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NETL Office of Research and Development:
Geologic Storage Collaborations 

George Guthrie
Focus Area Lead, Geological and Environmental Systems, NETL Office of Research and 

Development

US-DOE Sequestration Program Structure
Office of Fossil Energy

• Opportunities 
to collaborate 
on US-DOE 
Sequestration 
Program Core 
R&D 

• Leverage 
expertise, 
modeling and 
experimental 
capabilities
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Geological/Environmental Research
Science/engineering research of natural systems to enable

the clean production & utilization of fossil energy

Main Research Competencies
 Multiscale/multiphase fluid flow

(including fractured media)
 Geomaterials science
 Field-based monitoring
 Geospatial data management/assessment
 Drilling under extreme conditions

Main Research Areas
CO2 Storage
• Capacity, injectivity, long-term fate
• Seal integrity (cement durability)
• Long-term impacts (fluid-rock interactions)
• Monitoring & assessment

(including GIS, risk assessment)

Oil, gas, unconventional fossil fuels
• Extreme drilling (deep & ultradeep)
• Environmental impacts
• Unconventional oil & gas (including EOR)
• Resource assessment (geospatial data)
• Methane hydrates

Methane DetectorMethane Detector

MagnetometersMagnetometers

Methane DetectorMethane Detector

MagnetometersMagnetometers

http://images.google.com/imgres?imgurl=http://204.154.137.14/technologies/oil-gas/EP_Technologies/AdvancedDrilling/AdvancedToolsMethods/AdvancedDrillBits/Hughesbit.gif&imgrefurl=http://204.154.137.14/technologies/oil-gas/EP_Technologies/AdvancedDrilling/AdvancedToolsMethods/AdvancedDrillBits/AdvDrillBits.html&usg=__EzZRhGz-Ps6tyQOcisgsiQfrcDE=&h=211&w=209&sz=18&hl=en&start=68&um=1&tbnid=otG55UMCh5PepM:&tbnh=106&tbnw=105&prev=/images?q=oil;+drill+bit&ndsp=18&hl=en&rls=com.microsoft:*&sa=N&start=54&um=1
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Multiscale, Multiphase Flow

Simulation of flow on discrete fractures at reservoir scale.

Goal
• To improve accuracy & reliability of

predictions of fluid flow and fate from pore to system
NETL Research
• CT imaging of cores at PT with fluid-flow
• Multiple-scale simulations (including discrete fractures)
Principal Efforts
• CO2 Risk Assessment (lead for multi-national-lab effort)
• CO2 storage:  coal (including enhanced CH4 prod.);

characterization of potential flow pathways in seals
• CO2-EOR (including control of CO2 viscosity)
• Shale-oil production (including CO2 enhanced prod.)
• Geothermal (discrete fractures vs. continuum-scale)

CT imaging provides both flow pathways 
and dynamic multiphase flow fronts. 

Simulations at the pore and 
fracture scale allow 
determination of flow 
dynamics and scaling 
relations.



5

Goal
• To improve accuracy & reliability of

predictions of fluid–rock systems
NETL Research
• Static, stirred, rocked, and flowing
• Characterization of reactions
• Field data and site-specific samples
Principal Efforts
• CO2+brine system:  Validity of EOS

for specific RCSP sites
• CO2+brine+rock:  Seals, reservoirs, cements;

water-chemistry and mineralogy impacts
• Core flow experiments:  Will channels open/close?

Geomaterials Science
High Pressure–Temperature Fluid–Rock Interactions

Rocking autoclaves for exploring high PT 
reactions, such as CO2 dissolution in brine.

Core-flow facilities for investigating multiphase 
fluid flow dynamics (including reactive flow).

Stirred and static reactors for determining long-
term fluid-solid reactions at elevated PT.
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Goal
• To develop quantitative descriptions of site-specific

geomaterials for prediction & monitoring
NETL Research
• Site-specific physical properties at

elevated PT, fluid saturation, etc.
• Sorption isotherms (for capacity)
• Acoustic velocities (for quantitation)
• Permeabilities at reservoir conditions
• Novel imaging processing methods that

enhance signals associated with CO2

Principal Efforts
• CO2 storage:  geomaterials characterization

from RCSP sites; exploration of
novel imaging methods for CO2 plumes

Geomaterials Science
Quantitative Geophysical Properties

Novel processing of seismic data enables 
CO2 plume imaging at CO2-EOR site.

Site-specific physical properties (including acoustic 
velocities, permeabilities, Young’s modulus, etc.) at P, 
T, fluid saturation can enable more accurate 
quantitative assessments of seismic data.

