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5. PRE-OPERATIONAL TESTING PROGRAM 

5.1. EXECUTIVE SUMMARY  

This Pre-Operational Testing Program has been designed to obtain the physical and chemical characteristics 
of the Trillium Carbon Storage Complex (TCSC) confining and storage reservoir zones prior to CO2 injection 
pursuant to 40 CFR 146.87. Pre-operational testing will demonstrate compliance with the injection well 
construction requirements under 40 CFR 146.86 and inform subsequent injection and post-injection phase 
testing and monitoring activities. This testing plan includes a combination of well logging and geophysical 
surveying, mechanical integrity testing, geologic coring, fluid sampling, formation testing, and 
hydrogeological testing. These methods will generate datasets to aid in determining and/or verifying the 
depth, thickness, porosity, permeability, mineralogy, and geochemical profiles of the caprocks (i.e.,  

 and ) and storage reservoirs (i.e.,  and ). 
Data will also be collected from the first permeable zone above the caprock (i.e., ) to 
establish a baseline description of the geology, geochemistry, and groundwater quality of the above confining 
zone, pursuant to 40 CFR 146.82(a)(6), to inform injection and post-injection phase above-zone monitoring 
required by 40 CFR 146.90(d); testing and monitoring of the first permeable zone is a preventative measure in 
place to protect underground sources of drinking water (USDW) as it will allow for early detection of any out 
of zone CO2 and/or reservoir fluids prior to them reaching shallow groundwater sources in the unlikely event 
there is loss of containment from the storage complex.  

13 wells are planned to be drilled across the TCSC site including five CO2 injection wells (TCSC-1, TCSC-2, 
TCSC-3, TCSC-4, TCSC-5), three in-zone monitoring wells (TCSC_IZM-1, TCSC_IZM-2, TCSC_IZM-3), and five 
above-zone monitoring wells (TCSC_AZM-1, TCSC_AZM-2, TCSC_AZM-3, TCSC_AZM-4, TCSC_AZM-5). All five 
injection wells are planned to be located on one well pad. Injection wells TCSC-1 and TCSC-2 will be 
completed within the  whereas injection wells TCSC-3, TCSC-4, and TCSC-5 will be 
completed within the . All in-zone monitoring wells will be dual-zone completed and will be 
capable of monitoring both the  and  storage reservoirs. The five above-
zone monitor wells are proposed to be completed within the  (i.e., first permeable zone 
above the caprock). All TCSC injection and monitoring wells will be utilized to collect baseline data and to 
subsequently monitor the in- and above-zone formations during the injection phase. Additional details 
regarding the testing and monitoring of project monitoring wells can be found in the Testing and Monitoring 
Plan. Table 5-1 summarizes all TCSC project wells whereas Figure 5-1 displays their locations with respect to 
project elements. Please reference Table 5-11 for a summary of all baseline testing and monitoring activities 
that will inform subsequent injection and post-injection phase testing and monitoring. 

Trillium Piketon, LLC (Trillium) will provide the Environmental Protection Agency (EPA) Region 05 Underground 
Injection Control (UIC) Program Director with the opportunity to witness all logging and testing along with a 
schedule of the injection well logging and testing activities 30 days prior to their commencement. The UIC 
Program Director will be promptly notified of any updates to the testing and logging schedule upon 
finalization. Results of proposed testing activities discussed throughout this plan will be summarized in a 
report and submitted to the UIC Program Director. 
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Figure 5-1. Aerial view of TCSC displaying the location of all injection and monitoring wells relative to 
project elements. A) represents the laterals of TCSC-1 and TCSC-3. B) represents the laterals of TCSC-2 

and TCSC-4. C) represents the lateral of TCSC-5. CO2 plume and pressure front boundaries represent the 
combined maximum extent from both the  and  storage reservoirs. 

