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TESTING AND MONITORING PLAN 
40 CFR 146.90 

Facility Information 

Facility Name:  Pelican Renewables, LLC  
Well Names:   Rindge Tract CCS Well #1  
   Rindge Tract CCS Well #2 
  
Facility Contact:  John Zuckerman, Pelican Renewables – Managing Member  

2200 W. Forest Lake Rd, Acampo, California, 95220  
917-868-4346/john.zuckerman@pelicanrenewables.com  
  

Well Locations:  Rindge Tract Island, San Joaquin County, California 
38.021507, -121.428926 (Well #1) 
38.014567, -121.415405 (Well #2) 

 
This Testing and Monitoring Plan describes how Pelican Renewables, LLC and its affiliates 
(Pelican) will monitor the CO2 storage site pursuant to 40 CFR 146.90. In addition to 
demonstrating that the well is operating as planned, that the carbon dioxide plume and pressure 
front are moving as predicted, and that there are no endangerments to USDWs; the monitoring 
data will be used to validate and adjust the geological and numerical models that predict the 
distribution of the CO2 within the storage zone to support AOR reevaluations and a non-
endangerment demonstration.  

Results of the testing and monitoring activities described below may trigger action according to 
the Emergency and Remedial Response Plan. Should any anomalous results be identified, Pelican 
will consult with EPA to implement the response actions identified in the Emergency and 
Remedial Response Plan. 

Strategy & Approach for Testing and Monitoring 

This Testing and Monitoring Plan summarizes an integrated strategy for monitoring various 
aspects of the Rindge Tract CO2 storage project, including well integrity, various operational 
parameters, and changes imposed on the geologic system by injection practices (i.e., plume, 
pressure front, and potentially groundwater quality). 

Two Class VI injection wells will be permitted for this storage project. Both will be located on the 
interior of Rindge Tract and will be connected with transfer piping. The two-well system is 
designed to efficiently use the pore space of the injection zone, provide for operational flexibility, 
and to allow for maximum deployment of devices to monitor the pressure front and the extent of 
the plume as injection proceeds. This Testing and Monitoring Plan was prepared to monitor the 
complete two-well injection system.  
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This plan is focused on the operational or injection phase of the CO2 storage project and has close 
ties to the pre-operational testing plan and the post–injection site care and site-closure plan since 
there is overlap in certain types of testing and monitoring activities that occur in these separate 
project phases. For details on the pre-operational testing and post-operational testing and 
monitoring activities, please refer to those plans in Sections 6 and 10, respectively. 

Although the UIC testing and monitoring guidance does not include specific recommendations for 
selecting geochemical monitoring parameters, it does require that they be selected on a site-
specific basis. Therefore, Pelican’s strategy is to optimize geochemical monitoring parameter lists 
per USEPA’s Unified Guidance (2009). With this, the goal will be to maximize statistical power 
within the monitoring network and therefore minimize the site-wide false positive rate during any 
given sampling event. 

It is important to note that this Testing and Monitoring Plan will be revised and refined as new site 
characterization data, computational modeling data, and pre-operational and operational data 
become available. Selection of methods and strategies may need to be altered to remain 
representative of the site-specific risk profile or identified potential concerns. 

As discussed within the Site Characterization Narrative in Section 2, Pelican Renewables, LLC 
utilized data from nearby legacy hydrocarbon production wells, particularly the Citizen Green #1 
well (outside of the AOR), geophysical well logs, and existing 2D and 3D seismic data to construct 
the model and complete the initial Area of Review (AOR) delineation. There are key uncertainties 
in understanding the character of the injection and confining zones resulting from the lack of site-
specific primary data at Rindge Tract Island. These uncertainties will be reduced by initially 
treating Rindge Tract CCS #1 and #2 as stratigraphic test wells with complete core sampling, 
sidewall core sampling, and geophysical logging of the sequestration complex. The geological and 
numerical models will then be calibrated with these site-specific data, and the AOR and Testing 
and Monitoring Plan will subsequently be refined as needed. 

An overview of the monitoring network within the delineated AOR is included in this plan as 
Figure 8-1. Information on planned monitoring well construction is included in Section 5. 

Quality Assurance Procedures 

All data quality assurance and surveillance procedures for this sequestration project were designed 
to maintain compliance with the requirements under 40 CFR 146.90(k). Quality assurance (QA) 
requirements for the measurements to be conducted as part of this Plan are described in the Quality 
Assurance and Surveillance Plan (QASP). The direct measurements outlined in this Plan are 
essential to the success of the CO2 storage project; therefore, it is imperative that the measurements 
be performed based on best industry practices and by recommended QA protocols of geophysical 
services contractors and equipment manufacturers. The QASP is attached to this plan as Appendix 
8-A. 
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Reporting Procedures 

Pelican will report the results of all testing and monitoring activities to EPA in compliance with 
the requirements under 40 CFR 146.91. 

Carbon Dioxide Stream Analysis [40 CFR 146.90(a)] 

Pelican will analyze the CO2 stream during the operational period to yield data representative of 
its chemical and physical characteristics and to meet the requirements of 40 CFR 146.90(a). 

Sampling Location & Frequency 

CO2 stream sampling will take place on a quarterly basis, by the following dates each year: 3 
months after the start of injection, 6 months after the start of injection, 9 months after the date of 
start of injection, and 12 months after the date of start of injection. 

CO2 will be sourced from Pelican Renewables’ corn ethanol plant in Stockton and will be food-
grade standard. We would not expect significant variability in the chemical composition of the 
CO2 stream given the quality control standards in place at food-grade facilities; therefore, the 
quarterly basis will be sufficient frequency to yield data representative of the CO2 stream 
characteristics in the context of this project. A comprehensive analyte list was developed based on 
the currently known chemical characteristics of these CO2 streams (Table 8-1). 

CO2 stream samples will be collected from the feedstock via a sampling manifold connected to the 
CO2 pipeline in the control building. It is important to sample the CO2 feedstock from the pipeline 
upstream from the injection point to accurately represent the different impurities that may be 
present in the CO2 stream. The presence of even small amounts of certain impurities has the 
potential to affect the economics of geologic storage downhole or affect compressor or pipeline 
operations (Last and Schmick, 2011). 

Analytical Parameters 

Pelican will analyze the CO2 for the constituents identified in Table 8-1 using the methods listed. 
All parameters will be collected and analyzed quarterly according to the above schedule. These 
parameters were carefully selected based on the currently known composition of Pelican’s source 
streams, as well as any impurities that, if present, may have a negative impact on the storage 
capacity of the reservoirs and/or injection well construction materials (Last and Schmick, 2011).  
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Laboratory to be Used/Chain of Custody & Analysis Procedures 

Sample analyses will be conducted by a third-party laboratory. Pelican will follow the methods 
specified by the EPA’s Air Emission Measurement Center (EMC) Promulgated Test Methods, 
which are codified in the Code of Federal Regulations. See Section B.3 of the QASP for further 
information on chain of custody and analysis procedures (Appendix 8-A). 

Continuous Recording of Operational Parameters [40 CFR 146.88(e)(1), 146.89(b) & 
146.90(b)] 

Pelican will install and use continuous recording devices to monitor injection pressure, rate, and 
volume; the pressure on the annulus between the tubing and the long string casing; the annulus 
fluid volume added; and the temperature of the CO2 stream in both wells, as required by 40 CFR 
146.88(e)(1), 146.89(b), and 146.90(b).  

Monitoring Location & Frequency 

Pelican will perform the activities identified in Table 8-2 to monitor operational parameters and 
verify internal mechanical integrity of the injection well. All monitoring will take place at the 
locations and frequencies shown in the table.  

Distributed Fiber Optic Sensing (DFOS), which will include Distributed Temperature Sensing 
(DTS), Distributed Acoustic Sensing (DAS), and Distributed Strain Sensing (DSS), will be 
deployed in Rindge Tract CCS Well #1 along the outside of the long string casing. Sensors are 
equipped with variable density clips to enable detection prior to casing perforation. Additional 
DFOS may be deployed in one or more monitoring wells. The DAS will provide information about 
microseismicity and will be utilized to conduct vertical seismic profiles. The DTS and DSS provide 
continuous temperature and pressure monitoring. All DFOS measurements will be reported in real-
time. Refer to Appendix 8-C of this Plan for details on the DFOS technology. 
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The pressure of the injected CO2 will be continuously measured at a regular frequency by an 
electronic pressure transducer with analog output mounted on the CO2 line associated with each 
injection well at a location near the wellhead. The transducer will be connected to the annulus 
pressurization system (APS) programmable logic controller (PLC) located adjacent to the injection 
well pad. 

The temperature of the injected CO2 will be continuously measured for each well at a regular 
frequency by an electronic temperature transmitter. The temperature transmitter will be mounted 
in a temperature well in the CO2 line at a location close to the pressure transmitter near the 
wellhead. The transmitter will be connected to the APS PLC located adjacent to the injection well 
pad. 

Instruments for measuring surface injection pressure and temperature will be calibrated initially 
before commencing injection and recalibrated periodically per the manufacturer's specifications. 

An electronic P/T gauge will be installed in the annular space approximately 30 ft above the 
packer, reading through the tubing to continuously measure CO2 injection P/T inside the tubing at 
this depth. In addition, injection P/T will be continuously measured at the surface via real-time P/T 
instruments installed in the CO2 pipeline near the pipeline interface with the wellhead. 

