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7. TESTING AND MONITORING PLAN 
40 CFR 146.90 

HEARTLAND GREENWAY STORAGE PROJECT 

Facility Information 

Facility name:  Heartland Greenway Storage Site (HGSS) 
  
Facility contact:  David Giles 

2626 Cole Ave., Dallas, Texas, USA 75204 
Phone: (210) 880-6000; Email: dgiles@navco2.com 

Well location:  Taylorville, Christian County, Illinois  
   39°35'47.1"N, 89°16'12.4"W 
 

7.1. Overall Strategy, Approach, and Conceptual Design for Testing and Monitoring 

The Testing and Monitoring Plan describes how Heartland Greenway Carbon Storage, LLC 
(HGCS) will monitor the Heartland Greenway Storage Site (HGSS) pursuant to 40 CFR 146.90.1 
In addition to demonstrating that the wells are operating as planned, the carbon dioxide plume 
and pressure front are moving as predicted, and that there is no endangerment to USDWs, the 
monitoring data will be used to validate and adjust the geological models used to predict the 
distribution of the CO2 within the storage zone to support 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. 

7.1.1. Plan Objectives 

HGCS’s testing and monitoring will cover three main aspects of the GS project during the 
project injection phase: 

1. Well Integrity 

2. Operational Parameters 

 

 

1 EPA (U.S. Environmental Protection Agency). 2010. Federal Requirements Under the Underground Injection Control (UIC) 
Program for Carbon Dioxide (CO2) Geologic Sequestration (GS) Wells Final Rule (40 CFR 146.93). Washington, D.C. 
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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 and is a requirement of the UIC Class VI 
program. The operational testing and monitoring includes: 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 includes: ground 
water quality and geochemical monitoring above the confining zone; direct pressure front 
monitoring, and direct/indirect CO2 plume monitoring. 

7.1.2. Plan Strategy and Approach 

The Testing and Monitoring Plan aims 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 and will be reviewed by HGCS every five 
years. HGCS will submit an amended Testing and Monitoring Plan or demonstrate to the 
Program Director that no amendment to the plan is needed. HGCS recognizes that the nexus of 
data collection and modeling is prescribed as the primary pathway to exit the UIC permit, define 
the post-injection site care (PISC) protocols, and close the CO2 storage project as noted in the 
CCS Protocol. As such, HGCS established a monitoring program capable of tracking the injected 
CO2 and developing time-lapse datasets for numerical modeling, both of which are critical for 
demonstrating the capacity to 1) predict the evolution of the CO2 plume and pressure front and 2) 
demonstrate non-endangerment to allow for exiting the CO2 storage site established by the UIC .  

The surface/subsurface monitoring protocols to be used in the Testing and Monitoring Plan at 
HGSS will provide valuable information to evaluate the performance of the CO2 injection and 
storage operations and include: 

 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.  
 

For example, the above datasets can be used in conjunction with rigorous geologic 
characterization to validate robust numerical reservoir models for tracking the CO2 plume and 
pressure front, which is essential for establishing non-endangerment of the USDWs. 

This plan describes components of the geologic testing and monitoring program, which includes 
hydraulic, geophysical, and geochemical components for characterizing the complex fate and 
transport processes associated with CO2 injection. The injection wells and in-zone monitoring 
wells in the target injection interval (Mt. Simon) will be monitored for the duration of the project 
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to characterize pressure and CO2 transport response and to guide operational and regulatory 
decision-making. In-zone monitoring results, along with those from above-zone monitoring wells 
installed directly above the Eau Claire shale primary confining zone in the first permeable unit 
(Ironton Formation) will provide the first indication of any unanticipated containment loss.  

