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1. Introduction 
 
This document details the proposed Pre-operational Testing Program that will be implemented to 
characterize the chemical and physical features of the lithology at the Maple Project site. The 
formations of note include, but are not limited to, the following:  

• Mt. Simon Sandstone and Rome Silt (injection zone),  
• Rome and Conasauga Formations (primary confining zone), 
• Kerbel Formation (above confining zone (ACZ) monitoring interval), 
• Lockport Dolomite (lowermost underground source of drinking water (USDW)). 

 
The Pre-operational Testing Program laid out in this document is designed to meet the testing 
requirements of Title 40 of the U.S. Code of Federal Regulations Section 146.87 (40 CFR 
§146.87), and the well construction requirements of 40 CFR §146.86. Attachment 01: Narrative, 
(2025) details the construction plan for the Maple Injection Well 1 (MPL INJ1). This document 
details how the depth, thickness, mineralogy, lithology, porosity, permeability, and geomechanical 
information of the injection zone, primary confining zone, and other relevant geologic formations 
will be determined and verified (Figure 1, Figure 2, and Figure 3).  
 
The Pre-operational Testing Program includes a combination of logging, coring, fluid sampling, 
and formation hydrogeologic testing that will be completed when the project wells are drilled. The 
wells to be drilled for the Maple Project are included in (Table 1): 

• MPL INJ1 
• Maple Deep Observation Well 1 (MPL OBS1) 
• Maple Above Confining Zone Monitoring Well 1 (MPL ACZ1) 
• Maple USDW Monitoring Well 1 (MPL USDW1) 
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Vault GSL CCS LP will notify the United States Environmental Protection Agency (EPA) 30 
days ahead of the planned spud date for each of the project wells of the intent to drill, log, and 
test each well, along with a schedule of well logging and testing activities. An updated timeframe 
will be provided at least 48 hours in advance to serve as notice and provide the opportunity to 
witness the relevant tests or logs.  
 
A minimal logging suite will be run in MPL OBS1 to establish depths and thicknesses of 
formations at the site. This initial logging suite will be used to identify zones suitable for core 
acquisition and well testing. A more extensive logging suite is planned for MPL INJ1 to assist 
with characterization of the main formations of interest. The site-specific data will be used to 
update the critical delta pressure for the site and used to update the static and computational 
models for the project.  
 
The Kerbel Formation will be the ACZ monitoring interval for the project (Attachment 01: 
Narrative, 2025).  
 
The lowermost USDW at the Maple Project site is in the Lockport Dolomite, and its base is the 
top of the Packer Shell (Dayton Formation) as is displayed in Figure 1 (Attachment 01: 
Narrative, 2025). The EPA defines a USDW as an aquifer with less than 10,000 total dissolved 
solids (TDS), measured in milligrams per liter. 
 
Fluid samples will be collected and used to confirm the lowermost USDW and establish its 
baseline geochemical characteristics. Fluid samples will also be collected from the ACZ 
monitoring interval to establish its baseline characteristics and allow for future comparison to 
monitoring data collected after injection operations begin. 
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Figure 1: Site-specific stratigraphic column for project site with age, nomenclature, generalized lithology, and zone of use. 
(fbgl=feet below ground level) 

 
After the data acquired in MPL OBS1, MPL ACZ1, and MPL INJ1 has been analyzed, a Pre-
operational Narrative will be submitted to the EPA that will provide the new data and the 
updated static and computational models that will incorporate the data from the testing program.  
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Figure 2: Site map of Maple Project wells with cross section C-C’. 
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2. Pre-injection Testing Plan – Lowermost USDW (40 CFR §146.87 (a)) 
 
The project will collect groundwater samples from the known USDWs within the Area of 
Review (AoR), which include the Salina Group and the Lockport Dolomite. The Lockport 
Dolomite is identified by the Ohio Department of Natural Resources to be the lowermost USDW 
at the project site in Putnam County, OH (Riley et al., 2012). The identification of the lowermost 
USDW will be confirmed by evaluating salinity in strata below the Lockport Dolomite through 
collection of water samples or resistivity logs during the drilling of project wells. Regional data 
indicates that the sub-Lockport strata are saline and not suitable for sources of drinking water 
(Sanders, 1991). 
 
