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Horizontal Wells, Water Disposal and CCUS
The Changing Landscapes and Lessons Learned

from Primary Production to Injection Projects

I. A Bit of History of Horizontal Wells: Changing the Oil & Gas Landscape 
in Recovery: from Primary to Large Volume Injection Projects

II. Timeline of Horizontal Well Emergence and Imminent ‘Double Peak’: 
U.S. Oil & Gas Recovery Statistics

III. The Latest in Excitement

IV. Time for Application in IOR & CCUS?
A. Mature Oilfields

B. Residual Oil Zones (ROZs)

1. Brownfields

2. Greenfields

V. Challenges – CCUS Engineering Experience, Water Disposal, Injection 
Permitting, Old Wellbore Blowouts, Two Different Worlds: Hard Rocks 
vs. Soft Sediments

VI. Thoughts on Where the Young Talent Needs to Take the World
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The Drilling and Hydrofracturing Timeline

Gas reservoirs
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The Drilling and Hydrofracturing Timeline 
& Horizontal Well ‘Revolution’
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Our Old ‘Friend’ – the U.S. Version of ‘Hubbert’s Peak’

*  Data source: U.S. Energy Information Administration
 https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=M_EPL2_FPF_NUS_MBBLD&f=A

1st Peak
1970

Woops……Technology Happened
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‘Double Peaking’ - (Hubbert’s Update)

*  Data source: U.S. Energy Information Administration
 https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=M_EPL2_FPF_NUS_MBBLD&f=A

PB’s 
Contribution
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‘Double Peaking’ - (Hubbert’s Update)

*  Data source: U.S. Energy Information Administration
 https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=M_EPL2_FPF_NUS_MBBLD&f=A

PB’s 
Contribution
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The PB Example 
of the Horizontal 
Well ‘Revolution’

2010 to Present

• Drilling and 
Completions 
Getting Less 
Expensive

• Exposing More 
Formation-Ft

• Laterals Getting 
Longer

1933-Current

2000-Current To Date: Mostly 
Spraberry & 
Wolfcamp      
aka Wolfberry
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A Look at the Significance of U.S. Horizontals 
on the World’s Oil Supply

• Current Total World Oil 
Production is 102 mmbopd*

• US Shale Crude Oil 
Production of 8.3 mmbopd* 
is 8% of the World 
production!!!

9,000 BPD

*  Source:  EIA (2024); https://www.eia.gov/tools/faqs/faq.php?id=847&t=6
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Let’s Quickly Look at Pricing
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Oil Pricing*

*  Source: US EIA: (https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=pet&s=rwtc&f=m)

<<<<<< Age of Horizontal Wells >>>>>>>

What would be the price of oil w/o U.S. horizontal well’s contribution?
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And Look at What Have we Done with 
Wellhead Gas Pricing!!

EIA Reporting* 
Stopped after 

2012

$2.90 Sep ‘25

* Source: https://www.eia.gov/dnav/ng/hist/n9190us3a.htm

<<<<<< Age of Horizontal Wells >>>>>>>
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An interesting Sidebar:
but………….

What Has Happened with Residential Delivered Gas Pricing??

Huh?
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The Latest Excitement in Horizontal 
Wells
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New Excitement #1:

Here’s An Example of the New (Primary 
Recovery) Discoveries
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…And Yet Another Shale Formation Play
Excitement #1 (Cont’d)

Jan ’12                     Jan ‘14                 Jan ’16                     Jan ‘18                   Jan ’20            Jan ’22                  Jan ‘24

16



In the Unconventionals, at lease so far… it’s 
all about Primary Recovery (of course)

I<<>> IOR >>>>
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Now Let’s Move to “Post 
Primary”Production
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Some Important Work has been Done 
for IOR in the Unconventionals

• Almost all is Confidential
• EOG’s Enriched Natural Gas Injection work in the Eagle 

Ford

• Some also (unreported) in the Permian Wolfcamp (Oxy 
for one)

• Others?

• But….Fast rates of investment return of new drills 
(<2 or 3 years) have stymied more work on 
historically slower IOR returns
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Let’s Move Now to More 
Conventional Reservoirs

Specifically… 
Mature Water Floods 

and Residual Oil Zones
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Computer Modeling Challenges
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RESERVOIR SWEEP CONCEPT
Bird’s Eye View (Areally Speaking)

Producing Well        

Injection Well
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Example of a “Typical” Reservoir (Just One of the 
Reservoir Depth Intervals)

Superimposed Producing (  )  and Injection Wells  (  )        

Then Add Several More Depth Intervals 
In a Basin Unconventional Reservoir 

System

And then….you have a “hybrid” 
Unconventional/Conventional Reservoir 

Reservoir System
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Excitement #2: 
A New Flooding Concept Coming in this 

