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FORWORD 

 
This report summarizes a cooperate project involving many different organizations.  

These organizations include the original members of the MIDCARB group – The 

geologic surveys in Illinois, Indiana, Kansas, Kentucky and Ohio.  The project has been 

expanded beyond the original participants to include 244 state agencies, universities, and 

private companies, spanning 40 states, three Indian nations, and four Canadian provinces 

involved in the US Department of Energy Regional Carbon Sequestration Partnerships 

(http://www.netl.doe.gov/technologies/carbon_seq/partnerships/partnerships.html).    The 

partnerships have accumulated a wealth of geographic and geological data and 

information relevant to sequestration efforts. Regional partners have created and maintain 

the only carbon sequestration portal for matching CO2 sources with nearby sinks—

geologic and terrestrial sequestration sites—in the United States and Canada.  The 

NATional CARBon Sequestration Database and Geographic Information System 

(NatCarb) provides an Internet portal that brings together data from every partnership 

region into one convenient location. The portal is updated regularly by region, and is 

available to the general public through a single website (http://www.natcarb.org/).  
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ABSTRACT 

 
This annual report describes progress in the fourth year of the multi-year project entitled 
“NATional CARBon Sequestration Database and Geographic Information System 
(NatCarb)” (http://www.natcarb.org).  The original project assembled a consortium of 
five states (Indiana, Illinois, Kansas, Kentucky and Ohio) in the midcontinent of the 
United States (MIDCARB) to construct an online distributed Relational Database 
Management System (RDBMS) and Geographic Information System (GIS) covering 
aspects of carbon dioxide (CO2) geologic sequestration.  The NatCarb system links the 
GIS information of the Regional Carbon Sequestration Regional Partnerships 
(http://www.netl.doe.gov/technologies/carbon_seq/partnerships/partnerships.html) into a 
coordinated regional database system consisting of datasets useful to industry, regulators 
and the public.  The project includes access to national databases and GIS layers 
maintained by the NatCarb group (e.g., brine geochemistry) and publicly accessible 
servers (e.g., USGS, and Geography Network) into a single system where data is 
maintained and enhanced at the local level but is accessed and assembled through a single 
Web portal to facilitate query, assembly, analysis and display. This project improves the 
flow of data across servers and increased the amount and quality of available digital data.  

 Highlights of progress include the transition to United States and Canadian 
coverage of all the regional partnerships, the construction of a new system architecture 
that uses eXtensible Markup Language (XML) to increase response time, stability and 
security while decreasing management overhead, the construction of a new front-end 
browser that provides improved organization of the GIS layers and access to online tools, 
and providing an increased number of national data layers (e.g., CO2 Sources for non-
partnership states, outlines of coal basins, and a large number of brine data samples).  The 
NatCarb viewer has been simplified to provide improved display and organization of 
hundreds of layers and data tables that have been generated as part of the project. 

Work was initiated to determine the net Carbon/CO2 balance (release and 
sequestration) of current cropping rotations, alternative cropping rotations, and field 
management practices and associated economics of each rotation is in progress, and 
determine the net Carbon balance associated with removing marginal lands from 
conventional commodity crop production and development of these lands for renewable 
energy (herbaceous energy crop) production and use.  

The NatCarb project is a functional demonstration of distributed management of 
data systems that cross the boundaries between institutions and geographic areas.  The 
NatCarb system addresses CO2 sequestration and other natural resource issues from 
sources, sinks and transportation within a spatial database that can be queried online.  
Visualization of high quality and current data can assist decision makers by providing 
access to common sets of high quality data in a consistent manner. 
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EXECUTIVE SUMMARY 

 

The NATional CARBon Sequestration Database and Geographic Information System 

(NatCarb) provides national coverage across the Regional CO2 Partnerships.  Currently, 

the partnerships cover 40 states, three Indian Nations and four Canadian provinces 

(http://www.natcarb.org).  Advanced distributed computing solutions are used to link 

database servers across the partnerships and other publicly accessible servers (e.g., 

USGS, TerraServer) into a single system where data is maintained and enhanced at the 

local level, but is accessed and assembled through a single Web portal.  Information 

important to technical and policy decisions can be queried, assembled, analyzed and 

displayed. The NatCarb project has improved the flow of data across servers and 

increased the amount and quality of available carbon sequestration information at 

national, regional and local scales.   

The online tools used in the project have improved in stability and speed in order 

to promote real-time display and analysis of CO2 sequestration data.  The move away 

from direct database access to web access through eXtensible Markup Language (XML) 

has increased stability and security, while decreasing management overhead. The 

NatCarb viewer has been simplified to provide improved display and organization of 

several hundred layers and data tables that have been assembled as part of the project.  

Tools have been developed to provide complete distributed management of the system 

(i.e., data and GIS layers can be edited and loaded from anywhere in the NatCarb 

system).  The software systems developed as part of the NatCarb project represent 

cutting edge approaches to constructing a cyberinfrastructure for carbon management.  
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The data assembled represents one of the most comprehensive data sets assembled to 

address questions of CO2 sequestration. 

