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1. Introduction 

This Testing and Monitoring Plan (the “plan”) describes how Tri-State CCS, LLC will monitor 
the Tri-State CCS Redbud 1 (the “project”) pursuant to 40 CFR 146.90. Data collected during 
the implementation of this Plan will be used to demonstrate that the wells are operating as 
planned, the carbon dioxide (CO2) plume and pressure front are moving as predicted, and to 
confirm there is no endangerment to Underground Sources of Drinking Water (USDWs). The 
monitoring data will also be used to validate and adjust the geological models used to predict the 
distribution of CO2 within the storage reservoir to support Area of Review (AoR) reevaluations 
and a non-endangerment demonstration.  Results of the testing and monitoring activities 
described below may trigger action according to the Emergency and Remedial Response Plan 
(ERRP). In addition, Tri-State CCS, LLC will follow reporting requirements pursuant to 40 CFR 
146.91. 

2. Overall Strategy and Approach for Testing and Monitoring 

Tri-State CCS, LLC’s testing and monitoring will cover three main aspects of the geologic 
sequestration (GS) project during the project injection phase: 
 
1. Well Integrity 
2. Operational Parameters 
3. Geologic System Changes 
 
Demonstrating the mechanical integrity of the wells in the system is a key aspect of protecting 
USDWs from endangerment due to injection activities (40 CFR 146.89). Operational testing and 
monitoring include analysis of the CO2 stream; continuous monitoring of injection rate, volume, 
and pressure; corrosion monitoring; and pressure fall-off testing. Monitoring and testing of the 
geologic system changes include ground water quality and geochemical monitoring above the 
confining zone; direct pressure front monitoring; and direct/indirect CO2 plume monitoring. 

2.1. Plan Strategy and Approach 

The purpose of the Testing and Monitoring Plan is to ensure that sufficient geospatial and 
monitoring data will be collected and used to validate rigorous numerical modeling and support 
demonstration of USDW non-endangerment over the life of the project.  The Plan will be reviewed 
by Tri-State CCS, LLC at least every five years. After review, Tri-State CCS, LLC will either 
submit an amended Testing and Monitoring Plan or demonstrate to the UIC Program Director that 
no amendment to the plan is needed.  
 
Tri-State CCS, LLC recognizes the nexus of data collection and modeling is the primary pathway 
to exit the UIC permit, define the post-injection site care (PISC) protocols, and close the CO2 
storage site. As such, Tri-State CCS, LLC is establishing a monitoring program capable of tracking 
the injected CO2 plume and pressure front and developing time-lapse datasets for numerical 
modeling. The near surface/subsurface monitoring protocols to be used in the project’s Testing 
and Monitoring Plan will provide valuable information to evaluate the performance of the CO2 
injection and storage operations and is to include: 
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• Above-zone and shallow USDW fluid sample analyses;  
• Above-zone and in-zone direct pressure and temperature measurements; 
• Surface to total depth (TD) temperature sensing; and 
• Through-casing CO2 saturation profiling. 

 
Tri-State CCS, LLC plans to drill up to 10 wells (Table 1), strategically placed in specific 
formations (Figure 1), to ensure USDW non-endangerment. These wells include two (2) multi-
zone injection wells completed in the Lockport Dolomite and Medina Groups, two (2) offset in-
zone observation wells completed in the Lockport Dolomite and Medina Groups, two (2) above-
zone observation wells completed in the Oriskany Formation, two (2) deep observation wells 
completed in the lowermost USDW of the Mauch Chunk Formation, and up to two (2) shallow 
USDW wells completed in the Pennsylvanian unit. 
 
 
 
 
 
 
 
 
 

The remainder of this page intentionally left blank. 
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Figure 1: Generalized stratigraphic column identifying primary and secondary storage complexes 
with corresponding storage reservoirs and confining zones at the injection wells TR1-1 and TR1-2. 
Lowermost USDW is also identified for reference. (*Depth is to the top of the Stratigraphic Unit 
(SU).) 
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injection wells (Section 6). External mechanical integrity will be demonstrated in all injection and 
in-zone observation wells once prior to injection, using a distributed temperature sensing (DTS) 
fiber optic cable mechanical integrity test (MIT). For this plan, DTS will be used in lieu of a 
temperature log to run MITs (Section 6) unless there is a failure of installed fiberoptic monitoring, 
such as cable shear or surface equipment failure, in which case, temperature log will be used to 
run MITs. 
 
