facilities and Process Flow

PM *PM *
B.   Surface Facilities and Process FlowB.   Surface Facilities and Process Flow

12.12. Monitoring, Verification, and Accounting (Surveillance)…..RychelMonitoring, Verification, and Accounting (Surveillance)…..Rychel
13.13. Regulatory Frameworks and The ‘Regulatory Frameworks and The ‘BidnessBidness’ of CO’ of CO2 2 …….…Trentham…….…Trentham

* If all goes well* If all goes well



St d t CCSStudent  CCS 
Modules Project

Road Logs, 
Plant and Field 

descriptions
Core from CO2 fields