The NatCarb project is a functional demonstration of cyberinfrastructure as an 

effective federation of both distributed resources (data and facilities) and distributed 

multidisciplinary expertise (Regional CO2 Partnerships). Such an environment is required 

to address the complex challenges of creating a continent-wide network of partnerships to 

determine the most suitable technologies, regulations, and infrastructure requirements for 

safe and efficient carbon capture, storage and sequestration in different areas. The 

NatCarb system addresses CO2 sequestration and other natural resource issues from 

sources, sinks and transportation within a spatial database that can be queried online.  

Visualization of high quality and up-to-date data related to CO2 sequestration can assist 

decision makers. 

 GIS layers accessible through NatCarb provide access to millions of records at 

multiple scales from points to polygons (e.g., individual well bore or CO2 source to saline 

aquifers across regions and states).  Online data can be accessed, merged, queried, 

analyzed and displayed to fit the needs of the individual user.   NatCarb has developed 

tools to select sequestration sites meeting multiple criteria (e.g., geographic location, 

depth, temperature, etc.) and estimate the volume of CO2 that can be sequestered.  

 The NatCarb project has demonstrated what works and what doesn't when 

constructing large data systems that cover multiple institutions and require high-quality 

data at a range of scales.   
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For example – 

 Each CO2 Partnership varies in database and GIS resources, but all are now 

capable of constructing and linking GIS layers and databases to the NatCarb 

system.   

 Each CO2 Partnership is capable and motivated to serve large volumes of existing 

data relevant to CO2 sequestration through the NatCarb system.  NatCarb is 

more efficient and consistent than isolated servers focused on a single partnership.  

 Some data are better served centrally.  Example - It is more efficient to centrally 

process coal basin maps or digital orthophotos and serve them from a single 

location.  

 National data that already exists (e.g., USGS Digital Elevation Model) can be 

accessed from remote servers not part of NatCarb and provided to the online user 

and to the individual CO2 Partnership. 

 Simple and flexible display and analysis tools (e.g., CO2 emissions versus time 

plots) can be developed that can query and display data in real-time.  These tools 

can be shared among the partnerships. 

 NatCarb provides a demonstration of cyberinfrastructure as an integration of 

resources (data and facilities) and multidisciplinary expertise (Regional CO2 

Partnerships).  The key remains a coordinated but distributed authority and 

management of the data by the institutions that own and maintain the data, 

wherever the data are located.   
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PROJECT OBJECTIVES 

To quote the NSF Panel on Cyberinfrastructure1: 

 

A new age has dawned in scientific and engineering research, pushed by 

continuing progress in computing, information, and communication 

technology, and pulled by the expanding complexity, scope, and scale of 

today’s challenges. The capacity of this technology has crossed thresholds 

that now make possible a comprehensive “cyberinfrastructure” on which to 

build new types of scientific and engineering knowledge environments and 

organizations and to pursue research in new ways and with increased 

efficacy. 

 

Although good infrastructure is often taken for granted and noticed only when 

it stops functioning, it is among the most complex and expensive thing that 

society creates. The newer term cyberinfrastructure refers to infrastructure 

based upon distributed computer, information and communication technology. 

If infrastructure is required for an industrial economy, then we could say that 

cyberinfrastructure is required for a knowledge economy. 

 

The NatCarb project is a functional demonstration of cyberinfrastructure as an effective 

federation of both distributed resources (data and facilities) and distributed 

multidisciplinary expertise (Regional CO2 Partnerships). The system links together data 

                                                 
1 Cyberinfrastructure defined in the Report of the National Science Foundation Blue Ribbon Panel on 
Cyberinfrastructure, January, 2003, 84p., http://www.cise.nsf.gov/sci/reports/toc.cfm
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from the Regional CO2 Partnerships concerning sources, sinks and transportation within a 

spatial database that can be queried online.  Information that addresses CO2 sequestration 

is provided through a single interface that accesses the coverages and data from servers in 

each participating partnership and other servers providing national coverages.  The 

NatCarb system is completely scalable and can be expanded to access, query and display 

CO2 sequestration data on any accessible server at a participating site.  NatCarb provides 

complete distributed management of the system (i.e., data and GIS layers can be edited 

and loaded from anywhere in the NatCarb system).   The complexity and volume of data 

required to address CO2 sequestration on a national and international basis rapidly 

increases the demands on any system to display the information, to integrate the data with 

models for analysis and to manage the system. 

A distributed environment is required to address the complex challenges of 

creating a nationwide network of partnerships to bring the technical and policy expertise 

together with sufficient data to determine the most suitable technologies, regulations, and 

infrastructure for carbon capture, storage and sequestration in different areas.  Access to 

high quality and up-to-date data related to CO2 sequestration can assist decision makers 

by providing access to common sets of high quality data in a consistent manner in order 

to minimize the negative economic impact, and maximize the possible value of the CO2 

sequestration while addressing issues of heath safety and the environment. 
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PROJECT STATUS 

 

Web-database connectivity has been improved significantly among the Regional CO2 

Partnerships using Internet Map Server (IMS), eXtensible Markup Language (XML), and 

custom tools developed in JAVA, FLASH, and ColdFusion.  NatCarb applications 

access large databases for the analysis of both CO2 sources and potential geologic 

sequestration sites.  Software on numerous servers across the five sites provides 

distributed processing for data analysis and display.  Tools have been developed to 

provide complete distributed management of the system (i.e., data and GIS layers can be 

edited and loaded from anywhere in the NatCarb system).  The software systems 

developed as part of the NatCarb project represent cutting edge approaches to online 

data access and management.  The data assembled represents one of the most 

comprehensive data sets assembled to address questions of CO2 sequestration. 