Deep above-zone monitoring wells will be completed in the permeable unit of the Ironton 
Formation to detect changes in the groundwater conditions and to ensure protection of USDWs. 
All monitoring wells will have direct monitoring of pressure and temperature in multiple zones. 
Protection of USDW’s, required by the EPA’s UIC Class VI GS Rule (75 FR 77230)2, is a 
primary objective of the monitoring program at the HGSS as demonstrated by the six above-zone 
and 17 shallow USDW monitoring wells. Fluid samples will be collected from these wells in the 
Ironton Formation (above-zone) and shallow sand and gravel aquifer (shallowest USDW in 
Christian County). The six above-zone monitoring wells will provide early detection of any out-
of-zone CO2 allowing HGCS to demonstrate non-endangerment to USDW or groundwater 
aquifers. 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 near point sources that can be routinely sampled 
throughout the life of the project. 

HGCS’s characterization of the subsurface environment indicates that there is minimal risk of 
contaminating USDWs. Minimal surface disruption is anticipated by completing multiple 
monitoring wells on a single well pad, where applicable. No known faults, existing well 
penetrations, or other potential pathways pose a leakage risk within the AoR of the project. In-
zone project wells will represent the only and highest existing risk and will be monitored for 
potential CO2 leakage.  

7.1.3. Conceptual Monitoring Network Design 

The monitoring network design was developed based on the characterization and modeling of the 
HGSS. This section describes the indirect and direct monitoring network that will be used to 
support collection of the various characterization and monitoring measurements needed to track 
development of the CO2 plume within the injection zone and identify/quantify any potential 
release of CO2 from containment.  

For a general schematic of pipeline monitoring equipment locations refer to the QASP 
Attachment B. Figure 7-1 shows the well monitoring network that will be used to ensure 
confinement of CO2 within the reservoir and provide evidence of non-endangerment of USDWs. 

 

 

2 Mandatory Reporting of Greenhouse Gases: Injection and Geologic Sequestration of Carbon Dioxide. 75 FR 75078. 
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Well locations on the map show the approximate locations and are subject to change based on 
surface land access agreements currently under negotiation. Changes made should be no more 
than ± 300 feet from the location indicated on Figure 7-1. The figure also shows the maximum 
plume extent and maximum lateral pressure front that define area of review (AoR). Description 
of the AoR delineation for the HGSS can be found in the AoR and Corrective Action Plan 
section of this permit. Note that the monitoring design will be modified as required based on 
landownership approval of well locations, the results of the 3D DAS VSP feasibility study, and 
any additional site-specific characterization data collected at the HGSS .  

  

 
 

 

Figure 7-1. The HGSS showing the locations of injection wells (yellow circles), in-zone monitoring 
wells (white squares with red labels), above-zone monitoring wells (white squares with blue labels), 
shallow groundwater monitoring wells. 

Sensitive, Confidential, or Privileged Information

Sensitive, Confidential, or Privileged Information
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 This monitoring network is designed for early detection of out-of-zone CO2 and brine 
migration at to ensure protection of USDWs. In-zone monitoring wells were chosen at locations 
on the margin of the final CO2 plume extent to bound and ensure its containment. Above-zone 
wells were chosen in regions above the storage complex that are predicted to experience the 
highest-pressure differentials (i.e., highest leakage risk) for increased early leak detection to 
reduce risk of USDW contamination. Both sets of well locations were also chosen to provide 
data with necessary spatial coverage to track both plumes during injection and to optimize 
monitoring during the PISC. Shallow groundwater well locations were chosen at each well nest 
to monitor groundwater. All monitoring well data will contribute to the non-endangerment 
demonstration for site closure. Below are descriptions of the various wells and respective 
monitoring technologies to be deployed in each well type: 

 CO2 Injection Wells (NCV-[1-6]). Six CO2 injection wells are centrally located 
within the HGSS and will be drilled to the Precambrian and then plugged back and 
completed in the Mt. Simon formation. These wells will be equipped with continuous 
distributed temperature sensing (DTS) fiberoptic systems and downhole 
pressure/temperature gauges. The DTS fiberoptic cable will run from surface to TD 
and identify temperature changes that could be caused by external mechanical 
integrity issues in the well. The downhole pressure/temperature gauges will be set 
near the injection interval to monitor pressure to ensure pressures do not exceed 90% 
the fracture pressure. Each well will be perforated in the injection interval (Mt. Simon 
A and B). 
 