5.2. PRE-INJECTION LOGGING, SAMPLING, AND TESTING 

The following testing and characterization activities will be performed in TCSC injection wells (TCSC-(1-5)) 
upon drilling to comply with the injection well construction requirements under 40 CFR 146.86 and the pre-
operational testing requirements under 40 CFR 146.87. TCSC-1 and TCSC-2 will be completed within the  

while TCSC-3, TCSC-4, and TCSC-5 will be completed within the . All CO2 
injection wells will have deviated trajectories and lateral sections within the storage reservoirs. Additionally, 
a vertical stratigraphic hole will be drilled for TCSC-3 prior to completing its deviated section for formation 
testing purposes (e.g., select well logging, coring, fluid sampling, fracture pressure testing, pressure fall-off 
testing). For additional information on injection well construction, please reference the Well Construction 
Plan. 
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5.2.1. Deviation Checks 

Deviation measurements, pursuant to 40 CFR 146.87(a)(1), will be conducted approximately every 300 ft 
during injection well construction to ensure vertical conduits for fluid movement, such as diverging holes, are 
not created while drilling. The frequency of deviation checks will be increased as needed based on drilling 
responses. Throughout the build and lateral sections of each injection well, measurement while drilling 
(MDW) and logging while drilling (LDW) tools will be utilized for monitoring well deviation to ensure each well’s 
trajectory remains as close to the proposed deviation plan as possible.   

5.2.2. Open-Hole Well Logging Program 

Open-hole well logging will be performed during injection well construction and prior to setting casing. Open-
hole well log data will be collected to determine in-situ physical, chemical, geologic, and geochemical 
information on the storage reservoir and confining zones. Well logging will be performed throughout the 
entirety of each CO2 injection well; wireline logging tools will be utilized down to the build section whereas 
logging while drilling (LDW) tools will be utilized throughout the lower build and lateral sections (please 
reference Figure 5-2 for a generalized schematic of a lateral well). Basic wireline logs (e.g., triple combo) will 
be run throughout the vertical sections of each injection well. Additionally, advanced wireline logs (e.g., 
formation microimager, nuclear magnetic resonance, elemental capture spectroscopy) will be run 
throughout the storage complex (i.e.,  through ) in the vertical stratigraphic 
hole of TCSC-3. The TCSC-3 stratigraphic hole is the only well that will be logged with advanced tools as its 
vertical section is within 300 ft of the vertical sections of the other CO2 injection wells. LDW triple combo logs 
will be run throughout the lateral sections of TCSC-(1-5).  

The following bullet points provide a brief description of the open-hole logging tools to be utilized within TCSC-
(1-5). Table 5-2 provides an additional summary of the proposed logging program. A more detailed description 
of each specific tool, measurement theory, and analysis protocol can be found in Bateman 2012 [1]. 

• Mud Log – A continuous visual description of drill cuttings circulated to the surface. The analysis of 
drill cuttings and the subsequent mud log reveals the relative lithology of the formations drilled 
through in addition to any hydrocarbon shows. Physical sample sets of drill cuttings will be collected 
and cataloged every 30 ft in the formations above the confining zone and every 10 ft within the storage 
complex (i.e., caprock and storage reservoir). 
 

• Caliper (CALI) – A tool which provides information on the shape, volume, and roughness (rugosity) of 
the borehole. Caliper logs can also be used to better understand the quality of the geophysical log 
data obtained (e.g., caliper logs indicate zones of washout where logging data may be erroneous and 
need correction). The caliper log will be utilized to estimate wellbore volumes and well log data 
quality. 
 

• Spontaneous Potential (SP) – A logging tool which measures the natural electrical potential 
generated from variations in salinity between the wellbore and formation fluids. Spontaneous 
potential data will be used for subsurface correlations, salinity calculations, and to identify intervals 
of higher permeability relative to one another. 
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• Gamma Ray (GR) – A logging tool which measures the natural radioactivity of a geologic formation. 
Gamma ray log data will be used for subsurface correlations, depth shifting and matching of other 
test data, and to approximate clay and/or shale volumes. 
 