Groundwater quality and geochemical changes will be monitored in all project wells (Table 2) per 
40 CFR 146.90(d). Groundwater sampling procedures will be formulated using permanent 
downhole and wellhead pressure gauges. These gauges will continuously record and transmit 
pressure data about the groundwater in the reservoir units mentioned above and allow for an 
estimate of the water to be purged prior to sample collection. Groundwater chemistry will be 
baselined through fluid sampling and analysis in the injection interval of the Lockport Dolomite 
and Medina Groups (TR1-1, TR1-2; TR1-IOB-1, TR1-IOB-2), the first permeable unit above the 
confining zone in the Oriskany Formation (TR1-AOB-1, TR-AOB-2), the lowermost USDW, in 
the Mauch Chunk Formation (TR1-UOB-1, TR1-UOB-2), and the shallow Pennsylvanian aquifers 
(TR1-GW-1, TR1-GW-2). Analytes will be tested to create a baseline (see Table 9), representative 
of the pre-operational groundwater geochemistry, that can be compared to operational (injection 
phase) geochemistry groundwater monitoring data (Section 5). Groundwater sampling and 
analysis will occur quarterly, one year prior to injection, to capture seasonal variations in the 
groundwater geochemistry. Carbon isotope analyses will be run for all baseline analyses to enable 
Tri-State CCS, LLC to differentiate project and natural/background CO2. During injection 
operations, isotopic analyses will only occur if loss of containment is detected to help verify project 
containment.  
 
Groundwater quality and geochemistry baseline data will help verify containment during injection 
operations by detecting changes in injection phase data from the baseline data. Changes in the 
groundwater quality and geochemistry mentioned below can be an indication of loss of 
containment: 
 

• Increase in total dissolved solids (TDS) can indicate native brines have infiltrated the 
overlying reservoirs. 

• Increasing CO2 concentration and/or decreasing pH can indicate infiltration of CO2 into 
monitoring zones. 

• Increased reservoir pressure and/or temperature changes may indicate reservoir zone and 
monitoring zone connectivity. 

• Increase in leached constituents (lead, arsenic, etc.) could be due to the presence of CO2. 
• Significant cation and anion signature change could be due to the presence of CO2. 
• Increase of injectate impurities may indicate CO2 migration into overlying monitoring 

zones. 
 
Baseline pressure monitoring will occur in the injection, in-zone, above-zone, and deep (lowermost 
USDW) wells per 40 CFR 146.90(g)(1) and will occur continuously using both downhole and 
wellhead pressure gauges. Direct baseline pressure monitoring in injection and in-zone wells will 
help reveal natural variations in subsurface pressure. This reservoir zone pressure data will help 
calibrate model predictions of pressure front propagation and allow for adequate baseline data to 
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help decrease the frequency of false positive and negative loss of containment detection events 
when compared to injection phase monitoring data. Direct pressure monitoring in the above-zone 
and deep observation wells will allow for a comparison to injection phase monitoring pressure data 
for early detection of containment loss due to increased pressures from potential out-of-zone 
reservoir brine and/or CO2. 
 
Indirect CO2 plume baseline monitoring will occur at the project per 40 CFR 146.90(g)(2). Tri-
State CCS, LLC plans to implement indirect CO2 plume monitoring using DTS, and pulsed neutron 
capture (PNC) logging. Baseline data will be acquired prior to injection for comparison to injection 
phase monitoring data.  
 