 In-Zone Monitoring Wells (NCV-OB-MS [1-6]). Six in-zone monitoring wells will 
be drilled and completed in the Precambrian basement. These wells will be equipped 
with continuous monitoring equipment such as DTS, distributed acoustic sensing 
(DAS) fiberoptic systems, and downhole pressure/temperature gauges. The DTS 
fiberoptic cables will run from surface to TD to help identify CO2 breakthrough and 
location within the Mt. Simon formation. The DTS will also serve to monitor the 
mechanical integrity of the well by identifying temperature changes that could be 
caused by mechanical integrity well issues. The DAS fiberoptic cables will run from 
surface to TD and monitor induced seismicity that may pose a risk to the project and 
for timelapse 3D DAS VSP plume imaging. Downhole pressure and temperature 
gauges will be set at the Eau Claire caprock, top of the injection interval (Mt. Simon 
B), and below the injection zone in the Argenta Sand to measure pressure changes 
associated with the project. Well locations were selected to bound and be within the 
CO2 plume to ensure lateral containment. 

Sensitive, Confidential, or Privileged Information
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7.1.5. Reporting Procedures 

HGCS will report the results of all testing and monitoring activities to the EPA in compliance 
with the requirements under 40 CFR 146.91. 

7.2. Carbon Dioxide Stream Analysis 

HGCS will continuously analyze the source CO2 streams during the operation period to yield 
data representative of its chemical and physical characteristics pursuant to 40 CFR 146.90(a). 
Project CO2 will be sourced from ethanol generation, fertilizer generation, and post combustion 
generation. A Programmable Logic Controller (PLC), and a flow computer for measurement will 
be used at each booster station, capture site and sequestration site as the basic process control 
system. A small PLC or RTU will be used for monitoring and control at the block valve stations. 
Downstream of each capture location and prior to inlet to the HGS pipeline system, a Rosemount 
700XE or similar gas chromatograph (Figure 7-2) will be utilized to sample CO2 streams at 
intervals between 15-45 min that will establish the composition of the stream and correlate to the 
measurement quantity captured by the Sr Orifice (Daniel Sr Orifice or similar) custody transfer 
meter. A continuous gas analyzer (Rosemount XEXF or similar) will also be installed upstream 
of the metering facility that will monitor (every 2-10 sec) the stream to ensure the quality of 
stream meets the specified HGSS CO2 quality specifications (Table 7-2) and can isolate the 
delivery to the stream in the event of out of tolerance (high water/H2S/etc.) stream. 

7.2.1. Location and Frequency 

The gas chromatograph will be placed at every source receipt point located prior to entering the 
shared stream pipeline. A master gas chromatograph will be placed downstream of all source 
points prior to entering the storage complex pipeline. Measurements will be taken and recorded 
at a minimum frequency of one record every 15 minutes and analyzed for compliance with the 
minimum CO2 composition requirements set forth by HGCS. 

7.2.2. Analytical Parameters 

The gas chromatograph will be measure for the minimum composition of the injectate found in 
Figure 7-2 and any additional analytes from the expected CO2 composition upstream from 
capture equipment for all source types which can be found in the QASP.  
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1. The annulus between the tubing and the long string of casing will be filled with brine. 
Parameters such as brine specific gravity, brine density, and the annulus hydrostatic 
gradient. The brine will contain a corrosion inhibitor. 

2. The surface annulus pressure will be kept at a minimum pressure (psi) during injection 
that is specific to the geologic conditions at each injection well. 

3. 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. 

4. The pressure within the annular space, over the interval above the packer to the confining 
layer, will be greater than the pressure of the injection zone formation at all times.  

5. 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.  

 
Figure 7-3 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 
indication. The annulus system will maintain annulus pressure by controlling the pressure on the 
annulus head tank using compressed nitrogen. The HGCS’s surface facility equipment and 
control system will alarm if the surface annulus pressure and annulus pressure differential drop 
toward their lower limits. 
 