 

ACCOMPLISHMENTS 

 

The National Carbon Sequestration Database and Geographic Information System 

(NatCarb) provides national coverage across the Regional CO2 Partnerships.  Currently, 

the partnerships cover 40 states, 3 Canadian provinces, and numerous organizations 

(http://www.natcarb.org).  In addition, NatCarb provides limited national data for states 

not covered by a Regional Partnership.  Advanced distributed computing solutions link 

database servers across the partnerships and other publicly accessible servers (e.g., 

USGS, TerraServer) into a single system where data is maintained and enhanced at the 
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local level, but is accessed and assembled through a single Web portal.  Information 

important to technical and policy decisions can be queried, assembled, analyzed and 

displayed. The NatCarb project has improved the flow of data across servers and 

increased the amount and quality of available carbon sequestration information at 

national, regional and local scales.   

The online tools used in the project have improved in stability and speed in order 

to provide real-time display and analysis of CO2 sequestration data.  The move away 

from direct database access to web access through eXtensible Markup Language (XML) 

has increased stability and security, while decreasing management overhead. The 

NatCarb viewer has been simplified to provide improved display and organization of 

several hundred GIS layers and data tables that have been generated as part of the project.  

Tools have been developed to provide complete distributed management of the system 

(i.e., data and GIS layers can be edited and loaded from anywhere in the NatCarb 

system).  The software systems developed as part of the NatCarb project represent 

cutting edge approaches to constructing a cyberinfrastructure for carbon management.  

The data assembled represents one of the most comprehensive data sets assembled to 

address questions of CO2 sequestration. 

The NatCarb project is a functional demonstration of cyberinfrastructure as an 

effective federation of both distributed resources (data and facilities) and distributed 

multidisciplinary expertise (Regional CO2 Partnerships). Such an environment is required 

to address the complex challenges of creating a nationwide network of partnerships to 

determine the most suitable technologies, regulations, and infrastructure requirements for 

safe and efficient carbon capture, storage and sequestration in different areas of the 
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country. The NatCarb system addresses CO2 sequestration and other natural resource 

issues from sources, sinks and transportation within a spatial database that can be queried 

online.  Visualization of high quality and up-to-date data related to CO2 sequestration can 

assist decision makers. 

 GIS layers and data tables accessible through NatCarb provide access to millions 

of records at multiple scales from points to polygons (e.g., individual well bore or CO2 

source to saline aquifers across regions and states).  Online data can be accessed, merged, 

queried, analyzed and displayed to fit the needs of the individual user.   NatCarb has 

developed tools to select sequestration sites meeting multiple criteria (e.g., geographic 

location, depth, temperature, etc.) and estimate the volume of CO2 that can be 

sequestered.   

The NatCarb project has demonstrated what works and what doesn't when 

constructing large data systems that cover multiple institutions and require high-quality 

data at a range of scales.  For example – 

 

 Each CO2 Partnership varies in database and GIS resources, but all are now 

capable of constructing and linking GIS layers and databases to the NatCarb 

system.   

 Each CO2 Partnership is capable of serving large volumes of existing data 

relevant to CO2 sequestration through the NatCarb system.  NatCarb is more 

efficient and consistent than isolated servers focused on a single partnership.  
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 Some data are better served centrally.  Example - It is more efficient to centrally 

process coal basin maps or digital orthophotos and serve them from a single 

location.  

 National data that already exists (e.g., USGS Digital Elevation Model) do not 

have to be reconstructed and can be accessed from remote servers not part of 

NatCarb and provided to the online user and to the individual CO2 Partnership. 

 Simple and flexible display and analysis tools (e.g., CO2 emissions versus time 

plots) can be developed that can query and display data in real-time.  These tools 

can be shared among the partnerships. 

 NatCarb provides a demonstration of cyberinfrastructure as an integration of 

resources (data and facilities) and multidisciplinary expertise (Regional CO2 

Partnerships).  The key remains a coordinated but distributed authority and 

management of the data by the institutions that own and maintain the data, 

wherever the data are located.   

 

This report concentrates on selected major project accomplishments that occurred over 

calendar 2004, and where appropriate future work is highlighted.  Major NatCarb project 

accomplishments are:  

1) Maintained a distributed project team and management that cross both 

institutional and technical boundaries.  The pooling of subject domain and 

computing technical expertise has resulted in a product that could not be 

completed by any of the individual participating research institutions.  The 

distributed team provides both interaction and innovation within a focused area.   
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The project structure serves as a model for addressing other natural resource 

issues that cross boundaries among institutional and geographic entities.  This 

team has been expanded to encompass personnel in each of the CO2 Regional 

Partnerships. 

