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Dear Ms. Codrington,  

 

 Clean Air Task Force (CATF) thanks the United States Environmental 

Protection Agency (EPA) for the opportunity to comment on the Draft Underground 

Injection Control (UIC) Program Class VI Well Testing and Monitoring Guidance 

(the Guidance).  Founded in 1996, CATF is a nonprofit organization dedicated to 

restoring clean air and healthy environments through scientific research, public 

education, private sector collaboration, and legal advocacy.   

 

Introduction 

 Geologic sequestration of CO2 (GS), correctly implemented, must be a 

component of the U.S. climate change mitigation strategy.    To assure robust 

implementation, and thereby provide a solid foundation for commercialization of 

low-risk GS, the Guidance must link monitoring strategies to the geologic 

characterization, reservoir modeling and risk analysis.  The Guidance largely provides 

an overview of available testing and monitoring techniques accompanied by a number 

of brief case study summaries.  This is not enough.  Instead, the Guidance must 
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provide a roadmap for operators by demonstrating how monitoring tools and 

strategies from case studies and ongoing research can be successfully integrated into a 

monitoring plan that is sensitive to and addresses identified risks.  This will ensure 

the effective identification of trends and anomalies in data that could indicate adverse 

migration of CO2.  To do this, the Guidance should provide more discussion and 

depth on monitoring strategies that are informed by results of both GS research 

projects and by more practical projects designed specifically to protect underground 

sources of drinking water (USDWs). Moreover, it is critical that the Guidance 

establishes an expectation that the operator of a GS facility demonstrate to the 

Director that its proposed and continuing methods are both adequately sensitive and 

strategically targeted to result in early detection of any adverse CO2 migration.  

 EPA also should suggest in the Guidance cost-effective approaches to 

monitoring deployment.  The Guidance must act as a tool that fosters the 

development of practical and cost-effective testing and monitoring plans.  EPA 

should be cautious not to discourage advances in Carbon Capture and Sequestration 

(CCS) by promoting approaches that result in unnecessary costs and inefficient uses 

of resources.  For example, establishing a matrix of soil monitoring sites, if it can be 

otherwise demonstrated that CO2 is contained in the intended reservoir zone, is not an 

efficient use of resources.  Instead, EPA should suggest that operators establish 

monitoring plans designed with several stages and triggers.  The first stage of 

monitoring would be designed to provide early warning of non-conformance of the 

CO2 plume from the reservoir model and injection plan.  The deployment of a second 

stage of pre-planned advanced monitoring would be triggered if the first stage 

suggests the plume deviated from expected patterns, for example establishing a 

“process-based” leakage investigation, as discussed below.  In addition to 

implementing any mitigation measures, if the monitoring suggests the plume is 

projected to move beyond the expected containment volume, the Guidance should be 

clear that the monitoring plan and area of review (AOR) should be revised in 

accordance with the UIC Class VI requirements.  Finally, EPA should also plan for 
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future updates of the Guidance to highlight successful strategies and new research and 

state its intent to periodically revise the guidance. 

 

A.  Suggested Approaches to Framing the Guidance  
 
1.  Operators should, in their monitoring plans, demonstrate the ability of 

selected monitoring tools to detect injected CO2. 
 The key to minimizing leakage risk is comprehensive geologic characterization 

and risk analysis accompanied by an integrated fit-for-purpose monitoring and testing 

plan.  The Guidance should provide a roadmap for a site-specific monitoring strategy 

that is practical, cost effective, and most importantly, focused primarily on the 

sensitivity to risks identified in the required UIC Class VI geologic assessment.  

While the Guidance provides a list of what EPA has judged to be the most effective 

available monitoring and testing applications, it falls short of illustrating how the 

techniques can be successfully used and integrated in ways that provide the maximum 

sensitivity to injected CO2.  The Guidance should establish an expectation that the GS 

operator must demonstrate to the Director that its monitoring plans will indeed be 

sensitive to and detect adverse trends in injected CO2 volumes and, moreover, explain 

how it will audit and adjust its monitoring approach as data acquisition proceeds.  In 

our comments below, we describe several recent approaches used to improve CO2 

plume tracking and leakage detection.   

 

2.  The Guidance should anticipate growth and development of new methods 
including “process-based” approaches to monitoring.  