The CO2 injection stream will be continuously monitored at the surface for pressure, temperature, 
and flow, as part of the instrumentation and control system. The P/T will also be monitored at a 
position located immediately above the injection zones at the end of the injection tubing. The 
downhole sensor will be the point of compliance for maintaining injection pressure below 90% of 
formation fracture pressure.  

DSS/DTS will be utilized outside of the long string casing to continuously monitor P/T within the 
injection zone. 

Corrosion Monitoring 

To meet the requirements of 40 CFR 146.90(c), Pelican will monitor injection well materials 
during the operation period for loss of mass, thickness, cracking, pitting, and other signs of 
corrosion to ensure that the well components meet the minimum standards for material strength 
and performance. Pelican will monitor corrosion using the corrosion coupon method according to 
the description below. 

Monitoring Location & Frequency 

The corrosion of well casing and tubing materials will be monitored on a quarterly basis during 
injection operations using the corrosion coupon method, beginning three months after the date of 
start of injection. The coupons will be deployed and located within the CO2 injection tubing using 
wireline equipment and will be comprised of the same material as the well’s casing and tubing. 
See Section 5 of this application for injection well construction and material details. 
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Corrosion monitoring is implemented in this project as a loss of containment prevention measure, 
coupled with the use of corrosion-resistant well construction materials. 

As corrosion rates measured on a coupon cannot be entirely representative of actual corrosion rates 
experienced by well materials, periodic wireline casing inspection logs (CILs) may also be used 
to evaluate the condition of the injection well casing and tubing. The frequency of running these 
logs will be determined on a site-specific basis (e.g., physical and chemical characteristics of the 
injectate), keeping injection well performance in consideration. Pelican will follow EPA Region 
9’s CIL Guidance, which is included as Appendix 8-B of this Plan. The wireline tools will be 
lowered into the well to directly measure defects in the well casing and tubing. The tools that may 
be used include: 

• Mechanical tools, such as caliper logs, which measure the internal diameter of the casing 
in several directions and allow the detection of loss of thickness of the well casing; 

• Electromagnetic tools, which can accurately measure corrosion effects, such as pitting 
depths and metal loss is tubing or casing; and 

• Ultrasonic imaging tools, which use a high transducer frequency to measure anomalies in 
the tubing or casing in terms of wall thickness (Schlumberger, 2009). 

Corrosion Prevention 

Preventative measures may be employed to prevent and/or inhibit corrosion of the injection well 
materials. The enactment of these preventative measures depends on corrosion monitoring results 
and results from CO2 stream analysis throughout the operational period. Preventative measures 
may include the introduction of anticorrosion chemicals to the CO2 stream and the use of 
consumable cathodic protection plates on the surface injection system. Any corrosion inhibitors 
used must be chemically compatible with the CO2 stream and periodic fluid sampling will need to 
be conducted within the system to verify the inhibitor is present at proper concentrations for 
corrosion prevention. 

Above Confining Zone Monitoring  

Pelican will monitor groundwater quality and geochemical changes above the confining zone 
during the operational period to meet the requirements of 40 CFR 146.90(d). These monitoring 
procedures are designed to be protective of all Underground Sources of Drinking Water (USDWs) 
in the vicinity of the CO2 storage project. 

Monitoring Locations & Intervals 

Table 8-4 shows the planned monitoring methods, locations, and frequencies for groundwater 
quality and geochemical monitoring above the confining zone. Figure 8-1 shows the planned 
groundwater monitoring locations within the AOR and Figures 8-2 through 8-9 show the 
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monitoring locations relative to the predicted CO2 plume and pressure front extent in five-year 
time intervals during the operational (injection) period. Proposed monitoring well construction 
schematic diagrams are included in Section 5 (Injection Well Construction Plan). 

Wells designated as GMW-Z will monitor the Mokelumne River Formation (in-zone) for pressure 
changes and geochemical changes induced by injection for the purposes of pressure front and 
plume tracking. The details of these proposed wells are discussed further under a later subsection, 
Carbon Dioxide Plume and Pressure Front Tracking. 

Groundwater monitoring wells designated as GMW-D will monitor the lower Domengine 
Formation, which is the first sand unit located stratigraphically above the primary upper confining 
zone (Capay Shale). The Domengine Formation has pore water salinities higher than 10,000 ppm 
based on calculated estimates from petrophysical logs; therefore, the Domengine is not an USDW, 
and therefore would not be utilized as a water supply source.  

Groundwater monitoring wells designated as GMW-M will monitor the sands within the Markley 
Formation, which is the lowermost USDW in this region. The salinity of pore water in the Markley 
Formation is variable, ranging from 2,000 to 16,000 ppm and averaging about 3,000 ppm based 
on calculated estimates from petrophysical logs.  Because of its depth, the Markley Formation is 
not currently, and is not expected to be a source of drinking or irrigation water. 

Groundwater monitoring wells designated as GMW-S will monitor the Eastern San Joaquin Valley 
Sub-basin’s principal freshwater aquifer system, which is utilized as the local USDW by the City 
of Stockton, CA and surrounding communities. This system includes the following water 
production zones: 

• Shallow Zone: undifferentiated alluvial deposits (unconfined); Modesto/Riverbank 
formations (unconfined), upper Turlock Lake/Laguna formations (unconfined to locally 
semi-confined or confined); 

• Intermediate Zone: Lower Turlock Lake/Laguna formations (unconfined to locally semi-
confined or confined); and  

• Deep Zone: Mehrten Formation (unconfined to locally semi-confined or confined).  

The base of freshwater in the Eastern San Joaquin Valley Sub-basin near Rindge Tract is 
approximately 900 feet below ground surface, and most water wells in the vicinity of Rindge Tract 
are less than 400 feet deep (Eastern San Joaquin Groundwater Authority, 2019). Groundwater 
monitoring wells designated GMW-S will be screened at similar intervals to nearby public water 
supply and irrigation wells, which appear to be primarily within the Shallow Zone of the aquifer 
system. Figure 8-10 shows the location of nearby water wells. There is only one water well within 
one mile of Rindge Tract according to California’s Water Well Database; most water wells on 
record in the vicinity of Rindge Tract are to the east in the north portion of Stockton. 
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When the borings for the monitoring wells are drilled, Pelican will collect cores and sidewall cores 
from all three monitoring zones to obtain direct measurements for porosity and permeability. These 
measurements will be used to inform the calibration of the numerical model. 

The monitoring wells for this CO2 storage project will be installed in clusters such that each water 
production zone is monitored in the same approximate ground location. Groundwater monitoring 
well cluster GMW-1 will be located approximately 2,500 feet southwest of CCS Well #1. This 
cluster was placed in this location because a) it will be close to CCS Well #1 and will capture 
ambient conditions near this injection well during the pre-operational period; b) be located within 
the predicted CO2 plume and pressure front extent within the first five years of injection (Figures 
8-2 and 8-3); and c) it will be near artificial penetrations that penetrate into the primary upper 
confining zone (Capay Shale) or deeper. Groundwater monitoring well cluster GMW-2 will be 
located approximately 2,300 feet southeast of CCS Well #2. This cluster was placed in this location 
because a) it will be close to CCS Well #2 and will capture ambient conditions near this injection 
well during the pre-operational period; b) be located within the predicted CO2 plume and pressure 
front extent within the first five years of injection (Figures 8-2 and 8-3); and c) it will be near 
artificial penetrations that penetrate into the primary upper confining zone (Capay Shale) or 
deeper. Both monitoring well clusters GMW-1 and GMW-2 will be installed during the pre-
operational period, with two years (eight quarters) of baseline data collected from each of the three 
wells in both clusters prior to commencement of injection. 

Groundwater monitoring well cluster GMW-3 will be located approximately 4,500 feet northeast 
of CCS Well #1, on the north side of Rindge Tract Island. This well cluster will be installed at a 
later time (i.e., phased into the monitoring program) such that monitoring will begin during year 5 
of the operational period. Two years (eight quarters) of baseline data will also be collected from 
this cluster (i.e., the cluster would be installed during year 2 such that baseline collection can start 
during year 3). This cluster was placed in this location because it will be located within the 
predicted pressure front extent after approximately 5 years of injection (Figure 8-5), within the 
CO2 plume extent by Year 10 (Figure 8-4), and will be near artificial penetrations that penetrate 
into the primary upper confining zone (Capay Shale). 

Background Data 

Data from the USGS produced waters database were presented in Section 2, Table 2-7 and Figure 
2-39. There were no data available for the Mokelumne River Formation or the Domengine 
Formation. There were limited data available for the Markley-Nortonville Formation 
(undifferentiated); however, these produced waters data were collected from legacy wells over 10 
miles northwest of Rindge Tract. Public water supply wells for the City of Stockton and 
surrounding communities are tested on an annual basis at a minimum. No site-specific background 
data have been collected for any of the proposed monitoring units to date. Once the monitoring 
wells are installed, Pelican will collect baseline data at these wells according to the frequency and 
schedule described in a following section.   

In addition, Pelican may coordinate with the City of Stockton, Eastern San Joaquin Groundwater 
Authority, and the appropriate landowners (if necessary) to obtain recent analytical and water level 
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data from public water supply and irrigation wells near Rindge Tract. Pelican may additionally 
measure baseline water levels and pressure profiles at select shallow water wells prior to the 
commencement of CO2 injection. Water wells of interest for obtaining and utilizing baseline data 
would be located on Rindge Tract Island (as irrigation or supply wells) and in the general direction 
of modeled CO2 plume and pressure front migration. 