7.3.3. Injection Temperature Monitoring 

HGCS will continuously monitor injection temperature at the surface and downhole for each 
CCS injection well. The wellhead pressure logger will also continuously measure and record 
wellhead temperature and be used as a backup should the DTS and/or permanent downhole 
pressure/temperature gauges fail. HGCS will supply two downhole temperature measurements: 
permanent downhole temperature gauges and DTS fiberoptic wire. In-well pressure and 
temperature measurements will be taken using Baker Hughes SureSENS QPT Elite permanent 
downhole gauge. Silixa’s XT- or ULTIMA-DTS fiberoptic technology will be implemented in 
the injection and monitoring wells. Both technologies are further discussed in subsequent 
sections of this plan. Each injection well will contain a permanent temperature gauge proximate 
to the packer that will measure the temperature of the injectate as it reaches the injection zone. 
The DTS fiberoptic wire will be run from surface to well total depth (TD) in the injection and 
monitoring wells. In practice, DTS systems typically provide temperature measurements at 1-
meter (m) spacing along the entire cable. This technology will continuously measure the 
temperature in the formations outside the casing throughout the whole well column. The DTS 
data will allow for continuous monitoring of external mechanical integrity throughout the 
operation and post-injection phases of the project. 



 Page 15 of 31 
 

 

 

7.4. Corrosion Monitoring 

7.4.1. Monitoring Location and Frequency 

HGCS will monitor well material for corrosion during injection operations pursuant to 40 CFR 
146.90(c). Monitoring will look for loss of mass, thickness, cracking, pitting, and other 
indicators of corrosion to ensure well components meet the minimum standards for material 
strength and performance. Corrosion monitoring will occur on a quarterly basis during the 
injection period, 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.  
 

HGCS will monitor for corrosion using corrosion coupons in a closed loop system. 

Figure 7-3. Annular Monitoring System General Layout. 
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7.4.4. Sample Monitoring and Handling 

Corrosion coupons will be handled and evaluated for corrosion using the American Society of 
Testing and Materials (ASTM 2003)4, Standard practice for preparing, cleaning, and evaluating 
corrosion test specimens (ASTM 2017)5. The coupons will be photographed, visually inspected 
(under minimum of 10x power), dimensionally measured to within 0.0001 inch, and weighted to 
within 0.0001 gm. 

 

 

4 American Society for Testing and Materials (ASTM) Standard G1. 2003. Standard Practice for Preparing, Cleaning, and 
Evaluating Corrosion Test Specimens, ASTM International, West Conshohocken, PA. DOI: 10.1520/G0001-03, www.astm.org. 

5 American Society for Testing and Materials (ASTM), 2017, Method G1-03e1, Standard Practice for Preparing, Cleaning, And 
Evaluating Corrosion Test Specimens, ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA. 
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7.5. Above Confining Zone Monitoring  

HGCS will monitor groundwater quality and geochemical changes above the confining zone 
during the baseline pursuant to Section 40 CFR 146.95(f)(3)(i), injection, and post-injection 
periods as recommended in 40 CFR 146.90(d). This section will discuss the monitoring plan for 
the injection phase of the project. Groundwater quality and geochemistry monitoring will be 
conducted through direct fluid sampling and distributed temperature sensing (DTS). Baseline 
monitoring will be conducted in the Mt. Simon (injection zone) to understand in-zone brine fluid 

Figure 7-5. (Left) Example of corrosion coupon holders. (Right) Flow through pipe 
arrangement example. 

Figure 7-4. Simple layout of NCV-4 well pad location with the Coriolis mass 
flow meter, control valve, corrosion loop, wellhead, and controls building. 
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chemistry and to better identify any out-of-zone fluid migration. Baseline groundwater sampling 
will also occur in the above-zone formations: Ironton (first permeable rock above the confining 
zone), and major shallow Quaternary sand and gravel aquifers in the region. This section of the 
permit will focus on the groundwater monitoring during the injection phase of the project with a 
focusing on the following zones:  

 The Cambrian Ironton Sandstone - First permeable zone above the Eau Claire confining 
zone. 