Experiment

Biot-Gassmann
Theory



7

Field-Based Monitoring and Geospatial Data
Goals
• To improve assessments and to verify the behavior 

of natural systems via integration of geospatial data
• To develop new monitoring and assessment tools
NETL Research
• Novel geochemical tracers for tracking CO2 fate

• Synthetic and natural; inorganic and organic
• Surface assessment and localization of wellbores
• Produced water
• Air quality

 

100 m 

 

N 

Tracer Technology 
for Tracking CO2

Movement

Airborne Technology 
for Field Monitoring

Mobile Air Research Lab
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Drilling under Extreme Conditions

Ultra-deep Drilling Simulator

Nanoparticles to create 
“smart” drilling fluidsDrilling costs increase exponentially with depth.

Advanced computational simulations 
to elucidate factors that control rate of 
penetration based on UDS data.

Goal
• To improve drilling rate and costs for extreme 

environments
NETL Research
• Unique experimental facility (to 30kpsi, 250°C)

• X-ray imaging unit to penetrate real drilling fluids
• Simulation/validation of drilling dynamics

• Continuum and discrete-element
• Development of new materials for high PT

• improved properties (e.g., viscosity)

http://images.google.com/imgres?imgurl=http://204.154.137.14/technologies/oil-gas/EP_Technologies/AdvancedDrilling/AdvancedToolsMethods/AdvancedDrillBits/Hughesbit.gif&imgrefurl=http://204.154.137.14/technologies/oil-gas/EP_Technologies/AdvancedDrilling/AdvancedToolsMethods/AdvancedDrillBits/AdvDrillBits.html&usg=__EzZRhGz-Ps6tyQOcisgsiQfrcDE=&h=211&w=209&sz=18&hl=en&start=68&um=1&tbnid=otG55UMCh5PepM:&tbnh=106&tbnw=105&prev=/images?q=oil;+drill+bit&ndsp=18&hl=en&rls=com.microsoft:*&sa=N&start=54&um=1
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U.S. Department of Energy National Labs
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Risk assessment underpins a number of factors that must 
be addressed for a successful CO2 storage project.

Outside of the Reservoir
• Strategic monitoring for the site

(during injection and post closure)
• Potential impacts of CO2 release
• Protection of subsurface resources 

(groundwater, minerals, etc.)

Seal
• Seal integrity over time
• Wellbore integrity over time

Reservoir
• Capacity & injectivity over time
• Strategic site characterization
• Impacts from introducing CO2 into the 

reservoir
• Plume movement in reservoir (CO2, brine, 

pressure front)
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Regional Carbon Seq. Partnerships
 Application of existing tools for Phase 

III assessments
 Generation of Phase II/III field data
 Coordination via DOE Working Groups

National Risk Assessment Program (NRAP)
(part of the US-DOE Carbon Sequestration Program)

National Goals
 Assurance of Permanence,

Capacity, etc.
 Best Practice Manual
 Common Assessment Framework

Site-Specific Goals
 prediction of site performance
 site-specific risk assessment
 strategic monitoring (MVA)
 mitigation strategies

N
ational Labs

W
orking G

roup

Core R&D
 Base program research
 Other research programs (e.g., EFRCs;)
 New FOA from DOE-FE
 Other research efforts (e.g., ZERT; CCP-II)

Other Risk Activities
 EPA
 IEA-GHG
 CSLF
 etc.

LANL
LBNL
LLNL
NETL (lead)
PNNL
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NRAP Guiding principles…

• Leverage the collective resources 
of national labs

• collaborate & coordinate
• integration (across labs; 

across scientific community)

• Ensure key science base 
(including tools) for assessment, 
prediction, and monitoring

• Produce key findings that inform 
stakeholders and decision 
makers

Bridging basic–applied gap
to ensure the strong science base

for successful large-scale demonstration 
of geologic storage of CO2.

DOE-FE’s Regional
Carbon Sequestration

Partnerships

DOE-SC BRN Roadmap on 
Geosciences
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Bridging the basic and applied gap to develop the strong science 
base that ensures successful large-scale field projects for geologic 

storage of CO2.