Operational Monitoring Strategy 
In-zone monitoring wells in the Mokelumne River Formation (GMW-Z) will be monitored 
according to the frequency outlined under Carbon Dioxide Plume and Pressure Front Tracking and 
Table 8-7. Monitoring of both analytical and field parameters (Table 8-5) will take place 
throughout the operational (injection) period. The primary purpose of these wells is for tracking 
the CO2 plume and pressure front within the injection zone. DFOS will be utilized at all GMW-Z 
wells for continuous temperature and pressure monitoring via DTS/DSS as well as DAS imaging 
capabilities, which is discussed further in the later subsection Carbon Dioxide Plume and Pressure 
Front Tracking.  

Deep monitoring wells in the Domengine Formation (GMW-D) will be monitored according to 
the frequency outlined in the next section and Table 8-4. Monitoring of both analytical and field 
parameters in these wells (Table 8-5) will take place throughout the operational (injection) period. 
Closely monitoring the Domengine will, in turn, allow monitoring of both the integrity of the 
primary upper confining zone, and integrity of existing artificial penetrations within the AOR that 
penetrate the primary upper confining zone or deeper. Since the Domengine is immediately above 
the injection and primary upper confining zones, DFOS (specifically DTS/DSS for continuous 
temperature and pressure monitoring) will be utilized at all GMW-D wells. 

Monitoring the lowermost USDW (Markley Formation) and the freshwater aquifer system will 
also allow monitoring of existing artificial penetration integrity above the confining zones. Deep 
groundwater units that are not utilized as water sources are therefore not connected to man-made 
sources that could introduce variability to aqueous geochemistry. Shallow groundwater units, 
however, can display natural variability in their aqueous geochemistry due to both the 
geochemistry of the aquifer materials, as well as variability due to connection to man-made sources 
and other hydrologic influences. In addition, saltwater intrusion from the west is a concern in the 
freshwater aquifer system (Eastern San Joaquin Groundwater Authority, 2019). Monitoring the 
freshwater aquifer system in the same manner as the deep, saline units would be inappropriate in 
the context of this project and could ultimately lead to problematic interpretations when deviation 
from baseline occurs. As such, shallow monitoring wells in the Freshwater Aquifer System 
(GMW-S) will be monitored for water levels, pressure, and temperature as outlined in Tables 8-4 
and 8-5. However, a measured increase in water levels of 10 feet or more, or pressure increase of 
30,000 Pa in a shallow monitoring well during any given monitoring event will trigger analytical 
monitoring for salinity in that well, as specified in Table 8-4. Although the Markley Formation is 
not utilized for water supply and is not expected to be because of its depth, it is considered a USDW 
based on its salinity. Therefore, the Markley Formation will be monitored in the same manner as 
the freshwater aquifer system, as specified in Tables 8-4 and 8-5. As discussed in Section 3, 
Attachment 1 of this application, Pelican conducted numerical modeling to examine 
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Testing Details 

Temperature logging is used to identify temperature anomalies near the well bore, which can 
therefore allow the identification of casing leaks. In order to conduct temperature logging, the 
injection well must be shut-in (i.e., temporary cessation of injection) to allow any temperature 
effects related to injection to dissipate and for temperature to equilibrate towards a static level. 36 
hours is generally thought to be a sufficient shut-in period (USEPA, 2013; USEPA Region 5, 
2008); therefore, this will be the minimum shut-in period for conducting temperature logging. The 
temperature logging tool is a wireline tool that is slowly lowered into the well casing, while 
measurements are collected in real time. A baseline temperature survey is conducted prior to 
injection. Intermediate and final temperature survey(s) will follow injection. Any leakage of fluids 
out of the injection well will be an anomaly in the otherwise linear temperature log, as the 
temperature within the surrounding formation will be altered from the leaking fluid. All logs will 
be compared to the baseline log taken prior to injection. 

Standard temperature logging tools are capable of detecting very small changes in temperature. 
However, the accuracy and precision of the logging tool is dependent on the movement of the tool 
within the well casing during the logging process. The tool must be moved slowly in order to 
obtain accurate measurements and in order for the results to be reproducible, the movement speed 
must be consistent as well. 

Standard noise logging is used to detect turbulent flow resulting from irregular channels formed 
within well cement, therefore allowing the detection of leaks within the well cement. Unlike 
temperature logging, noise logging can be completed while injection is still occurring. As 
recommended by USEPA (2013), measurements will be made at intervals of 100 feet to first create 
a log on a coarse grid. If any anomalies are found on the coarse log, a finer grid will be constructed 
on the coarse intervals with high noise levels at intervals of 20 feet. In addition, measurements will 
be made at 10-foot intervals through the first 50 feet above the injection interval and at intervals 
of 20 feet within 100 feet above that zone and the base of the lowermost USDW. Additional 
measurements may be taken as needed to distinguish at what depths the noise is produced. As with 
temperature logging, all logs will be compared to the baseline log taken prior to injection, and any 
departures will be considered an anomaly. The USEPA UIC Program Class VI Well Testing and 
Monitoring Guidance (2013) suggests that: “Ambient noise while injecting that produces a signal 
greater than 10 millivolts (mV) may indicate leakage and potential loss of external mechanical 
integrity.” Therefore, this will constitute a failure of the noise log MIT. 

Radioactive tracer surveys (RTSs) may be used if anomalies are identified in temperature or noise 
logs. These surveys can identify the presence or absence of vertical fluid movement behind the 
casing near perforations in the injection wells. As outlined in USEPA’s Class VI Testing and 
Monitoring Guidance (2013), RTSs use a wireline tool that consists of an injector stage, one or 
more gamma radiation detector devices, and a collar locator (to pinpoint the location of leaks in 
reference to permanent markers) or correlation to a gamma ray log that is scaled to show lithologic 
effects. Using a collar locator will reveal whether an identified leak is at a collar, while using a 
gamma ray correlation log clarifies the stratigraphic location of the leak. The radioactive tracer 
should be an anionic material and is usually iodine-131 because of its short (eight-day) half-life. 
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A RTS may include more than one type of test (i.e., slug test or velocity shot; McKinley (1994)) 
and it involves releasing the radioactive tracer into the tubing above the interval to be tested and 
subsequently measuring gamma radiation as it moves through the well. In the slug test, a slug of 
tracer is released, and the tool is lowered up and down the well repeatedly while the position of 
the slug(s) is tracked. In the velocity shot method, the detectors are stationary and monitor the time 
at which the slug passes. The relative positions of the injector and stationary detectors are variable. 
Three detectors are sometimes used, with two below the injector. This allows for very accurate 
measurement of the speed of the injectate and simplifies location of the upward limit of leakage 
by eliminating some repositioning of the tool. RTSs can be effective for locating leaks in both the 
tubing and the casing. Testing is commonly conducted during injection where it is best to maintain 
an injection rate as close to the maximum injection rate as practical. After a slug of radioactive 
material is injected, it will migrate into the injection zone. If a measurable leak is present, the 
gamma ray detector will identify an area of increased radioactivity after the slug has passed. 
Importantly, to distinguish the impact of lithologic features, the gamma ray log needs to be 
compared to a baseline log that was run before injection commenced. If no additional radiation is 
observed after the slug has passed compared to the baseline log, the well has demonstrated internal 
mechanical integrity at the depth tested (USEPA, 2013). 

Temperature and noise logging via DTS/DAS will allow continuous monitoring for leak detection 
along the entire length of the long string casing. The use of permanent fiber optics for mechanical 
integrity testing avoids the need to shut-in the injection well and temporarily cease injection 
operations. The sensors have robust sensitivity and report monitoring data in real-time. This will 
be a supplemental monitoring method in addition to standard testing methods highlighted above. 

Internal MITs are also required by the Class VI rule in order to demonstrate that there are no 
significant leaks in the injection well construction materials. This is covered in the preceding 
section of this plan entitled “Continuous Recording of Operational Parameters [40 CFR 
146.88(e)(1), 146.89(b) and 146.90(b)].”  In addition to these continuously monitored parameters, 
the above-described external MITs, and as discussed in Section 6 – Pre-Operational Testing 
Program, a Standard Annulus Pressure Test (SAPT) will be conducted prior to commencing 
operations and annually during operations. As described in EPA’s guidance for standard annulus 
pressure tests, the annular space will be pressurized and pressure readings will be recorded for a 
minimum of one hour. Internal mechanical integrity will be confirmed if the pressure gain or loss 
does not exceed 3% of the initial test pressure. 

All monitoring wells under this permit will be designed and constructed to maintain mechanical 
integrity. Once constructed, in-zone monitoring wells (designated GMW-Z) will undergo a 
baseline external MIT and additional external MIT at least every 5 years thereafter until the 
monitoring wells are plugged. 

Pressure Fall-Off Testing 

Pelican will perform pressure fall-off tests during the injection phase as described below to meet 
the requirements of 40 CFR 146.90(f).  
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Testing Location & Frequency 

Pressure fall-off testing will be performed: 

• During injection, at least every 5 years; and 

•  At the end of the injection period.  

Pelican will conduct fall-off testing according to the testing details below. The permitting agency 
will be notified 30 days before testing commences. 

