
Phase I Accomplishments (2011-2016)

Carbon capture and storage (CCS) 
can be an effective way to reduce 
carbon dioxide (CO2) emissions, 
and its technological feasibility is 
quickly becoming a reality. However, 
business and regulatory concerns 
still hinder its rapid commercial 
deployment. Industry investors 
worry about the uncertainties and 
potential liabilities inherent in owning 
an operation that must remain 
secure and intact for hundreds, if not 
thousands, of years. Regulators also 
need broad technical information 
to effectively address CO2 storage. 
One way to aid these decision 
makers is to reduce uncertainty by 
predicting and quantifying the long-
term risks of CCS. The National Risk 
Assessment Partnership (NRAP) 
has developed a science-based 
methodology to do just that. NRAP 
is a U.S. Department of Energy 
(DOE) initiative that leverages the 
broad technical capabilities of its 
national laboratory complex to break 
down the barriers to commercial 

deployment of CO2 storage.
NRAP’s basic goals are to:

•	 Build a suite of science-based 
tools to predict the performance 
of CO2 storage sites 

•	 Elucidate key storage-security 
relationships across a range of 
potential scenarios 

Site operators can rely on the tools, 
methodologies, and key findings 
generated by NRAP to help select 
and characterize carbon storage sites 
more objectively based on different 
types of risk. Regulators can rely on 
the same tools, methodologies, and 
findings to inform decisions related 
to CCS. Armed with the ability to 
quantify risk and to estimate the cost 
of long-term liability, industry will 
gain the confidence to invest in CCS 
projects and regulators, government 
agencies, and the public will gain 
confidence in predictions of CCS site 
performance. 

Science-based prediction for the long-term 
storage of carbon dioxide
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NRAP Successes
•	 Generated the first publicly available 

quantitative risk profiles for a complete 
CO2 storage system 

•	 Developed a toolset used to address 
leakage impacts and ground motion 
from underground storage of CO2 

•	 Developed and applied a novel 
approach for using reduced-order 
modeling to quantify uncertainty in 
subsurface systems 

•	 Created the first comprehensive risk 
model for induced seismicity 

•	 Quantified the leakage potential for 
a range of CO2 storage cases over a 
1,000-year period 

•	 Characterized the behavior of key 
risk metrics associated with pressure 
and plume sizes for a wide variety of 
reservoir conditions 

•	 Reduced uncertainty in understanding 
leakage pathways through 
experimental studies 

•	 Demonstrated the use of electrical 
resistivity tomography to remotely 
detect CO2-saturated groundwater 

•	 Identified no-impact thresholds for 
groundwater quality 

“NRAP is comprised of the Nation’s leading national laboratories in the areas of geosciences. This work, in turn, will 
provide an incredible tool kit for the assessing, development, and management of geologic storage of CO2 for its users. 
The development of this tool kit reflects the stakeholder collaborations with the labs resulting in practical and well 
researched applications.”  Michael Moore, Executive Director NACCSA



Improving the Science Base
To build confidence for long-term CO2 storage decisions

Risk and Uncertainty
Quantification

1.	 Identify system components
2.	 Develop validated component 

models
3.	 Generate verified reduced-order 

models (ROMs)
4.	 Combine ROMs into an Integrated 

Assessment Model (IAM)
5.	 Verify with strategic monitoring 

protocols

1.	 Developing physics-based models
2.	 Demonstrating validity and limitations of IAMs
3.	 Performing key computational and experimental analyses
4.	 Simulating long-term carbon storage system performance

Building toolsets and improving the science base to address:
•	 Potential impacts related to release of CO2 or brine from the storage 

reservoir
•	 Potential ground-motion impacts due to injection of CO2

NRAP Risk Assessment Approach
NRAP leverages DOE’s capabilities to quantitatively assess potential 
environmental risks and related uncertainties to help remove barriers to 
full-scale CO2 storage deployment

Predicting long-term
wellbore behavior

Investigating reservoir 
wellbore interactions

Identifying changes 
during fracture slip

Determining groundwater 
no-impact threshold values



The NRAP Seal Barrier Reduced-Order Model (NSealR) tool 
estimates leakage through a fractured or perforated seal. This tool 
computes two-phase (brine and supercritical CO2) flux and includes 
fluid thermal/pressure dependence.