PNC logging tools can detect elevated oxygen around the wellbore in the rock formation and 
therefore the presence of CO2. PNC logging will be conducted once prior to injection in all 
injection, in-zone, above-zone, and deep observation wells. This baseline logging data will allow 
for comparison to injection phase monitoring data to determine the vertical location of CO2 within 
the injection and in-zone wells, and for early detection of containment loss for above-zone and 
deep observation wells. During injection, PNC logging will only be run in the injection wells, any 
wells with CO2 breakthrough, and in any well with monitoring data indicating loss of containment. 
For the zones above the confining zone, PNC logging will be mainly used as a verification 
technique to help prove the absence of CO2. Groundwater sampling and analysis will also be used 
to verify elevated levels of CO2 and determine if the elevated CO2 is project related. 
 
DTS data will be used to indirectly monitor the location of the CO2 saturation plume. Differences 
in the reservoir temperature and injectate stream temperature will be detected allowing for 
interpretation of the vertical location of the CO2 plume near the wellbore. As mentioned above, all 
injection and in-zone wells will contain DTS on the long string casing and record continuous 
temperature measurements after well construction and prior to injection. Injection phase 
monitoring data will be compared to baseline data to determine vertical extent of CO2 in the 
injection wells (and eventually the in-zone observation wells), and CO2 breakthrough in the in-
zone observation wells. Reservoir units taking CO2, detected via DTS, will then be used to calibrate 
reservoir models for better prediction of CO2 saturation plume behavior through time. 
 
 
 
 
 

 The remainder of this page intentionally left blank. 
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simplified layout of the storage complex depicting the location of testing and monitoring 
equipment. The exact locations are tentative and may vary depending on field conditions. 
 

 

Figure 2: Simplified layout of storage complex depicting location of testing and monitoring 
equipment. The locations as depicted are tentative and may vary depending on field conditions. 

 
Above-zone observation wells will monitor the first permeable zone above the primary confining 
zone for pressure, temperature, and fluid chemistry changes for early detection of containment 
loss. In-zone observation wells, in combination with the above-zone observation wells, will 
provide the first indication of containment loss.  
 
Tri-State CCS, LLC has implemented a well-based monitoring plan to track the CO2 and pressure 
plume evolution to ensure protection of groundwater resources. Monitoring technology in injection 
and in-zone observation wells will help track the CO2 and pressure plume front movement through 
time.  The above-zone observation wells will be completed in the permeable unit of the Oriskany 
Formation to detect physical and chemical changes in the groundwater to ensure early detection of 
containment loss to protect USDWs. All observation wells will have direct monitoring of pressure 
and temperature in multiple zones.  
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Protection of USDWs, required by the EPA’s UIC Class VI GS Rule (75 FR 77230), is a primary 
objective of the project’s monitoring program as demonstrated by the two (2) above-zone, two (2) 
deep, and up to two (2) shallow groundwater observation wells. Fluid samples will be collected 
from the wells in the Oriskany Formation (above-zone) and Mauch Chunk Formation (lowermost 
USDW). The associated networks of above-zone and shallow ground water monitoring locations 
are designed to provide: 1) a thorough assessment of baseline conditions at the site, and 2) spatially 
distributed monitoring locations that can be routinely sampled throughout the life of the project. 
 
 
 
 
 
 
 
 
 
 

The remainder of this page intentionally left blank. 
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Observation wells have been strategically placed to mitigate the highest risks to USDWs within 
the AoR. In-zone wells (TR1-IOB-1, TR1-IOB-2) have been strategically placed to image the CO2 
plume and track the pressure front evolution. These wells have been placed at the edge of the 
maximum CO2 plume extent but within the maximum pressure front extent and act as sentry wells 
bounding the CO2 plume. Locations are subject to change based on data collected via the 
CarbonSAFE stratigraphic well which will be repurposed as TR1-AOB-2. Monitoring data from 
these wells will be used to update and history match the pressure response in reservoir models. 
TR1-IOB-1 is placed to the southwest of TR1-1 and TR1-IOB-2 is placed northwest of TR1-2. 
Both these observation wells are planned close to the maximum modeled extent of the CO2 plume, 
50 years post injection. These will allow Tri-State CCS, LLC to continuously monitor the injection 
zones at the edges of the modeled plume front to verify the pressures are acting as predicted and 
allow early detection of any CO2 movement outside of the modeled plume extent. 

