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 𝑈𝐶𝑆ே஼ ൌ 0.5𝜎ᇱ  (3) 

 𝐵𝑅𝐼 ൌ ௎஼ௌ

௎஼ௌಿ಴
   (4) 

Units for the UCS equation are UCS in megapascals (MPa) and Vp (compressional velocity) in 
meters per second (m/s). OBpres is overburden pressure, Pp is pore pressure, σ’ is effective 
overburden stress, and BRI is brittleness index. 

If the value of BRI is less than 2, empirical observation shows that the risk of embrittlement is 
lessened, and the confining zone is sufficiently ductile to accommodate large amounts of strain 
without undergoing brittle failure. However, if BRI is greater than 2, the “risk of development of 
an open fracture network cutting the whole seal depends on more factors than local seal strength, 
and therefore the BRI criterion is likely to be conservative, so that a seal classified as brittle may 
still retain hydrocarbons” (Ingram & Urai, 1999). 

2.5.1.1 Confining Zone 

Within the project area, 40 wells had compressional sonic and bulk density data over the 
confining zone to calculate ductility, comprising 31,800 individual logging data points (pink 
squares in Figure 2.2-2(a)).  In addition, 87 wells were used to calculate UCS, comprising 
67,692 individual logging data points.  The average ductility of the confining zone based on the 
mean value is 0.95.  The average rock strength of the confining zone, as determined by the log-
derived UCS equation above, is 882 psi.  

An example calculation for the  is shown in 
Figure 2.5-1.  UCS_CCS_VP is the UCS based on the compressional velocity, UCS_NC is the 
UCS for a normally consolidated rock, and BRI is the calculated brittleness using this method. 
Brittleness less than 2 (representing ductile rock) is shaded red. 

Within the Confining Zone, the brittleness calculation drops to a value less than 2.  Additionally, 
almost all of the shales within and between the injection zones have BRI values of less than 2.  
Using this methodology, all of these caprocks would be classified as “Very Good” based on 
Kivior et al. (2002).  As a result of the Confining Zone ductility, there are no fractures that will 
act as conduits for fluid migration from the Injection Zone.  

2.5.2 Stress Field 

The stress of a rock can be expressed as three principal stresses.  Formation fracturing will occur 
when the pore pressure exceeds the least of the stresses.  In this circumstance, fractures will 
propagate in the direction perpendicular to the least principal stress (Figure 2.5-2). 

Stress orientations in  have been studied using both earthquake focal 
mechanisms and borehole breakouts (Hickman and Zoback, 2004; Townend and Zoback, 2004; 
Mount and Suppe, 1987, 1992).  The general azimuth of maximum principal horizontal stress is 
that of  (Townend and Zoback, 
2004; Zoback et al., 1987).  Data from the World Stress Map 2016 release (Heidbach et al., 
2016, 2018) shows an average SHmax azimuth of  once several SHmax indicators with 
very low-quality grades (D or less) are excluded (Figure 2.5-3).  This is consistent with 
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☒ Computational modeling details [40 CFR 146.84(c)]  

 

4. Financial Responsibility 

CTV’s Financial Responsibility demonstration pursuant to 140 CFR 146.82(a)(14) and 40 CFR 
146.85 (Attachment H) is met with a line of credit for Injection Well Plugging and Post-
Injection Site Care and Site Closure and insurance to cover Emergency and Remedial 
Responses.  

Financial Responsibility GSDT Submissions 

GSDT Module: Financial Responsibility Demonstration 

Tab(s): Cost Estimate tab and all applicable financial instrument tabs 

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☒ Demonstration of financial responsibility [40 CFR 146.82(a)(14) and 146.85]  

 

5. Injection and Monitoring Well Construction  

Appendix 5: Injection and Monitoring Well Schematics (Appendix 5) provides casing 
diagram figures for all injection and monitoring wells with construction specifications and 
anticipated completion details in graphical and/or tabular format. 

5.1 Proposed Stimulation Program [40 CFR 146.82(a)(9)] 

There are no proposed stimulation programs currently. 

5.2 Construction Procedures [40 CFR 146.82(a)(12)] 

CTV has created Construction and Plugging documents for each project well pursuant to 40 CFR 
146.82(a)(8). Each well-specific plan within Attachment G: Well Construction and Plugging 
Plan (Attachment G) document includes well construction information based on requirements 
defined within 40 CFR 146.82.  

