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CTV will actively communicate project details and submitted regulatory documents to County and 
State agencies:

1. California Geologic Energy Management Division (CalGEM) 
Senior Oil and Gas Engineer – Erwin Sison
715 P Street, MS 1804,
Sacramento, CA 95814
(916) 203-7734

2. CA Senate District 6
Senator Roger Niello
2200A Douglas Boulevard – Suite 100 
Roseville, CA 95661
(916) 772-0589

3. CA Assembly District 9
Assemblyman Heath Flora
578 North Wilma Avenue – Suite B
Ripon, CA 95366
(209) 948-7479

4. Sacramento County District 5
Supervisor – Pat Hume
700 H Street – Suite 2450
Sacramento, CA 95814
(916) 874-5465

5. Sacramento County Planning and Environmental Review 
Director – Todd Smith
827 7th Street, Room 225
Sacramento, CA 95814
(916) 874-6141

6. Sacramento County Council of Governments 
Executive Director – James Corless
1415 L Street
Sacramento, CA 95814
(916) 321-9000

7. Region 9 Environmental Protection Agency 
75 Hawthorne Street
San Francisco, CA 94105
(415) 947-8000
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Coates method. Two core data points from  (see Figure 2.4-1 for well location) are 
from the Upper Confining Zone. Permeability was measured and is in agreement with the log 
averages (see Table 2.4-3).

2.4.2.2 Upper Injection Zone
The average porosity for the Upper Injection Zone is 31.4%, based on 10 wells with porosity logs 
and 3,117 individual logging data points. The geometric average permeability for the Upper 
Injection Zone is 201.2 mD, based on 10 wells with porosity logs and 3114 individual logging data
points. Twenty-eight core data points from the  (see Figure 2.4-1 for well location)
are from the Upper Injection Zone. Permeability was measured and is in agreement with the log 
averages (see Table 2.4-4).

2.4.2.3 Internal Barrier
The average porosity of the internal barrier zone is 28.3%, based on 7 wells with porosity logs and
1,094 individual logging data points. The geometric average permeability of the internal barrier 
zone is 1.3 mD, based on the  NMR permeability from the Timur-Coates 
method.

2.4.2.4 Lower Injection Zone
The average porosity of the Lower Injection Zone is 30.4%, based on 7 wells with porosity logs 
and 6685 individual logging data points. The geometric average permeability of the Lower 
Injection Zone is 139.7 mD, based on 7 wells with porosity logs and 6661 individual logging data 
points.

2.4.2.5 Lower Confining Zone 
The average porosity of the  portion of the lower confining zone is 23.5%, based on 
6 wells with porosity logs and 6467 individual logging data points. The geometric average 
permeability is 1.1 mD, based on 6 wells with porosity logs and 6409 individual logging data 
points.

2.4.2.6 Lower Confining Zone 
The average porosity of the  portion of the lower confining zone is 24.3%, based 
on 4 wells with porosity logs and 2851 individual logging data points. The geometric average 
permeability is 1.1 mD, based on 4 wells with porosity logs and 2836 individual logging data 
points.

2.4.3 Injection and Confining Zone Capillary Pressure

Capillary pressure is the difference across the interface of two immiscible fluids. Capillary entry 
pressure is the minimum pressure required for an injected phase to overcome capillary and 
interfacial forces and enter the pore space containing the wetting phase.
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The equation to convert measured sonic slowness to porosity is done one of two 
ways.  