 Shallow Quaternary unconsolidated sediment - local source of drinking water. 
 

In-zone monitoring results, along with those from above-zone monitoring wells (early-detection) 
installed directly above the primary confining zone (Eau Claire) in the first permeable unit 
(Ironton), will provide the first indication of any unanticipated containment loss. If a 
containment loss is detected, a modeling evaluation of any observed CO2 migration above the 
confining zone would be used to assess the magnitude of containment loss and make bounding 
predictions regarding the expected impacts on shallower intervals, and ultimately, the potential 
for adverse impacts on USDW aquifers and other ecological impacts.  

7.5.1. Monitoring Location and Frequency 

The proposed locations of the 17 Quaternary shallow groundwater and six above-zone Cambrian 
Ironton monitoring wells can be seen in Figure 7-1. These locations are subject to change based 
on the results of the ongoing land/pore space rights acquisition. The planned monitoring 
methods, locations, depth intervals and frequencies for groundwater quality above the confining 
zone are displayed below (Table 7-5). Direct fluid sampling methods and frequency in the 
injection phase will be dependent on the results of the baseline groundwater fluid sampling. 
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ICP – Inductively Coupled Plasma; MS – Mass Spectrometry; OES – Optical Emission Spectrometry 

7.5.3. Sampling Methods 

Sampling will be performed as described in Section B of the QASP, which describes 
groundwater sampling methods to be implemented, including sampling SOPs (Sections B.2.a-b), 
and sample preservation (Section B.2.g). 

Quality control will be ensured using the methods described in Section B.5 of the QASP. 

7.5.4. Laboratory to be used/chain of custody procedures 

Sample handling and chain of custody will be performed as described in Section B.3 of the 
QASP. 

7.6. Mechanical Integrity 

HGCS will maintain project injection well mechanical integrity throughout the project. A well 
has mechanical integrity if: 

1. There is no internal leak in the casing, tubing, or packer; 
2. There is no significant external fluid movement out of the sequestration zone through 

channels adjacent to the wellbore; and 
3. Corrosion monitoring, pursuant to Subsection 40 CFR 146.90(c), reveals no loss of 

mass or thickness that may indicate the deterioration of well components (casing, 
tubing, or packer). 
 

Internal and external mechanical integrity will be demonstrated during the operation phase of the 
project. Internal mechanical integrity is required pursuant to 40 CFR 146.90 and 40 CFR 146.89 
and will be demonstrated through annulus pressure monitoring. Annulus pressure tests jeopardize 
the integrity of the pressurized annulus in the injection well and therefore continuous annulus 
pressure monitoring will be used in place of an annulus pressure test. External mechanical 
integrity will be demonstrated using continuous DTS fiberoptic cables in the injection, in-zone, 
and above-zone wells meeting the minimum frequency. Continuous DTS replaces the need for a 
temperature log and will identify fluid movement along channels adjacent to the well bore in 
real-time. In addition to identifying injection-related flows behind casing, often small casing 
leaks can be located using temperature profiles. Mechanical Integrity Testing (MIT) will be 

 

 

Wastewater., APHA-AWWA-WPCF, 23th Edition. 
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conducted every five years in accordance with industry standards and the US EPA Region V’s 
guidance: Determination of The Mechanical Integrity of Injection Wells.14  

The HGCS will notify the Program Director 30 days prior to the intent to conduct mechanical 
integrity demonstrations. MIT gauges and meters will be calibrated according to the 
manufacturer’s specifications. A descriptive report that includes the results of any mechanical 
integrity testing will be submitted with the application for CCS Project Certification, and 
annually, thereafter through the active life of the CCS Project. 