6. Pre-Operational Logging and Testing  

CTV has indicated a proposed pre-operational logging and testing plan throughout the 
application documentation pursuant to 40 CFR 146.82(a)(8).  Each Attachment G document 
(listed in Section 5.2) includes logging and testing plans for each individual project well based 
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on requirements defined within 40 CFR 146.87.  Attachment I summarizes pre-operational 
testing.   

Pre-Operational Logging and Testing GSDT Submissions 

GSDT Module: Pre-Operational Testing 

Tab(s): Welcome tab 

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☒ Proposed pre-operational testing program [40 CFR 146.82(a)(8) and 146.87]  

 

7. Well Operation  

7.1 Operational Procedures [40 CFR 146.82(a)(10)] 

The Operational Procedures for all injectors associated with the project are detailed in 
Appendix 4: Operational Procedures. 

7.2 Proposed Carbon Dioxide Stream [40 CFR 146.82(a)(7)(iii) and (iv)] 

CTV is planning to construct a carbon capture and sequestration “hub” project (i.e., a project that 
collects CO2 from multiple sources over time.  Therefore, CTV is currently considering multiple 
sources of anthropogenic CO2 for the project.  Potential sources include capture from existing 
and potential future industrial sources in the San Joaquin Basin area, as well as DAC.  CTV 
would expect the CO2 stream to be sampled at the transfer point from the source and between the 
final compression stage and the wellhead.  Samples will be analyzed according to the analytical 
methods described in the Table 4 of Appendix 10: QASP (Appendix 10) and Table C-1 of 
Attachment C. 

For the purposes of geochemical modeling, CO2 plume modeling, AoR determination, and well 
design, two major types of injectate compositions were considered based on the source: 

⦁ Injectate 1: A potential injectate stream composition from DAC or a pre-combustion source 
(such as a blue hydrogen facility that produces hydrogen using steam methane reforming 
process) or a post-combustion source (such as a natural gas fired power plant or steam 
generator).  The primary impurity in the injectate is nitrogen. 

⦁ Injectate 2: A potential injectate stream composition from a biofuel capture source (such as a 
biodiesel plant that produces biodiesel from a biologic source feedstock) or from an oil and 
gas refinery.  The primary impurity in the injectate is light-end hydrocarbons (methane and 
ethane). 
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The compositions for these two injectates are shown in Table 7.2-1 and are based on engineering 
design studies and literature. 

For geochemical and plume modeling scenarios, these injectate compositions were simplified to 
a four-component system, shown in Table 7.2-2, and then normalized for use in the modeling.  
The four-component simplified compositions cover 99.9 percent by mass of Injectates 1 and 2 
and cover particular impurities of concern (H2S and SO2).  The estimated properties of the 
injectates at downhole conditions are specified in Table 7.2-3. 

The anticipated injection temperature at the wellhead is 90 to 130°F. 

No corrosion is expected in the absence of free-phase water provided that the entrained water is 
kept in solution with the CO2.  This is ensured by maintaining a  

 injectate specification limit, and this specification will be a condition of custody 
transfer at the capture facility.  For transport through pipelines, which typically use standard 
alloy pipeline materials, this specification is critical to the mechanical integrity of the pipeline 
network, and out-of-specification product will be immediately rejected.  Therefore, all product 
transported through pipeline to the injection wellhead is expected to be dry-phase CO2 with no 
free-phase water present. 

Injectate water solubility will vary with depth and time as temperature and pressures change.  
The water specification is conservative to ensure water solubility across supercritical operating 
ranges.  CRA tubing will be used in the injection wells to mitigate any potential corrosion impact 
should free-phase water from the reservoir become present in the wellbore, such as during shut-
in events when formation liquids, if present, could backflow into the wellbore.  CTV may further 
optimize the maximum water content specification prior to injection based on technical analysis. 

8. Testing and Monitoring 

CTV’s Testing and Monitoring Plan (Attachment C) pursuant to 40 CFR 146.82 (a) (15) and 
40 CFR 146.90 describes the strategies for testing and monitoring to ensure protection of the 
USDW, injection well mechanical integrity, and plume monitoring. 

Testing and Monitoring GSDT Submissions 

GSDT Module: Project Plan Submissions 

Tab(s): Testing and Monitoring tab 

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☒ Testing and Monitoring Plan [40 CFR 146.82(a)(15) and 146.90]  
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9. Injection Well Plugging 

CTV’s Injection Well Plugging Plan pursuant to 40 CFR 146.92 (Attachment D and 
Attachment G) describes the process, materials and methodology for injection well plugging.  