Testing Details 

Pelican envisions performing pressure fall-off tests on its injection wells one at a time while 
injection continues at the other well(s), provided pressure communication between the wells during 
testing does not occur. To conduct pressure fall-off testing at an injection well, injection of CO2 
will be ceased temporarily (i.e., shut-in the injection well). Details on temporary CO2 stream 
routing for both scheduled and unscheduled shut-ins can be found in the Contingency Plan. A 
wireline tool for continuous pressure and temperature monitoring will be deployed downhole with 
a casing collar locator. The wireline tool with a downhole pressure sensor will be set in the 
injection interval and prepared for injection. Following a one-hour equalization period, the 
wireline will record the baseline pressure. Using the existing pumps, the well operator will 
commence injection at a constant rate at or above the normal injection rate and continue for a 
minimum of one week. Pelican will periodically measure and record the injection rate and collect 
samples for analytes specified in Table 8-1 of this plan (CO2 stream analysis). Following injection, 
the well will be shut-in for at least four days or until adequate pressure transient data are collected 
to calculate the average pressure. Temperature measurements will be collected in conjunction with 
the pressure measurements to assist in data interpretation. The tools will be removed from the well 
and operation of the well will be returned to the well operator. A report containing the pressure 
fall-off data and interpretation of the reservoir ambient pressure will be submitted to the permitting 
within 30 days of the test. 

Carbon Dioxide Plume & Pressure Front Tracking 

Pelican will employ direct and indirect methods to track the extent of the carbon dioxide plume 
and the presence or absence of elevated pressure during the operation period to meet the 
requirements of 40 CFR 146.90(g).  

Table 8-7 presents the methods that Pelican will use to monitor the position of the CO2 plume and 
pressure front, including the activities, locations, and frequencies Pelican will employ. Quality 
assurance procedures for these methods are presented in section A.4.a of the QASP (Appendix 8-
A). 
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Figures 8-2, 8-4, 8-6, and 8-8 show the monitoring locations relative to the predicted CO2 plume 
extent in five-year time intervals during the operational (injection) period. 

Direct Plume Monitoring Details 

Pelican will directly monitor CO2 plume migration and geochemical changes within the injection 
zone via geochemical sampling at in-zone monitoring wells (i.e., GMW-1Z, GMW-2Z, and GMW-
3Z). The parameters to be analyzed as part of direct fluid sampling in the injection zone and 
associated analytical methods were presented in Table 8-5. The monitoring frequency is detailed 
below in Table 8-7. 

Direct Pressure-Front Monitoring Details 

Pelican will utilize Distributed Fiber Optic Sensing (DFOS) at Rindge Tract CCS Wells #1 and #2 
and the in-zone (i.e., GMW-1Z, GMW-2Z, and GMW-3Z) monitoring wells along the outside of 
the long string casing. Pelican will use Distributed Temperature Sensing (DTS)/ Distributed Strain 
Sensing (DSS) for direct, continuous, real-time monitoring of temperature and the pressure front 
within the injection zone. Sensors are equipped with variable density clips to enable detection prior 
to casing perforation. DFOS will also be utilized in the above-zone (i.e., GMW-1D, GMW-2D, 
and GMW-3D) monitoring wells for continuous temperature and pressure monitoring.  

Indirect Plume & Pressure-Front Monitoring Details 

Indirect geophysical monitoring of the plume and pressure front is required to supplement the 
direct pressure front monitoring. 

Pelican will conduct a baseline 3D seismic survey prior to the authorization of injection. This will 
supplement the site characterization efforts and assist in the refinement of the geologic model by 
providing additional details on the initial state of the reservoir (Mokelumne River Formation) prior 
to injection.  

The DFOS network at Rindge Tract CCS Wells #1 and #2 will also be utilized for the indirect 
monitoring activities. Time-lapse 3D vertical seismic profiles (VSPs) will indirectly monitor the 
CO2 plume movement and development. VSPs use DAS and offer higher resolution images of the 
subsurface than surface seismic, as well as better repeatability (El-kaseeh et al., 2018). These 
surveys will be conducted on an annual basis during the operational period, up to 45 days before 
the anniversary date of authorization of injection each year.  Additionally, DAS will be used to 
monitor microseismicity. DAS continuously detects and reports seismic events as small as 
magnitude -1.4 in real-time.  

Refer to Appendix 8-C of this Plan for additional details on the DFOS technology and applications 
for CO2 plume and pressure front monitoring. 
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A. Project Management 

A.1. Project/Task Organization 

A.1.a/b Key Individuals & Responsibilities 

The project will be owned and operated by Pelican Renewables, LLC (Pelican), who will serve as 
the lead on project tasks while supervising the performance of contractors when required for 
individual tasks. The Project Manager will be responsible for the implementation of this QASP 
during pre-operational testing. The Operations Manager will be responsible for implementation of 
this QASP during injection and post-injection site care. Tasks which are related to testing and 
monitoring for the proposed project that will require supervision for the purposes of quality control 
and assurance are broadly divided into: 

1. Groundwater Sampling and Analysis 
2. Well Logging 
3. Mechanical Integrity Testing and other Operational Testing 
4. Injection Monitoring 
5. CO2 Stream Sampling and Analysis 
6. Geophysical Monitoring 

A.1.c. Independence from Project QA Manager & Data Gathering 

 Most of the data gathered as part of the testing and monitoring program will be analyzed, 
processed, or witnessed by third parties independent from and outside of the project management 
structure. Pelican will provide the UIC Program Director with the name and credentials of any 
vendors, subcontractors, or testing laboratories used for testing and monitoring protocols during 
each reporting period. 

A.1.d. QA Project Plan Responsibility 

Pelican (under the oversight of individuals listed in the distribution list) has the final responsibility 
for development, maintenance, and distribution of this QASP, and its conformance with all 
applicable quality requirements.  Pelican will periodically review this QASP and consult the UIC 
Program Director if/when changes to the plan are warranted based on changes made to the Testing 
and Monitoring Plan or other applicable project plans.   

A.1.e. Organizational Chart for Key Project Personnel 

Pelican Renewables, LLC will add an organizational chart for key project personnel once 
determined.   
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A.2. Problem Definition/Background 

A.2.a. Reasons for Initiating the Project 

Pelican Renewables, LLC and its affiliates (Pelican) aim to design, permit and implement a Carbon 
Capture and Storage (CCS) project in the San Joaquin Delta, California (the Delta) to help achieve 
the promise of the Delta as a major carbon sequestration site. Pelican sees this project as a locally 
conceived and funded Delta-centric pilot project that will pave the way for broad efforts to prove 
up the Delta as a major storage site to help transition fossil fuel dependence phase out consistent 
with stated California objectives. 

Pelican acquired the Pacific Ethanol facility at the Port of Stockton in November 2021. It is 
currently operating as a terminal facility.  Pelican hopes to be able to recommence ethanol 
production within 6-12 months, depending on ethanol markets and demand and progress in the 
CCS permitting arena. 

Once ethanol production is restarted, the Stockton plant will produce 60 million gallons of corn 
ethanol per year and capture 140,000 metric tonnes of CO2 in the process. The CO2 is purified to 
food grade standards by our subtenant Airgas. Airgas is entitled to distribute 25% of the product 
into the food market (mostly beverages) and return 75% to Pelican. That CO2 will be piped to 
docks at the Port of Stockton under high pressure, loaded onto specifically designed barges and 
transported by low-emission tug boats to docks constructed at Rindge Tract where the CO2 will be 
injected into competent permanent storage a mile or more beneath the land surface. Various 
permits will be required (or have been obtained in the case of the ethanol production and 
processing) for each step of the process. 

When completed, the Pelican project will jump start a “new economy” for the Delta as a 
greenhouse gas repository and provide resilience against local impacts of global warming and sea 
level rise, while helping to reduce the threats of both. 

A.2.b. Regulatory Information 

The U.S. Environmental Protection Agency (EPA) established requirements for CO2 geologic 
sequestration under the Underground Injection Control (UIC) Program for Geologic Sequestration 
(GS) Class VI Wells. These federal requirements (codified in the U.S. Code of Federal Regulations 
[40 CFR 146.81 et seq.], known as the Class VI Rule) set minimum technical criteria for CO2 
injection wells for the purposes of protecting underground sources of drinking water (USDWs). 
Testing and Monitoring Requirements (40 CFR 146.90) under the Class VI Rule require owners 
or operators of Class VI wells to develop and implement a comprehensive testing and monitoring 
plan that includes injectate monitoring; corrosion monitoring of the well’s tubular, mechanical, 
and cement components; pressure fall-off testing; groundwater quality monitoring; and CO2 plume 
and pressure-front tracking. These requirements (40 CFR 146.90[k]) also require owners and 
operators to submit a QASP for all testing and monitoring requirements. 

This QASP details all aspects of the testing and monitoring activities that will be conducted, and 
ensures that they are verifiable, including the technologies, methodologies, frequencies, and 
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The objective of the storage site monitoring program is to select and implement a suite of 
monitoring technologies that are both technically robust and cost-effective and provide an effective 
means of 1) evaluating CO2 mass balance (i.e., verify that the site is operating as permitted) and 
2) detecting any unforeseen containment loss (i.e., verify that the site is not endangering any 
USDWs). Both direct and indirect measurements will be used collaboratively with numerical 
models of the injection process to verify that the storage site is operating as predicted and that CO2 
is effectively sequestered within the Mokelumne River Formation and is fully accounted for. The 
approach is based in part on reservoir-monitoring wells, pressure fall-off testing, and indirect (e.g., 
geophysical) methods. Early-detection monitoring wells will target regions of increased leakage 
potential (e.g., proximal to wells that penetrate the caprock). During baseline monitoring, a 
comprehensive suite of geochemical analyses will be performed on fluid samples collected from 
the reservoir and overlying monitoring intervals. 