2) The project has developed an improved online distributed system architecture that 

provides reliable communication and sharing among all the various servers of the 

NatCarb Consortium. The new architecture incorporates open-platform 

methodologies that allow improved data sharing across servers, and incorporation 

of open GIS Consortium/Web Map Service map services.  Use of spatial data 

engines and relational databases is not required.  The interactive Web-based 

applications allow the Regional Partnerships in the NatCarb consortium to share, 

integrate, and display spatial data pertinent to CO2 sources and geologic 

sequestration sites across the consortium states and provinces.  Data remains local 

to be updated and expanded.  However, data is available for use in regional 

analysis and to increase the accessibility of this information to all interested 

parties. 

3) The improved NatCarb web portal is more robust, provides improved 

performance and increased security by limiting data transfer to images and web 

pages.  The browser provides simplified organization and control with improved 

display capabilities to the online client. 

4) The project has improved an online distributed system for the management of the 

NatCarb system.  Local site administrators for each of the consortium states have 

complete control to add or modify GIS layers and tables.  All modifications and 
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additions are online through the Internet from any facility.  The complete 

distribution of site administration provides better management of components to 

create a system that supports the distribution of high quality maps and GIS 

functionality on the Internet.  It also provides the ability to scale the system for 

national coverage through the CO2 Sequestration Partnerships and NatCarb. 

5) The project has generated and assembled a very large quantity of data elements 

pertaining to CO2 sources and potential geologic sequestration sites.  The project 

has characterized critical properties to generate estimated CO2 sequestration 

volumes for potential geologic sequestration targets (e.g., petroleum reservoirs, 

deep coal, saline aquifers and unconventional).  Data includes several hundred 

GIS layers, access through XML to millions of records across the consortium 

states for sources and sites.  Each Regional Partnership in the NatCarb 

Consortium is responsible for construction, enhancement, and maintaining the 

data.  Data quantity is extremely large and constantly increasing. Specialized data 

and parameters have been generated and used to enhance GIS layers and analysis 

tools (e.g., corrected reservoir and aquifer temperature, and geochemical analyses 

of saline brines). 

6) Procedures have been developed and automated to provide analysis and display 

tools that can be accessed directly or through the GIS layers.  Improved tools 

allow clients to query and plot emissions through time for a single object to sum 

total emissions across an individual state, or group of sources.  Additional tools 

allow the client to determine the estimated sequestration potential within a 

predetermined distance from an existing source or any other map location. 
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7) We have provided technology transfer to the geologic and sequestration 

community and to the general public through talks, papers and posters (see 

Technology Transfer Section for a listing and examples).   

 

Short-Term Goals 

 

Immediate short-term goals that will be realized prior to the end of the next project year 

are to: 

1) Form working groups and work with the Regional CO2 partnerships to expand 

GIS layers and databases to address sequestration on a national basis.  Provide the 

initial data sets and GIS layers that can be used and enhanced by the partnerships. 

Add new GIS layers and databases that increase the richness of the NatCarb site.  

Assist in the expansion of coverage types in every state covered by the 

partnerships.  Work to pioneer coverage and database types and spread the 

expertise to the other regions. 

2) Develop and add new and improved query and analysis tools.  The present tools 

represent a significant increase in capability, but still require improvement.  The 

biggest need is to develop complex query capabilities that can be used to advance 

economic, technical, and environmental analysis of CO2 sequestration potential at 

regional and state levels.  Provide improved flexibility to designate scales of plots 

and displays.  Provide improved download capabilities to move data and GIS 

layers to the client’s machine for additional analysis.   
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3) Construct and demonstrate a working prototype of National Portal Database to 

evaluate CO2 sequestration potential across multiple regions/states.   Work to 

bring all the partnerships into national carbon sequestration information system 

coverage.  Provide a new front-end browser that reflects a national scope. 

4) Complete a prototype system to link to a selected subset of data pertinent to 

terrestrial sequestration. 

5) Undertake focused workshops to provide the technical expertise to develop a high 

quality Web-Enable Relational Database and GIS that covers the US. 

6) Provide a roadmap to maintain the communication and growth in the databases to 

for evaluation CO2 sequestration beyond the end of the project.  

 

OVERVIEW OF TECHNICAL PROGRESS 

 

A major challenge of the NatCarb project was to create an efficient, easy to access, and 

readily maintained knowledge management system with many millions of records 

pertaining to CO2 sequestration that reside in the Regional CO2 Partnerships and national 

databases.  The NatCarb system provides global access across the organizations to 

manipulate pertinent geologic and engineering data related to the issues involved in 

identifying and evaluating opportunities for geologic CO2 sequestration.   Databases and 

GIS layers were developed in each state to characterize stationary sources of CO2 and 

potential oil, gas, coal, and brine reservoirs for sequestration.   

The NatCarb Consortium has developed and improved a distributed approach to 

knowledge management.  In the past year the architecture of the NatCarb system 
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underwent significant improvements.  As a result of these architectural changes, the 

NatCarb system is more robust, responsive, scalable, and secure.   