MPL USDW1 will be used as a USDW monitoring well and will be drilled with a water well rig 
and completed with polyvinyl chloride (PVC) casing and PVC screening across the deepest 
aquifer. MPL USDW1 will be used to address, in part, the objectives of 40 CFR §146.82(a)(6) as 
follows:  

• Confirm the strata containing the lowermost USDW,  
• Determine the depth to top and base of lowermost USDW,  
• Collect fluid samples to characterize the water quality and to establish baseline values 

to which future surveys may be compared as per 40 CFR §146.82(a)(6).  
 
3. Pre-injection Testing Plan – Injection Well (40 CFR §146.87 (a)) 
 
The following tests and logs will be conducted on the state-permitted stratigraphic well (Maple / 
INJ1), which is intended to be used as the Class VI injection well (MPL INJ1) upon the final 
Class VI authorization to inject, and the hydrogeologic properties will be tested in accordance 
with 40 CFR §146.87(a), (b), (c), and (d). The tests and procedures are described in the section 
below. 
 
MPL INJ1 will be the carbon dioxide (CO2) injection well, and the primary well used to collect 
pre-operational data that will include but not be limited to: 

• Wireline logs, core, deep fluid samples, and well test data, 
• Well integrity data that will ensure that the project wells will not serve as a conduit for 

CO2 or injection-zone fluid migration to the overlying USDWs. 
 
The MPL INJ1 well construction plan is presented in Attachment 04: Injection Well 
Construction Plan, (2025). 
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The compatibility of the well cement and the CO2 stream will be evaluated based on injection 
zone fluid compositions and pressure and temperature characteristics as per 40 CFR §146.86. 
The well logging and fluid sampling programs described in this Pre-operational Testing Program 
are designed to: 

• Determine the salinity in relevant geologic formations, such as the lowermost USDW, 
ACZ interval, and injection zone,  

• Ensure conformance of injection well construction requirements (40 CFR §146.86), 
• Establish baseline data that can be used for comparison against future measurements if 

they are needed as per 40 CFR §146.87(a). 
 

3.2.2.3. Step-Rate Testing (40 CFR §146.87 (d)(1)) 
 
The geomechanical characterization of the injection and confining zones for the project will 
be assessed by analyzing one or more of the following data sets: core analyses, log data, and 
in-situ field tests. These analyses may include, but are not limited to, triaxial compressive 
strength tests of core samples, dipole sonic and image logs, and step rate testing (SRT). The 
SRT and pressure falloff tests (FOT) will provide in-situ measurements for vertical stress and 
maximum horizontal and minimum horizontal stresses as per 40 CFR §146.82(a)(3)(iv), in 
addition to the fracture gradient. Additional geomechanical data may be collected from MPL 
OBS1 if problems are encountered with data acquisition in MPL INJ1.  
 
An SRT will be performed on the injection zone interval through the analysis of the pressure 
response to increases in injection rates. This is done to determine the following information:  

• Fracture opening pressure (to determine the fracture gradient),  
• Fracture propagation pressure,  
• Fracture closure pressure.  

 
Injection at each of the rates will be performed on MPL INJ1 for the same period as detailed 
in the high-level procedure below.  
 
A formal procedure will be provided to the EPA prior to the running of the SRT. 

1. Record downhole static pressure and temperature for a minimum of one hour. 
2. Rig-up pump truck, ensure sufficient volume of fluid is present at location to begin 

testing. 
3. Pressure test lines above maximum anticipated operating pressure, but below equipment 

rating. 
4. Begin SRT. 

a. Pump first step of test at first desired rate (e.g., 0.5 barrels per minute [bpm]) for a 
defined time (e.g., 0.5 hours) 

b. After the first step is completed, increase rate to next step (e.g., 1.0 bpm) for the 
same defined step time (0.5 hours). 

c. Repeat until the end of the test. 
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In addition to the APT, the tubing will be inspected as it is being installed to provide a baseline 
to monitor the tubing for corrosion. Once injection commences, injection pressure, annular 
pressure, and annular fluid volumes will be monitored continuously to ensure internal well 
integrity and proper annular pressure is maintained (Attachment 06: Testing and Monitoring, 
2025). 
 