These analytical results will be used to characterize baseline geochemistry and provide a metric 
for comparison during operational phases. Selection of this initial analyte list was based on 
relevance for detecting the presence of reservoir formation fluids and CO2. The results for this 
comprehensive set of analytes will be evaluated and a determination made regarding which 
analytes to carry forward through the operational phases of the project.  Indicator parameters will 
be used to inform the monitoring program. Once baseline conditions and early CO2 arrival 
responses have been established, observed relationships between analytical measurements and 
indicator parameters will be used to guide less-frequent aqueous sample collection and reduced 
analytical parameters in later years. 

A.3.c. Geographic & Stratigraphic Locations 

Surface locations within the AoR of all injection and monitoring wells, identified containment loss 
risks, and the CO2 plume extents throughout the project are shown in Testing and Monitoring Plan. 
Injection wells and in-zone monitoring wells will be completed in the Mokelumne River 
Formation. Above-zone monitoring wells will be completed in the first porous and permeable 
interval above the primary confining layer, the Domengine Formation. USDW monitoring wells 
will be completed in the lowermost USDW within the AoR (Markley Formation) and shallow 
USDWs that are part of the local principal aquifer system in San Joaquin County. 

A.3.d. Resource & Time Constraints 

Pelican will coordinate deployment and uses of the monitoring and testing equipment described in 
the Testing and Monitoring Plan and in this QASP appropriate for field operations, service 
company availability (where necessary), and other field-level logistics and operations. 

A.4. Quality Objectives & Criteria 

A.4.a. Performance/Measurement Criteria 

The qualitative and quantitative design objective of the Pelican CO2 Storage Project’s testing and 
monitoring activities is to develop and implement procedures for subsurface monitoring, field 
sampling, laboratory analysis, and reporting which will provide results to meet the characterization 
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A.4.b. Precision 

For groundwater samples, data accuracy will be assessed through field blanks and trip blanks. 
Field and trip blanks will be taken no less than one per sampling event to check for sample bottle 
contamination. Assessment of analytical precision will be the responsibility of the individual 
laboratories. Third party laboratories used will be EPA-approved and certified laboratories. 
Industry standard sampling and analysis procedures will be followed to obtain sample results with 
the highest possible level of precision. 

A.4.c. Bias 

Assessment of analytical bias is to be the responsibility of the individual laboratories per their 
standard operating procedures and analytical methodologies.  

A.4.d. Representativeness 

Data representativeness is the degree to which data accurately and precisely represent a 
characteristic of a population, parameter variations at a sampling point, a process condition, or an 
environmental condition. The monitoring network has been designed to provide data 
representative of site-specific conditions. Representativeness of groundwater analytical results will 
be estimated by ion and mass balances. Ion balances within ±10% error or less will be considered 
valid. Mass balance assessment will be used in cases where the ion balance is greater than ±10% 
to help identify the source of error. For a sample and its duplicate, if the relative percent difference 
is greater than 10%, the sample will be considered non-representative. 

A.4.e. Completeness 

It is anticipated that data completeness of 90% for groundwater sampling will be acceptable to 
meet monitoring goals for the Pelican Storage Project. In cases of direct pressure and temperature 
measurements, it is expected that data will be recorded no less than 90% of the time. 

A.4.f. Comparability 

Datasets for the Pelican Storage Project will be generated in accordance with a consistent 
methodology so that each dataset is directly comparable to another. This allows for appropriate 
data comparison and identification of anomalies if present. To ensure appropriate QA/QC 
standards, direct pressure, temperature, and logging measurements obtained through the proposed 
operations will be directly comparable to data previously obtained. 

A.4.g. Method Sensitivity 

Table A.4.7 through Table A.4.13 summarize additional details on gauge and logging tool 
specifications and sensitivities. 
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A.5. Special Training/Certifications 

A.5.a. Specialized Training & Certifications 

All equipment and tools used for testing and monitoring will be operated by trained, qualified, and, 
where required, certified personnel according to the service company which provides the 
equipment. Subsequent data will be processed and analyzed by appropriately skilled personnel 
according to industry standards.  

Groundwater sampling and laboratory chemical analysis will be evaluated by EPA-certified 
laboratories. Some special training will be required for project personal, particularly in the areas 
of certain geophysical methods, certain data-acquisition/transmission systems, and certain 
sampling technologies. 

Pelican will provide relevant certifications and qualification for all vendor/subcontractor staff upon 
request by the UIC Program Director. 

A.5.b/c. Training Provider & Responsibility 

A Pelican-designated subcontractor will provide necessary training for personnel for the testing 
and monitoring activities. Training documentation will be maintained as project QA records. 

A.6. Documentation & Records 

The monitoring program is broken down into several focus areas: 

• Operational Monitoring: CO2 stream analysis, CO2 injection rate and pressure, 
annular pressure/volume, corrosion monitoring. 

• Hydrogeologic Testing: Pressure fall-off tests. 
• Mechanical Integrity Testing: DTS and temperature or noise logging. 
• Direct Plume/Pressure Monitoring: Fluid sampling, downhole pressure gauges 
• Indirect Plume Subsurface Monitoring: DAS, VSPs, DTS. 
• Above-Zone Monitoring: Downhole pressure gauges, fluid sampling. 
• USDW Monitoring: Downhole pressure gauges, fluid sampling. 

 

Each of the various monitoring areas will produce variable data types and will have unique data 
management needs. To organize and utilize data as required, databases will be developed for each 
of the data types based on their data management needs. Raw data will be screened, validated, and 
pre-processed as needed by qualified professionals to produce data ready for interpretation and 
reporting. 

A.6.a. Report Format & Package Information 

Pelican will provide the UIC Program Director with semi-annual reports containing all relevant 
project data and testing and monitoring information for the reporting period in compliance with 40 
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CFR 146.91(a). These reports will follow the format and content requirement specified in the final 
permit, including required electronic data formats. A.6.b. Other Project Documents, Records, and 
Electronic Files 

Other documents, records, and electronic files such as well and testing logs, installation and 
plugging reports, or other data will be stored and maintained for 10 years following site closure 
and provided at the request of the UIC Program Director.A.6.c/d. Data Storage and Duration 
Pursuant to 40 CFR 146.91(f)(3), any monitoring data collected through implementation of the 
Testing and Monitoring Plan will be retained for at least 10 years after it is collected and routinely 
backed up. All site characterization data will be retained throughout the life of the project and for 
at least 10 years following site closure.  

A.6.b. QASP Distribution Responsibility 

The Pelican Project Manager during pre-operational testing or the Pelican Storage Project 
Operations Manager during injection and post-injection will be designated as the responsible party 
for ensuring that all those on the distribution list will receive the most current copy of the approved 
QASP. 

B. Data Generation & Acquisition 

The primary goal of testing and monitoring activities is to verify that the Pelican Storage Project 
carbon dioxide (CO2) storage site is operating as permitted and is not endangering any 
underground sources of drinking water (USDWs). To this end, the primary objectives of the testing 
and monitoring program are to track the lateral extent of supercritical carbon dioxide (scCO2) 
within the target reservoir; characterize any geochemical or geomechanical changes that occur 
within the reservoir, caprock, and overlying aquifers; monitor any change in land-surface elevation 
associated with CO2 injection; determine whether the injected CO2 is effectively contained within 
the reservoir; and detect any adverse impact on USDWs. 

This element of the Quality Assurance and Surveillance Plan (QASP) addresses data-generation 
and data-management activities, including experimental design, sampling methods, sample 
handling and custody, analytical methods, quality controls, and instrumentation/equipment 
specific to each testing and monitoring method. It should be noted that not all of these QASP 
aspects are applicable to all testing and monitoring methods. 

B.1. Sampling Process Design 

This section describes the design of the proposed monitoring network, which was developed to 
ensure safe, long-term containment of CO2 within the injection intervals and non-endangerment 
of USDWs, human health, and the local environment. 
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B.1.a. Design Strategy  

CO2 Stream Monitoring Strategy 

The objective of routinely analyzing the CO2 stream is to evaluate the potential interactions of CO2 
and/or other constituents of the injectate with formation solids and fluids. This analysis can also 
identify (or rule out) potential interactions with well materials. Establishing the chemical 
composition of the injectate also supports regulatory determinations under the Resource 
Conservation and Recovery Act (RCRA, 1976) and the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA, 1980). Additionally, monitoring the chemical and 
physical characteristics of the CO2 may help distinguish the injectate from the native fluids and 
gases if unintended leakage from the injection zone occurs. 

Corrosion Monitoring Strategy 

Pelican will conduct corrosion monitoring of well materials to meet the requirements of 40 CFR 
146.90(c). Corrosion-monitoring activities are designed to monitor the integrity of the injection 
wells throughout the operational period. This includes using corrosion coupons as well as periodic 
cement-evaluation and casing inspection logs when tubing is removed from the well (i.e., during 
well workovers). Monitoring will be conducted in accordance with the NACE RP0775-2018 
(NACE, 2018) standard to identify and document corrosion rates based on mass loss and thickness 
changes. Corrosion coupons will be made of the same materials as the long string of casing and 
the injection tubing, and will be placed in the CO2 pipeline for ease of access. 

