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5. PRE-OPERATION LOGGING AND TESTING PROGRAM
40 CFR 146.82(a)(8), 146.87 

HEARTLAND GREENWAY SOTRAGE PROJECT 

5.1. Overview of Pre-Operational Testing Program 

During drilling and construction of the injection wells at the Heartland Greenway Storage Site 
(HGSS), the Heartland Greenway Carbon Storage, LLC (HGCS) plans to run appropriate logs, 
surveys, and tests to: 

(1) Determine or confirm the depth, thickness, porosity, permeability, and lithology of all
relevant geologic formations,
(2) Measure the salinity and TDS of any formation fluids in all relevant geologic
formations,
(3) Ensure conformance with the well construction requirements under § 146.86 (Well
Construction), and
(4) Establish accurate baseline data against which future measurements will be compared
(See Baseline Testing and Monitoring Appendix).

The pre-operational program will include a combination of logging and formation geohydrologic 
testing (e.g., a pump test and injectivity tests), and other activities during the drilling and 
construction of the injection wells located northeast of Taylorville, Illinois, (Figure 5-1). The 
proposed injection and monitoring wells for the Heartland Greenway Storage Project 
summarized in Table 5-2. Deviations surveys will be collected in the injection to determine the 
location of the borehole and to ensure that vertical avenues for fluid movement in the form of 
diverging holes are not created during drilling. 

The pre-operational logging and testing program will determine or verify the depth, thickness, 
composition, and geomechanical information of the Mt. Simon Sandstone (CO2 injection 
interval), the overlying Eau Claire Formation (confining zone), and other relevant geologic 
formations. In addition, formation fluid characteristics will be obtained from the Mt. Simon 
Sandstone to establish baseline data against which future measurements may be compared after 
the start of injection operations. The results and interpretations of the testing activities will be 
documented in a report and submitted to the Director after the well drilling and testing activities 
have been completed but before the start of CO2 injection operations. 

HGCS will incorporate geologic and petrophysical data that will be collected and analyzed 
during the extensive characterization effort at the HGSS. The data collection in the injection 
wells will commence with the drilling of the NCV-1 well. The well prognoses for NCV-1 and 
the additional HGSS injection wells are listed in Table 5-2. Above-zone shallow groundwater 
monitoring wells will be located in the same well nests as either an injector or an in-zone 
monitoring well, hence their prognoses will be approximately the same (see Figure 5-1).The 
casing depths for all monitoring wells are summarized in Table 5-3 and illustrated in Figure 5-2. 

For assistance with 508 Accessibility, 
please reach out to Anna Miller

Email: Miller.Anna@epa.gov, Phone: 312-886-7060
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Figure 5-1. 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 (white squares with green labels), maximum CO2 plume 
extent (solid yellow line), and maximum area of review (AoR) “pressure plume extent” (dashed 
yellow line), within the storage site.  
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Table 5-2. Measured depth prognosis for HGSS caprock and reservoir, depth in feet. Estimated 
well KBs are from mean sea level (msl), approximately 15 feet above local ground level. 

Table 5-3. Well casing zones for the HGSS injection wells. Depth below ground level (ft), except for 
top of Eau Claire Precambrian basement which are with respect to the well’s KBs. 

Sensitive, Confidential, or Privileged Information

Sensitive, Confidential, or Privileged Information



 
 

 Page 5 of 16 
 

5.2. Wireline Logging 

Open-borehole logs will be run to obtain in situ, stratigraphic, physical, chemical, and 
geomechanical information for the Mt. Simon Sandstone (injection interval), Eau Claire 
Formation (confining zone), and other key formations. Open-borehole characterization logs will 
be obtained after reaching the surface casing point, the intermediate casing point, and at the long-
string casing point (i.e., total borehole depth) in the vertical stratigraphic borehole, (Figure 5-2). 
Open-borehole wireline logs will not be run in the 30-in.-diameter conductor casing borehole 
because logging tools are not suited for this large-diameter hole size. See Table 5-4 for a list of 
the various open-hole and close-hole wireline logging tools that are proposed for deployment in 
the injection wells. 
 
A description of each logging method that HGCS could include in its logging program at HGSS 
NCV-1 through NCV-6 are as follows: 

 Triple Combo – Gamma-ray, porosity, and resistivity logs 
 Sonic Scanner – This tool is an acoustic scanning tool that measures elastic properties 

axially, radially, and azimuthally to support geomechanical, geophysical, fractures, and 
petrophysical modeling. Furthermore, sonic logs like compressional sonic (DT) can be 
used along with density logs for preparing synthetic seismic logs. 

 Fullbore Formation Microimager (FMI) – Provides microresistivity formation images 
in water-based mud. Borehole images can reveal bedding planes and associated contacts, 
fractures (open, healed, and induced), and reservoir textures. 