The two above-zone (TR1-AOB-1, TR1-AOB-2) observation wells will monitor conditions in the 
first permeable zone above the primary confining zone to ensure containment of reservoir brine 
and CO2. High pressure zones around the injection wells with natural (i.e., faults) or artificial 
penetrations pose the highest risk to containment and USDWs (Figure 3). Tri-State CCS, LLC has 
therefore placed above-zone wells relatively close to the injection wells for early detection of 
containment loss.  An existing stratigraphic test well, associated with a prior CarbonSAFE project, 
will be repurposed as above-zone monitoring well TR1-AOB-2. 
 
The two deep (lowermost USDW) observation wells (TR1-UOB-1, TR1-UOB-2) are planned to 
be placed to ensure containment in the AoR and ultimately provide evidence for the non-
endangerment demonstration required for site closure. Specifically, TR1-UOB-1 and TR1-UOB-
2 will be placed on each injection well pad site to monitor the USDW directly above and around 
each injection well. 
 
Up to two shallow groundwater observation wells (TR1-GW-1, TR1-GW-2) will be placed at 
strategic locations as backup monitoring should Tri-State CCS, LLC need to monitor the shallow 
groundwater. Wells have not been placed at this time, but placement will consider potential 
contamination near the AoR, high-risk areas such as high pressures, and community concerns. 
Minimal surface disruption is anticipated by completing multiple project wells on a single well 
pad, where possible. 
 
 
 

The remainder of this page intentionally left blank. 
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Figure 3: Map of project showing AoR boundary and the proposed injection and observation well 
locations. The in-zone observation (TR1-IOB), above-zone observation (TR1-AOB), and deep 
(lowermost USDW) observation (TR1-UOB) wells are identified, as well as known caprock 
penetrations and oil and gas wells without depth data. Projected fault does not breach containment. 
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2.4.  Quality Assurance Procedures 

A Quality Assurance and Surveillance Plan (QASP) for all testing and monitoring activities, 
required pursuant to 40 CFR 146.90(k), is provided as Appendix A to this Testing and Monitoring 
Plan. 

2.5.  Reporting Procedures 

Tri-State CCS, LLC will report the results of all testing and monitoring activities to the UIC 
Program Director in compliance with the requirements under 40 CFR 146.91. The following 
reporting requirements apply to the project. 
 
24-Hour Notification of an Event. Tri-State CCS, LLC will notify the UIC Program Director via 
phone as soon as practicable but within 24 hours of discovery of the following events (40 CFR 
146.91(c)): 

 
• Any evidence that the injected CO2 stream or associated pressure front may cause 

endangerment to a USDW; 
• Any noncompliance with a permit condition, or malfunction of the injection system, which 

may cause fluid migration into or between USDWs; 
• Any triggering of a shut-off system downhole or at the surface; or 
• Any failure to maintain mechanical integrity. 

 
30-Day Notification of Planned Activity and Results Reporting. Tri-State CCS, LLC will 
provide written notice to the UIC Program Director at least 30 days in advance of the following 
activities at an injection well (40 CFR 146.91(d)): 

 
• Any planned well workover; 
• Any planned stimulation activities, other than stimulation for formation testing conducted 

under the initial collection of geologic information; or 
• Any other planned test of the injection well, including mechanical integrity testing by Tri-

State CCS, LLC. 
 

Within 30 Days of a well workover, MIT, or other injection well test, Tri-State CCS, LLC will 
submit the results to the UIC Program Director (40 CFR 146.91(b)). 

