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Talk Motivation

• Past research monitoring experience
• EPA/CCP‐funded project on site‐specific 

 design for monitoring
• Monitoring design applications

– FOA 15 industrial sources – AP‐LLC Hastings 
– CCPI Parrish coal‐fired plant slipstream to EOR 

 field 
– Texas HB 469 

• GCCC Industrial Associates research design

Presenter
Presentation Notes
You will note that I am not going to review the regulatory  monitoring requirements released this week by RRC and EPA.  I would like to talk generally and somewhat philosophically about the key motivations that drive implementation of any monitoring program
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CCS Project Dynamics:  
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Presentation Notes
Oversight is already a key part of any injection project, whether for EOR or for disposal under class 1, 2, or new 6. A monitoring program is added in on top tied to concerns coming from capture from anthropogenic emitters. 
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• Public concerns/values/standards

• Follow the $ ‐Who pays gap between cost of capture 
 and purchase price of CO2

 

?  ‐
 

now taxpayer ‐‐
 ultimately electricity rate payer

• Liability  (is this a real issue?)

• Current motivations 
• Benefit to the atmosphere

• Historic Motivation
• Groundwater and surface water protection
• Historic damages = salinization

Motivation for Monitoring Programs

Presenter
Presentation Notes
To attract additional large amounts of CO2 from anthropogenic sources requires motivating  decisions from investors and policy-makers.  Let us consider the evolution of motivation from historic concerns that drove class 1 &2 to current motivations.   Emitters have a choice of  how they will invest.  If they perceive EOR as ineffective in attaining their goals, they can purchase terrestrial  offsets, or fuel switch. 



Transition From…

Research Monitoring 
Tests‐
•Hypotheses about the nature 

 of the perturbation created
– compare response modeled 

 
to the response observed via 

 
monitoring. 

•Performance and sensitivity 
 of monitoring tools 

– sensitivity to the perturbation
– conditions under which tool is  

 
useful,

– reliability under field 

 
conditions.

Commercial Monitoring 
Confirms ‐
• predictions of containment  

 
based on site characterization at 

 
the time of permitting are correct

• Confidence to continue injection 

 
is gained
– monitoring observations that 

 
are reasonably close to model 

 
predictions

– any non‐compliance explained. 
– no unacceptable consequences 

 
result from injection 

• Monitoring frequency could 

 
be diminished through the life 

 
of the project
– eventually stopped, allowing 

 
the project to be closed.

To

Presenter
Presentation Notes
All the past CCS projects, from Weyburn and Frio, to results collected last month at Cranfield for SECARB have been conducted in the research mode.  I feel the need to strive for clarity as one of the perpetrators of the research monitoring  program.  The new need called by both programs and regulations are for commercial monitoring programs.  Because these commercial programs are based in different needs, the type and distribution of monitoring will be different in a commercial program.
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Presentation Notes
Let us look now at how a  historic oversight is connected to a currently called for monitoring program.  Monitoring provides an additional check on the viability of the historic methods of oversight.  The additional check can be because entities along the value chain are mistrustful of historic oversight or because the atmospheric standard is higher, or



Loch Ness Dilemma in a 
 Monitoring Program
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Presentation Notes
In either case, it is difficult to prove a negative result “nothing unexpected happened”.   I like to consider this as an a version of trying to prove there is no plesiosaur in Lock Ness, which could be an expensive undertaking that fails to provide satisfaction.
The proposed solution is to ask design the monitoring program  to test areas of significant uncertainly that might cause a project to fail to meet the performance standard




Define “Significant Uncertainty”
 (for this problem)

• Uncertainty = a 
 possible range of 

 input values into a 
 conceptual, 

 analytical, fluid flow 
 etc. model

• Significant =  the 
 range of 

 uncertainties of 
 cases where the 
 standard was not 
 met

Be
hi
nd

 c
as
in
g 
flo

w
 ra

te
  

m
3/
ye
ar

Monitoring question: What are the conditions that 
would lead to CO2

 

migration at rates> 1%/1000 years
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1000 ton/year x 1000 years = 100,000 tons leaked/  10 million injected.

Presenter
Presentation Notes
Read slide.  We can change the slope of the green line.  In addition, it will be significant to consider the integration of pressure over the field so life cycle, from depleted during production to  possibly maximum pressure at project end, then decreasing rapidly to column height.



Testing Wells for Flaws

Production1952 oil production well was 
retrofit as an observation well

Well construction

Ro
ck

Ro
ck

12 cm

17
00

 m

5 
sq
ue

ez
es

10
0 
m

Cement
& iron plugs

Any leakage?

Any leakage?

No leakage



Perflorocarbon Tracer = No 
 Detection at the Surface

Praxair Seeper Trace

Presenter
Presentation Notes
Glenn Thompson, Praxair PFT Seeper trace





Define “Significant Uncertainty”
 (for this problem)

Uncertainties:
•Possible 

 microannulli 
 aperture and 
 vertical extent

•Number of wells
•Pressure history
•Two phase 

 buoyancy 
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Presenter
Presentation Notes
Read slide.  We can change the slope of the green line.  In addition, it will be significant to consider the integration of pressure over the field so life cycle, from depleted during production to  possibly maximum pressure at project end, then decreasing rapidly to column height.
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How is EOR sequestration different 
 than storage‐only (brine) sequestration

Lower uncertainty



Permanence: How does EOR compare to storage-only?

EORStorage only

• Pressure control
•Large area of pressure 

increase
•Demonstrated trapping
•Oil + water = CO2 very soluble

• Inferred trapping
• Brine  = CO2 weakly soluble

• CO2 injection •CO2 injection +
oil and CO2 production +
CO2 recycle

• Few wells
• Sparse  information
• Few potential leak points 

• Many wells
• Dense  information
• Well performance?

•All Cost •Cost + revenue
• Evolving frameworks for 
permitting and pore space 
access

•Historic frameworks for 
permitting and pore space 
access

• Public acceptance ?? • Public acceptance  good

Presenter
Presentation Notes
Read slide.  Many of use interpret this list as documentation of the superiority of ERO sites for storage.  However it is important to prove this belief by challenging it in a realistic and thoughtful way. 



Pay attention to the data that 
 disturbs our entrenched  beliefs

Traps and seals that held oil will hold CO2

Jonah Lehrer “How we decide”

How will fault‐seals respond to changes 

 in pressure and fluid chemistry?

If injection occurs much more rapidly 

 than charge, will it fill the trap the same 

 way?

How much CO2

 

escapes  from pattern floods?

Presenter
Presentation Notes
We have talked above about how well performance might damage retention.  In this slide we consider  in what ways the process of rapid injection for EOR may not completely mimic natural charge.
The process of asking these questions is the key to designing a robust monitoring strategy.
The result of assessing these uncertainties is increased confidence in those who were skeptical




Monitoring For a Sceptic

• If CO2

 

was not contained in the reservoir, 
 where could it be?

• How would we know if it was there?
• Serious

 
consideration of questions that 

 disturb stakeholders



Conclusions

• Attracting anthropogenic CO2

 

is a promising 
 way to expand EOR

• Monitoring to add assurance that the 
 promised favorable storage conditions exist 

 will attract supplies of anthropogenic CO2

• Monitoring skills are practiced by EOR 
 operators today. 

• Successful monitoring involves an attitude 
 adjustment
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