Should loss of mechanical integrity be demonstrated through monitoring HGCS will take all 
steps necessary to determine whether there may have been a release of the injected CO2 stream 
or formation fluids into any unauthorized zone. If there is evidence of substantial endangerment 
to public health or the environment from any fluid movement out of the intended storage 
complex, HGCS will implement the Emergency and Remedial Response Plan (40 CFR 146.94), 
follow reporting requirements (40 CFR 146.91), and restore and demonstrate mechanical 
integrity prior to resuming injection or plugging the well. If the well loses mechanical integrity 
prior to the next scheduled test date, then the well will be repaired and retested within 30 days of 
losing mechanical integrity. If the well lost mechanical integrity prior to the next scheduled test 
date, and it was repaired, HGCS will submit a descriptive report documenting the type of failure, 
the cause, the required repairs, and a new test of mechanical integrity following the requirements 
of section 40 CFR 146.89 in the next quarterly report. 

7.6.1. Testing Location and Frequency 

Internal mechanical integrity testing will be demonstrated prior to commencement of injection 
operations pursuant to Section 40 CFR 146.87(a)(4) and is discussed in the Pre-Injection Testing 
section of this permit. Thereafter, the internal mechanical integrity of each well will be 
continuously monitored by HGCS using the annulus pressure monitoring pursuant to Section 40 
CFR 146.90(b). External mechanical integrity testing will be conducted prior to injection using 
DTS fiberoptic cables in the wells pursuant to section 40 CFR 146.87(a)(2). External mechanical 
integrity will be continuously monitored after the external mechanical integrity test pursuant to 
Section 40 CFR 146.90(e) and run just prior to plugging of the well. 

Internal MIT will be conducted using annulus pressure monitoring at each of the 6 injection 
wells. External mechanical integrity will be demonstrated using the DTS fiberoptic cable at the 

 

 

14 EPA (U.S. Environmental Protection Agency). 2008. Determination of the Mechanical Integrity of Injection Wells, Region 5, 
Underground Injection Control (UIC) Branch Regional Guidance #5. Chicago, Illinois. 
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7.8. Carbon Dioxide Plume and Pressure Front Tracking 

HGCS will track the extent of the free-phase CO2 plume, and the pressure development within 
the storage complex using direct well based and indirect methods pursuant to 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. 

7.8.1. Plume monitoring location and frequency 

Table 7-9 and Table 7-10 present the direct and indirect methods that HGCS will implement to 
monitor the position of the CO2 plume its associated pressure front, including the monitoring 
activities, locations, and frequencies. Locations are subject to change based on final land access 
agreements. 

HGSS monitoring locations relative to the predicted location of the CO2 plume and pressure 
front at 5- and 10-year intervals throughout the injection phase are shown in Figure 7-6. The 
predicted amount of CO2 in the mobile gas, trapped gas, and dissolved (aqueous) phases after 30 
years of injection is shown in Figure 7-6. Pressure and temperature monitoring for in-zone wells 
will occur within the Argenta, top of the injection zone, and directly below the Eau Claire 
caprock in the Mt. Simon E unit.  

7.8.2. Plume monitoring details 

As summarized in Table 7-9 and Table 7-10 below, HGCS will utilize a combination of direct 
and indirect methods to detect, track and monitor the CO2 plume. Direct CO2 plume monitoring 
methods will include the deployment of electronic downhole pressure-temperature (P/T) gauges 
(Baker Hughes SureSens Quartz P/T gauge) at fixed-point locations within every injection, in-
zone and above-zone monitoring well to monitor the absence or presence of the CO2 within the 
injection reservoir (Mount Simon) and caprock (Eau Claire). Injection wells, NCV [1-6], will be 
monitored for pressure and temperature in the injection zone (Mt. Simon B). In-zone monitoring 
wells, NCV-OB-MS [1-6], will be monitored for pressure and temperature in three zones: 
Argenta Formation just above the basement, top of the Mt. Simon B unit in the injection interval, 
and at the top of the Mt. Simon E unit just below the caprock. Measurements in these three zones 
allow for insights into the pressure propagation in 3 dimensions as well as a direct measurement 
of temperature to compliment the DTS data. The above-zone wells (NCV-OB-I) will measure 
pressure and temperature in the first permeable rock immediately overlying the caprock. Early 
detection of out-of-zone CO2 and/or brine will occur using pressure and temperature 
measurements in the Ironton Formation. All downhole gauges will be comprised of a corrosion 
resistant chrome alloy and will continuously record formation pressure and temperature from 
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fixed-point locations. Refer to Section A.4 of the QASP for P/T gauge product specifications and 
quality control procedures. 

