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Horizontal Wells, Water Disposal and CCUS

The Changing Landscapes and Lessons Learned
from Primary Production to Injection Projects

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

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

The Latest in Excitement
Time for Application in IOR & CCUS?

A. Mature Oilfields
B. Residual Oil Zones (ROZs)

1. Brownfields
2. Greenfields

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

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

Late 1970s and early 1980s

Shale formations, such as the

Barnett in Texas and Marcellus in

Pennsylvania, are known but believed

to have essentially zero permeability 1980s to early 1990s

and thus are not considered economic. Mitchell Energy combines larger

1940s fracture designs, rigorous
Hydraulic 1950s | reservoir characterization,
; : ; Federally sponsored research seeks horizontal drilling, and lower
fracturing first ,
1930s X 9 RN flacheg to improve ways to extract gas from cost approaches to hydraulic
kil il unconventional formations, such fracturing to make the Barnett
First horizontal  the petroleum commercially ety ' Shale asstiomii

well is drilled. industry. accepted process.

............................................................
......................

1947 1955 1979 2004

The first experimental More than Exploration Operators begin
hydraulic fracturing | 100,000 begins in the exploring in the
treatment conducted in i individual Barnett Shale Marcellus Shale in

Grant County, Kansas. hydraulic in Texas. Pennsylvania.
pmseeied fracixiig
. treatments Gas reservoirs

1949 performed.
The first commercial
hydraulic fracturing
treatment conducted in
Stephens County,
Oklahoma.

Source: GAO.,
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1940s

Hydraulic
fracturing first
1930s introduced to
First horizontal the petroleum
well is drilled. industry.

1947

NOrTex perieun cuser

1950s

Hydraulic fracturing
becomes a
commercially
accepted process.

1955

Late 1970s and early 1980s

Shale formations, such as the

Barnett in Texas and Marcellus in
Pennsylvania, are known but believed
to have essentially zero permeability

and thus are not considered economic.

Federally sponsored research seeks
to improve ways to extract gas from
unconventional formations, such

as shale.

1979

1980s to early 1990s

Mitchell Energy combines larger
fracture designs, rigorous
reservoir characterization,
horizontal drilling, and lower
cost approaches to hydraulic
fracturing to make the Barnett

Shale economic.

2004
The first experimental More than Exploration Opera‘torg begin
hydraulic fracturing 100,000 begins in the exploring in the
treatment conducted in individual Barnett Shale Marcellus Shale in
Grant County, Kansas. hydraulic in Texas. Pennsylvania.
e fracturing
; treatments
1949 performed.
The first commercial
hydraulic fracturing
treatment conducted in
Stephens County,
Oklahoma.
Source: GAO.

ThéDriIIing and Hydrofracturing Timeline
& Horizontal Well ‘Revolution’

2010 to present
Operators deploy advanced
drilling and fracturing
technology for oil basins

E—— e A
[ 2010s | 2020s |
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Our Old ‘Friend’ — the U.S. Version of ‘Hubbert’s Peak’

Woops......Technology Happened

- - -
U.S. Crude Oil Production
versus Hubbert Curve
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* Datasource: US Energy Information Administration

* 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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‘Double Peaking” - (Hubbert’s Update)

16,000

14,000

12,000

10,000

8,000

6,000

Crude Oiland NGLsin m BPD

4,000

2,000

1940

U.S. Crude Oil Production History*

Q
° Qo
0 %
%00 oo
.... ......M..... o0
....“..... ."o. °
00% %000, e
° e 'lﬂ... '.. ‘
00 © oo PB’s
Contribution
1950 1960 1970 1980 1990 2000 2010 2020 2030

* 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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‘Double Peaking’ - (Hubbert’s Update)

U.S. Crude Oil Production (2010-2024)

14

12

million barrels per day
o

Sources (RBN Energy & EIA)

New Mexico: Lea
and Eddy counties
Texas: Martin and
Midland counties
Next 6 Largest

PB Counties

Rest of the U.S.
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* 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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mm———— Permian Basin Historical Oil & Gas Production 8
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A Look at the Significance of U.S. Horizontals
on the World’s Oil Supply

U.S. Crude Oil Production History*

e Current Total World O|| 16000
Production is 102 mmbopd* oo .
E 12,000 L] .?
* US Shale Crude Oil -
Production of 8.3 mmbopd* ¢ e oones e, S

is 8% of the World . Pt s, A
. °© ° 0000, i
production!!! I --"&

01940 1950 1960 1970 1980 1990 2000 2010 2020 2030

* 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*

Cushing, OK WTI Spot Price FOB

Dollars per Barrel
150

100

50

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

1990 1995

2000 2005 2010 2015 2020

- Cushing, OK WTI Spot Price FOB

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

What would be the price of oil w/o U.S. horizontal well’s contribution?