Groundwater Monitoring Strategy  

Pelican will follow the methods outlined in the EPA’s Unified Guidance (2009) for evaluating 
groundwater data. This will include the establishment of site background values during the pre-
operational period and how to appropriately determine if data collected during the operational 
period deviate from site background values using statistics. Additionally, Pelican will continue to 
optimize the geochemical monitoring parameter list to maximize statistical power within the 
monitoring network and therefore minimize the site-wide false positive rate during any given 
sampling event. 

The planned groundwater quality monitoring well network layout, number of wells, well design, 
and sampling regimen are based upon site-specific characterization data, and consider structural 
dip, the locations of existing wells, expected ambient flow conditions, and the potential for 
heterogeneities or horizontal/vertical anisotropy within the overburden materials. Pelican plans to 
conduct periodic fluid sampling as well as continuous monitoring of field parameters throughout 
the injection phase in monitoring wells as detailed in the Testing and Monitoring Plan. Pelican will 
also conduct thorough baseline sampling of all monitored zones as detailed in Section A.4.a and 
the Pelican Testing and Monitoring Plan 

Shallow Zones 

Shallow groundwater monitoring wells designated as GMW-M will be installed and screened in 
the Markley Formation (lowermost USDW). Wells designated GMW-S in the Eastern San Joaquin 
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Valley Sub-basin’s principle freshwater aquifer system (uppermost USDW) will monitor the 
geochemistry of groundwater commonly accessed by water wells in the area. The analyte list in 
Table 8-5 of the Testing and Monitoring Plan covers both baseline and operational monitoring. 
After baseline is collected and sufficiently characterized, Pelican may request a reduced set of 
analytes in consultation with the UIC Program Director. During any period where a reduced set of 
analytes is used, if statistically significant trends are observed that are the result of unintended CO2 
or brine migration, the analytical list would be expanded to the original set of monitoring 
parameters. 

Above Zone  

Pelican will conduct groundwater geochemical monitoring above the confining zone to meet the 
requirements of 40 CFR 146.90(d). The proposed monitoring wells will be constructed to monitor 
the sands within the Domengine Formation, which is the first reasonably permeable sand unit 
above the primary confining zone, at the GMW-D well pads. The purpose of the above-zone wells 
is to detect early leakage above the confining zone. MIT and downhole pressure monitoring at the 
injection wells will also provide data to ensure maintained well mechanical integrity. Prior to 
injection, baseline conditions will be documented and natural variability in conditions will be 
characterized. During injection or post-injection, this monitoring setup aims to detect unintended 
brine or CO2 leakage. Pelican will collect sufficient data to demonstrate long-term containment 
within the storage reservoir.  

Parameters include selected constituents that: (1) have primary and secondary EPA drinking water 
maximum contaminant levels, (2) will geochemically interact with CO2 or brine, (3) are needed 
for quality control, and (4) may be needed for geochemical modeling. After the baseline is 
established, Pelican may request a reduced set of analytes that are (1) the most responsive to 
interaction with CO2 or brine and (2) are needed for quality control to accurately test for and 
monitor the presence (or lack thereof) of CO2 migration. Implementation of a reduced set of 
parameters would be done after the approval of the UIC Program Director. During any period 
where a reduced set of analytes is used, if statistically significant trends are observed that are the 
result of unintended CO2 or brine migration, the analytical list would be expanded to the original 
set of monitoring parameters. The full list of analytical parameters and methods is provided in 
Table 8-5 of the Testing and Monitoring Plan and Table A.4.2 of this QASP. 

Direct CO2 Plume & Pressure Front Monitoring Strategy 

Geochemical samples will be conducted and analyzed at the in-zone monitoring wells (GMW-1Z, 
GMW-2Z, GMW-3Z) to monitor for geochemical changes induced by CO2 injection and to 
directly track the position of the CO2 plume. Distributed Fiber Optic Sensing (DFOS) technology 
(DTS/DAS) will be deployed at the injection well and in-zone monitoring wells to continuously 
monitor temperature and pressure within the injection zone. Downhole pressure/temperature 
gauges will also be installed to monitor for changes in the formation pressure and temperature in 
response to injection. 
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Indirect CO2 Plume & Pressure Front Monitoring Strategy 

Several technologies will be deployed within the injection and in-zone monitoring wells to 
indirectly monitor the presence/absence of the CO2 plume and elevated pressure front. A fiberoptic 
line with DTS/DAS capabilities will be cemented along the outside of the long-string casing 
through the confining zone and into the injection zone to continuously record temperature and 
acoustic variations. External mechanical integrity at all deep wells (injection and in-zone) will be 
monitored continuously using DTS. Noise and temperature logging will be utilized to verify 
external MIT for the injection well and in-zone wells throughout the injection phase.  

B.1.b. Type & Number of Samples/Test Runs  

Please refer to Table A.3.2 for descriptions of sampling and test runs type. The number of samples 
and test runs are described in detail in the Testing and Monitoring Plan.  
 
B.1.c. Site/Sampling Locations  

Please refer to Tables A.3.1 and Table A.3.2 and the Testing and Monitoring Plan for 
descriptions of sampling and test locations. 
 

B.1.d. Sampling Site Contingency 

All testing and monitoring techniques will take place on private property. The binding unitization 
agreement that is in place among all Rindge Tract property owners ensures that Pelican will have 
access to the monitoring well locations throughout the life of the project. If inclement weather 
makes site access difficult, sampling schedules will be revised, and alternative dates may be 
selected that would still meet permit-related conditions. 
 

B.1.e. Activity Schedule  

Please refer to the Testing and Monitoring Plan for sampling and test schedules. 

B.1.f. Critical/Informational Data 

During sampling and analysis activities, detailed field and laboratory documentation will be 
collected in standard forms or notebooks. Critical information will include the time, date, and 
location of the activity; personnel involved; analytical equipment used; and a record of the 
analytical parameters, calibrations, and standards. For laboratory analyses, many critical data are 
generated during the analysis process and provided to end users in digital and printed formats. 
Noncritical data may include appearance and odor of the sample, issues with well or sampling 
equipment, and weather conditions. 

B.1.g. Sources of Variability 

Potential sources of variability relating to testing and monitoring activities include: 
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• Natural variation in formation pressure/temperature, fluid quality, and seismic activity. 
• Induced variation in formation pressure/temperature, fluid quality, and seismic activity 

associated with project operations. 
• Seasonal variability in groundwater. 
• Changes in instrument calibration during sampling or analytical activity. 
• Different personnel collecting or analyzing samples. 
• Environmental conditions during field sampling. 
• Changes in analytical data QA/QC procedures during the life of the project. 
• Data entry errors. 

 
Variability related to testing and monitoring activities may be eliminated or mitigated by: 
 

• Gathering sufficient baseline data to observe natural variation in monitoring parameters. 
• Analyzing chemical data within the appropriate holding times after collection to 

observe anomalies that can be addressed by resampling or reanalyzing. 
• Conducting statistical analysis of data to determine whether variability is natural or 

unexpected. 
• Maintaining weather-related data from onsite sources or from nearby locations (such 

as a local airport). 
• Verifying instrument calibration before, during, and after sampling and analysis (as 

applicable/based on manufacturer’s standards. 
• Ensuring that staff are fully trained to complete the applicable work. 
• Performing laboratory quality assurance checks using third party reference 

materials, and/or blind/duplicate samples. 
• Utilizing a systematic review process of data that may include sample-specific data 

quality checks. 
 

B.2. Sampling Methods 

B.2.a/b. Sampling Standard Operating Procedures 

The primary groundwater sampling method will be a low-flow sampling method consistent with 
ASTM D6452-99 (ASTM, 2005) or Puls and Barcelona (Puls et al., 1996). Prior to sampling, wells 
will be purged to ensure samples are representative of formation fluids. Before any purging or 
sampling activities begin, static water levels will be measured using an electronic water level 
indicator. Each groundwater monitoring well will contain a dedicated pump (e.g., bladder pumps). 
Given sufficient flow rates and volumes, field parameters such as groundwater pH, temperature, 
specific conductance, and dissolved oxygen will be monitored in the field using portable probes 
and a flow-through cell (where applicable) consistent with standard methods (APHA 2005). Probes 
will be calibrated at the beginning of each sampling day according to equipment manufacturer 
procedures using standard reference solutions. When a flow-through cell is used, field parameters 
will be continuously monitored and will be considered stable when three successive measurements 
made three (3) minutes apart meet the criteria listed in Table B.2.1. 
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Field Confirmation: 
Temperature, 

dissolved oxygen, 
specific conductance, 

pH 

200 mL/glass jar None < 1 hour 

Total Dissolved Solids 150-1000 mL/HDPE None 14 days 

 

B.2.h. Cleaning/Decontamination of Sampling Equipment 

Dedicated pumps (e.g., bladder pumps) will be installed in each groundwater monitoring well. 
Each installed pump will remain in the well for the duration of the project except for maintenance 
or replacement. The pumps will be cleaned on the outside before installation with a non-phosphate 
detergent. The pump will then be rinsed appropriately with deionized water. At least 1.0 liter (L) 
of deionized water will be cycled through the pump and tubing. Individual prepared pumps and 
tubing will be placed in clean containers for transport to the field for installation. All sampling 
glassware (such as pipettes, beakers, filter holders, etc.) will be cleaned using tap water and then 
washed in a dilute nitric acid solution before being thoroughly rinsed with deionized water prior 
to use. 