The Raymer equation: 

𝑃𝑂𝑅 = −1 (
𝛥𝑡𝑚𝑎

2𝛥𝑡𝑓
− 1)−√(

𝛥𝑡𝑚𝑎

2𝛥𝑡𝑓
− 1)

2

+
𝛥𝑡𝑚𝑎

𝛥𝑡𝑙𝑜𝑔
− 1   (6) 

Or the Wyllie time-average equation: 

𝑃𝑂𝑅 = (
𝛥𝑡𝑙𝑜𝑔−𝛥𝑡𝑚𝑎

𝛥𝑡𝑓−𝛥𝑡𝑚𝑎
)
1

𝐶𝑝
 (7) 

Parameter definitions for the equations are: 
POR is formation porosity 
Δtma is formation matrix slowness (µs/ft); 55.5 µs/ft is used for sandstones 
Δtf is fluid slowness (µs/ft); 189 µs/ft is used for water-filled porosity 
Δtlog is formation compressional slowness from well log measurements 
(µs/ft) 
Cp is an empirical compaction factor which is calibrated to make sonic 
porosity equal to density porosity in wells that have both compressional 
sonic and bulk density logs 

(2) calculation of apparent water resistivity using the Archie equation, 
The Archie equation calculates apparent water resistivity. The equation is: 

𝑅𝑤𝑎ℎ =
𝑃𝑂𝑅𝑚𝑅𝑡

𝑎
     (8) 

Parameter definitions for the equation are: 
Rwah is apparent water resistivity (ohmm) 
POR is formation porosity 
m is the cementation factor; 2 is the standard value 
Rt is deep reading resistivity taken from well log measurements (ohmm) 
a is the archie constant; 1 is the standard value 

(3) correcting apparent water resistivity to a standard temperature 
Apparent water resistivity is corrected from formation temperature to a surface 
temperature standard of 75 degrees Fahrenheit: 

𝑅𝑤𝑎ℎ𝑐 = 𝑅𝑤𝑎ℎ
𝑇𝐸𝑀𝑃+6.77

75+6.77
     (9) 

Parameter definitions for the equation are: 
Rwahc is apparent water resistivity (ohmm), corrected to surface 
temperature 
TEMP is down hole temperature based on temperature gradient (DegF) 















For the Upper Injection Zone, the well  was sampled in  
 The measurement of total dissolved solids (TDS) for the sample is 

13,889.4 mg/L. The complete water chemistry is shown in Figure 2.8-2.

Salinity calculations were also performed on logs from wells within the AoR, and these showed 
TDS in the Upper Injection Zone being approximately 13,000 – 18,000 ppm. A conservative TDS 
of 13,889 ppm was used for the computational model.

No gas production is present within the Upper Injection Zone within the boundaries of the AoR, 
so no hydrocarbon analysis is available.

2.8.2.1 Lower Injection Zone
For the Lower Injection Zone, the well  was sampled in  

 The measurement of total dissolved solids (TDS) for the sample is 14,415 mg/L. The 
complete water chemistry is shown in Figure 2.8-3.

Salinity calculations were also performed on logs from wells within the AoR, and these showed 
TDS in the Lower Injection Zone being approximately 13,000 – 18,000 ppm. A conservative TDS 
of 14,415 ppm was used for the computational model.

No gas production is present within the Lower Injection Zone within the boundaries of the AoR, 
so no hydrocarbon analysis is available.

2.8.2.2 Lower Confining Zone
For the  was sampled in  
The measurement of total dissolved solids (TDS) for the sample is 16,000 mg/L. The complete 
water chemistry is shown in Figure 2.8-4.

2.8.3 Fluid-Rock Reactions
2.8.3.1 Upper Confining Zone
There is no fluid geochemistry analysis for the Upper Confining Zone. The shale will only provide 
fluid for analysis if stimulated. However, given the low permeability of the rock and the low 
carbonate content, the Upper Confining Zone is not expected to be impacted by the CO2 injectate.

2.8.3.2 Upper Injection Zone
Mineralogy and formation fluid interactions have been assessed for the Upper Injection Zone. The 
following applies to potential reactions associated with the CO2 injectate:

1. The Upper Injection Zone has a negligible quantity of carbonate minerals and is instead 
dominated by quartz and feldspar. These minerals are stable in the presence of CO2 and
carbonic acid and any dissolution or changes that occur will be on grain surfaces.
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2. The water within the Upper Injection Zone contains minimal calcium and magnesium 
cations, which would be expected to react with the CO2 to form calcium bearing minerals
in the pore space. Also, the salinity being less than 30,000 ppm will reduce the “salting
out” effect seen in higher salinity brine under the presence of CO2.

