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1.0 Facility Information 

Facility name:  Bluebonnet Sequestration Project 
Bluebonnet CCS 1 Well 

Facility contact:  , Project Manager 
5 Greenway Plaza Houston, TX  77046 

 

Well location:  Winnie, Chambers County, Texas 
 (North American Datum 1927) 

 
This Testing and Monitoring Plan describes how the Bluebonnet Sequestration Hub, LLC will 
monitor the Bluebonnet Sequestration Project site pursuant to 40 CFR 146.90. In addition to 
demonstrating that the well is operating as planned, the carbon dioxide plume and pressure front 
are moving as predicted, and that there is no endangerment to USDWs, the monitoring data will 
be used to validate and adjust the geological models used to 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. 

2.0 Overall Strategy and Approach for Testing and Monitoring 

The monitoring well network is designed to detect unforeseen CO2 and/or brine leakage out of the 
injection zone that could endanger the USDW, migrate to a different stratus, or create a risk for 
the people and environment.  There are several components that integrate the master monitoring 
plan for the Bluebonnet Sequestration Project, which are classified in the following categories: 

1. Operational Testing and Monitoring During Injection. 
2. Mechanical Integrity Testing 
3. Ground Water Quality and Geochemical Monitoring 
4. Carbon Dioxide Plume and Pressure Front Tracking. 
5. Near surface and Surface monitoring 
6. Induced Seismicity 
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Table TM-1 shows a summary of the different methods proposed in the integrated monitoring plan 
for the Bluebonnet CCS 1. To simplify the implementation of the monitoring plan, the project was 
divided in the following periods:  

a) Pre-Injection: a variable period of time prior to CO2 injection into the site. This period 
identifies the time frame to do site characterization and collect baselines for monitoring 
activities. 

b) Injection Period: this timeframe identifies the period from first injection on the site until 
injection ceases for the project and the Post Injection Site Care starts. 

c) Post Injection Period until CO2 Plume stabilizes: defines the timeframe from the end of 
injection to the moment the CO2 plume stabilizes. At the beginning of this period the CO2 
injector wells will be plugged and abandoned based on the Plugging and Abandonment 
Plan proposed. The monitoring wells might continue tracking CO2 plume migration and 
changes in the reservoir pressure if needed based on the model projection. 

d) Post Injection Period from Plume Stabilization to Closure: this period defines the time 
frame from plume stabilization to the date the site is approved for permanent closure. 
During this period the project is proposing to plug and abandon most of the monitoring 
wells drilled by the project, if they are still on operation, and continue monitoring with near 
surface and surface techniques until the project obtains the approval to permanently close 
the facility. 
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Each of these methods and their application in the proposed monitoring plan is discussed in the 
following sections. Results of the testing and monitoring activities described below may trigger 
action according to the Emergency and Remedial Response Plan. 

The proposed Testing and Monitoring Plan will be reviewed and updated as a minimum every 5 
years during AOR reevaluation or sooner is needed. 

2.1 Quality assurance procedures 

A quality assurance and surveillance plan (QASP) for testing and monitoring activities, required 
pursuant to 146.90(k), is provided as a separate document in this permit. 

2.2 Reporting procedures 

The Bluebonnet Sequestration Hub, LLC will report the results of all testing and monitoring 
activities to EPA in compliance with the requirements under 40 CFR 146.91. 

3.0 Operational Testing and Monitoring During Injection 

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

The Bluebonnet Sequestration Hub, LLC will analyze the CO2 stream during the operation period 
to yield data representative of its chemical and physical characteristics and to meet the 
requirements of 40 CFR 146.90(a). 

3.1.1 Sampling location and frequency 
 
The CO2 stream sampling will occur quarterly during operation either upstream or downstream of 
the custody transfer flowmeter that measures the flow rate of the injectant at the site, Multiple 
samples will be acquired during the startup period of the project (first injection) to validate the 
CO2 stream complies with the requested minimum specifications. After the start up period, a 
sample will be taken 3 months after start of injection, at 6 months, at 9 months, and at 12 months 
as minimum frequency, continuing every quarter. The sampling period could be increased and 
could slightly shift in timing depending on the operations. 
 
The project has developed a minimum standard CO2 specification, as shown in Table TM-3, to be 
enforced with the emitters and distribution channels that control the quality of the CO2 injected at 
the site. The project will install a gas analyzer at the custody transfer meter located in the 
sequestration site to monitor CO2 quality continuously before it is distributed to each well in the 
site to detect any major deviation from the contractual specifications. The project could require 
additional components to be limited and analyzed based on final contractual terms with the 
emitters.  
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3.1.4 Laboratory to be used/chain of custody and analysis procedures 
 
The samples will be analyzed by a third-party laboratory using standardized procedures for gas 
chromatography, mass spectrometry, detector tubes, and photo ionization. Analytic methods and 
chain of custody procedures are described in the QASP. 