Melger COmalting



“And Look at What Have we Done with

Wellhead Gas Pricing!!

12
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An interesting Sidebar:

but.............
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What Has Happened with Residential Delivered Gas Pricing??
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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

15

MIDLAND REPORTER-TELEGRAM | MRT.COM

SM Energy details Woodford-Barnett well results

By Mella McEwen
QILEDITOR

After keeping mum on activ-
ity in its Sweetie Peck area, SM
Energy is spilling the beans on
its work on the development at
the intersection of Midland, Up-
ton and Crane counties.

During its second quarter
carnings call, SM President and

Chief Executive Officer Herb
Vogel told analysts the compa-
ny has confirmed bringing on-
line two Woodford-Barnett
wells during the quarter. One, a
10,200-foot lateral test, had a 30-
day peak initial potential of
1,622 barrels of oil equivalent
per day while the second, a
5.900-foot lateral, had a 30-day
initial potential peak of 830

BOE per day.

“We are very pleased with
early results and the potential
to add more than 20,000 pro-
spective net acres in this deeper
formation,” Vogel said during
the call. He said the two wells,
together with offset operator
wells, indicate more than
20,000 net acres at Sweetie Peck
that are prospective for Wood-

ford-Barnctt development — in-
clusive of previously an-
nounced acreage additions to
the west.

“We have been tight-lipped
about our activity in the greater
Sweetie Peck area for some time
as we added acreage,” he told
analysts, but with the produc-
tion data now public, he said the
company was pleased to report

the data. Initial results compare

| In the Midland Basin, SM:

iplans 72 wells drilled and 7

. . [
icompletions. The expected!
taverage lateral length is about!
760 feet, including 32 wells!
iwith 15,000-foot average lateral!
ilength. SM plans to run four]

i_rigs and two completion crews. |
—————————————————————————— 4

Melger COmalting



== NOl‘TeX Petroleum Cluster 1 6

rch Council { |
=

MINES x

~’And Yet Another Shale Formation Play

Excitement #1 (Cont’d)

Pa

PB Barnett and Woodford Shale Play
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In the Unconventmnals at lease so far... it’s
all about Primary Recovery (of course)
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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

e AlImost all is Confidential

 EOG’s Enriched Natural Gas Injection work in the Eagle
Ford

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

e Others?

e But....Fast rates of investment return of new drills
(<2 or 3 years) have stymied more work on
historically slower IOR returns

Mebyer COpauditing



Let’s Move Now to More
Conventional Reservoirs

Specifically...
Mature Water Floods
and Residual Oil Zones

Mebyer COpauditing



‘Computer Modeling Challenges
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=R Y RESERVOIR SWEEP CONCEPT

Producing Well

Bird’s Eye View (Areally Speaking)

Injection Well
\
() N

22

Residual oil

Melger COmalting
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Example of a “Typical” Reservoir (Just One of the
Reservoir Depth Intervals)

Superimposed Producing (e) and Injection Wells (e)

Then Add Several More Depth Intervals
In a Basin Unconventional Reservoir
System

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




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
e 200’ spaced stages — limited entry hydrofracs

* Concept: Replacing 20 or more vertical in-fill wells at
S600-700K a piece?

Mebyer COpauditing
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Crude Oil Production in BPD
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‘Brownfield’ Lateral Wells in an Old Waterflood

Mature Water Flood In-fill Laterals

=@=Mature WF Well #2

& Mature WF Well #4

@-Mature WF Well #1
S 4

§ & : &-Mature WF Well #3

a

h o
L]
[
a
4 8 12 16

Months after 1st Production

Cumulative Qil at 8 Months = 390-430 mmBbls
& @ S65/Bbl, 75% NRI = 19-21 mm$S
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On to Another of My Favorite
Subjects

CO, EOR and Residual Oil Zones
Excitements #3 & 4

Mebyer COpauditing



ROZ Definition

That Portion of a Reservoir Below the Qil/Water Contact Where Residual Oil
Resides but the Mobile Phase is Water

OIL SATURATION

PRIMARY AND SECONDARY PHASE
PERFORATION INTERVAL

TRANSITION ZONE
- !

RESIDUAL OIL ZONE <

<

100%a

0%

[O0000000000

Top of Main Pay Zone (MPZ2)

Base of Oil - 100% Moveable (BOPO)

Base of 'Commercial' Oil (BOCO) = POWC for OXY
= primary & WF Base Oil/Water % >65% & So > 35%

Base of Oil Affected Resistivities (BOSE)

Base of Oil Saturation (BOSO)

HIGHEST POTENTIOMETRIC
LEVEL OF MODERN AQUIFER

POTENTIOMETRIC LEVEL OF
"PALEO" AQUIFER

Mebyer COpauditing
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Excitement #3

PLAN VIEW

29

Example: The Horizontal Well ROZ Play

SO\

] CROSS SECTIONAL VIEW
<2 San Andres "Shingles"

§~ = (stratigraphic traps)
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Oil Production in Bopd

31

How Big is this New Horizontal Play?

