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Background (1)

• Intensive Horizontal Drilling Activity is Underway in the Permian Basin

• Increasing Lateral Lengths in the Last Few Years have Greatly 
Improved Well Economics and Drilling Continues at a High Pace

• Oil and Gas Production Rates are High*

• Produced Water Volumes are also High with an Average of 
Approximately 3x the Oil Volumes

* The Best Wells will Make More than 1,000 barrels of oil per day for 
several Months and return the cost of the well in less than a year
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Background (2)

• Increasing Levels of Produced Water Reuse in Hydrofracs of New 
Wells are Occurring

• Otherwise, Produced Water Disposal Must be Accomplished in 
Reservoirs other than the Producing Ones*

• The Produced Water Volume Disposal has Become an Industry in 
Itself, Involves Large Volumes of Barrels, and is Providing, Perhaps, 
the Best Analogue for Certain Large Volume Carbon Capture & 
Storage (CCS) Projects
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*   The Horizontal Well Plays Require Reservoir Depressurization to Produce the Oil & Gas; Reinjection of the Co-produced 
Water Must go into Formations Other than the Producing Ones



With this as Background, Let’s Look at an AoR: 
10-Mile Radial Area in SW U.S.

1. The AoR was Effectively Inactive of Any Large Injection Prior to 2010

2. It Now Possesses Accelerating Drilling Activity Since 2016

3. The “Associated” Produced Water is Requiring Shallow & Deeper Disposal

4. Disposed Water Disposal Rates have Reached 340,000 Bbls/Day in Dec ‘22

5. Equivalent Disposed Mass is 22 million Metric Tons/Year and Climbing

6. Both Shallow and Deep Disposal is Underway with Deep @ ~75% of Total 
a) Deep is Into a Thick Carbonate Formation Just Above Crustal Rocks
b) Shallow is Into a Thick Series of Basinal Turbidite Sandstones Above Current 

Producing, Depressuring Zones

7. Is a Valuable Analogue to Certain Large CCS Injection Projects

*  Touches 9 Townships; 18x18 miles

4



Case History Assumptions

• Water Disposal is a Proxy for CO2 Disposal (CCS) – i.e., no fluid withdrawals, 
no mass balancing of reservoir fluids in and out

• Deep Disposal has no pressure “Dissipation” above to the producing 
intervals

• Deep Disposal may have pressure “Dissipation” below to a thin deeper 
zone or into fractured crustal rocks

• Water & Dense Phase CO2 Pressure Mass Reservoir Responses are ~ Equal
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AoR Monitored/Measured Data 

• Mass Injections to Date
• Deep - 830 million tons  (1/2 in last 6 years)  

• Shallow - 310 million tons  (90% in last 6 years)

• Current Mass Injection Rates
• Deep – 17.7 million tons/yr (280,000 bwpd)

• Shallow – 3.8 million tons/yr (60,000 bwpd)

• Current Surface Injection Pressures
• Deep - 1500-2000 psig

• Shallow – 600-700 psig
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Case Study AoR
(15 Deep Injection Wells)

Cumulative 
Injection 

Volumes and 
Surface 

Pressures 
(Permitted and Actual)

320 million Bbls >

35 million 
Tons >

2000 psi >

Jan
 ‘1
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 ‘2
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Permitted Pressure - psig
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Are There Impacts of the Water 
Disposal?
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A Regional Look
Four State Regional Seismicity Response
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One Impact Example:  Induced Seismicity (USGS)

At what magnitude does damage begin to occur in an earthquake?

It isn't that simple. There is not one magnitude above which damage will 

occur. It depends on other variables, such as the distance from the 

earthquake, what type of soil you are on, building construction, etc. That 

being said, damage does not usually occur until the earthquake magnitude 

reaches somewhere above 4 or 5.

Let’s Look First Outside the AoR for a 
Baseline
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Regional Four States Seismicity: 2000 - Present

Source: USGS
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Back to the AoR: SE NM Induced Recent Seismicity
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Regional Four States Seismicity: 2000 - Present

Source: USGS

What Did the 
Regulator do to 

Mitigate?
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In Response to Large Magnitude Seismic Events and Increased Event Frequency, the NM OCD Copied 
some of the Mitigation Approach Used in OK and Instituted Seismic Response Areas (SRAs) to Try and 

Mitigate Earthquakes by Curtailing Injection (Nov 2021)
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Case History Observations/Conclusions that 
Can Inform CCS Injection Sites

• Small Volume Injection Pilots are not very Helpful Guides to Large 
Volume Injections

• We are Fortunate to be Witnessing the Analog of Large Volume Water 
Injection 

• We are also Realizing Mass Balancing is Critical in a Lot of Geologies

• Producing Fluids to Accompany Large Volume Injection will be 
Necessary in Most Geologies
• For Mass Balancing of Formation Overpressures

• For Plume Management
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Further Thinking:
Perhaps We Should Reframe the 45Q Tax Credit Rules

• It was a Bipartisan Effort that Got it Passed
• Blue Folks Wanted to Reduce GhG Emissions & Move to Environmental Sustainability

• Red Folks Wanted Energy Security and Economic Sustainability

• Mass Balanced CO2 Injections for Geological Storage are Proving to be Critical

• Let’s Reframe so that $85/ton is Appropriate for Utilization of the CO2 Regardless 
of the Product Sold and all Mass Balanced Projects

• Should Lead to CO2 Utilization on a Large Scale and Assist in Paying for the 
Reservoir Mass Balancing Required
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