2.8.3.3 Internal Barrier
There is no fluid geochemistry analysis for the internal barrier zone. The shale will only provide 
fluid for analysis if stimulated. However, given the low permeability of the rock and the low 
carbonate content, the internal barrier is not expected to be impacted by the CO2 injectate.

2.8.3.4 Lower Injection Zone
Mineralogy and formation fluid interactions have been assessed for the Lower Injection Zone. The 
following applies to potential reactions associated with the CO2 injectate:

1. The Lower Injection Zone generally has a negligible quantity of carbonate minerals and is 
instead dominated by quartz and feldspar. These minerals are stable in the presence of CO2 
and carbonic acid and any dissolution or changes that occur will be on grain surfaces. The 
few intervals that do have higher concentrations of carbonate minerals are very thin tight 
streaks caused by calcite cementing of sands. Dissolution of these will only result in the
reduction of vertical permeability barriers within the formation.

2. The water within the Lower Injection Zone contains minimal calcium and magnesium 
cations, which would be expected to react with the CO2 to form calcium bearing minerals
in the pore space. Also, the salinity being less than 30,000 ppm will reduce the “salting
out” effect seen in higher salinity brine under the presence of CO2.

2.8.3.5 Lower Confining Zone 
Mineralogy and formation fluid interactions have been assessed for the  The 
following applies to potential reactions associated with the CO2 injectate:

1. The  has a negligible quantity of carbonate minerals and is instead dominated 
by quartz and feldspar. These minerals are stable in the presence of CO2 and carbonic acid 
and any dissolution or changes that occur will be on grain surfaces. The few intervals that
do have higher concentrations of carbonate minerals are very thin tight streaks caused by 
calcite cementation.

2. The water within the  contains minimal calcium and magnesium cations, 
which would be expected to react with CO2 to form calcium bearing minerals in the pore 
space. Also, the salinity being less than 30,000 ppm will reduce the “salting out” effect
seen in higher salinity brine under the presence of CO2.
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documentation pursuant to 40 CFR 146.82(a)(8). Each Attachment G: Well Construction and 
Plugging Plan document (listed in Section 5.2) includes logging and testing plans for each 
individual project well based on requirements defined within 40 CFR 146.87.

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]

7.0 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) document attached with this application.

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 and injects the CO2 stream(s) via Class VI UIC 
permitted injection well(s)). 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 Sacramento Valley area, as well as Direct Air Capture (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 “Appendix 8: QASP” (Table 4) document and the Testing and 
Monitoring Plan (Attachment C, see Table 1).

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: is 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: is 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).

The compositions for these two injectates are shown in Table 7.2-1, and are based on engineering 
design studies and literature.
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For geochemical and plume modeling scenarios, these injectate compositions were simplified to a
4-component system, shown in Table 7.2-2 and then normalized for use in the modeling. The 4- 
component simplified compositions cover 99.9% by mass of Injectate 1 & 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 – 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 super-critical 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.

8.0 Testing and Monitoring

CTV’s Testing and Monitoring plan 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]

9.0 Injection Well Plugging

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

10.0 Post-Injection Site Care (PISC) and Site Closure

CTV has developed a 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 timeframe 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)]

11.0 Emergency and Remedial Response

CTV’s Emergency and Remedial Response Plan (Attachment F) pursuant to 40 CFR 164.94 
describes the process and response to emergencies to ensure USDW protection.