3.2 Monitoring and Recording of Operating Parameters in Injector Wells [40 CFR 
146.88(e)(1), 146.89(b), and 146.90(b)] 

The Bluebonnet Sequestration Hub, LLC 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; and the temperature of the CO2 stream, as required at 40 CFR 146.88(e)(1), 
146.89(b), and 146.90(b).  

To comply with the requisite of monitoring the annular volumes between tubing and casing, the 
project proposes to install , additional to the 
surface gauges installed in the wellhead, to track any potential mechanical integrity and replace 
the continuous recording of added annular volume with weekly inspection and recording of the 
volumes during those inspections. This will allow a better control of fluids added and improve the 
analysis of annular variation due to temperature dilatation of the fluids and tubulars versus 
potential mechanical integrity issues.  

Injection operations will be continuously monitored and controlled by the operations staff, utilizing 
the process control system. The system will continuously monitor, control, record, and alarm for 
critical system parameters of pressure, temperature, and flow rate. 

The process control system will limit maximum flow to  MT/day, or approximately  
MMscfd, and limit the wellhead pressure to  psig to protect the surface equipment. 

The system will initiate a shutdown if specified control parameters deviate from the intended 
operating range and will allow for remote shutdown under emergency conditions. Trend analysis 
will help evaluate the performance (e.g., drift) of the instruments, suggesting the need for 
maintenance or calibration. 

3.2.1 Monitoring location and frequency 
 
Real time monitoring activities will begin during the start-up of the wells for first injection. The 
injection pressure and temperature will be continuously measured at the surface via real-time 
pressure and temperature (P/T) instruments installed in the CO2 injection line near the interface 
with the wellhead. The pressure will be measured by electronic pressure transmitter with analog 
output mounted on the CO2 line associated with the injection well. The temperature will be 
measured by an electronic temperature transmitter mounted in the CO2 line at a location near the 
pressure transmitter, and both transmitters will be located near the wellhead.   

The flow rate of CO2 injected into the well will be measured by flow meter skids with  
meters in the CO2 injection line near the interface with the wellhead. Piping and valving will be 
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3.4 Pressure Fall-Off Testing [40 CFR 146.90(f)] 

The Bluebonnet Sequestration Hub, LLC will perform pressure fall-off tests in the CO2 injector 
well during the injection phase as described below to meet the requirements of 40 CFR 
146.90(f).  

3.4.1 Testing location and frequency 
 
Pressure fall-off testing will be conducted upon completion of the injection well to characterize 
reservoir hydrogeologic properties, aquifer response model characteristics, and changes in near-
well/reservoir conditions that may affect operational CO2 injection behavior.  

Pressure fall-off testing will be conducted in the CO2 injector wells at least once every five (5) 
years during injection for AoR review until the wells are plugged . The objective of the periodic 
pressure fall-off testing is to determine whether any significant changes in the near-wellbore 
conditions have occurred that may adversely affect the well or reservoir performance. 

3.4.2 Testing details 
 
Detailed procedure and analytics proposed for the fall-off test are described in the QASP. 

3.5 Tracking and Recording Surface Pressure and Temperature in Monitoring Wells 

The Bluebonnet Sequestration Hub, LLC will continuously measure pressure and temperature in 
monitoring wells (In Zone and Above Confining Zone) at the surface via real-time pressure and 
temperature (P/T) instruments installed in the wellhead.   

A pressure and temperature (P/T) gauge will be installed downhole as part of the upper completion 
and will be ported into the tubing to continuously measure pressure and temperature in the 
reservoir. These measurements will allow the project to calibrate and verify the model, improve 
predictive capability for confirming CO2 containment, and evaluate the development of the 
pressure front.  

Since the changes in reservoir pressure precede the movement of the CO2 plume, In Zone 
Monitoring wells will provide data to history match the model and calibrate the response expected 
from the reservoir regarding the development of pressure front and CO2 plume migration. 

Abnormal changes of pressure in Above Confining Zone monitoring wells could indicate a 
potential leak path from the reservoir to the upper zones.  

Details of the In Zone Monitoring wells as well as the Above Confining Zone monitoring wells 
are provided in the following sections. 
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The tools described below are readily available technologies on the market and the basis of the 
project’s master monitoring program for mechanical integrity. No specific provider has been 
selected. In the future, new technologies or tools may be proposed for further discussion with 
regulators. 