 Combinable Magnetic Resonance (CMR) – Makes nuclear magnetic resonance (NMR) 
measurements of the buildup and decay of the polarization of hydrogen nuclei (protons) 
in the liquids contained in the pore space of rock formations.  One primary measurement 
is the total formation porosity.  Permeability can be estimated from the free-fluid to 
bound-fluid ratio and the shape of the pore-size distribution.  NMR measurement can also 
be used for fluid identification because of it is a hydrogen index measurement.   

 Elemental Capture Spectroscopy Sonde (ECS) – This is a pulsed neutron spectroscopy 
logging tool that is used for complex reservoir analysis, enabling accurate measurements 
and definitions of mineralogy and matrix properties of each respective zone.  The data 
from ECS logging can be used to estimate mineral-based permeability, determine well-to-
well correlations from geochemical stratigraphy, determine sigma matrix for case hole 
and open hole sigma saturation analysis, among others. Elemental analysis (ELAN) or 
similar processing of these logs yields the volumetric proportions of mineral composition 
and pore fluids. For example, these logs can reveal the relative proportion of clay 
minerals, quartz, calcite, and fluid volume. 

 Modular Formation Dynamics Tester (MDT) – This wireline tool provides fast and 
accurate pressure measurements, collects high-quality fluid samples that can be kept at 
formation pressure for analysis representative of downhole conditions. Testing and 
sampling can be done in low permeability, laminated, fractured, unconsolidated and 
heterogeneous formations. The MDT can also be run to conduct a mini-frac test. These 
tests provide: fracture pressure, fracture closure fracture, and far field stress directions (in 
conjunction with FMI). MDT data can be used as calibration for other stress 
measurements (sonic logs). 
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Figure 5-2. Casing intervals for the HGSS NCV-1. Casing depths in Table 5-3. Casing: 1) 
Conductor. 2) Surface. 3) Intermediate. 4) Long-string. 5). Tubing.  
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After each injection well is completed, including the installation of tubing, packer, and annular 
fluid, a test of the well’s internal mechanical integrity will be performed by conducting an 
annular pressure test. The annular pressure test is a short-term test wherein the fluid in the 
annular space between the tubing and casing is pressurized, the well is shut-in (temporarily 
sealed up), and the pressure of the annular fluid is monitored for leak-off. EPA Region 5 (EPA 
2008) requires comparison of the pressure change throughout the test period to 3 percent of the 
test pressure (0.03 x test pressure).1 If the annulus test pressure decreases by this amount or 
more, the well has failed to demonstrate internal mechanical integrity. If the annulus pressure 
changes by less than 3 percent during the test period, the well has demonstrated internal 
mechanical integrity. If the well fails the annular pressure test, the tubing and packer may need to 
be removed from the well to determine the cause of the leak. During the active CO2 injection 
phase, internal mechanical integrity will be continuously monitored by the well annular pressure 
maintenance and monitoring system, as discussed in more detail in the Testing and Monitoring 
Plan. 

HGCS will also employ various methods to demonstrate external mechanical integrity upon the 
completion of the injection wells and prior to the start of injection operations.  Upon the 
completion of the CO2 injection well, HGCS will run PNC and temperature logs to demonstrate 
external mechanical integrity. PNC logs will serve as a baseline to identify any fluid saturation 
changes in the future that could indicate a well integrity concern. HGCS will run an ultrasonic 
cement bond log to provide additional confidence that there are no pathways for potential CO2 
migration through the wellbore, casing, or cement prior to injection operations. 

Prior to installing the long-string casing HGCS will use the MDT tool conduct formation fracture 
tests to measure the fracture pressure of the injection formation and/or the sealing formation. If 
the MDT is used, a minifrac test will be used to locally pressure up the formation to the point 
where it just starts to fracture.  This provides the fracture pressure without causing significant 
damage to the formation being tested. 

HGCS intends to run a dipole sonic log (Stoneley wave analysis), which will enable HGCS to 
calculate the reservoir fracture pressure of the injection zone (Mt. Simon) and the primary 
confining seal (Eau Claire Shale).   

5.6. Hydrogeologic Testing 

HGCS intends to use the extensive wireline logging and formation testing program to support 
and corroborate the hydrogeologic properties that are collected via direct fluid sampling from the 
injection zone. HGSS will conduct step-rate testing followed by pressure fall-off testing to verify 

 
1  USA EPA Region 5, 2008, Determination of the Mechanical Integrity of Injection Wells, 
https://www.epa.gov/sites/production/files/2015-09/documents/r5-deepwell-guidance5-determation-mechanical-
integrity-200802.pdf 
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Director 30 days prior to conducting the first test and submit any changes to the schedule 30 days 
prior to the next scheduled test. 