National Labs Working Group Executive
Committee

Groundwater
Protection

Wellbore
Integrity

Subsurface
Monitoring

System-Level
Modeling

Natural Seal 
Integrity

Annual Workshop (June/July)

• Technical presentations of previous year’s work/results

• Re-Assessment of key science gaps
•Integration includes new results from various risk-related activities

• Development of workplan for following year
•Coordination/collaboration

Advisory
Committee
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NRAP Laboratories and Primary 
Coordinators

Lawrence Berkeley National Laboratory
Curt Oldenburg

Lawrence Livermore National Laboratory
Susan Carroll

Los Alamos National Laboratory
Rajesh Pawar

National Energy Technology Laboratory
Grant Bromhal

Pacific Northwest National Laboratory
Pete McGrail

Topical Working Groups

Monitoring for Risk Assessment
Tom Daley

Natural Seal Integrity
Joe Morris

Systems Modeling for Risk 
Assessment

Wellbore Integrity
Brian Strazisar

Groundwater Impacts
Christopher Brown
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NETL Office of Research and Development Geologic 
Storage Collaborations 

George Guthrie
Focus Area Lead, Geological and Environmental Systems, NETL Office of Research and 

Development

• Opportunities to collaborate on US-DOE Sequestration Program 
Core R&D 

• Leverage expertise, modeling and experimental capabilities
• National Risk Assessment Program

– Multi-laboratory working group
– Can help address cross-cutting needs for the Regional 

Partnerships
– Available as a resource to the Regional Partnerships, and to 

strengthen DOE’s ability for site-specific risk assessment
• NatCarb and CO2 Atlas
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NatCarb Update
J. Alexandra Hakala

Geosciences Division, NETL Office of Research and Development

Dawn Deel
Sequestration Division, NETL Strategic Center 

for Natural Gas and Oil

Tim Carr
Department of Geology and Geography, West 

Virginia University

Cast of Thousands
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NatCarb and the Atlas
• NatCarb: National Carbon Sequestration Database and 

Geographic Information System
• Atlas: Carbon Sequestration Atlas of the United States and 

Canada
• Data collected and managed by Regional Partnerships and 

provided through NatCarb is used for the Atlas
– CO2 source and storage maps; CO2 source emission and 

storage resource estimates 
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Overview

• Transfer of NatCarb project management to NETL 
Office of Research and Development

• NETL-based NatCarb webpage
– Links to “click-and-point” Google Maps-based maps, 

external interactive ArcIMS server
– Map making requests, data download

• GIS Users Group: NatCarb and Atlas development 
activities 

• Timeline for Atlas 2010 (Atlas III)
• New activities – start coordinating the development 

of research activities and NatCarb
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www.netl.doe.gov/natcarb

In the process of going live, 

will be available soon!

http://www.netl.doe.gov/natcarb
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Features of NatCarb 
Webpage

• Text primarily derived from Atlas II
• Links to NETL Partnership 

Activities page, which contains 
direct links to Partnership 
Webpages

• Links to NatCarb server, “point-
and-click” GIS maps of CO2
sources and storage reservoirs, 
worldwide CCS projects 

• Map repository, map-making 
requests, and data downloads for 
advanced GIS users
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• Links to maps and interactive tools on Main Page
• Announcements and Updates
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Features of NatCarb 
Webpage

• Text primarily derived from Atlas II
• Links to NETL Partnership 

Activities page, which contains 
direct links to Partnership 
Webpages

• Map repository, map-making 
requests, and data downloads for 
advanced GIS users

• Links to NatCarb server, “point-
and-click” GIS maps of CO2
sources and storage reservoirs 
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NatCarb.Maps@netl.doe.gov
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• Still maintains link to experimental NatCarb viewer 
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GIS Users Workshop July 2009

Goals:
• Initiate cooperation and 

standardization amongst 
RCSPs for Atlas III

• Focus on geotechnical, 
GIS/IT technical aspects 
– To improve exchange and 

quality of CCS data for the 
RCSPs and NatCarb

• Defined responsibilities and 
general timeline for path 
forward

Connect to server with 
periodic updates 

Develop a community 
sharing site

Inventory of map layers from 
RCSPs

Migration to new platform 
Pre-Atlas Gap Analysis
Create documentation 

website with available 
white papers

Tool building

Action Items
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Uncertainty in Parameters
A h C or E GCO2 Goal

Unminable Coal Seams and     
Deep Saline Formations

? ? ? ? ? ? +/- 30% 

Exploring Potential to Incorporate New 
Features into NatCarb

EAhGCO EAhAh2Saline FormationEAhCGCO EAhCAhC2Coal Seam

Intergovernmental Panel on Climate Change, 2005
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www.netl.doe.gov/natcarb

In the process of going live, 

will be available soon!

http://www.netl.doe.gov/natcarb