Significant new tools and GIS layers have been added to the NatCarb system that 

enhances the ability to undertake economic, technical, and environmental analysis of CO2 

sequestration potential at regional and state levels.  Derived GIS layers use “calculators” 

to estimate the quantity of CO2 that could be sequestered under various physical 

conditions (e.g., temperature, pressure and salinity) 

The NatCarb system is one of the first distributed systems of natural resource 

data focused on CO2 sources and potential geologic sequestration sites.  Efforts remain 

underway to expand the NatCarb model through the Regional CO2 Partnerships to 

provide improved national coverage. 
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PROJECT STRUCTURE AND MANAGEMENT 

 

The original MIDCARB consortium consisting of five states (Indiana, Illinois, Kansas, 

Kentucky and Ohio) constructed an online distributed Relational Database Management 

System (RDBMS) and Geographic Information System (GIS) covering aspects of carbon 

dioxide geologic sequestration (http://www.midcarb.org).  That system linked the five 

states in the consortium through a coordinated regional database system consisting of GIS 

layers and datasets useful to industry, regulators and the public. The MIDCARB model 

was expanded as part of the NatCarb effort through development of coordinated working 

relationships and assistance to the GIS efforts of the seven Regional CO2 Partnerships.  

For NatCarb, the overall project organization is provided through the University of 

Kansas.  Budgetary items are run through the Kansas University Center for Research 

(KUCR) and overall project coordination is provided through the Kansas Geological 

Survey. 

The NatCarb project organization is unique in that it is distributive, geographic 

and overlapping.  The organization is structured along both geographic boundaries and 

broad functions.  The geographic focus of the Regional CO2 Partnerships provides strong 

local expertise to characterize both CO2 sources and potential geologic sequestration 

targets.  The distributive focus provides a critical mass of technical people.  A strong 

technical computing team was developed across institutional boundaries and has 

developed unique hardware and software solutions.  This computing group pools 

technical expertise from each institution to work collaboratively on issues that are on the 

edge of distributed computing.  No one institution has the technical computing expertise 
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to create and maintain a system such as NatCarb.  The technical computing leads keep 

the institutional management informed, and also interact closely with the individuals 

working on technical information concerning CO2 sources and potential geologic 

sequestration sites (i.e., domain knowledge).  The interaction between computing and 

domain teams at the local level provided unique solutions to address challenges and 

advanced both areas.  The flexibility provided by the distributive structure of the 

NatCarb system allows for local experiments in data type, structure and display.  

Successful “experiments” can be propagated across the Regional CO2 Partnerships. 

Interaction between domain and computing technical experts within individual 

institutions and across institutions is on a daily basis.  This is monitored through the local 

institutional leads and shared through email and through periodic phone conferences of 

the GIS working group of the Regional CO2 Partnerships.  Project integration is to a 

significant degree organic, in that all information has the same geographic structure, and 

has a similar look and feel.   

  

NatCarb SYSTEM STRUCTURE 

 

In the past year the architecture of the NatCarb system continued to see significant 

improvements.  Previously, the NatCarb system discarded the model using a single 

application server running ColdFusion and JAVA tools, Internet Map Server (IMS) and 

Spatial Data Engine (SDE) to query distributed and heterogeneous relational database 

management systems (RDBMS) and software maintained independently on numerous 

servers.  The present system architecture no longer communicates actual data.  Instead, 
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the system requests an image of the data from the remote servers (Figure 1). The remote 

servers contact their database and generate an image based on the request and send it 

back to the NatCarb server.  NatCarb uses a parallel approach to download, geo-

reference, and merge all of the remote layer images into a final layer that it sends to the 

client.  This significantly reduces the quantity of data transmitted between servers as well 

as the amount of processing required at the NatCarb portal.  Attribute data is requested 

from the remote servers only when a user specifically queries information from a layer. 

The transfer of attribute data is undertaken through web services using XML in place of 

direct query of remote databases.  As a result of these architectural changes, the NatCarb 

system is more robust, responsive, scalable, and secure. 

 The management overhead associated with the multiple layers across multiple 

servers in the NatCarb project has been significantly improved by moving to the new 

architecture.  NatCarb is a metadata repository of connection and layer information for 

each partner.  This is a dynamic database that is managed without central administration 

by the partner administrators of the various servers.    

As the NatCarb site grew to serve a larger number of data layers, presentation 

and integration within the viewer became cluttered and overwhelming to the user.  The 

graphical user interface (GUI) and the database and mapping requests component were 

redesigned so that layers are grouped, arranged and displayed in a more organized 

fashion, and allow a simplified and more flexible design to be presented to the online user 

(Figures 2 and 3). 

The new NatCarb structure provides the public, industry, legislators, federal 

agencies, etc. improved tools to access up-to-date maps, data, imagery, etc. to enhance 
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their decision-making and scientific processes. Products can be tailored to the individual 

and collective requirements of the Regional CO2 Partnerships.  The improved interactive 

Web-based GIS applications allow the consortium members to better share, integrate, 

manage and display spatial data pertinent to CO2 sources and geologic sequestration sites 

across the consortium states. Data and management of the data remains local to be 

updated and expanded.  However, data is available for use in regional analysis and to 

increase the accessibility of this information to all interested parties.   