CATF encourages EPA to update its investigations of recently published and 

ongoing domestic and international GS efforts in the final Guidance.  The Guidance 

should anticipate new methods and strategies for monitoring that will be developed as 

experience is gained with GS technologies, and ensure that future advances are 

progressively incorporated into testing and monitoring plans.  Moreover, the 

Guidance should encourage continued research and development of innovative 

integrated monitoring techniques at planned GS sites.  Research teams worldwide are 
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currently investigating multi-scale geophysical monitoring with time-lapse data such 

as 3D surface seismic profiling, vertical seismic profiling (VSP), cross-well seismic 

profiling, and gravity data.1  For example, continuous data can be acquired using the 

Schlumberger electrical resistivity tomography tool (ERT) to detect changes in 

electrical properties caused by substitution of CO2 for the saline formation brines to 

quantify CO2 migration.  Additionally, as described in some detail below, the 

University of Texas Bureau of Economic Geology’s (TX BEG) “process-based” 

method for near surface monitoring holds significant promise as an innovative new 

approach to monitoring.2  The Guidance would be stronger and more useful if it 

contained additional information on these newly developed CO2 detection methods, 

and on how project operators should integrate promising new strategies into their 

monitoring plans. 

TX BEG’s method uses a geochemical strategy for CO2 leakage monitoring 

and detection that does not compare soil gas CO2 concentrations to background data 

but instead identifies and tracks the interrelationships among coexisting major gases 

(CO2, N2, O2, CH4) monitored in the vadose zone (the aerated soil zone above the 

water table).  With this method, CO2 and other gases arising from natural processes—

such as soil decomposition—can be distinguished from CO2 leaking from a deep 

source.  The process-based method is ideal for use in all settings including 

sequestration in ecologically disturbed areas such as enhanced oil recovery (EOR) 

fields where pre-industrial baselines are impossible to acquire.  The method can 

distinguish among natural and anthropogenic processes including: 1) biologic 

respiration, 2) CO2 dissolution and reaction with soil carbonate, 3) CH4  (methane) 

                                                
1 For example, CATF recommends EPA consult Dr. Tom Daley at LBNL for more information on 
these approaches.  See: http://secarbon.org/wp-content/uploads/2012/07_Daley.pdf. (Attached as 
Exhibit 1) 
2 We recommend that EPA consult Dr. Katherine Romanak at The University of Texas Bureau of 
Economic Geology for more information on their approach.  Also, see the accompanying TX BEG 
presentation from the March 2012 SECARB annual meeting available at http://www.secarbon.org/wp-
content/uploads/2012/08_Romanak.pdf. (Attached as Exhibit 2)   
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oxidation (important over hydrocarbon reservoirs), 4) dilution of soil gas through 

atmospheric mixing, and 5) a leakage signal.  

In comparison, the current CO2 concentration-based approach may present 

several drawbacks including; 1) high variability of CO2 generated in situ could mask 

a moderate leakage signal, 2) the standard one year of background characterization in 

advance of a project cannot account for CO2 variability from climatic, land use, and 

ecosystem variations over the lifetime (tens to hundreds of years) of a storage project, 

3) background measurements require a long lead time, potentially hindering a 

project’s progress, 4) background CO2 cannot be measured across all potential leak 

points within the AOR; therefore, if concerns arise in an area lacking local 

background measurements, no baseline data exists with which to compare monitored 

CO2 concentrations.  

The ability to identify CO2 leakage into the vadose soil zone using a process-

based method therefore has numerous advantages: 1) it reduces the importance of 

background measurements, particularly in areas previously disturbed by oil and gas 

operations, 2) it increases certainty in leakage detection, and 3) it can shift the use of 

soil gas monitoring from a “leakage detection tool” to a “response tool.”  Soil gas 

measurements alone do not provide adequate leakage detection because there is a low 

probability that randomly sited background gas sampling will be planned in areas that 

later intersect small leakage points.  Moreover, implementing a grid of sampling 

points over an entire AOR is neither practical nor is it a cost-effective use of 

resources.  In comparison, the process-based method is deployed to areas identified as 

potentially vulnerable in the risk analysis or in response to non-conformance of the 

CO2 plume (or an area of landowner concern such as in the case of the alleged 

leakage at Kerr Farm from Weyburn EOR-GS field in Saskatchewan, Canada, 

described below). Therefore, the process-based method can be a powerful tool for 

increasing the usefulness and decreasing the cost and effort associated with shallow 

monitoring methods.  
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The process-based approach has been successfully applied at a CO2-enhanced 

oil recovery operation at Cranfield, Mississippi as part of the Southeast Carbon 

Sequestration partnership (SECARB) and at Kerr Farm in Saskatchewan, as an 

alleged CO2 leakage response tool.  In January 2011, landowners Cam and Jane Kerr, 

made public allegations that CO2 had leaked from the approved CO2-EOR area of the 

Weyburn Unit near Goodwater, Saskatchewan and had impacted their land.  An 

independent study commissioned by the Kerrs concluded that soil CO2 at the Kerr 

farm originated from CO2-EOR operations in the Weyburn field; however, the 

scientific community’s review of the report raised doubts on the study’s reliability.  