Injection Well Plugging GSDT Submissions 

GSDT Module: Project Plan Submissions 

Tab(s): Injection Well Plugging tab 

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☒ Injection Well Plugging Plan [40 CFR 146.82(a)(16) and 146.92(b)]  

 

10. Post-Injection Site Care (PISC) and Site Closure 

CTV has developed Attachment E: Post-Injection Site Care and Site Closure Plan 
(Attachment E) pursuant to 40 CFR 146.93 (a) to define post-injection testing and monitoring.  

CTV is proposing an alternative PISC time frame as described in Attachment E. 

PISC and Site Closure GSDT Submissions 

GSDT Module: Project Plan Submissions 

Tab(s): PISC and Site Closure tab 

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☒ PISC and Site Closure Plan [40 CFR 146.82(a)(17) and 146.93(a)]  

GSDT Module: Alternative PISC Timeframe Demonstration 

Tab(s): All tabs (only if an alternative PISC timeframe is requested) 

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 

☒ Alternative PISC timeframe demonstration [40 CFR 146.82(a)(18) and 146.93(c)]  
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Figure 1-1. Location map of the project AoR in relation to the San Joaquin Basin. In the leftmost figure, city locations are labeled in red text. 
The city of Bakersfield is abbreviated with the letter B. Oil and Gas field locations are abbreviated in black text and are as follows: C, Coalinga; 
E, Edison; EH, Elk Hills; H, Harvester; KND, Kettleman North Dome; LH, Lost Hills; MS, Midway Sunset; MV, Mountain View; P, Paloma; 
SB, South Belridge; SJNW, San Joaquin Northwest; T, Trico; TNW, Trico Northwest; V, Vallecitos;  Figure modified from (Scheirer, 2008). 
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Figure 2.1-1. Surface Geologic Map of the San Joaquin Basin, California, showing the AoR. Figure 
modified from (Scheirer, 2008). 
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Figure 2.1-2. Project location map of California modified from (Scheirer, 2008) Gas field outlines are 
shown in red and oil field boundaries are shown in green.   
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Figure 2.1-3. Migrational position of the Mendocino triple junction (Connection point of the Gorda, North 
American and Pacific plates) on the west and migrational position of Sierran Arc volcanism in the east 
(Graham, 1984).  The figure indicates space-time relations of major continental-margin tectonic events in 
California during the Miocene.  San Joaquin Basin figure modified from (Scheirer, 2008). 
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Figure 2.1-4. Schematic W-E cross-section of California, highlighting the  as a continental margin during late Mesozoic. The 
oceanic Farallon plate was forced below the west coast of the North American continental plate. San Joaquin Basin figure modified from 
(Scheirer, 2008).  
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Figure 2.1-5. Evolutionary stages showing the history of the arc-trench system of California from 
Jurassic (A) to Neogene (E). Figure modified from (Beyer, 1988). 
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Figure 2.1-7. Detailed portion of the greater project area Stratigraphy. It also annotates the depositional age of the units. Figure modified from 
(Scheirer, 2008).
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Figure 2.2-1. Existing oil/gas wells and injector well locations in the AoR. There are two 
oil/gas wells in the AoR. 
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Figure 2.2-2(a). Wells drilled in the project area with porosity data are shown in yellow and wells used 
for ductility calculation are shown in pink.  
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Figure 2.2-2(b). Wells drilled in the project area with core.  
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Figure 2.2-5. Cross section showing stratigraphy and lateral continuity of major formations across the AoR.

Claimed as PBI





CTV VI Attachment A 
Narrative Report 

 

Plan revision number: 2    
Plan revision date: 8/26/2025 

Figure 2.2-7. State- or EPA-approved subsurface cleanup sites.  Source: California State Water Resources Control Board GeoTracker website.   
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Figure 2.2-8.  Locations of injection and monitoring wells 
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Figure 2.3-1. Fault activity map from the California Geologic Survey which shows no mapped faults within the project AoR. 
(https://maps.conservation.ca.gov/cgs/fam/) 
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Figure 2.3-3. Schematic section from 2D seismic interpretation. Seismic surfaces are shown color matched with well picks from geophysical logs. 
Wells are projected in up to 3000ft into this line explaining some of the mismatch between surfaces and well picks.  

 The AoR boundary is delineated by the red striped vertical lines. 
 