Emergency and Remedial Response GSDT Submissions

GSDT Module: Project Plan Submissions
Tab(s): Emergency and Remedial Response tab

Please use the checkbox(es) to verify the following information was submitted to the GSDT: 
☒ Emergency and Remedial Response Plan [40 CFR 146.82(a)(19) and 146.94(a)]
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FIGURES





Figure 2.1-2. Location map of California modified from (Beyer, 1988) & (Sullivan, 2012).  The 
Sacramento Basin regional study area is outlined by a dashed black line. B – Bakersfield; F – Fresno; R – 
Redding.



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.





Figure 2.1-5. Evolutionary stages showing the history of the arc-trench system of California from 
Jurassic (A) to Neogene (E) (modified from Beyer, 1988).













Figure 2.2-4. Summary map and area of seismic data used to build the structural model.  The 2D seismic 
used to build the structural model were acquired between 1974 and 1987. California gas fields are shown 
for reference.













Figure 2.2-10. State- or EPA-approved subsurface cleanup sites.  Source: California State Water Resources Control Board GeoTracker website.



Figure 2.2-11.  Summary map of the AoR, oil or gas wells, water wells, State- or EPA-approved 
subsurface cleanup sites, and surface features in the project area. Mine and quarries from Conservation 
Division of Mine Reclamation (DMR) & U.S. Geological Survey (USGS). Water wells from California 
Division of Drinking Water (DWR) and Groundwater Ambient Monitoring and Assessment 
(GAMA) program. No springs or tribal lands are identified near AoR.























Figure 2.5-2: Stress diagram showing the three principal stresses and the fracturing that will occur 
perpendicular to the minimum principal stress.









Figure 2.6-2. Image modified from Lund-Snee and Zoback (2020) showing relative stress magnitudes 
across California. Red star indicates the CTV IV site area.



Figure 2.7-1 Map of the project AoR, groundwater subbasins, the surrounding areas, and cross section B- 
B’ location.



Figure 2.7-2 Base of fresh water map.





Figure 2.7-4 Geologic Cross Section B-B'.  The location of the B cross section is illustrated on Figure 2.7.1.





Figure 2.7-6 Water well location map.
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Table 2.4-1. Formation mineralogy from x-ray diffraction (XRD) and Fourier-transform infrared spectroscopy (FTIR) in seven wells 
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Table 2.4-2. Sonic porosity equations by zone
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Table 2.4-3. Core samples from  in the upper confining zone
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Table 2.4-4. Core samples from  in the upper injection zone 





Table 2.6-1. Data from USGS earthquake catalog for faults in the greater region of the project
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Table 2.7-1. Stratigraphic Information
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Table 2.7‐2 Water Well Information
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Table 2.7‐2 Water Well Information

1= All depths are based on feet below ground surface
WCR= Department of Water Resources Well Completion Report
LAT= Latitide
LONG= Longitude
T= Township
R= Range
S= Section
APN= Assessor Parcel Number
NA= Data is not available or not applicable
GAMA= State Water Board's GAMA website
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Table 7.2-1. Injectate compositions

Component
Injectate 1
(Mass %)

Injectate 2
(Mass %)

CO2 99.21% 99.88%

H2 0.05% 0.01%

N2 0.64% 0.00%

H2O 0.02% 0.00%

CO 0.03% 0.00%

Ar 0.03% 0.00%

O2 0.00% 0.00%

SO2+SO3 0.00% 0.00%

H2S 0.00% 0.01%

CH4 0.00% 0.04%

NOx 0.00% 0.00%

NH3 0.00% 0.00%

C2H6 0.00% 0.05%

Ethylene 0.00% 0.00%

Total 100.00% 100.00%
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Table 7.2-3. Injectate properties range over project life at downhole conditions for Injectate 1 and 
Injectate 2

Injectate property at downhole conditions Injectate 1 Injectate 2

Viscosity, cp 0.022 – 0.054 0.022 – 0.056

Density, lb/ft3 9.1 - 40.6 9.1 – 41.5

Compressibility factor, Z 0.81 - 0.67 0.80 – 0.66

Page 1 of 1