Amazing Age of Horizontal Wells

• 3 & 3.5 Mile Laterals between existing and plugged 
wells

• Estimated D&C Cost of $8.0-8.5mm 

• Drilled & Completed in 14 days

• 200’ spaced stages – limited entry hydrofracs

• Concept:  Replacing 20 or more vertical in-fill wells at 
$600-700K a piece?
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Mature Waterflood – New Horizontal Wells
Excitement #2

Water Flood Unit Boundary
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‘Brownfield’ Lateral Wells in an Old Waterflood 

Cumulative Oil at 8 Months =  390-430 mmBbls
           & @ $65/Bbl, 75% NRI = 19-21 mm$

Mature Water Flood In-fill Laterals
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On to Another of My Favorite 
Subjects

CO2 EOR and Residual Oil Zones

Excitements #3 & 4
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PRIMARY AND SECONDARY PHASE

PERFORATION INTERVAL

Base of 'Commercial' Oil (BOCO) = POWC for OXY

 = primary & WF Base    Oil/Water %  >65% & So > 35%

Top of Main Pay Zone (MPZ)

Base of Oil - 100% Moveable (BOPO)

Base of Oil Saturation (BOSO)

Base of Oil Affected Resistivities (BOSE)

RESIDUAL OIL ZONE

HIGHEST POTENTIOMETRIC 

LEVEL OF MODERN AQUIFER

POTENTIOMETRIC LEVEL OF 

"PALEO" AQUIFER

TRANSITION ZONE          

ROZ Definition
That Portion of a Reservoir Below the Oil/Water Contact Where Residual Oil 

Resides but the Mobile Phase is Water
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Example: The Horizontal Well ROZ Play
Excitement #3

ROZ 
‘Greenfield’

300’
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Western 
Yoakum 
County 

Greenfield 
ROZ Play

Excitement #3
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How Big is this New Horizontal Play?
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Another Innovation 
Using Horizontal Wells

Excitement #4 in Thick ROZs
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New Excitement #4:
What About Horizontals in ROZ Reservoirs?
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Let’s Move Now to Some Horizontal 
Well Challenges/Barriers

• We’ve Seen the Huge Oil Volumes

• Produced Water Volumes are Also Huge – What to 
do with the Volumes for Disposal?

Here are Just Two of the quotes from the August ‘24 
Produced Water Society Conference In Midland 

“We’re 13.7 mmBbls/day “long” (sic: produced water) in an 
area (PB) that needs water”  John Schmitz, COB Select Water 
Solutions

“Tx pore space could reach injection (sic disposal) limits by 
2030”  John Crain, Exec VP Tx Pacific Water Resources
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Continuing the Talk about Some 
Horizontal Well Challenges/Barriers

• Triggered Earthquakes are Occurring in all Unconventional 
Plays

Oklahoma, 
Permian, Eagle 
Ford to name 

just three
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Continuing the Talk about Some Horizontal 
Well Challenges/Barriers

• Overpressuring of Formations and Well “Blowouts”
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Continuing the Talk about Some Horizontal 
Well Challenges/Barriers

• Hard Rocks and Soft Sediments
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INSAR Data (Surface Displacement)
Delaware Basin Displacement
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CCUS Engineering Experience

• How to Avoid the Mistakes – 
Learning from the 
Experienced and Attendees 
Mentoring the Newbies

• Artificial Intelligence is a 
Wonderful Accelerator (but 
care is needed)

• Here’s a Great Tool We’ll Be 
Presenting at our Conference 
this December
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CO2 EOR Archival Materials
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Summary
• Horizontal Wells and their Completion Technologies have Changed the 

Course of our Oil & Gas Industry 

• The U.S. will soon be Looking at the ‘Double Peak’ in Oil and Gas 
Production – what comes on the Decline after the 2nd Peak?

• CO2 EOR Offers Huge Promise in CCUS as CO2 Capture Projects 
Proliferate Due to 45Q Tax Credit Incentive

• Innovations are not just Limited to Unconventional Reservoirs 

         Excitement Abounds in Horiz Infills & in Flooding Conventional Ones as Well

• Reservoir Models Have Difficulty Handling Reservoir Continuity Issues,
• Both Field Experience and Response Modeling can be Invaluable

• In Countering the Upsides of Horizontal Well Development, Large 
Volume Water Disposal has become a Huge Issue and Risks Slowing 
Rig Counts
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After the 
Double Peak

We’ll still 
Need the Oil
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Thank you

Time for Questions?
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Backup Slides
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SE Dawson Green- 
& Brownfield Laterals

September 2025
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Horizontals in 
SE Dawson 

County
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Greenfield Lateral Wells
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Old Waterflood Brownfield Lateral Wells
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Combined

49



50

Older 
Existing 

Wells
(Late 2024)

Newly 
Drilled 
Wells

(Summer 2025)
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Fixing the Occassional Mess
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When will Things ‘Double Peak’? 
(Hubbert’s Update)

*  Data source: U.S. Energy Information Administration
 https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=M_EPL2_FPF_NUS_MBBLD&f=A
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