B.2.i. Support Facilities 

The following tools may be needed to sample groundwater: generator, vacuum pump, compressor, 
multi-electrode water quality sonde, and various meters to take analytical measurements such as 
pH and electrical conductance. Analytical field activities may take place in field vehicles and/or 
portable onsite trailers. Well gauges used for verification will be handled using industry standard 
best practices and procedures recommended from the vendor. Proper PPE, including nitrile gloves, 
safety goggles, hard hat, high-visibility clothing, and steel-toed boots will be worn by field and 
support personnel during field activities.  
 
Coupons consisting of material that will directly contact the CO2 stream will be placed within a 
flowline. Each sample will be attached to an individual holder and inserted in a flow through pipe 
arrangement, exposing the samples to the CO2 stream, and allowing access for removal and testing. 
The flow through pipe arrangement will be located at the well location downstream of all process 
compression, dehydration, and pumping equipment. A parallel stream of high-pressure CO2 will 
be routed from the flowline through the corrosion monitoring system. This loop will operate while 
injection is occurring, providing representative exposure of the samples to the CO2 composition, 
temperature, and pressures that will be seen at the wellhead and injection tubing. Injection will be 
able to continue while samples are removed for testing. 
 

B.2.j.  Corrective Action, Personnel, & Documentation 

Properly testing equipment and implementing corrective actions on broken or malfunctioning field 
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equipment will be the responsibility of field personnel. If corrective action is not possible in the 
field, then equipment will be sent back to the manufacturer or qualified technician to be repaired, 
serviced, or replaced. Substantial corrective actions that may impact analytical results will be 
documented in field notes. If defective equipment causes disruptions to the approved sampling 
schedule, Pelican will contact the UIC Program Director. 
 

B.3. Sample Handling & Custody 

Sample handling and hold times will comply with US EPA (US EPA, 1974), APHA (APHA, 
2005), Wood (Wood, 1976), and ASTM Method D6517-00 (ASTM, 2005) standards. Samples 
will be kept at their preservation temperature and sent to the selected laboratory within 24 hours 
of collection, or sooner if warranted by hold times. Analysis of the samples will be completed 
within the holding time specified in Table B.2.3. If alternative sampling methods become 
necessary, these methods will be discussed with the UIC Program Director prior to sampling and 
the Testing and Monitoring Plan will be modified as necessary. 
 

B.3.a. Maximum Hold Time/Time Before Retrieval  

Please refer to Table B.2.2 and Table B.2.3 for details. 

B.3.b. Sample Transportation 

Samples will be transported in coolers with ice and sent to the selected laboratory to meet specified 
hold times. 

B.3.c. Sampling Documentation  

Sampling personnel will assess field documentation for completeness before departing the field 
and will compile field documentation for all samples collected. Field notes will be archived for 
future reference. 

B.3.d.  Sample Identification 

Each groundwater sample container will have a label with the following information: project 
name/number, sample date and location, sample ID number, fresh or brine water, volume taken, 
analyte, filtration used (if applicable), and preservative used (if any). Refer to Table B.2.2 and 
Table B.2.3. 

B.3.e.  Sample Chain-of-Custody  

A standardized form provided by the selected laboratory will be used to document groundwater 
sample chain-of-custody. Copies of this form will be provided to laboratory personnel upon 
delivery of groundwater samples for analysis. These forms will be archived for future reference. 
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B.4. Analytical Methods 

B.4.a. Analytical Standard Operating Procedures 

Analytical standard operating procedures are referenced in Tables A.4.1 through Table A.4.13. 
Other laboratory-specific standard operating procedures utilized by the contracted laboratory will 
be determined after the laboratory is selected. Upon request, Pelican will provide the UIC Program 
Director with all laboratories’ standard operating procedures developed for the specific parameter 
using the appropriate standard method.  

B.4.b. Equipment/Instrumentation Needed 

Details on the equipment and instrumentation needed are provided in Tables A.4.1 through Table 
A.4.13. 

B.4.c. Method Performance Criteria 

Nonstandard method performance criteria are not anticipated for this project. 

B.4.d. Analytical Failure 

Each laboratory conducting the analyses in Tables A.4.1 through Table A.4.13will be responsible 
for appropriately addressing analytical failure according to their individual standard operating 
procedures and the applicable analytical method. 

B.4.e. Sample Disposal 

Each laboratory conducting the analyses in Tables A.4.1 through Table A.4.13will be responsible 
for appropriate sample disposal according to their individual standard operating procedures. 

B.4.f.  Laboratory Turnaround 

Laboratory turnaround will vary by laboratory, but turnaround of verified analytical results within 
two months will be suitable for project needs. 

B.4.g. Method Validation for Nonstandard Methods 

Non-standard methods are not anticipated for this project. Pelican would consult with the UIC 
Program Director should non-standard methods be needed during the project. 
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B.5. Quality Control 

B.5.a.  QC activities 

Blanks 

Field blanks will be utilized during groundwater sampling to identify potential contamination 
resulting from the sample collection and transportation processes. Field blanks will be collected 
for the analytes listed in Table 8-5 of the Testing and Monitoring Plan at a frequency of one set 
of blanks per event. Field and trip blanks allow for QC of the groundwater samples because they 
are collected in the field and transported together; as such, they were subjected to the same field 
and transportation conditions. 

Duplicates 

During each round of groundwater sampling, a second groundwater sample will be collected from 
one well, selected based on a rotating schedule. These duplicate samples are collected from the 
same source and at the same time as the original sample in a separate, identical sample container. 
Duplicate samples are processed with the other groundwater samples and are used to assess sample 
heterogeneity and analytical precision. 

B.5.b. Exceeding Control Limits 

If the sample analytical results exceed control limits (i.e., ion balances > ±10%), further 
examination of the analytical results will include evaluation of the ratio of the measured total 
dissolved solids (TDS) to the calculated TDS (i.e., mass balance) per the APHA method. The 
method indicates which ion analyses should be considered suspect based on the mass balance ratio. 
Suspect ion analyses are then reviewed in the context of historical data and inter-laboratory results, 
if available. Suspect ion analyses would be brought to the attention of the analytical laboratory for 
confirmation and/or reanalysis. The ion balance is recalculated, and if the error is still not resolved, 
suspect data are identified and may be given less importance in data interpretations. 

B.5.c. Calculating Applicable QC Statistics 

Charge Balance 

The groundwater sample analytical results are evaluated based on anion-cation charge balance 
calculation. All potable waters are electrically neutral; in theory, the chemical analyses should 
produce equally negative and positive ionic activity. The cation-anion charge balance will be 
calculated using the formula:  

% difference = 100 ∗ (∑ cations − ∑ anions / ∑ cations + ∑ anions), 

where the sums of the ions are represented in milliequivalents (meq) per liter, and the criteria for 
acceptable charge balance is ±10%. 
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Mass Balance 

The ratio of the measured TDS to the calculated TDS will be calculated in instances where the 
charge balance acceptance criteria are exceeded using the formula:  

1.0 < * (measured TDS / Calculated TDS) < 1.2, 
 
with anticipated values between 1.0 and 1.2. 

Outliers 

The identification of one or more statistical outliers is essential prior to the statistical evaluation 
of groundwater. This project will use the EPA’s Unified Guidance (U.S. EPA, 2009) as a basis for 
selection of recommended statistical methods to identify outliers in groundwater chemistry data 
sets as appropriate. These techniques include Probability Plots and Box and Whisker Plots. The 
EPA-1989 (U.S. EPA, 2009) outlier test may also be used as another screening tool to identify 
potential outliers. 

B.6. Instrument/Equipment Testing, Inspection, and Maintenance 

All equipment and instrumentation will be inspected regularly and maintained, serviced, and 
calibrated per industry best practices and manufacturer standards. Spare parts that may be needed 
should be on-hand during field sampling events. Laboratory equipment testing, inspection, and 
maintenance will be the responsibility of the analytical laboratory per standard practice or method-
specific protocol. 

B.7. Instrument/Equipment Calibration and Frequency 

B.7.a. Calibration & Frequency of Calibration 

Pressure gauge calibration information is in Table A.4.7 and A.4.10 through 11. All field and 
downhole gauges will be calibrated prior to use by the equipment supplier. Gauges will be 
recalibrated as needed based on results of inspection, after any repairs or maintenance, or as 
required by the manufacturer. Logging tool calibration will be at the discretion of the service 
company providing the equipment, following manufacturer recommendations and/or standard 
industry practices. CO2 flow meters will be calibrated using industry standards and at a frequency 
recommended by the manufacturer. 

Portable field meters or multiprobe sondes used to determine field parameters (e.g., pH, 
temperature, specific conductance, dissolved oxygen) will be calibrated according to 
manufacturer recommendations standards and equipment manuals before sample collection 
begins for each event. Recalibration is performed if any components yield values outside the 
appropriate ranges or fail to stabilize during sampling. Meters will be rinsed with deionized water 
between sampling locations to prevent potential cross contamination. 
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B.7.b. Calibration Methodology 

As discussed in Section B.7.A, logging tool and all field and downhole gauge calibration 
methodology will follow standard industry practices recommended by the respective 
manufacturers.  