Yoakum County Horizontal ROZ Play Daily and Cum Production
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Another Innovation

Using Horizontal Wells
Excitement #4 in Thick ROZs
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0il,

Water Producer

Reservoir of >250 ft thick

33

Mings X

Gas and

New Excitement #4.:
What About Horizontals in ROZ Reservoirs?

EOR DESIGN FOR THE BROWNFIELD OR GREENFIELD ROZ “l"orosenic

CO, Injector
The “Miscible-Ascending-Dispersion” Method
Cross Sectional View —_y
Upper ROZ Interval
] Middle & Lower ROZ

Compositional Reservoir Modeling Estimated
Recovery Factor = 50% of the Oil-in-Place

Impermeable Seal - Dense Limestone & Ochoan Evaporites (Best in the World)
zodusing G Eloyiag Sotton Hoks pupssss Slightly Ahovs Hissiodlsty

e e e e — o e m——— e e - e e e e e e e e e

= >y e - = s =

* CO, moves upward by differential pressure & buoyancy
* CO, is laterally dispersed by San Andres natural layering

Idpnpoig o3 Io03o0s(url woII 37 ooz~‘

Impermeable Seal - Dense Limestone

Injecting Supercritical CO, At Pressures Slightly Below Frac Gradient

Texas Operator Design Using Horizontal Injectors Near

the Base of the ROZ

Melyer COmanlting



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

Mebyer COpauditing



~ Continuing the Talk about Some
Horizontal Well Challenges/Barriers

* Triggered Earthquakes are Occurring in all Unconventional

P | Source (30-day) https://earthquake.usgs.gov/earthquakes/map/?extent=24.54712 -111.796888&extent=40.44695 -90.70313
ays (8-18-24)  grange=month&magnitude=alldlistOnlyShown=true&showUSFaults=true&baseLayer=terrain
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Continuing the Talk about Some Horizontal
Well Challenges/Barriers

* Overpressuring of Formations and Well “Blowouts”

Water flows up from a broken old oil well in northem Pecos County in February 2023. Bru Ying Huang/The Texas Tribune

Melger COmalting
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* Hard Rocks and Soft Sediment
ar OCKS an O eaiments
Investigation of Oil Well Blowouts I'riggered hy Wastewater
Injection in the Permian Basin, USA
A # [ | AoVANCING
AT ot onces (a) Annual deformation rate map (b) Deformation time series
: ' L S ; T ‘I @)
Geophysical Research Letters g Ak S
< o S ‘,:\-,—
Investigation of Oil Well Blowouts Triggered by Wastewater 2 ‘w.g.'.;"‘”’ M
Injection in the Permian Basin, USA g i m 2 ;
Sk RS
Vamshi Karanam, Zhong Lui%. Jin-Woo Kim : = = = - = e
116 | ©
Abstract g ; //
s y <« |” K ." I.'
Aged hydrocarbon wells, if proper care is not ensured, can crack, get corroded, and leak g . \..'d-"“o_"z"’ || ¢ ® " 2
subsurface fluids. Permian Basin in Texas, home to thousands of such wells, has seen £ «/ . \f ',-I:
numerous blowouts and wastewater leaks. Our study employs surface deformation = N ,-: =
derived from satellite observations, and injection well records to investigate these events I N o W w2
The results reveal an over-pressurized wastewater aquifer producing a surface uplift of H0280°W Y bl
20 cm/yr, likely due to wastewater being injected tens of kilometers away. Focusing on a x = = =
January 2022 blowout resulting in 3 cm subsidence in 2 weeks, our geophysical model (d) Temporal evolution of Deformation () Injection volume vs deformation volume
suggests aquifer over-pressurization as the cause. With an excess pressure of over 3 MP: ey 2021 i+ 4s
in the aquifer, several more such blowouts are possible in the near future. This research 8 Cumulative Injection Volume |
highlights the urgent need to better understand the impact of subsurface fluid injection aadl B || g C—_Skmaites Usioimetion Volume L
and calls for prompt action to mitigate the environmental effects of oil and gas v 2021 :;' = ,,//
production. 5| 3 i )
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INSAR Data (Surface 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)

e Here’s a Great Tool We'll Be
Presenting at our Conference
this December

RIDE THE
EOR & CCUS

DECEMBER 9-12, 2025
MIDLAND, TEXAS 2 |

CO2CONFERENCE.NET CONFERENCE

A not-for-profit conference supporting SPE
and university engineering scholarships