The Wellbore Leakage Analysis Tool (WLAT) evaluates existing wells 
for leakage potential. The tool also models migration of brine and/or 
CO2 outside of storage reservoir and explores leakage response as a 
function of well disposition.

The NRAP Integrated Assessment Model for Carbon Storage 
(NRAP-IAM-CS) simulates long-term full system behavior (reservoir 
to aquifer/atmosphere). This tool generates time-dependent CO2 and 
brine leakage and resulting impacts which can be used to compute 
probabalistic and dynamic environmental risk profiles. This tool ties 
together many of the system component models represented in other 
NRAP fluid migration tools.

The Reservoir Evaluation & Visualization (REV) tool visualizes 
pressure and CO2 plumes sizes over time. This tool can inform 
decisions about Area of Review (AoR).

The Reservoir Reduced-Order Model Generator (RROMGEN) tool 
generates reservoir look up generates reservoir look up table ROMs in 
a format that can be used directly by the NRAP-IAM-CS.

The Designs for Risk Evaluation and Management (DREAM) tool 
is an optimization software that determines site specific monitoring 
configurations with the highest potential to detect CO2 leakage and 
minimize aquifer degradation in the shortest amount of time.

The Short-Term Seismic Forecasting (STSF) tool uses site-specific 
catalogs of measured seismicity to forecast future event frequency 
over the short term and can complement stoplight approaches for 
addressing seismic risk.

The Ground Motion Prediction for Induced Seismicity (GMPIS) 
tool can be used to estimate ground motion at the surface that may 
be expected from different earthquake scenarios, providing useful 
information for use during the project planning and permitting stages.

The Multiple Source Leakage Reduced-Order Model (MSLR) tool 
calculates the probability that a surface receptor within a given radius 
of an atmospheric leak of CO2 will be able to detect that leak. MSLR 
handles single- or multiple-source CO2 leakage using a reduced-
order model (ROM).

The Aquifer Impact Model (AIM) tool is designed for rapid estimation of 
aquifer volume impacted by a leak, distinguish between impact of CO2 and 
brine leaks and can be used to determine the influence of threshold criteria. 
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NRAP Toolset
The NRAP toolset can be used to address aspects of environmental risk 
performance at geologic CO2 storage sites related to potential fluid leakage 
and ground motion
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nrap@netl.doe.gov https://edx.netl.doe.gov/nrap

“The NRAP toolkit provides users with the first complete suite of models to predict and diagnose the geological 
integrity of CO2 geological storage sites. Previously, this has been performed using discrete and independent 
models, so this is a significant accomplishment in providing assurance to stakeholders that CO2 Capture and 
Storage (CCS) is safe and secure. Testing and comparison of results now is an important step to validate use, 
along with incorporation into risk management methodologies prior to deployment.”  Nigel Jenvey, BP



The NRAP Team
Led by DOE’s Office of Fossil Energy and the National Energy 
Technology Laboratory (NETL), NRAP leverages broad 
technical capabilities across the DOE complex by combining 
the expertise of five national labs: NETL, Los Alamos National 
Laboratory (LANL), Lawrence Berkeley National Laboratory 
(LBNL), Lawrence Livermore National Laboratory (LLNL), 
and Pacific Northwest National Laboratory (PNNL). This 
collaboration is strengthened even further by drawing on the 
expertise of academic and industry  partners, as well as the 
engineering and construction expertise through a partnership 

with the AECOM Corporation. Directed by multilab technical 
working groups, these research organizations conduct 
integrated, collaborative research. The NRAP Executive 
Committee, comprised of senior management representatives 
from each of the national labs, provides high-level guidance 
and sets the program’s research priorities and goals. The 
program also benefits from the perspective of a group of 
stakeholders consisting of technical experts from industry, 
academia, regulatory agencies, non-governmental agencies, 
and insurance companies.
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