HGCS will utilize several indirect methods to monitor and track CO2 plume development 
(summarized in Table 7-10). Indirect CO2 plume monitoring techniques to be deployed are 
distributed temperature sensing (DTS), Pulse Neutron Capture/Reservoir Saturation Logging 
(PNC/RST Logging), and time-lapse distributed acoustic sensing (DAS)-based 3-dimensional 
(3D) vertical seismic profiling (VSP) (hereby referred to as DAS-3DVSP).  

DTS technology will be run on the outside of the long string casing along the entirety of the 
wellbore and will record temperature measurements. In-zone wells with DTS will be acquire 
profiles from TD up to the top of the Eau Claire. Above-zone wells will acquire a temperature 
profile for the entire length of the Ironton Formation. DTS technology will be installed during 
initial drilling at locations specified in Table 7-10 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. Please refer to Section 
A.4 of the QASP for DTS product specifications and quality control procedures. 

PNC wireline tools will be run to monitor CO2 and brine saturations within formations of 
interest. A PNC/RST log will be run one year prior to injection to establish baseline conditions 
and will then be re-run once every 5 years prior to AoR re-evaluation. This data will compliment 
seismic data and confirm CO2 containment within the reservoir. PNC/RST log data will be 
acquired within all formations of interest within locations specified in Table 7-10. Please refer to 
section A.4 of the QASP for PNC/RST logging tool product specifications and quality control 
procedures. 

DAS-3D VSP will be acquired from all wells with installed DAS fiber-optic cables to track CO2 
plume migration and prove containment within the reservoir. The typical resolution limit of 
surface seismic is 5% saturation. DAS technology used for the Heartland Greenway CO2 project 
will be iDAS™ technology developed by Silixa or equivalent. DAS-3D VSP feasibility studies 
will be conducted once well locations are final to determine the resolution and surface source 
locations. In the unlikely event that Silixa cannot image the plume with sufficient resolution 3D 
surface seismic will be conducted to image the plume. 3D seismic (VSP or surface based) will be 
acquired 1-year prior to injection to establish baseline conditions, every five years during 
injection phase and then at a variable frequency during the post-injection phase based on CO2 
plume modelling results. Please refer to Section A.4 of the QASP for DAS-3D VSP product 
specifications and quality control procedures.  
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7.8.4. Pressure-front monitoring details 

HGCS will directly monitor the presence of the elevated pressure front by deploying several 
electronic downhole pressure-temperature (P/T) gauges (Baker Hughes SureSens Quartz P/T 
gauge) within every completion zone within injection, in-zone and above-zone monitoring wells 
to monitor the absence or presence of the CO2 within the injection reservoir (Mount Simon) and 
caprock (Eau Claire) in addition to other critical geological units. HGCS will also deploy 
bottom-hole gauges comprised of similar materials within terminal depth locations of each well 
to monitor pressure conditions at the fixed-point interval. All downhole gauges will be 
comprised of a corrosion resistant chrome alloy and will continuously record formation pressure 
and temperature from fixed-point locations at a set sampling interval. Refer to Section A.4 of the 
QASP for P/T gauge product specifications. 

Comparison of observed and simulated arrival responses (DTS/PNC/Pressure-Temperature 
gauges) at the in-zone well locations will continue throughout the life of the project and will be 
used to calibrate and verify the model, while improving the model’s predictive capability for 
assessing the long-term environmental impacts of any observed loss of CO2 containment. 
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