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- Simply, diffusion of innovations is a theory that seeks to explain 
how, why, and at what rate new ideas and technology spread.

- Everett Rogers championed this theory in his 1962 first edition, 
Diffusion of Innovations. 

- Rogers argues that diffusion is how innovations are communicated 
over time among participants within a social system. 

- Additionally, there is a concept that if an innovation is not “socially 
proven” it will fail to cross what is described as a technology 
“Chasm”. This simply means that the innovation does not have 
enough social capital to move forward in the adaptation curve.

- Perfect example of a current technology languishing in the Chasm is 
electric vehicles.

- The Oil and Gas Industry and the advent of unconventional capture 
of resources could be viewed within this context. In fact, I postulate 
that historic and current production growth within the Permian can 
be directly related to different stages of adaptation. 
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The Problem (?)

- In a little more than 10 years, the Permian Basin has seen over 
400% growth in oil production. 

- This ridiculous growth has been fueled by horizontal exploitation of 
the hybrid resources of the Wolfcampian and Leonardian sequences 
within the Delaware and Midland Basins.

- Let’s take a closer look at this growth projection. There are 
interesting slope changes that represent technological adoption 
that appears to follow diffusion principles.

- 2007 – 2008 “The innovators” (EOG, XEC)

- 2008 – 2009 Price disequilibrium hiatus

- 2009 – 2010 Continuation of “The innovators” (EOG, XEC, APC)

- 2010 – 2013 “The Early Adopters” (PXD, CXO, APA, FANG, RSP)

- 2013 “The Chasm”

- 2013 – 2014 “Early Majority” (Everybody starts to stream in…)

- 2014 – 2016 Price disequilibrium hiatus

- 2016 – Present “Late Majority” (Get on the rocket ship…)

~850 MBOPD

2008-2009 “Sp-rash”

2014-2016 Glut 
and Recovery

?
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What has worked to create this success?

- Refinement of our temporal understanding of a complex geologic 
system.

- Increased structural understanding through enhanced seismic processing and an 
increasing analog database.

- Detailed sequence stratigraphic understanding through continued data collection in 
drilled areas to fit in regional context.

- Better geochemical understanding through enhanced chemo-compositional testing 
and interpretation of rock and hydrocarbon. 

- Technological uplift from better drilling and completion practices.

- Integrated teams working together to understand the reservoir and tailor 
operations to rock type.

- Operations engineers (drilling, completions, and production) interact with the rock 
24-7-365.

- Vast prior knowledge from energy professionals and an established 
network of infrastructure throughout the Permian.

- Seasoned professionals in the basin have been integral in supplying the needed 
context for the resources we have exploited. Those that haven’t listened, haven’t 
succeeded. 

- Long lived Permian production has predicated the construction of a massive 
takeaway capacity to domestic and now international markets.
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What makes the Permian work better?

- The Permian Basin is a complex deposition of organic rich mudrocks 
and detrital calcareous or siliceous sediments throughout the 
Pennsylvanian and Permian (Moscovian through Wuchiapingian). 

- This “trash heap” of sediment created reservoir bodies that are a 
true hybrid between unconventional, mudrock dominated bodies 
and conventional, coarser grained bodies.

- Hybrid reservoirs provide enhanced deliverability as there is 
additional storage with the hybrid system that can deliver better 
results early on, thereby having better economic outcomes.

Basin setting and architecture at beginning of Wolfcampian deposition. (Wright, 2011)
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Deeper dive on technical advances – Structure and Geomechanics

Basin structural context (Ewing, 2013).

- Structural understanding at the macro scale has increased in the 
Permian Basin as increased insight from modern seismic surveys 
and high-frequency log correlations are done.

- Continued uplift of understanding on structural fabric at the meso
and micro scales. Additionally, higher fidelity geomechanical testing 
on core has parlayed into better subsurface models to reconstruct 
the in situ reservoir condition.
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Deeper dive on technical advances – Geochemistry

- Previous understanding of organic geochemistry was typically 
biased to “type basin” material (modified Van Krevelen diagram 
based on Paris Basin) and certain assessment derived for coal 
prospecting (%VRo). 

- Advances in measurement, connections to fluid chemistries, and 
relationships with deposition are sharpening the picture.

Programmed pyrolysis with Petroleum Assessment Method (PAM), Wildcat Technologies

Raman Spectroscopy of Organic Material for maturity proxies (Schito et al, 2017)
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Deeper dive on technical advances – Drilling and Completions

- Bit design, operational parameters, and dynamic data all enhance 
and optimize the drilling process. What used to take 30+ days to 
drill can now be done in under 15 days. 

- Completion design has drastically changed over the last 4-5 years 
(greatest rate of technological change is during “early adopters” to 
“late adopters”). Advent of tighter cluster spacing, greater sand 
concentration, and better modeling has created data-driven change 
in the operational world to bring about better wells.

High-spec rigs
Bit technology upliftReal-time data utilization 3D fracture model based on full geomechanical construct and DFN, Schlumberger Kinetix

Tighter cluster spacing, more sand, utilization of diverter materials, etc.

