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Outline 

• Welcome and Overview of NRAP – Technical 

Approach and Tool Development 

• Introduction to the NRAP Designs for Risk 

Evaluation and Management tool (DREAM) 

• What does DREAM do? 

• User-provided input 

• User Interface Workflow with a Simple Example 

• Path Forward and QA/QC 

• Questions and Open Discussion 
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National Risk Assessment Partnership (NRAP) 

NRAP leverages DOE’s capabilities to help quantify uncertainties and risks 

necessary to remove barriers to full-scale CO2 storage deployment. 

Technical Team 

Objective:  Building toolset and improving the science base to address 
key questions about potential impacts related to release of CO2 or brine 
from the storage reservoir, and potential ground-motion impacts due to 

injection of CO2 

 

Stakeholder Group 

Wade, 

LLC 
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NRAP’s approach to quantifying performance relies on 

reduced-order models to probe uncertainty in the system. 

Storage 

Reservoir 

Release and 

Transport 

Potential 

Receptors or 

Impacted 

Media Data 

Energy Data 

Exchange (EDX) 

IAM 

E. Develop strategic monitoring 

protocols that allow verification of 

predicted system performance 

A. Divide system into 

discrete components 

B. Develop detailed 

component models 

that are validated 

against lab/field data 

C. Develop reduced-order 

models (ROMs) that 

rapidly reproduce 

component model 

predictions 

D. Link ROMs via integrated 

assessment models (IAMs) to 

predict system performance & risk; 

calibrate using lab/field data from 

NRAP and other sources 
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NRAP Tools 
Now available for beta testing 

Aquifer 

Impact Model 

Wellbore Leakage 

Analysis Tool 

Natural Seal 

ROM 

Short Term Seismic 

Forecasting 

Design for Risk 

Evaluation and 

Monitoring 

NRAP-IAM-CS 
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www.edx.netl.doe.gov/nrap     TOOL BETA TESTING link 

Reservoir Evaluation 

and Visualization 

http://www.edx.netl.doe.gov/nrap
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Schedule for NRAP Tool Webinar Series 

Date/ Time Tool Presenter(s) 
October 13 
Time: 1pm ET 

Integrated Assessment Model–Carbon 

Storage (NRAP-IAM-CS) 

(2.5 hours) 

Rajesh Pawar 

October 19 
Time: 1pm ET 

Natural Seal ROM (NSealR)    

(1 hour) 

Nicolas Huerta, Ernest Lindner 

October 26 
Time: 1pm ET 

Reservoir Evaluation and Visualization 

(REV) Tool  (1 hour) 

Seth King 

November 2 
Time: 1pm ET 

Wellbore Leakage Analysis Tool (WLAT)                                        

(1.5 hour) 

Nicholas Huerta 

November 9 
Time: 1pm ET 

Aquifer Impact Model (AIM)   (1.5 hour) Diana Bacon 

November 16 
Time: 1pm ET 

Design for Risk Evaluation and Monitoring 

(DREAM)  (1 hour) 

Catherine Ruprecht Yonkofski  

November 30 
Time: 1pm ET 

Short Term Seismic Forecasting (STSF)                                             

(1 hour) 

Josh White,  Corinne Bachman 

December 7 
Time: 1pm ET 

TBD   

Check for updates at www.edx.netl.doe.gov/nrap  

http://www.edx.netl.doe.gov/nrap
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What does DREAM do? 

Problem statement: 

In the case of CO2 injection operations in the vicinity of abandoned 

wellbores, there is a need to identify diverse monitoring designs 

capable of efficiently detecting leakage before persistence in USDWs. 

 

Solution:  

The DREAM tool optimizes site specific monitoring schemes based on 

minimizing the time to leakage detection (TTD).  

• Uses a simulated annealing algorithm  

• Varies monitoring parameter sensor-types and quantities 

• Adheres to cost constraints 

• Minimizes TTD 

• Outputs optimal monitoring configurations based on inputs  
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User-provided input 

Leakage Simulations 

• DREAM requires previously computed simulation output from 

numerically modeled leakage cases.  

• To improve computational efficiency, DREAM converts this ASCII 

data to binary hdf5 formatted data prior to optimization.  

− Currently the data converter included with DREAM is directly 

compatible with NUFT and STOMP output files.  

− Developments are being made to accept a more universal text 

format.   

Leakage Signature 

• Select monitoring parameters of interest – called “sensor-types”. 

• Set threshold values. 

• Specify minimum number of alarming sensors to constitute a leak. 