Melger COmalting
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Graphical Al Access Methodology (1)
CO2 Conference Archive Access Made Easy
Finding Key CO;Case Histories and Best Practices
. The CO2 Conference
Start Here Al Presantations Website Archive
Short Summaries https:/ico2conference . net/category/2024/
STEP 1 STEP 2 STEP 3
Archived® One & One-half
Day CO2 Short Course
Al Searches to Identify msss) |ndividual Al Summaries of a Topical Presentations These Source Documents
Particular Source mmmmmm)  Short Course and Theme Lid byl e
Presentations of Value ) Session (Case History) the CO2 Conference
Presentation Slides Archived*® 25-40 minute CO2 Website but Always Been
for Download — N Theme Session Presentation| Hard to Find Useful Material
Slides
(400 ea on Various Topics)

Melyern COmanlting



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 2" Peak?

CO, EOR Offers Huge Promise in CCUS as CO, 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

Mebyer COpauditing



[ |

Mings X

After the
Double Peak

We’ll still
Need the QOil

42

All Reservoirs Decline.

PRIMARY +
WATERFLOOD

oy s e e e e

So, what’s next when your reservoir is depleted?
Plug & Abandon, Waterflood, EOR?

There’s a better option.

Capture the CO, Opportunity. Produce Value.

When industrial sources capture CO, emissions, the emissions need a place to go.
Depleted reservoirs in the Permian need a future. Don't leave your CO, education
or your reservoir behind. Register now for cutting-edge information that adds value
to declining oil assets.

DECEMBER 9-12, 2024
MlDLAND,TEXAS CONFERENCE

a0TH ANNIVERSARY

A non-profit conference supporting SPE
and university angineering scholarships

Melyer COmanlting



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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Crude Oil Production in BPD
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Id Waterflood Brownfield Lateral Wells

@-Mature WF Well #1

&~-Mature WF Well #3

=@=Mature WF Well #2

& Mature WF Well #4

12 16
Months after 1st Production
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The Research Council Payne Inslitute
A" of Norway o)
=

Mines K|

Combined

SE Dawson Greenfield Laterals

3,000
- @ - Greenfield Well #1 - @ - Greenfield Well #2 - @ - Greenfield Well #3

2,500 - o - Greenfield Well #4 - ® - Greenfield Well #5 - @ - Greenfield Well #6
&
o @ Mature WF Well #1 =@=\ature WF Well #2 &—Mature WF Well #3
£ 2,000
c
2 & Mature WF Well #4
3
]
2 1,500
o
(o]
(]
e
2
Is] 1,000

500 »
.
0 4 8 12 16 20 24

Months after 1st Production

Melger COmalting



ol
e Tt \
O A at

e —— e ) g
a3 et im0
| o Aoz 78
bt

-
" \ps =
PP P
ey 3914

A

\

0
e

SOE L\
\

I —

50

LI
\
\

v
Older
Existing
Wells

(Late 2024)
AU |

Melyer COmunlting



2 NOFTEX penieun st

The Research Council
A" of Norway

Payne Inslitute

pe— .
Mines K |5

PB Daily

Crude Oi

and Nat’
(Gas

Crude Oil in Bbls/Day

Crude Oil in Bbls/Day

Permian Basin Historical Oil & Gas Production
6,000,000 30,000,000

e Crude Oil - Bbls/Day e Gas - mcfpd ‘

5,000,000 25,000,000

4,000,000 I.l' 20,000,000 .

t
8
]
3,000,000 * 15,000,000
’ °
il
2,000,000 ' 10,000,000
L ] [ ]
1,000,000 w ® L 5,000,000
~0
[ J
0 = 0
Jan-33  Jan-43  Jan-53 Jan-63 Jan-73  Jan-83 Jan-93 Jan-03 Jan-13  Jan-23
Month - Year
Permian Basin Historical Oil & Gas Production
6,000,000 30,000,000
e Crude Oil - Bbls/Day e Gas - mcfpd ‘ ‘.’.'
5,000,000 ‘ ﬁ 25,000,000
' <
o ,"'
4,000,000 ° ./, 20,000,000 .

3,000,000 ® 15,000,000
f 4 °
']

2,000,000 10,000,000
L)
1,000,000 5,000,000
0 0
Jan-00 Jan-02 Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16 Jan-18 Jan-20 Jan-22

Month - Year

Natural Gas in 1000 Cubic F/Day

Natural Gas in 1000 Cubic F/Day

51

Melger COmalting



[ NFIP o smston i [T N
[ e |

b 4

of Norway

Petroleum Cluster

The Research Council 4 Payne Inslitute
A O e
=

MiNes K |%

Fixing the Occassional Mess
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When will Things ‘Double Peak’?

(Hubbert’s Update)

U.S. Crude Oil Production History*

1950 1960 1970 1980 1950 2000 2010 2020 2030

* 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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