 
Semi-Annual Testing and Monitoring Report. Tri-State CCS, LLC will submit a semi-annual 
report to the UIC Program Director that will include the following (40 CFR 146.91(a)): 

 
• Any changes to the source as well as physical, chemical, and other relevant characteristics 

of the CO2 stream; 
• Monthly average, minimum, and maximum values for the operating injection pressure, 

injection flow rate, temperature, injection volume or mass, and annular pressure; 
• Monthly annulus fluid volume added; 
• Description of any event that significantly exceeds operating parameters for annulus or 

injection pressure; 



Revision: 0 
April 2024 

Testing and Monitoring Plan for Tri-State CCS Redbud 1 
Permit Number: R03-WV-0002, TBD Page 21 of 41 

• Description of any event that triggers a shutdown device (40 CFR 146.88(e)) and the 
response taken; 

• The monthly volume or mass of CO2 injected over the current reporting period and 
cumulative volume, or mass of CO2 injected since the start of injection; 

• Any other data collected or results from the implementation of the Testing and Monitoring 
Plan (40 CFR 146.90). 

 
Recordkeeping. Tri-State CCS, LLC will retain the following records, per 40 CFR 146.91(f), for 
the time specified: 
 

• All site characterization data and data collected for the permit application will be retained 
throughout the life of the geologic sequestration project and for at least 10 years following 
site closure; 

• Data on the nature and composition of all injected fluids will be retained for at least 10 
years after site closure;  

• Any monitoring data collected through the Testing and Monitoring Plan will be retained 
for at least 10 years after it is collected; 

• Well plugging reports and all PISC data will be retained for at least 10 years after site 
closure. 

 

3. Carbon Dioxide Stream Analysis [40 CFR 146.90(a)] 

Tri-State CCS, LLC will analyze the CO2 stream during the injection phase to collect 
representative characteristic data on the chemical composition of the CO2 stream, pursuant to 40 
CFR 146.90(a). Tri-State CCS, LLC expects multiple sources of CO2 from the region, with 
additional sources to be added throughout the life of the project. Each source will have a different 
gas stream composition based on the source’s capture process and therefore the composition of the 
final injected gas stream will change depending on which sources are operational at any given 
time. As a result, the injectate stream composition will vary throughout the injection phase of the 
project. To account for this, Tri-State CCS, LLC plans to continuously monitor the CO2 stream 
chemical composition to ensure it meets minimum composition specifications that will be refined 
when sources are finalized, and capture equipment is operational. The CO2 stream coming into the 
storage site is expected to have a mol% CO2 concentration of at least 96% with other chemical 
constituents as seen in Table 5. 
 
A continuous gas chromatograph and sampling port will be installed downstream of all CO2 
sources and prior to the storage complex pipeline manifold to ensure the quality meets 
specification and that Tri-State CCS, LLC can isolate the delivery of the stream in the event it is 
out of specification (e.g., high water, H2S, etc.).  

3.1.  Sampling Location and Frequency 

Tri-State CCS, LLC will continuously analyze the CO2 stream during the injection phase to collect 
representative chemical characteristic data. Baseline parameters will be established at the start of 
injection, and monitoring will occur continuously throughout the injection phase using a gas 
chromatograph. This chromatograph will be placed downstream of all CO2 source points and prior 
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4.2.  Injection Rate, Volume, and Pressure Monitoring 

Tri-State CCS, LLC will continuously monitor injection rate, volume, and pressure for each 
injection well pursuant to 40 CFR 146.88(e)(1), 146.89(b), and 146.90(b). 
 
Storage site injection rate and volume will be monitored using Coriolis mass flow meters that will 
be located at each well pad, immediately upstream of each injector wellhead, in accordance with 
manufacturer specifications. Individual Coriolis mass flow meters will be used at the storage site 
to record each injection wells’ injection rate and volume. Tri-State CCS, LLC will include 
measurements to account for flow rate of injected fluid, concentration of the fluid stream, injectate 
density, injectate temperature, and energy inputs required for operation. Flow meters will be 
temperature and pressure compensated and calibrated according to manufacturer specifications. 
Flow rate data will be used to determine the cumulative mass of CO2 injected and to confirm 
compliance with operational requirements of the Class VI UIC permit. 
 