3.2.3.2. External Mechanical Integrity Testing  
(40 CFR §146.87 (a)(4)(ii – iv)) 

 
External mechanical integrity refers to the absence of fluid movement through channels in the 
cement between the long string casing and the borehole. The external integrity of MPL INJ1 and 
MPL OBS1 will be monitored through the life of the project wells on the schedule provided in 
Attachment 06: Testing and Monitoring, (2025). Generally accepted methods for evaluating 
external mechanical integrity include: 
• Temperature or noise log, and 
• Oxygen-activation logging (during operation). 

 
After completion, a baseline temperature log will be run from surface to the bottom of the long 
string casing to establish the initial temperature conditions along the well. Temperature logging 
will be performed at regular intervals during the injection phase of the project based on the 
schedule provided in the Testing and Monitoring Plan (Attachment 06: Testing and Monitoring, 
2025). The results of these logs will be compared to the baseline log for indications of 
anomalous upward fluid migration. If the temperature logging data suggest that an issue with 
external well integrity exists, more detailed logging, such as oxygen activation or noise logs, will 
be performed.  
 
In addition to the baseline temperature log, a cement bond log-variable density log (CBL-VDL), 
an advanced ultrasonic cement evaluation log, will be run across the intermediate and long string 
casing after completion of the injection well to confirm the integrity of the cement between the 
casing and the formation (Table 6). CBL-VDLs are recorded with sonic tools that detect the bond 
of the casing and formation to the cement and identify potential damage or channels in the 
cement.  
 

3.3. Geomechanical Characterization of Subsurface Stress and Faults 
 
The geomechanical characterization of the injection and confining zones for the project will 
be assessed by analyzing one or more of the following data sets: core analyses, log data, and 
in-situ field tests. These analyses may include, but are not limited to, triaxial compressive 
strength tests of core samples, dipole sonic and image logs, and step rate testing (SRT). The 
SRT and pressure FOTs will provide in-situ measurements for vertical stress and maximum 
horizontal and minimum horizontal stresses as per 40 CFR §146.82(a)(3)(iv), in addition to 
the fracture gradient. Additional geomechanical data may be collected from MPL OBS1 if 
problems are encountered with data acquisition in MPL INJ1.  
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A 3D surface seismic survey will be conducted as part of the Pre-operational Testing Program to: 

• Augment the existing 2D surface seismic survey,  
• Evaluate the presence of faults or structural features,  
• Determine the potential impact of faults or structural features on injection or 

containment,  
• Confirm that the siting criteria of 40 CFR §146.83(a)(3)(ii) is being met. 

 
The 3D surface seismic survey will provide an assessment of the orientation, geometry, depth, 
and displacement of structural features including the Precambrian topography and allow a re-
evaluation of faults as interpreted using 2D surface seismic data. This 3D surface seismic data 
will be used to characterize any potential basement faults, faults that may transect the injection 
zone, and how such faults are positioned relative to the CO2 plume and pressure front.  
 
Any faults identified in the AoR will be included in the static modeling. If a fault is identified in 
the injection zone with the 3D surface seismic data, pressure FOTs may be able to determine if 
the feature is transmissive or a barrier to flow. The geomechanical data will be used to refine the 
magnitudes and orientations of subsurface stresses and used to evaluate fault stability and 
potential fault re-activation in the AoR. Pressure thresholds will be assessed to provide evidence 
for fault stability and the potential for induced seismicity as per 40 CFR §146.82(a)(3)(ii). The 
mineralogical and facies data will be combined with the geomechanical data to confirm fault 
sealing characteristics in the Rome Formation confining zone as per 40 CFR §146.82(a)(3)(ii).  
 
The 3D surface seismic survey and any identified structural features will be integrated into 
updated static and computational models with all the new site-specific data gathered from MPL 
INJ1 and MPL OBS1 wells. The results from the updated computational model simulation will 
be compared to the results of the original permit model and used to verify the project AoR.  
 
Financial responsibility demonstration prior to injection will consider the potential for fluid 
migration along faults or fractures based on the evaluation of site-specific seismic and geological 
data. 
 