• Formation Bulk Density (RHOB) – A logging tool which indirectly approximates the bulk density of a 
geologic formation. Bulk density data will be used in conjunction with other logging measurements 
to identify lithology and estimate the porosity (total and effective) of subsurface geologic formations. 
 

• Neutron Porosity (NPHI) – A logging tool which indirectly approximates porosity by measuring the 
hydrogen content within a geologic formation (e.g., hydrogen within water and hydrocarbons). 
Neutron porosity data will be used in conjunction with other logging measurements to identify 
lithology and estimate the porosity (total and effective) of subsurface geologic formations. 
 

• Photoelectric Factor (PEF) – A logging tool which measures photoelectric absorption. Because 
photoelectric absorption varies between elements, the tool’s data yields information regarding basic 
lithology. Photoelectric factor data will be used to determine mineralogy and lithology of geologic 
formations. 
 

• Resistivity (RES) – A logging tool that measures the electrical resistance of rocks (i.e., how easily a 
current travels through the rock). Resistivity data will be used to estimate and confirm salinity, fluid 
saturation, and porosity. 
 

• Formation Microimager (FMI) – A tool which measures the electrical resistivity radially throughout 
the wellbore. Measurements from this tool are processed into images of the open wellbore that are 
colored by contrasting resistivity values. Formation microimager data will be used to identify any 
geologic bedding planes and associated contacts, natural and induced fractures (e.g., open, healed, 
induced), shows of porosity, and rock textures (e.g., sedimentary structures). 
 

• Acoustic Logs (Monopole and Dipole) – A tool that measures the travel time of energy waves (i.e., 
compressional and shear) through geologic formations. Monopole acoustic logs measure the 
compressional wave travel time whereas dipole acoustic logs measure both compressional and 
shear wave travel times. Monopole acoustic logs will be used to characterize porosity, lithology, and 
generate synthetic seismograms for seismic well ties. Dipole acoustic logs will be used for 
geomechanical characterization (e.g., fracture and stress characterization).  
 

• Nuclear Magnetic Resonance (NMR) – A logging tool that stimulates protons (i.e., causes hydrogen 
nuclei to spin) and measures their resulting magnetic signals; these signals can be processed to 
resolve information related to rock porosity and permeability, pore-body size, and fluid saturations 
independent of the rock matrix. Nuclear magnetic resonance data will be used to aid in calculating 
petrophysical properties (e.g., porosity, permeability, saturation) of the storage complex. 
 

• Elemental Capture Spectroscopy (ECS) – A geochemical logging tool which estimates the elemental 
concentration of a rock. The tool uses neutron bombardment which results in atomic nuclei releasing 
characteristic gamma rays that can be captured and processed to determine the geochemical 
makeup of a geologic formation. Elemental capture spectroscopy data will be used to estimate 
petrophysical properties, fluid saturations, and volumetric proportions of minerals. 
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Figure 5-2. Generalized schematic of a lateral CO2 injection well. 
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quantify any out of zone fluids in the above-zone in the unlikely event there is loss of containment from the 
storage complex. For additional information on CO2 plume imaging, please reference section 7.6 Carbon 
Dioxide Plume and Pressure Front Tracking of the Testing and Monitoring Plan. 

Prior to injection and pursuant to 40 CFR 146.90(g)(1), baseline downhole pressure measurements will be 
recorded from the  and  storage reservoirs in all in-zone monitoring wells 
(TCSC_IZM-(1-3)) and CO2 injection wells (TCSC-(1-5)) via downhole pressure gauges. Baseline pressure 
measurements can then be referenced throughout the injection and post-injection phases to track the 
elevated pressure front throughout the storage reservoirs over time. Additionally, in-zone pressure 
measurements will be used to inform operational parameters and verify and/or update the computational 
model to ensure TCSC is operating as permitted and that models are accurately predicting CO2 plume and 
pressure front evolution. For additional information on direct pressure front tracking, please reference section 
7.6 Carbon Dioxide Plume and Pressure Front Tracking of the Testing and Monitoring Plan. 
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