The process-based method was used to address the uncertainty in the source of the 

CO2 and CH4 on the Kerr farm.  Although background data had been collected in an 

area north of the Kerr farm between 2000 and 2005 through the IEAGHG Weyburn 

CO2 Monitoring and Storage Project, no background data had been collected directly 

at the Kerr farm before allegations of leakage were made.  Gas concentration 

relationships of soil gas at the Kerr site using the process-based method successfully 

indicated that soil gas on the Kerr property was biological in origin and not the result 

of leaks associated with the CO2 EOR operations.3  Because the process-based 

method does not require background measurements, the ability to assess leakage and 

respond in a timely manner is enhanced.  That capability is clearly significant in real-

world experience, and therefore this research should be evaluated and included by 

EPA in finalizing the Guidance.  At the same time, we continue to support the 

requisite collection of baseline water, soil and geophysical measurements.  The 

Guidance should direct operators to describe leakage identification strategies, as 

described above, in anticipation of a potential leakage event.  

 

 

                                                
3 See Romanak and Yang (2011). Analysis of geochemistry at the Kerr Site.: (http://www.ipac-
co2.com/images/stories/Kerr_Investigation_Final_Report/kerr%20report%20soil%20gas%20final-
v4.pdf). (Attached as Exhibit 3) 
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3.  CATF recommends that EPA consider a staged monitoring approach in the 
Guidance. 

Geologic sequestration sites are complex.  Each site has its own monitoring 

needs to ensure the security of injected CO2.   While careful upfront planning for 

appropriate siting of geologic sequestration resources will assure that CO2 will remain 

where it is injected, monitoring is a key safeguard to ensure CO2 remains in the 

intended containment volume.  Well-planned site-specific monitoring can provide 

early warning of unanticipated CO2 migration in the subsurface, identify the need for 

mitigation and CO2 plume management, and inform any needed revisions to the 

reservoir model (and the monitoring plan itself).  A monitoring plan that 

progressively implements monitoring in stages could help address site-specific 

uncertainties and injection risks as they develop.4   A staged approach would also 

improve cost-effectiveness and therefore help avoid monitoring becoming a barrier to 

commercial-scale development of CCS and geologic sequestration technologies.  

Using this approach, the first stage of monitoring would consist of monitoring 

techniques that focus on comparing the subsurface behavior of CO2 against the 

reservoir model, such as using traditional hydrologic techniques and well logging in 

combination with cross-well methods.  A finding of steady-state predictable injection, 

consistent with the reservoir model and objectives set out in the operating permit, 

would require minimal additional monitoring expense.  Monitoring at these steady-

state sites would be periodically re-evaluated for their effectiveness in assessing 

subsurface CO2 behavior, replacing monitoring techniques that yield either redundant 

or minimally useful subsurface information.   

However, if this first stage of monitoring suggests evidence of adverse 

migration of the CO2 plume or pressure front, advanced second-stage monitoring 

would be triggered (such as the deployment of TX BEG’s process-based approach at 

Kerr Farm as described above) or more expensive methods such as 3-D seismic.  

                                                
4 See Hill (2010), A U.S. NGO’s perspectives on monitoring of saline and EOR geologic carbon 
sequestration injection and sequestration sites.   at: 
http://www.catf.us/resources/publications/files/201009-GHGT10-Hill.pdf (attached as Exhibit 4.) 
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This, in turn, would either lead to a modified injection plan or strategy, once re-

initiated, to mitigate identified risk, or permanent injection shut down and third and 

final stage static post-injection monitoring.  Post-closure monitoring should ensure 

that the CO2 is permanently contained within its planned subsurface sequestration 

volume and continue at a minimum until the CO2 plume is in pressure equilibrium 

with the surrounding reservoir rock.  In the Guidance, EPA should suggest 

approaches to establish that equilibrium pressure conditions have been established 

between CO2 and the reservoir.  EPA should also describe criteria for project 

shutdown if CO2 migration poses a direct or potential threat to an USDW.  