As the NatCarb site grew to serve a larger number of data layers, presentation 

and integration within the viewer became cluttered and overwhelming to a user.  The 

NatCarb viewer was restructured so that layers were grouped and displayed in a more 

organized fashion (Figure 3).  The new viewer is constructed to allow easier use for the 

client.  The new portal is built as two distinct components—the viewer which is a 

graphical user interface (GUI) and the database and mapping requests component.  We 

continue to use Macromedia’s Flash to build the client GUI, allowing rich integration of 

text and graphics in a compact interface.  Flash also has the advantage of being self-

contained inside the browser.  This means that it does not matter which browser a client 

uses, only that they are using the current version of Flash (Macromedia reports that 97% 

of Internet-enabled desktops worldwide contain Flash).  The Flash GUI handles the map 

layout, layer grouping, and tool grouping.   

Once the user selects a layer (or set of layers) from the Layer List to draw and 

then zooms to an area, the Flash viewer communicates to a series of Macromedia 

ColdFusion MX (CFMX) backend pages that handle the viewer-database-IMS 

interaction.  The CFMX pages dynamically build XML requests based on Flash 
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parameters and the metadata database.  These XML requests are sent to the remote 

servers that generate the maps or data requests.  The resulting images are returned 

through the NatCarb server to the Flash client. 

NatCarb generates a series of Internet Map Server (IMS) requests based on the 

users input to the map portal.  The portal simultaneously issues requests to each 

regional/national IMS server to create an image of the data (Figure 1).  Each local IMS 

server stores the requested images locally and creates a world file for each image (so that 

the images can be georeferenced).  The IMS server at the NatCarb Portal assembles the 

stored georeferenced images into a national map.  The metadata catalog allows the portal 

to build “Intelligent” requests within a loosely coupled system on map services.  The 

system accessed through the NatCarb Portal can be thought of as a federation of map 

services. 

As map services are added to the metadata catalog through the distributed 

Management System, the Layer List is updated as a dynamic system that is run off of the 

metadata repository.  The NatCarb portal uses the selected map services from the Layer 

List and the geographic extent of the map to develop eXtensible Markup Language 

(XML) requests that are simultaneously submitted to the servers in each regional 

partnership.  XML is a standard format that provides easy access by web service 

programs.  The NatCarb Portal uses the IMS to produce the XML representation of the 

local database.  For example, IMS is used to request the CO2 emissions data from the 

database and pass that information to the graphing web service as an XML document. 

Managing the integration of the multiple layers across multiple servers in the 

NatCarb project continues to increase administrative overhead.  The approach instituted 
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by NatCarb is to decentralize the management of data and metadata.  We have tried to 

enhance local control over data layers, so that they can be maintained and enhanced by 

Regional CO2 Partnerships.  The NatCarb architecture incorporates a metadata 

repository of connection and layer information for each partner (Figure 1).  This is a 

dynamic database of the various GIS layers and databases that is managed by all partner 

administrators.   The remote administrators use an Internet web page that is served by 

NatCarb to enter the connection information for their own remote server.  The NatCarb 

server automatically queries the distributed servers in order to locate all available layers.  

The remote administrator can then manage these layers remotely, indicating which layers 

the site should allow users to view, which columns should be displayed or queried and 

how to group the layers.  Only this management information is stored on the NatCarb 

server in a relational database.  Data processing is undertaken on the remote servers. 
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Figure 1 – The NatCarb system structure is a distributed national database with de-
centralization of metadata and data.  The structure assures that data is not replicated data 
and national layers are provided by large data warehouses (e.g., EROS, 
GeographyNetwork, and Census Bureau).  The system maintains local control over data 
layers.  Data requests and structures driven in a multithreaded fashion by XML and 
server resources are split among different computers.  The NatCarb portal is 
interoperable with different databases in different formats and promotes synergy among 
GIS/IT personnel across Regional CO2 Partnerships. 
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Figure 2 – Redesigned NatCarb web site providing links to the Internet Map Server 
(IMS) portal (http://www.natcarb.org). 
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Figure 3. — New NatCarb Internet Map Server (IMS) portal showing major stationary 
CO2 sources.  Data for CO2 sources is accessed in real-time from the Regional Carbon 
Sequestration Partnerships.  NatCarb Portal provides web based access to an expanded 
set of display and analysis tools, and expanded number of GIS layers.  The tools menu on 
the left and menu at the top provide access to an increased number of tools and GIS 
layers.  The digital elevation model is accessed in real-time from the USGS web and 
merged with the display. 
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FUTURE WORK 

The NatCarb group will undertake the following tasks to integrate the Regional Carbon 

Sequestration Partnerships into a national CO2 cyberinfrastructure.  Tasks would include: 

 

1) Work with the Regional Carbon Sequestration Partnerships to maintain and 

improve GIS layers and data covering all aspects of CO2 sequestration. Provide 

expertise to integrate the institutions within a Partnership Region into a regional 

and national cyberinfrastructure of distributed geographic information and 

relational database management system (GIS/RDBMS).  The servers and the 

first GIS layers for all the regions are online.  Work will continue to enhance, 

expand and integrate GIS layers and databases within and across regional 

partnerships.  This approach would enable the regional partnerships to improve 

accessibility and consistency of approach among the regions. 

 

2) Work with each regional center and each individual organization to develop and 

maintain the necessary expertise to fully develop a national CO2 sequestration 

cyberinfrastructure. We continue to provide system schema for each region and 

link to each region’s system.   