4.1.2.1 Cement bond logging, variable density log and ultrasonic cement evaluation 
 
Cement Bond Log (CBL): is a basic method to evaluate cement quality in the annulus. It is an 
acoustic wave measurement. The tool usually includes a transmitter and receiver, separated by 
three (3) ft. The acoustic wave is emitted by the transmitter, propagated down and across the 
annulus, and recorded by the receiver. The attenuation of the wave is analyzed to interpret the 
bonding behind the pipe. Signal coming from a properly cemented casing will be more attenuated 
than the signal coming from a poorly cemented one.   

The arriving signal recorded by the receiver is a mixed signal coming from casing, cement, mud, 
and formations. Each signal has its own pathway because they travel at different velocities through 
each medium. The signal through the casing is the fastest, as sound travels the quickest through 
steel. As a result, it is the first signal detected on the receiver. The second signal most likely to 
arrive is the signal through the formation and the last one is the drilling fluid signal, because sound 
travels slower in a liquid.  
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Figure TM-3—CBL and VDL Example from Dialog Wireline Services Web Page 
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Figure TM-8—  Design 

 
Figure TM-9—  Design 
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Figure TM-10—Well Design and Schematic for  Well 
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Figure TM-13—Well Design and Schematic for  Well 
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Figure TM-14—Well Design and Schematic for  Well 
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Figure TM-15—Well Design and Schematic for  Well 
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6.4 Design Bases for Plume and Pressure Front Tracking 
 
In this section, we present forecasted injector bottom-hole pressure, reservoir pressure near the top 
perforation for the injection well, and the In Zone monitoring wells from year 1 to year 15 of 
injection. during CO2 injection period.  These predictions were based on our current understanding 
of the subsurface conditions and are the most likely outcomes of our monitoring program.  

Bluebonnet Sequestration Hub LLC will  continue to monitor and history match the field values 
with the numerical simulation model, if the data gathered in the future tracks the forecasted 
results. Significant deviations from these forecasts will trigger the needs for revisiting subsurface 
characterization and updating AoR delineation.  

Table TM-25—Predicted monitoring well bottom-hole pressure for the injection period 
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square miles. This areal coverage was determined by referencing the Texas Railroad 
Commission’s historic designation of Seismic Response Areas (SRA). SRAs are areas determined 
by RRC seismologists for which consistent identification and seismic response approach will be 
implemented after the occurrence of seismic events with a magnitude of 3.5 or greater (TRRC, 
January 2022). For example, after a magnitude 5.4 earthquake occurred in December 19, 2022, the 
RRC designated SRA with a radial area of 100 square miles (TRRC, December 2022). Out of an 
abundance of caution, the seismic monitoring area for this project is designed to preemptively 
cover an area equivalent to the RRC’s post-event SRA coverage.  

If an event is recorded by either the local private array or public national array to have occurred 
within 5.6 miles of the injection well, the operator would implement its response plan subject to 
detected earthquake magnitude limits defined below to eliminate or reduce the magnitude and/or 
frequency of seismic events.  

 For events above ML 2.0 within 5.6 miles of the injection well, the operator will closely 
monitor seismic activity and may implement a pause to operations or continue operations 
at a reduced rate, should analysis indicate a causal relationship between injection 
operations and detected seismicity.  

 For events above ML 4.0 within 5.6 miles of the injection well, the operator will reduce 
the injection rate by not less than 50%. A detailed analysis is conducted to determine if a 
causal relationship exists. Should a causal relationship be determined, a revised injection 
plan would be developed to reduce or eliminate operationally related seismicity. Such 
plans are dependent on the pressures and seismicity observed and may include, but not be 
limited to: 
1. Pausing operations until reservoir pressures fall below a critical limit,  
2. Continuing operations at a reduced rate and/or below a revised maximum operation 

pressure. 
 For events above ML 4.5 within 5.6 miles of the injection well, the operator will stop 

injection as soon as safely practical. The operator will then immediately inform the 
regulator of seismic activity and inform them that operations have stopped pending a 
technical analysis. The operator will initiate an inspection of surface infrastructure for 
damage that may have resulted from the earthquake. A detailed analysis is conducted to 
determine if a causal relationship exists between injection operations and observed 
seismic activity. Should a causal relationship be determined, a revised injection plan 
would be developed to reduce or eliminate operationally related seismicity before 
resuming injection operations. Such plans are dependent on the pressures and seismicity 
observed, and may include, but not be limited to: 
1. Pausing operations until reservoir pressures fall below a critical limit,  
2. Continuing operations at a reduced rate and/or below a revised maximum operation 

pressure. 
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