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This presentation was prepared as an account of  work sponsored by an agency of  the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of  their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness, or usefulness of  any 
information, apparatus, product, or process disclosed, or represents that its use would 
not infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or otherwise does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof. The views and opinions of  the 
presenter do not necessarily state or reflect those of  the United States Government or 
any agency thereof.

Disclaimer
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CCS Site Monitoring 

Focus on monitoring objectives in 
injection and post-injection phases 

Value of monitoring 
within a bowtie risk assessment framework
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Risk-based Adaptive Monitoring Plan (RAMP)

The user can assess multiple monitoring technologies (downhole pressure, fluid 
geochemical sampling, indirect methods – seismic, gravity, electrical/electromagnetic) and 
their combinations, sensor configurations, and monitoring intervals, and select an optimal 
site monitoring plan based on the main project objectives. 
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RAMP 

• Modular design
• Open-source 

programming environment 
• Risk-based and adaptive 

with time
• Trade-offs between 

different monitoring 
scenarios

Key features:Goals: 
• Reduce risk
• Improve confidence
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• Year 1 – Identify and collect codes and data sets required for RAMP 
development

• Year 2 – Implement prototype RAMP framework and modify back-end 
codes 

• Year 3 – Add GUI, link to TALES module (Task 5, NRAP/SMART 
Technoeconomic and Liability Evaluation for Storage Model)

• Year 4 – Complete RAMP tool

RAMP - Timeline

1. Computational 
Codes & Datasets

2. RAMP 
Framework 

3. GUI, 
TALES module 

included
4. RAMP

Present
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RAMP Framework

WORKFLOW COMPONENTS

User Input

Monitoring Design 
Monitoring Techniques

Preprocessing

QC/Visualization

Optimization/Evaluation

Output
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RAMP Framework
WORKFLOW Current version: Control File Interface 

User Input

Monitoring Design 
Monitoring Techniques

Preprocessing

QC/Visualization

Optimization/Evaluation

Output

Final version: GUI

(RAMPEnv) C:/RAMP > python ramp1.py 
control_file_interface.yaml
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RAMP Framework
WORKFLOW

Monitoring Configurations Evaluation

User Input

Monitoring Design 
Monitoring Techniques

Preprocessing

QC/Visualization

Optimization/Evaluation

Output Pre-processing

Input models and data QC

Options tailored to the user level: 
(1) basic, (2) intermediate, and (3) expert 
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RAMP Framework

WORKFLOW

User Input

Monitoring Design 
Monitoring Techniques

Preprocessing

QC/Visualization

Optimization/Evaluation

Output

Output file formats

Scenario’s comparison 

Outputs tailored to the user level 
Monitoring performance tradeoffs

Monitoring arrays
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RAMP Framework

WORKFLOW

User Input

Monitoring Design 
Monitoring Techniques

Preprocessing

QC/Visualization

Optimization/Evaluation

Output

Outputs tailored to the user level 

Interactive plots
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A Module for Model Updating and Dynamic Risk Assessment by 
Assimilating Monitoring Data 

Poster: A Module for Model Updating and Dynamic Risk Assessment 
by Assimilating Monitoring Data in the NRAP-RAMP Tool by M. 
Velasco-Lozano, M. Ma, V. Vasylkivska, E. Gasperikova, and B. Chen
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Monitoring Optimization and Evaluation Workflows
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NRAP Recommended Practices for Containment Assurance and Leakage Risk Quantification

Step 1 Characterize the site and develop a priori subsurface model

Step 2 Develop GCS dynamic storage system performance forecasts

Step 3 Define conditions to detect (failure, threats) or conformance and CO2 accounting

Step 4 Select candidate monitoring technologies, including their specifications, monitoring area, intervals, etc. 

Step 5 Evaluate the detectability of the condition of interest

Step 6 Define threshold criteria. Identify the amount of change that needs to be detected to inform stakeholder decisions.

Step 7 Design the adaptive site monitoring network and evaluate its performance

Step 8 Modify and/or optimize the network as needed to ensure detectability of the conditions of interest

Step 9 Use monitoring plan/detectability to inform decision-making. 

(Thomas et al., 2022)
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Monitoring Optimization and Evaluation Workflows

Monitoring Objective

Workflow 1 Evaluation workflow

Workflow 2 Deterministic optimization workflow

Workflow 3 Pareto optimization workflow

Workflow 4 Seismic elastic-wave sensitivities optimization workflow (Poster on Tuesday)

Workflow 5 Passive seismic monitoring tool (PSMT)
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Evaluation Workflow
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(RAMPEnv) C:/RAMP > python 
ramp1.py control_file_interface.yaml

Probability vs. time

Probability of detection
Change in pressure

Sensor location
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Pareto Optimization Workflow

(RAMPEnv) C:/RAMP > python 
ramp_optimization1.py 
control_file_interface.yaml
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Scenario’s comparison 

Surface seismic
 monitoring

Monitoring 
wells

Monitoring arrays

Monitoring plans comparison 

Input models and data QC

Monitoring 
Arrays 

Evaluation

Monitoring performance tradeoffs
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Deterministic Optimization Workflow

darker color = unique detection

An effective monitoring plan depends on:
a) Monitoring objective
b) Technology’s ability to detect a plume 

of a defined size and depth
c) Monitoring technique costs 
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(RAMPEnv) C:/RAMP > python 
monitoring_integration.py 
control_file_interface.yaml Complementary detections 

Monitoring technologies: pressure, total 
dissolved solids (TDS), CO2 saturation, 
gravity, seismic, and electrical resistivity 
tomography (ERT). 

Pre-processing Workflow

Detection 

Monitoring arrays
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Future Additions

2) AVO attributes and a Bayesian Network Model: 
 Poster: “Assessing the value of  seismic AVO attributes for CO2 storage project using 

Bayesian network model for decision support”  by J. Wang, A. Kumar, and W. Harbert

(2024)54:333
1) Rock-physics Module: 

 A rock-physics model that allows 
for subsurface parameter changes 
caused by compliant porosity and 
CO2 weakening.
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• RAMP monitoring framework is risk-based and adaptive with time
• The tool addresses two goals: (a) risk reduction and (b) improved confidence in CO2 storage 
• Adaptive for injection and post-injection periods
• Ability to assess the effectiveness of  a GCS monitoring plan
• RAMP enables evaluations of  trade-offs between different monitoring scenarios
• Currently adding GUI and TALES (cost, financial risks, and liabilities) component 
• Modular design and open-source programming environment allow for easy incorporation of  

existing tools and functionalities
• Feedback on needed features, outputs, and user interactions is welcomed 

Summary 
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Thank you!

Comments and Questions:

egasperikova@lbl.gov

NRAP Website: https://edx.netl.doe.gov/sites/nrap/

https://edx.netl.doe.gov/sites/nrap/
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