Injection pressure will be continuously monitored using wellhead and downhole pressure gauges. 
Each injection well will be equipped with permanent downhole pressure gauges that will 
continuously monitor both injection zone (Lockport Dolomite Group and Medina Group) pressures 
to ensure they do not exceed 90 percent of the reservoir fracture pressure as required by 40 CFR 
146.88(a) and to ensure compliance with operating conditions. Additionally, each injection well 
will be equipped with a wellhead pressure logger that will ensure Tri-State CCS, LLC maintains 
surface pressures below the maximum allowable pressure for each well. This pressure limit is 
equal to the top perforation or completion depth, in true vertical depth (TVD), multiplied by the 
difference between the injection gradient and the injectate fluid gradient. Surface tubing pressure 
will be kept below 1,773 psi and 1,765 psi for TR1-1 and TR1-2, respectively. 

4.3.  Annulus Pressure & Fluid Volume Monitoring 

Tri-State CCS, LLC will use the procedure below to monitor annular pressure to limit the potential 
for any unpermitted fluid movement into or out of the injection well annulus: 
 

• The annulus between the tubing and the long string of casing will be filled with brine. Brine 
will meet specified parameters such as a brine specific gravity, brine density, and annulus 
hydrostatic gradient. The brine will contain a corrosion inhibitor. The exact brine 
composition will be finalized after the well has been drilled. 

• The surface annulus pressure will be kept within a range from 100 psi to 1,833 psi for TR1-
1 and 1,865 psi for TR1-2. 

• During periods of well shut down, the surface annulus pressure will be kept at a minimum 
pressure to maintain a pressure differential of an estimated 100 psi between the annular 
fluid directly above (higher pressure) and below (lower pressure) the injection tubing 
packer. 

• The pressure within the annular space, over the interval above the packer to the confining 
layer, will always be greater than the pressure of the injection zone formations.  

• The pressure in the annular space directly above the packer will be maintained at least 100 
psi higher than the adjacent tubing pressure during injection.  
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Figure 4 shows the process instrument diagram used for injection well annulus protection systems. 
The annular monitoring system will consist of a continuous annular pressure gauge, a pressurized 
annulus fluid reservoir (annulus head tank), pressure regulators, and tank fluid level indicator. The 
annulus system will maintain annulus pressure by controlling the pressure on the annulus head 
tank using compressed nitrogen.  
 
The annular pressure between the tubing and the long-string casing will be maintained at a higher 
pressure than the injection pressure at bottom hole conditions, during injection, and will be 
monitored by the Tri-State CCS, LLC control system gauges. The annulus head tank pressure will 
be controlled by pressure regulators or pumps; one set of regulators or pumps will be used to 
maintain pressure above injection pressure, if needed by adding compressed nitrogen or CO2, and 
the other set will be used to relieve pressure, if needed, by venting gas or fluid from the annulus 
head tank.  Any changes to the composition of annular fluid will be submitted to the UIC Program 
Director for approval. 
 
If system communication were to be lost for greater than 60 minutes, project personnel will observe 
and monitor manual gauges in the field every eight hours or once per shift for both wellhead 
surface pressure and annulus pressure, while also recording hard copies of the data until 
communication is restored. Average annular pressure, annulus tank fluid level, and volume of fluid 
added or removed from the system will be recorded daily and reported as monthly averages in the 
semi-annual report. 
 

 

Figure 4: Annular monitoring system. 
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4.4.  Injection Temperature Monitoring 

Tri-State CCS, LLC will continuously monitor injection temperature at the surface and downhole 
for each injection well. The wellhead pressure logger will also continuously measure and record 
wellhead temperature and be used as a backup should the DTS fail. Tri-State CCS, LLC will supply 
downhole temperature measurements using DTS fiber optic cable.  
 
In-well pressure and temperature measurements will be taken using permanent downhole gauges. 
Specifically, two downhole injection zones (Medina Group and Lockport Dolomite Group) will 
be monitored by independent gauges. Fiber optic technology will be implemented in the injection 
and observation wells.  DTS fiber optic wire will be run from the surface to the wells’ total depth 
(TD). This technology will continuously measure the temperature in the formations outside the 
casing throughout the entire well column.  

5. Corrosion Monitoring 

To meet the requirements of 40 CFR 146.90(c), Tri-State CCS, LLC will monitor well materials 
during the operation period for loss of mass, thickness, cracking, pitting, and other signs of 
corrosion to ensure that the well components meet the minimum standards for material strength 
and performance.  