Constraints 

• Budget 

• Number of wells 

• Locations 
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User Interface Workflow with a Simple Example 
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User Interface Workflow: Load Realizations 

Example simulations from Hou et al. (2014) of leakage through an abandoned 

wellbore into an unconfined aquifer. Variable leakage rate, geochemistry, 

hydrogeology. 
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User Interface Workflow: Load Realizations 

Example simulations from Hou et al. (2014) of leakage through an abandoned 

wellbore into an unconfined aquifer. Variable leakage rate, geochemistry, 

hydrogeology. 
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User Interface Workflow: Load Realizations 

Example simulations from Hou et al. (2014) of leakage through an abandoned 

wellbore into an unconfined aquifer. Variable leakage rate, geochemistry, 

hydrogeology. 
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User Interface Workflow: Leakage Criteria 
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User Interface Workflow: Configuration Details 
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User Interface Workflow: Exclude Locations 
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User Interface Workflow: Exclude Locations 
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User Interface Workflow: Exclude Locations 
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User Interface Workflow: Solution Settings 
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User Interface Workflow: Solution Settings 
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User Interface Workflow: Solution Settings 
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User Interface Workflow: Solution Settings 
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User Interface Workflow: Solution Settings 
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User Interface Workflow: Output 
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User Interface Workflow: Output 



25 

User Interface Workflow: Output 
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User Interface Workflow: Output 
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Path Forward and QA/QC 

Development Stage 

• Decision support to rank identified configurations 

• Merge “like” configurations, where sensor locations and types are 

neighbors 

 

Quality Assurance 

• Lack of real-world data to verify/validate against 

• Internal and external reviews of DREAM application problems 
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Beta Tool and User Manual Available on EDX 

DREAM tool User’s Manual 

NRAP Tool Beta-Testing Portal 

DREAM tool for PC and Mac 

www.edx.netl.doe.gov/nrap     TOOL BETA TESTING link 

http://www.edx.netl.doe.gov/nrap
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Related Articles 

Special Issue 

Yonkofski, C.R., Gastelum, J.A., Porter, E.A., Rodriguez, L.R., Bacon, D.H., 

and Brown, C.F., 2015. An Optimization Approach to Design Monitoring 

Schemes for CO2 Leakage Detection. IJGGC NRAP Special Issue. In 

Review.  

 

Thresholds 

Last, G.V., Murray, C.J., Brown, C.F., Jordan,P.D., Sharma, M.,  2013. No-

Impact Threshold Values for NRAP’s Reduced Order Models. Pacific 

Northwest National Laboratory. PNNL-22077. 

http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-

22077.pdf 

 

Example 

Hou, Z., Bacon, D. H., Engel, D. W., Lin, G. , Fang, Y. , Ren, H. , Fang, Z. 

2014. Uncertainty analyses of CO2 plume expansion subsequent to 

wellbore CO2 leakage into aquifers. International Journal of Greenhouse 

Gas Control. 27: 69-80. 
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Schedule for NRAP Tool Webinar Series 

Date/ Time Tool Presenter(s) 
October 13 
Time: 1pm ET 

Integrated Assessment Model–Carbon 

Storage (NRAP-IAM-CS) 

(2.5 hours) 

Rajesh Pawar 

October 19 
Time: 1pm ET 

Natural Seal ROM (NSealR)    

(1 hour) 

Nicolas Huerta, Ernest Lindner 

October 26 
Time: 1pm ET 

Reservoir Evaluation and Visualization 

(REV) Tool  (1 hour) 

Seth King 

November 2 
Time: 1pm ET 

Wellbore Leakage Analysis Tool (WLAT)                                        

(1.5 hour) 

Nicholas Huerta 

November 9 
Time: 1pm ET 

Aquifer Impact Model (AIM)   (1.5 hour) Diana Bacon 

November 16 
Time: 1pm ET 

Design for Risk Evaluation and Monitoring 

(DREAM)  (1 hour) 

Catherine Ruprecht Yonkofski  

November 30 
Time: 1pm ET 

Short Term Seismic Forecasting (STSF)                                             

(1 hour) 

Josh White,  Corinne Bachman 

December 7 
Time: 1pm ET 

TBD   

Check for updates at www.edx.netl.doe.gov/nrap  

http://www.edx.netl.doe.gov/nrap
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National Risk Assessment Partnership Designs for Risk Evaluation and 

Management (DREAM) tool 

Questions/comments not addressed during the 

scheduled meeting time can be addressed to 

NRAP@netl.doe.gov 

Questions? 

Disclaimer: This report 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, make 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 authors expressed 

herein do not necessarily state or reflect those of the United Stated Government or any agency thereof.   
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Support Slides 

Simulated annealing algorithm 

pseudo-code 
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Support Slides 

Inference model pseudo-code to calculate time to first detection for 

a specified configuration. 