 

3) Provide improved access to national GIS layers maintained on our servers and 

through outside servers (e.g., USGS, EPA, USDA).  If required in the future, we 

can provide data management on our system and serve data provided by a state, 

region or organization.   
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4) Maintain and improve access to all NatCarb information.  Increase the 

performance of the NatCarb system through improved stability and speed, 

enhanced online tools for visualization, query and analysis, and increased 

integration of regional partnerships.  Use the latest technology to maintain the 

NatCarb front-end access to map servers and databases.  Provide improved 

management tools that assist the partnerships in loading, maintaining and 

enhancing GIS layers and databases, and decrease management overhead. 

 

5) Continue to work to enhance the GIS and online capabilities of each regional 

partnership and with all other parties in the effort to evaluate options for carbon 

sequestration.  NatCarb can provide a leadership role in data management as 

applied to geologic sequestration.  We can share expertise beyond GIS and 

distributed databases.  Improve the concept and the functionality of a federation 

of distributed resources (data and facilities) and distributed multidisciplinary 

expertise (Regional CO2 Partnerships). 

 

6) Provide a national online coverage that details both direct and 

embodied/indirect energy expenditures and associated CO2 emissions for 

agricultural cropping rotations and field management practices in all USDA 

crop reporting districts/agricultural statistic districts in the continental United 

States.  Provide the information and tools to calculate the amount of energy, 

both direct and embodied (indirect), currently used in the production of this 
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nation’s commodity crops, and (2) determine from these energy expenditures 

the quantity of CO2 expended and attributable to the agricultural production 

sector.  Also, evaluate herbaceous energy crop potential to sequester carbon in 

certain geographic locations on select land-based GIS layers that have the 

ability to utilize these energy crops in alternative energy applications.  Estimate 

from these layers the net carbon flux attributable to herbaceous energy crop 

production for alternative energy taking into account production, transport, 

processing, and conversion.  This task will be accomplished through a 

subcontract with Engineering Extension at Kansas State University. 

 

7) Coordinate and work in close collaboration with other national and regional 

efforts and projects to develop improved scenarios for carbon sequestration.  

Work with national and regional experts on various technical aspects of 

cyberinfrastructure in order to provide a national system of the highest quality 

(e.g., MIT, Los Alamos National Lab, and San Diego Super Computer Center). 

 

8) Continue to provide a series of updated lessons learned documents that 

document the challenges and rewards in the construction and maintenance of 

national distributed database systems.  Provide access to software and 

procedures to construct a national CO2 sequestration cyberinfrastructure. 

Provide periodic updates and presentations to NETL personnel, present results 

at national and international meetings pertinent to carbon sequestration and 

publish technical results in appropriate scientific and technical publications. 
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SUMMARY OF NatCarb SYSTEM  

 

The NatCarb system provides analysis and display tools, and data of two types: 

 Map Coverages 

 Data Tables 

Each data type is processed locally and served through the NatCarb server as an image 

or XML data page.  Each partnership in the NatCarb Consortium is responsible for 

construction, enhancement, and maintaining the data.  Data quantity is extremely large 

and constantly increasing.  Numbers of records are in the many millions, involve over a 

century of anthropogenic activity, and cover a range of natural resource types (e.g., 

aquifers, to petroleum to coal).  The data is extremely important to general natural 

resources and environmental questions in each Partnership.  As a result, each Partnership 

has an interest in insuring the highest degree of quality control.  However, with any 

extremely large, long-term and heterogeneous data set, individual data items can be 

incorrect.  As a general activity of the institutions, the data is undergoing constant quality 

control and enhancement.  The NatCarb effort leverages the activities of the Regional 

CO2 Partnerships.  In addition to data, NatCarb provides a number of display and 

analysis tools that can be used to manipulate and display the data.  All the tools work 

across the entire NatCarb system and can be accessed through the NatCarb browser. 
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Geographical Information System (GIS) Layers 

 

There are currently several hundred GIS layers that are stored on the five consortium 

servers.  Data fall into the following categories: 

 Agricultural 

 Aquifer 

 Base 

 CO2 Sources 

 Coal  

 Geology  

 Petroleum 

 Sequestration 

The layers have been grouped in a Table of Contents that are grouped by type (Figure 4).  

Each layer can be selected through the NatCarb interface for display (Figure 4).  The 

NatCarb Browser Interface provides the user tools that can use web services to access 

data tables that include very large quantities of data that is pertinent to understand CO2 

emissions and potential geologic sequestration sites.  Each layer has associated Metadata 

that show the sources and content information concerning GIS layers that are accessible 

through the NatCarb system (Figure 5).  The data is accessed and assembled through the 

NatCarb browser in real-time from the Regional CO2 Partnerships, the national site and 

publicly accessible sites (e.g., USGS, and Geography Network). 

The NatCarb Project has assembled existing data tables of natural resource 

information from such sources as the US Environmental Protection Agency and the US 
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Geological Survey, and constructed new tables (e.g., estimated CO2 sequestration 

quantities).  In many cases existing data tables were modified to include parameters that 

are critical to evaluation of potential geologic sequestration.  