4. Pre-injection Testing Plan – MPL OBS1 (40 CFR §146.87 (a)) 
 
MPL OBS1 is expected to be the first well drilled for the project. The well will be logged to 
establish depths to formation tops, fluid sampling zones, and potential coring intervals in the 
injection well. The deep observation well will also be used to confirm that the Kerbel Formation 
will provide a suitable ACZ monitoring interval. Intermediate casing will be installed in the well 
in the event that lost circulation zones are encountered when the well is drilled, as such logging 
runs in the intermediate casing string have been labeled as contingency. 
  









Contains proprietary business information. 
Plan revision number: R3  Plan revision date: 16 September 2026 

Maple Project Attachment 05: Pre-operational Testing Program-R3  
Permit Number: To be determined      Page 26 of 28 

 
The following procedure will be followed for all APTs that will be run: 

1. Install a calibrated digital gauge on the casing-tubing annulus. Note initial pressures on 
the tubing and annulus. 

2. Ensure the well is in thermal equilibrium. Thermal equilibrium will be assumed under the 
following circumstances: 

a. Injection has not occurred for approximately 24 hours, or sufficient data indicates the 
wellbore temperature is static. The scenario constitutes a static APT.  

b. Injection is occurring at a constant rate (±5%), often referred to as a dynamic APT. 
3. Increase annulus pressure to 1,500 psi (or 500 psi for MPL OBS1). 

a. Ensure to note the fluid level in the system prior to increasing the annulus pressure. 
4. Disconnect the annulus system and ensure the annulus is isolated. 
5. Monitor the annulus and tubing pressure for a period of one-hour, taking readings every 

10-minutes. 
6. Once the test has concluded, reconnect the annulus system. 
7. Blow the pressure down to the normal operating pressure. 

 
6.2. MPL OBS1 

 
Following the completion and installation of tubing in the MPL OBS1 well, and APT will be 
performed after initial well completion following the procedure provided in Section 6 APT 
Procedures for Injection Well. 
 

6.3. MPL ACZ1  
 
A casing pressure test will be performed on the MPL ACZ1 after the initial well completion 
and prior to the perforation of the well. This test will provide an indication of the integrity of 
the casing-wellhead seal and casing integrity.  
 
The procedure outlined below will be followed to perform the test: 

1. Install calibrated digital gauge on the wellhead. Note initial pressures. 
2. Increase pressure to 500 psi. 
3. Monitor the pressure for a period of one-hour, taking readings every 10-minutes. 
4. Once the test has concluded, blow the pressure down to the pre-test pressure. 
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7. Pressure FOT Procedures (40 CFR §146.87 (e)) 
 
A pressure FOT will be run on MPL INJ1. The purpose of this test is to further characterize the 
hydrogeologic characteristics of the injection zone. During this test, fluid will be injected at a 
constant rate for a predetermined length of time, after which the well will be shut-in, and the 
pressure monitored for an equal period of time. Injection zone pressure will be measured as part 
of the FOT as per 40 CFR §146.82(c). The static fluid level of the injection zone will be 
determined either after the well completion or after the FOT as per 40 CFR §146.82(c) pending 
scheduling of well service providers. 
 
The data from this test will be evaluated using rate superposition analysis to determine injection 
zone information such as permeability, skin factor (damage), and flow regimes present. This 
analysis will act as a baseline measurement to determine the change in overall effectiveness and 
injectivity of the injection zone over time. These tests will also help evaluate whether the 
presence of any structural features in the injection zone, such as faults, are transmissive or 
present a barrier to flow. A high-level procedure has been provided below. A formal procedure 
will be provided to the EPA prior to running the FOT. 
 

1. Record static bottomhole pressure and temperature for a minimum of one hour. 
2. Rig-up pump truck, ensure sufficient volume of fluid is present at location to begin 

testing. 
3. Begin injection. Inject at constant rate for predetermined duration. 
4. At the end of the injection period, shut the well in at the wing-valve(s). Record the time 

of shut-in, rate prior to shut-in, and the shut-in pressure. 
5. Secure the well. 
6. Rig-down pump truck. 
7. After the pressure has been allowed to decline for approximately the same duration as the 

injection the test can conclude.  
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