 

B. Critique of Specific Elements in EPA’s Guidance. 
   
1. Operators should determine what constitutes unperturbed baseline 
conditions.   

Trends in baseline data should be established in advance of injection and 

sequential measurements should be made during and after injection to determine the 

presence of outlier data points that could suggest the possibility of leakage.  Operators 

should use this data to best characterize and establish soil and water conditions 

(undisturbed or disturbed) prior to injection and report those to the Director.  

 

2. Monitoring frequencies should be based on the method and geologic 
environment. 
 Frequencies of monitoring should be carefully considered, and should be a 

function of the environmental variability, as each site may not be well served by a 

prescribed sample interval.  Those sites with significant variability including 

responses to groundwater extraction will need more frequent data acquisition than 

quarterly testing in order for the leakage signal to be acquired. 
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3. Conventional reservoir assessment tools should be considered in the 
Guidance.  
 The Guidance lacks adequate consideration of common methods to assess CO2 

flooding performance in oil and gas reservoirs such as hydrologic methods, 

conventional well logging tools and other measurements routinely employed in EOR 

by the oil and gas industry.  For example, aquifer pressure measurements have proven 

to be an effective approach to understanding the behavior of injected CO2 including 

changes in both the injection rates and pressures.  Using well logging tools, operators 

should fully delineate the aquifer characteristics, pressures, perturbations, recharge 

and discharge points, including springs, and the impacts of any commercial uses of 

the aquifer.  Then, measurements of ambient pressure gradient could be made 

upstream and downstream from the injector well.  These data will help provide 

context for evaluating subsequent measurements of injection reservoir characteristics.  

 A second example is basic well logging.  Well logging is a proven approach for 

reservoir management and can be used in monitoring and injection wells to delineate 

CO2 saturation and thickness in a reservoir in time sequences.  Well logs such as the 

sonic log and reservoir saturation tool (RST) in both perforated and unperforated 

zones can provide useful data.  The use of a caliper log is important and should be 

recommended to aid not only in the design of the cement program but in the design of 

perforations, given the possibility of washouts.  Well logs should be provided in 

monitoring reports, including a cement bond log showing the top of the cement, 

casing sizes, perforation sizes, depth, spacing and any well remediation.  EPA should 

also provide guidance on perforation strategies because a wide zone containing too 

many perforations could make it difficult to detect leaked CO2. 
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4. The Guidance should prioritize pressure monitoring tools as indicators of CO2 
plume migration.  
 Geochemical migration is slow compared to pressure migration, and therefore 

pressure is a better early indicator of CO2 plume migration than using geochemical 

assessment.  Although geochemical assessment will provide confirmation if there is 

leakage, it should not be relied on as the first and only indicator of early leakage.  The 

Guidance does not recognize this.  Moreover, down-hole geochemical sampling may 

also be expensive.5  Additionally, this geochemical sampling is a technique that could 

prove problematic due to free-phase fluids and attendant density separation.  A plume 

could develop, and if sampling occurred at the wrong depth, an owner or operator 

could fail to identify the advancing plume.  

 

5. The Guidance should include baseline analysis of the reservoir.  
  Baseline geochemical analysis of the mineralogy, fluids and geochemical 

constituents of host reservoir rocks and formation fluids, accompanied by a model 

describing how injection fluids will interact with formations, would be a useful option 

to include in the Guidance to enhance the identification of leakage-related 

geochemical trends.  

 

6. The Guidance should specify that the first reasonably permeable zone above 
the confining zone should be laterally continuous.  
 In 4.1.1, the Guidance states relative to above-zone monitoring, that the first 

“reasonably permeable zone” above the confining zone is the correct zone to monitor 

for pressure and geochemistry if it is indeed a laterally continuous permeable zone.  

Permeable rock sequences may be formed by migrating depositional environments, 

such as rivers, that result in discontinuous rock sequences that may not communicate 

pressure anomalies or CO2 across an extended subsurface area.  Therefore, the 

Guidance should establish that above-zone monitoring be undertaken in “the first 

laterally continuous permeable zone.” 
                                                
5 TX BEG reports that individual U-tube per-sample costs for quarterly sampling are on the order of 
$10,000. 
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7. Wells should be placed based on the geologic characterization and risk 
analysis. 
 In 4.1.2, relative to monitor placement, EPA states: “Wells sited above the 

confining zone(s) should also be preferentially placed in regions of concern for 

potential risk of fluid leakage and USDW endangerment. These regions may include 

identified faults, fractures or abandoned wellbores that may represent a pathway…” 

EPA must be clear that, in order for monitoring to be sensitive to geophysical, 

geochemical and pressure changes that result from expected or unexpected CO2 

migration, monitoring wells must be located based on the specific results of the 

required UIC Class VI comprehensive geologic site characterization to track areas of 

greatest uncertainty about the conditions that could lead to leakage.  This will also 

ensure the most cost-effective deployment of monitoring tools.  