Calibration of handheld field meters will be performed per manufacturer’s specifications. For 
coulometry, sodium carbonate standards (typically with a concentration of 4,000 mg CO2/L) are 
routinely analyzed to evaluate instruments. 

B.7.c. Calibration Resolution & Documentation 

Calibration resolution and documentation will follow standard industry practices. Groundwater 
sampling equipment calibration occurs regularly, and values are recorded in sampling records, 
with any errors in calibration noted. When possible, an additional set of field equipment should be 
on-hand if calibration issues cannot be resolved.  

B.8. Inspection/Acceptance for Supplies & Consumables 

B.8.a/b. Supplies, Consumables, and Responsibilities 

Individual vendors and subcontractors selected and approved by Pelican will be responsible for 
obtaining supplies and consumables for field operations and ensuring they are acceptable for data 
collection activities. Analysis related supplies and consumables will be the responsibility of the 
laboratory conducting water analyses in accordance with the established standard methodologies 
and operating procedures. 

B.9. Non-direct Measurements 

B.9.a. Data Sources 

The CO2 plume will be indirectly monitored via DTS, DSS, and 3D DAS VSPs. DTS monitors 
variations in temperature along the wellbore at a high resolution, continuously measured in real-
time. DAS and DSS measure strain caused by acoustic waves passing through/near the fiberoptic 
cable. 

B.9.b.  Relevance to Project 

Time-lapse VSPs and in-zone geochemical monitoring will be used to track CO2 plume evolution 
and migration. After initial baseline testing is conducted prior to injection, processing and 
comparison of subsequent surveys will allow Pelican to monitor the extent of the plume throughout 
the project. Numerical modeling will be updated with new seismic, pressure, and saturation data 
throughout the project to monitor CO2 plume growth and movement over time. 
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B.9.c. Acceptance Criteria 

The collection of seismic data will follow standard industry practices to ensure accuracy in the 
resulting data. Similar ground conditions, seismic shot points located within acceptable limits, 
carefully inspected and operational geophones, and uniform seismic input signal will be used for 
each survey to ensure repeatability. 

Gauges and other logging equipment used to collect non-direct measurements will be checked 
periodically and maintained according to manufacturer recommendations. 

B.9.d. Resources/Facilities Needed 

Pelican will subcontract all necessary resources and facilities to complete the required testing and 
monitoring activities. 

B.9.e. Validity Limits & Operating Conditions 

Seismic surveys and numerical modeling will be validated against industry standards by trained 
and experienced personnel designated by Pelican. 

B.10. Data Management 

B.10.a. Data Management Scheme 

Pelican will conduct all project data, recordkeeping, and reporting per the requirements of 40 CFR 
146.91(f). Pelican or their designated contractor will maintain the required project data as 
described in Section A.6 of this plan. Data will be backed up on secure servers. 

B.10.b. Recordkeeping & Tracking Practices 

Project records will be managed according to project record management requirements and Pelican 
Renewables representatives’ internal records management procedures. 

B.10.c. Data Handling Equipment/Procedures 

All equipment used to store data will be properly maintained and operated according to proper 
industry standards. Pelican will ensure that all necessary supervisory control and data acquisition 
(SCADA) systems and vendor data acquisition systems will interface with one another, and that 
all subsequent data will be held on a secure server. 

B.10.d. Responsibility 

The Pelican Storage Project Manager will be responsible for ensuring proper data management is 
maintained during pre-operational testing and the Operations Manager for the injection and post-
injection periods. 
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B.10.e. Data Archival & Retrieval 

All data will be held and maintained by Pelican. Data will be backed up on secure servers to be 
accessed by project personnel as required. 

B.10.f. Hardware & Software Configurations 

Pelican will verify that vendor hardware and software configurations will interface appropriately 
and can integrate multiple data sources and maintain large quantities of data prior to implementation. 

B.10.g.  Checklists & Forms 

Checklists and forms will be generated and completed, as necessary to ensure proper management, 
security, and quality of data collected. 

C. Assessment & Oversight 

C.1. Assessments & Response Actions 

The Testing and Monitoring Plan includes numerous categories, methods, and frequencies of 
monitoring the performance of the CO2 storage site. Staff responsible for the associated technical 
element or discipline will analyze the monitoring data and initiate any needed responses or 
corrective actions. Management will have ready access to performance data and will receive 
monitoring and performance reports on a regular basis. 

C.1.a. Activities to be Conducted 

Refer to the Testing and Monitoring Plan for a summary of work to be performed and proposed work 
schedule. After completion of sample analysis, the results will be reviewed for quality control 
criteria as noted in Section B.5 of this plan. Evaluation for data consistency will be performed 
according to procedures described in the EPA 2009 Unified Guidance. 

C.1.b. Responsibility for Conducting Assessments 

Each organization gathering data will be responsible for conducting their own internal 
assessments. All stop-work orders will be handled internally within each individual organization. 

C.1.c. Assessment Reporting 

All assessment information will be reported to Pelican Project Manager during pre-operational 
testing or Operations Manager during injection and post-injection. 

C.1.d. Corrective Action 

All corrective actions which may affect a single organization’s data collection responsibility shall 
be addressed, verified, and documented by the individual project managers, and communicated to 
others, as necessary. Corrective actions affecting multiple organizations should be addressed by 
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all members of the project leadership and communicated to other members on the QASP 
distribution list. Integration of information from multiple monitoring sources may be required to 
determine whether data and/or measurement method corrections are required, as well as the most 
effective and cost-efficient action to implement. Pelican will coordinate multiorganization 
assessments and correction efforts as needed. 

C.2. Reports to Management 

C.2.a/b. QA Status Reports 

QA status reports are not required unless there are significant adjustments to the methods and 
procedures listed above. If adjustments are needed, this QASP will be reviewed and updated 
appropriately after consultation with the UIC Program Director. 

D. Data Validation & Usability 

D.1. Data Review, Verification, & Validation 

D.1.a.Criteria for Accepting, Rejecting, or Qualifying Data 

Validation of data will include a review of concentration units, sample holding times, and the 
review of duplicate, blank, and other appropriate QA/QC results. In the semi-annual reports, 
groundwater data will be presented in a format appropriate to characterize general groundwater 
quality and identify interwell and intrawell variability with time. After sufficient data have been 
collected, additional methods, such as those described in the EPA 2009 Unified Guidance will be 
used to evaluate interwell and intrawell variations for groundwater constituents, to evaluate if 
significant changes have occurred. 

D.2. Verification & Validation Methods 

D.2.a. Data Verification & Validation Processes 

See Sections D.1. and B.5 of this plan. Appropriate statistical software will be utilized to 
determine data consistency. 

D.2.b. Data Verification & Validation Responsibility 

Pelican or its designated subcontractor will b e  r e s p o n s i b l e  f o r  verifying and validating 
all analytical data. 

D.2.c. Issue Resolution Process & Responsibility 

The Pelican Storage Project Manager during pre-operations testing or Operations Manager during 
injection and post-injection will oversee the data handling, management, and assessment process. 
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Staff involved in these processes will consult with the Project Manager or Operations Manager to 
determine actions required to resolve any issues. 

D.2.d. Checklist, Forms, & Calculations 

Checklists and forms will be developed specifically to meet permit requirements. These checklists 
will depend on the parameters that are being tested as well as standard operating procedures of the 
subcontractors and laboratories that will be gathering the data and conducting the analyses. Pelican 
will provide these forms and checklists to the UIC Program Director upon request.  

D.3. Reconciliation with User Requirements 

D.3.a. Evaluation of Data Uncertainty 

Statistical software will be used to evaluate data consistency using methods consistent with 
standard data analysis procedures from the EPA 2009 Unified Guidance.  

D.3.b. Data Limitations Reporting 

Each vendor or subcontractor will be responsible for ensuring that data presented by their 
respective organizations is developed with the appropriate data-use limitations. Pelican will ensure 
that the data-use limitations are known and presented properly. 
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Attachments 

Specifications for Distributed Fiber Optic Sensing (DFOS) Technology to be Utilized at Rindge 
Tract CCS Wells #1 and #2 (next page). 

 

 

  



   

 

39 

 



   

 

40 



41 



Plan revision number: V8.0 
Plan revision date: 8/7/2025 

Class VI Testing and Monitoring Plan for Pelican Renewables, LLC 
Permit Number: TBD  Page 26 of 26 

Appendix 8-B 





Plan revision number: V8.0 
Plan revision date: 8/07/2025 

Class VI Testing and Monitoring Plan for Pelican Renewables, LLC 
Permit Number: TBD  

Appendix 8-C 



   

 

22 

 



   

 

23 

 



   

 

24 

 



   

 

25 

 



   

 

26 

 



   

 

27 

 



   

 

28 

 



   

 

29 

 



   

 

30 

 



   

 

31 

 



   

 

32 

 



   

 

33 

 



   

 

34 

 



   

 

35 

 



   

 

36 

 



   

 

37 

 



   

 

38 

 



   

 

39 

 



   

 

40 

 



   

 

41 

 



   

 

42 

 



   

 

43 

 



   

 

44 

 



   

 

45 

 



   

 

46 

 



   

 

47 

 



   

 

48 

 



   

 

49 

 



   

 

50 

 



   

 

51 

 



   

 

52 

 



   

 

53 

 



   

 

54 

 