Tri-State CCS, LLC will monitor corrosion using corrosion coupons and collect samples 
according to the description below. 

5.1.  Monitoring Location and Frequency 

Corrosion monitoring will occur on a quarterly basis during the injection phase, by the following 
dates each year: 
 

• Three months after the date of injection authorization;  
• Six months after the date of injection authorization;  
• Nine months after the date of injection authorization; and  
• Twelve months after the date of injection authorization.  

 
The corrosion monitoring systems will be located upstream of the wellhead, prior to the Coriolis 
mass flow meters, and downstream of the injection well control valve (Figure 4). This system 
will allow for continuation of CO2 injection during sample removal. 

5.2.  Sample Description 

Samples of materials used in the construction of compression equipment, pipeline, and any wells 
which encounter CO2 will be included in the corrosion monitoring program. The samples will be 
comprised of those items listed in Table 7. Each coupon will be weighed, measured, and 
photographed prior to initial exposure.  
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• Ultrasonic Tools: these tools measure wall thickness in addition to the inner diameter of 
the well tubular and can also provide information about the outer surface of the casing or 
tubing. 

• Electromagnetic Tools: these tools are capable of distinguishing between internal and 
external corrosion effects using variances in the magnetic flux of the tubular being 
investigated. 

 

 

Figure 5: (Left) Example of corrosion coupon holders. (Right) Flow through pipe arrangement 
example. 

6. Above Confining Zone Monitoring  

Tri-State CCS, LLC will monitor groundwater quality and geochemistry in the reservoir, first 
permeable unit above the confining zone, and lowermost USDW during the pre-injection and 
injection phases pursuant to 40 CFR 146.90(d). During the post-injection phase of the project, 
groundwater quality and geochemistry will be monitored in only the first permeable unit above the 
confining zone and the lowermost USDW. Groundwater geochemistry monitoring will be 
conducted using direct fluid sampling and analysis. Formation pressure will be monitored directly 
using downhole pressure gauges.  
 
Baseline monitoring will be conducted in all project wells completed in the Lockport Dolomite 
and Medina Groups (primary injection zones), the Oriskany Formation (first permeable unit above 
the confining zone), and the Mauch Chunk Formation (lowermost USDW) to understand 
groundwater fluid chemistry and quality prior to injection (Table 2). This section describes 
groundwater monitoring during the injection phase of the project with a focus on the following 
zones:  
 

• Lockport Dolomite and Medina Groups (Injection Zones); 
• Oriskany Formation (first permeable zone above the Salina Group confining zone); and 
• Mauch Chunk Formation (lowermost USDW). 
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7.2.  Testing Details 

Internal mechanical integrity will first be demonstrated through an initial annulus pressure test (40 
CFR 146.87).  The standard annular pressure test (SAPT) will include pressurizing the annulus to 
a specified level and observing its pressure for an established period (U.S. EPA, 2008; U. S. EPA, 
2013).  A loss of mechanical integrity can then be detected by changes in pressure which indicates 
the annular space is not sealed and is communicating with the tubing. As an example, as per U.S. 
EPA (2008), loss of mechanical integrity, or a failed test, is one where there is a pressure loss of 
3% or more within a 60-minute test period (EPA Region 5 Determination of the Mechanical 
Integrity of Injection Wells). This test is also discussed in subsection 2.5 of the Pre-Operational 
Testing Plan. The actual test procedure, including the pressure loss limits and test duration, will 
be determined in consultation with the UIC Program Director before the test. Following the initial 
annulus pressure test, injection pressure, rate, and volume along with annulus pressure and volume 
will be continuously monitored throughout the injection phase and prior to well plugging to 
demonstrate internal mechanical integrity pursuant to 40 CFR 146.88, 146.89, 146.90, and 146.92. 
Specific details for continuous monitoring of the CO2 stream and annulus are discussed in 
subsections 3 and 4.3, respectively, of this plan. 
 