 

8. Phase-in of monitoring wells should be risk and injection performance-based. 
 In 4.1.3 the Guidance discusses phase-in of monitoring well installation.  Given 

the potential for corrosion of equipment that is left in place but unused, it may 

introduce additional risk and cost to require the staging and installation of idle 

monitoring wells as much as five years in advance of the expected arrival of the CO2 

plume.  Moreover, if the CO2 plume migrates into a different area than expected, this 

would represent a poor allocation of resources.  Instead of prescribing upfront that 

monitoring wells be drilled 5 years in advance, monitoring tools, including wells, 

should be fit-for purpose and staged in a sequential fashion based on risk and 

vulnerabilities and earlier monitoring that tracks the conformance of the CO2 plume 

to the expected behavior from the reservoir model.  As the reservoir model and AOR 

are revised, so should be the deployment of monitoring.  Moreover, while 

construction of the wells in anticipation of the advancement of the plume may make 

sense based on other indicators of subsurface plume migration, they should not be 

constructed any further in advance than needed in order to avoid corrosion risk. 
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9. In-zone pressure tracking measurements in the monitoring well should be 
made in the stratigraphically-equivalent zone in the injection well.   
 In 5.2, EPA states that pressure front tracking measurements should be 

conducted at the same depth intervals in the injection zone as where the injection 

occurs.  EPA should be clear here that pressure measurements should be in the 

stratigraphically equivalent zone to ensure that the measurements are made in the 

same geologic horizon, otherwise they will may not detect pressure changes and the 

advance of the CO2 plume.  

 

10. Monitoring plans should address the issue of monitoring well corrosion.  
 TX BEG reports, based on their research, that monitoring wells have typically 

exhibited corrosion after a few years of operation.  Repeated trips in and out of holes 

can cause wear on the inside of the casing and focus corrosion, and thus, should be 

used judiciously.  The Guidance should suggest that owners or operators incorporate 

corrosion inhibition programs into their monitoring plans. 

 

11. The Guidance should consider and require mitigation of any environmental 
impacts of sampling.   
 Some sampling methodologies may have adverse environmental consequences. 

Therefore, the impacts of monitoring methods should be evaluated as part of the 

monitoring plan.  For example, operators should determine the quality and discharge 

fate of water purged from wells and vented and flared emissions of methane and VOC 

that are dissolved in produced formation water during testing.  

 

12. The Guidance should cite specific page numbers when directing readers to 
other sources of information.   
 The Guidance references other resources that owners or operators can use as 

additional sources of information.  For example, the Guidance directs readers the UIC 

Program Class VI Well Construction Guidance.  It would be more helpful to readers 

if EPA included specific page numbers for these citations, as it is difficult to quickly 

locate the information referenced in the other guidelines. 
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Conclusion 

CATF thanks EPA for the opportunity to comment on the Guidance, and 

appreciates EPA’s efforts to date on this document.  However, CATF strongly urges 

EPA to develop the Guidance into a roadmap that will help owners or operators better 

focus on developing monitoring strategies that address uncertainties and offer the 

maximum sensitivities to the fate of injected CO2.  To do this, the Guidance should 

direct operators to demonstrate to the satisfaction of the Director that their monitoring 

plans are carefully linked to the results of the geologic characterization, reservoir 

modeling and risk analysis and are capable of detecting adverse CO2 migration. 

Moreover, the Guidance should encourage strategies, such as staged monitoring, that 

address both progressive risk and cost-effectiveness.  Carefully planned risk-based 

monitoring is critical to commercial scale development of CCS that will, in turn, 

provide environmental and human health benefits from the reduced greenhouse gas 

emissions.  

 If you have any questions about CATF’s comments, please contact CATF 

Senior Scientist Bruce Hill at (603)-383-6400 or bruce@catf.us or CATF attorney 

Lisa Zak at (617)-624-0234 X159 or lzak@catf.us.  

 

 
Respectfully submitted,  

        

   
L. Bruce Hill, Ph.D. 
Senior Scientist-Geologist 
Clean Air Task Force  
18 Tremont St. Suite 530 
Boston, MA 02108 
p:  (603)-383-6400 
e: bruce@catf.us 