Pioneer N
atural Resources, 2016

Diamondback Energy, 2015
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Example of Failed Diffusion

- Failed diffusion can occur at any place along the progression of 
technology adaptation. It does not necessarily have to flounder or 
fail at the “chasm”. 

- Clearly stated, failed diffusion refers to diffusion that does not reach 
100% adoption due to its own weakness, competition from other 
innovations, or simply a lack of awareness.

- Social pressure and economies of conversion saw consumption of 
coal decrease as a fuel source for energy conversion. Competitive 
innovation in natural gas came to the game, late in the progression 
of coal adaptation, causing it stagnate and fail.

- Failed diffusion can also result in lower production of a commodity 
or product due to adoption loss during competition. Additionally, 
competition comes in many forms and it may not be external…

- As we start to put the Permian Basin into a “factory”, inertia slows 
on innovation and could result in production loss over time. Myopic 
strategies of growth without continued innovation can cause a 
potential scenario where production cannot keep up with growing 
demand. That can be a bad day for the global economy and spur a 
chasm jumping event for other energy technologies. 
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Back to the Title – Where do we go from here?

- In order to stave off the potential for future degradation of 
production potential in the Permian we need to think a little bit like 
futurists. 

- Internally, our vision cannot be hijacked by short-term gains. We 
must think in longer terms that involve a myriad of innovations that 
will come with their own adaptation curves, but must fit within the 
total industry curve to reach 100% utilization. 

- The first is the 800lb. gorilla in the room, machine learning, big data, 
artificial intelligence, whatever you want to call it. I tend to call it 
augmented learning.

- We are creating data at a staggering pace in modern times. Mostly 
because we utilize more measurement now. 

- We must utilize computational help to illicit patterns from this 
wealth of data.

- Why? Bias.
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Back to the Title – Where do we go from here?

- During this peak or post-peak utilization period where economies of 
scale return profitability to the sector, we must continue to push 
ahead into our deeper inventories.

- We as an industry have inventory in “upside” targets. To think in 
baseball terms, this inventory is our farm system, our Triple A 
teams. If we want to promote them to The Show, we need to invest 
in them to increase their potential to perform at the highest level. 

- Simple question. Do you invest those higher risk dollars when 
finances are tight (commodity downturn, failing diffusion)? 
Absolutely not, that is a play of desperation. Triple A players who 
aren’t properly prepared fail. 

- What is our Triple A team in the Permian?

- Clearfork
- Jo Mill
- Dean
- Wolfcamp C
- Cisco/Canyon
- Barnett 

Major League

Minor League
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Back to the Title – Where do we go from here?

- Something that dovetails the first two things is proper reservoir 
development and long-range management of resources. 

- This is the question de jour lately. “Tank” or “Sequential”?

- This is probably the most multi-variate problem we must tackle on a 
go forward basis. The answer potentially lies in multiple realms that 
change from location to location across the basin.

- Do neighboring wells actually access the same reservoir volume? At 
what spacing does that occur?

- If neighboring wells do not communicate reservoir storage, do they 
become altered when neighboring wells are stimulated?

- As the Permian moves to process engineering in the “Major League” 
formations, or “factory-mode”, we need to continue innovation to 
provide the best return of our investment. Destruction of that 
investment with poor reservoir planning will create loss of “social 
proof” and eventual diffusion failure. 
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Back to the Title – Where do we go from here?

- As we continue to ramp up production at an ever increasing rate, 
what are we to do with the after effects?

- In the Delaware Basin, for instance, water-oil ratios can be quite 
high (3:1 at best). Some intervals have much higher ratios. 

- The regulatory environment is getting tougher now to spot and 
permit disposal wells. Long turn around times for permitting can be 
problematic for economic development of hydrocarbon reserves. 

- Worries of induced seismicity and creating high pressure drilling 
environments are the concerns regulators and operators both have. 

- Is there another way to dispose of water? Are there technologies 
available to us today that can elevate our game outside of the tried 
and true method of standard waste water injection?

- Can we get to a point where we can create a profit center from a 
cost center? Filtered produced water can be recycled for further 
operations, or depending on filtration levels, sold to agricultural 
entities to put less stress on local groundwater aquifers.
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Multi-step Filtration

Waste water RO



Back to the Title – Where do we go from here?

- Last but not least is people.

- I feel like we have been going through the “Great Crew Change” for 
10 years now. I think that was just a fancy HR gimmick. That aside, 
we need to make sure knowledge is not lost.

- Also, we need to think as a unified industry at this point. Now that 
we are the biggest oil player in the world, we need to act in concert 
with each other to assure our market share within the global energy 
economy. 

- Finally, to the folks seated in the audience now. More partnerships 
with academic institutions need to be fostered. However, without 
tackling the above issue of industrial competition, concerted efforts 
between industry and academia will be hard to initiate.

- Keep pushing boundaries.

- Keep asking questions.

- And to end, I will quote the movie Black Panther…

“Just because something works, doesn’t mean it cannot be improved.”
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Obligatory geology photo at end of presentation…

Swift Reservoir, NW Montana
Cannon Thesis Field Site
Future Field Site of N464…
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