External mechanical integrity will be demonstrated with DTS fiber optic cables that run throughout 
each injection and in-zone observation well. External mechanical integrity tests are designed to 
detect fluids that have escaped from the wellbore and could migrate into USDWs (U.S. EPA, 
2013). The DTS fiber optic cables can detect fluid movement along channels adjacent to the 
wellbore in real-time by continuously monitoring the temperature from surface to total depth. Prior 
to injection, a temperature baseline profile will be recorded to identify injection phase temperature 
anomalies indicative of fluid flow beyond, and leaks into, the casing. These continuous DTS fiber 
optic measurements can therefore demonstrate external mechanical integrity and replace the need 
for yearly temperature logging (except for calibration) while satisfying 40 CFR 146.87, 146.88, 
146.89, 146.90, and 146.92. 
 
Both wellhead and downhole pressure gauges will meet or exceed ASME B 40.1 Class 2A (ASME, 
2013) (0.5% accuracy across full range). Wellhead and downhole gauge specifications are 
described in detail in subsection 1.4 of the QASP. 
 

8. Pressure Fall-Off Testing 

Tri-State CCS, LLC will perform pressure fall-off testing of the injection wells pursuant to 40 CFR 
146.90(f) and will use the EPA Region 5 Planning, Executing, and Reporting Pressure Transient 
Tests (U.S. EPA, 1998). Pressure fall-off tests are designed to determine if reservoir pressures are 
tracking predicted pressures and modeling inputs. The results of pressure fall-off tests will confirm 
site characterization information, inform AoR reevaluations, and verify the project is operating 
properly, and the injection zone is responding as predicted. 

8.1.  Testing Location and Frequency 

The minimum frequency at which Tri-State CCS, LLC will perform pressure fall-off testing is as 
follows: 
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9. Carbon Dioxide Plume and Pressure Front Tracking 

Tri-State CCS, LLC will implement indirect methods (Table 12) to track the CO2 plume evolution 
and direct methods (Table 13) to track the pressure front propagation at specified locations and 
frequencies, per 40 CFR 146.90(g). This plan is designed to monitor the free-phase CO2 plume 
location, thickness, and saturation; track the pressure development within the storage complex over 
time; validate computational modeling results; and demonstrate that operations are not leading to 
reservoir CO2 or brine containment risks. 
 
Direct pressure monitoring will be implemented to track the pressure front evolution throughout 
the project’s life using permanent downhole and surface pressure gauges. Gauges ported in the 
two reservoirs (Lockport Dolomite and Medina Groups) will record corresponding reservoir 
pressures and allow for better pressure front modeling. Pressure gauges ported to monitor the first 
permeable zone (Oriskany Formation) or lowermost USDW (Mauch Chunk Formation) will allow 
Tri-State CCS, LLC to monitor any anomalous pressure changes above the primary confining zone 
for early detection of containment loss. 
 
Monitoring locations relative to the predicted location of the CO2 plume within the AoR at five 
and ten-year intervals throughout the injection phase are shown in Figure 6. Two types of pressure 
front and CO2 plume monitoring will occur at the project: 1) plume monitoring within the reservoir, 
and 2) containment confirmation above the primary confining zone. Direct pressure measurements 
will be implemented for pressure front tracking, and several indirect methods will be employed to 
track the CO2 plume migration.  
 
DTS technology will be run on the outside of the long string casing along the entirety of the 
wellbore and will record temperature measurements that can reveal the vertical location of near 
wellbore CO2. This indirect CO2 monitoring technology will be installed during well construction 
and will operate continuously during the baseline, injection, and post-injection periods. In practice, 
DTS systems typically provide temperature measurements at 1-meter (m) spacing along the entire 
cable. 
 
PNC logging wireline tools will be run to monitor the vertical saturations and profile of CO2 within 
formations of interest at monitoring well locations as required. In case of DTS failure, Tri-State 
CCS, LLC in consultation with the UIC Program Director will develop an alternate testing plan, 
such as an alternate PNC logging program at the monitoring wells. 
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Figure 6: CO2 plume evolution map. 
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