 

Claimed as PBI

Claimed as PBI





CTV VI Attachment A 
Narrative Report 

 

Plan revision number: 2    
Plan revision date: 8/26/2025 

Figure 2.4-1. Map showing the location of wells with mineralogical data. 
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Figure 2.4-2. Map showing the location of wells used in the permeability transform. 
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limited to those core data points representing sand, with a clay volume from XRD of less than 25% clay and exclude any percussion 
sidewall derived permeability values. 

 

Figure  2.4-4. Example log from the  The last track shows a 
comparison of the permeability calculated from the transform (black) shown in Figure 2.4-3 to core permeability (red dots). Track 1: Correlation 
and caliper logs. Track 2: Measured depth. Track 3: Zones. Track 4: Resistivity. Track 5: Compressional sonic, density, and neutron logs. Track 6: 
Volume of clay. Track 7: Porosity calculated from density and core porosity (red dots). Track 8: Permeability calculated using permeability 
transform and core permeability. 
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Figure 2.4-5. Log plot for well  showing the log curves used as inputs into calculations of clay 
volume, porosity and permeability, and their outputs. Track 1: Correlation and caliper logs. Track 2: Measured depth. Track 3: Zones. Track 4: 
Resistivity. Track 5: Compressional sonic, neutron, and density logs. Track 6: Volume of clay. Track 7: Porosity calculated from sonic (green) and 
density (red). Track 8: Permeability calculated using transform shown in Figure 2.4-3. 
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Figure 2.4-6. Map of wells with porosity and permeability data. 
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Figure 2.4-7. Injection zone capillary pressure curve used for computational modeling.  
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Figure 2.4-9(a). Thickness and structure map for the Confining Zone. 
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Figure 2.4-9(b). Thickness and structure map for the  Injection Zone. 
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Figure 2.4-9(c). Thickness and structure map for the  Injection Zone. 
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Figure 2.4-9(d). Thickness and structure map for the  Injection Zone.
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Figure 2.5-1. Unconfined compressive strength and ductility calculations for  
 The ductility is less than two for all of the upper confining zone as well as most of the internal 

shale layers. Track 1: Correlation logs. Track 2: Measured depth. Track 3: Zones. Track 4: Resistivity. Track 5: 
Density, neutron, and sonic logs. Track 6: Volume of clay. Track 7: Porosity calculated from density. Track 8: 
Permeability. Track 9: Caliper. Track 10: Overburden pressure, overburden pressure gradient, and hydrostatic pore 
pressure. Track 11: UCS and UCS_NC. Track 12: Brittleness.   
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Figure 2.5-2. Stress diagram showing the three principal stresses and the fracturing that will occur perpendicular to the minimum principal stress. 
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Figure 2.5-3. World Stress Map output showing SHmax azimuth indicators and earthquake 
faulting styles in the Sacramento Basin (Heidbach et al., 2016, 2018). In red is the outline 
of the project AoR. The background coloring represents topography. 
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Figure 2.5-5. Map showing the location of wells with formation integrity tests (FIT). 
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Figure 2.5-6. Overburden gradient calculation for the  
Track 1: Correlation logs and caliper log. Track 2: Measured depth. Track 3: Vertical depth and vertical 
subsea depth. Track 4: Zones. Track 5: Resistivity. Track 6: Density, neutron, and compressional sonic 
logs. The black curve shows the merged density curve with the shallow density trend as determined from 
nearby shallow density logs that was used for the overburden calculation. Track 7: Overburden pressure 
(red) and overburden gradient (green).
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Figure 2.6-1. Historical earthquakes from the USGS catalog tool within the model boundary with magnitudes greater than or equal 
to 2.5. Events are sized by magnitude ranging from 2.5 to 4.84 
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Figure 2.6-2. Image modified from Lundstern (2020) showing relative stress magnitudes across California.  
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Figure 2.7-3. Base of fresh water map, SSTVD (Kang, 2020). 

Claimed as PBI



CTV VI Attachment A 
Narrative Report 

 

Plan revision number: 2    
Plan revision date: 8/26/2025 

Figure 2.7-4(a). Depth to lower-most USDW (base of , SSTVD 
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Figure 2.7-6. Cross section of shallow stratigraphy in the project area showing formations containing USDWs. 
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Figure 2.8-1. Map of wells with water samples 
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Figure 2.8-2. Water geochemistry for the  well. 
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Figure 2.8-5. Water geochemistry for the  well. 
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