 

Survey of New NatCarb System Analysis Tools 

 

In addition to an expanded list of GIS layers and data tables, the new NatCarb Internet 

Map Server (IMS) portal provides web based access to an expanded set of display and 

analysis tools (Figure 6).  The tools are organized in two menus along the left side and 

across the top.  There are a large number of new tools.  These tools include the Gazetteer 

tool which accesses a data base of many thousand geographic names with georeferenced 

locations (Figures 7 and 8).  This allows the user to quickly focus on geographic areas of 

interest.  The order of individual GIS layers can be manipulated to fit the requirements of 

the individual user (Figures 9 and 10).  The new Targeted Query tool allows the user to 

highlight parts of individual GIS layers that meet specified criteria (e.g., oil and gas fields 

of a specified volume, Figure 11). 

 The NatCarb Internet Map Server (IMS) portal provides the ability to identify 

individual objects (e.g., CO2 sources), extract pertinent information and plot data (Figures 

12 and 13).  The plotting tools permit the user to change units and scales (Figure 13).  

Tools are being developed that can determine the distance and potential cost of pipelines 

capable of transporting user specified quantities of CO2 (Figure 14).  These tools can be 

very easily modified with new equations. 
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 In addition to individual objects the NatCarb Internet Map Server (IMS) portal 

provides a Polygon Tool that can be used to select groups of objects and query the 

underlying data tables (Figures 15 and 16).  The data can be viewed as tables or plots 

(Figure 16).  The detail that can be accessed from multiple sites through the NatCarb 

Internet Map Server (IMS) portal is illustrated by access to individual CO2 sources and 

the resolution of digital orthophoto quads from a public site (Figure 17).  The NatCarb 

Internet Map Server (IMS) portal provides a Buffer Tool that can show the volume of 

CO2 sequestration identified by the partnerships within a user defined radius (Figure 18).  

Any view extracted with the NatCarb Internet Map Server (IMS) portal can be 

documented and printed using the drafting capabilities of the White Board tool (Figure 

19). 
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Figure 4.— Examples of Table of Contents pages that are used to organize the several 
hundred GIS layers that are served by the NatCarb system.  Each tab has multiple GIS 
layers that can be selected for display.  The layers are arranged under tabs (e.g. Aquifer, 
Geology and Coal).  Within each tab layers are arranged in tables. 
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Figure 5.— Examples of Legend and Metadata pages that show the sources and content 
information concerning GIS layers that can be displayed through the NatCarb system. 
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Figure 6. — New NatCarb Internet Map Server (IMS) portal showing major stationary 
CO2 sources.  Data for CO2 sources is accessed in real-time from the Regional Carbon 
Sequestration Partnerships.  NatCarb Portal provides web based access to a set of 
display and analysis tools, and expanded GIS layers and data.  The national geologic map 
is accessed from the USGS.  The zoom tool could be used to magnify the area in the 
PCOOR partnership.  The use of the Gazetteer tool is shown in Figure 7. 
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Figure 7. — The Gazetteer tool of the NatCarb browser provides access to a large 
number of georeferenced views.  In this example, North Dakota is entered in order to 
focus on the area of the PCOOR Regional CO2 Partnership (Figure 8).   The surface 
geology is obtained in real-time from the USGS web site. 
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Figure 8. — Area of the PCOOR Regional CO2 Partnership highlighted with Gazetteer 
tool showing surface geology, CO2 sources, and oil and gas fields.  The layer order is not 
optimum and can be modified using the Layer Order control on the menu.  Modification 
of layer order is shown in Figure 9. 
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Figure 9. — Use of the Layer Order control on the menu to modify the order of GIS 
layers.  The result is shown in Figure 10. 
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Figure 10. — Area of the PCOOR Regional CO2 Partnership with modification of layer 
order as shown in Figure 8 to bring the oil and gas fields over the surface geology and the 
CO2 sources on top. 
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Figure 11.— Example of use of the Targeted Query tool to highlight oil and gas fields 
above a user specified volume. 
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Figure 12.— Example of use of the Identify tool to query database of CO2 sources.  Basic 
information on source is provided from the database of the Regional CO2 Partnership.  
Additional information on the object can be obtained by using the tool link.  This data is 
shown in Figure 13.  Orthophotos obtained from the national server. 
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Figure 13.— Example of a plot of data from the object identified in Figure 12.  Data 
from this user selected CO2 source can be plotted in different units (e.g., metric tons, or 
Mcf) at different scales.   
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Figure 14.— Example of the Pipeline tool to determine the distance and potential cost of 
a pipeline capable of carrying the emissions from the object identified in Figure 12 and 
emissions plotted in Figure 13 to a potential sequestration sink.  The equation used to 
determine the cost can be modified to reflect user requirements.  Orthophotos obtained 
from the national server. 
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Figure 15.— Example of the Polygon tool to query the CO2 emissions within an user 
designated area.  The results of the query are shown in Figure 16.   Orthophotos obtained 
from the national server. 
 

  44 



DE-FC26-00NT40936 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16.— Results from the Polygon tool to query the CO2 emissions within an user 
designated area.  The results can be retrieved in table form or plotted. 
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Figure 17.— Example of detail of digital orthophoto quads served by the NatCarb 
server. Images are obtained from public servers and merged with data from other servers 
in the NatCarb system.  This CO2 source can be identified, and basic geographic 
information and emissions can be plotted. 
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Figure 18.— Example of the Buffer Tool showing the volume of CO2 sequestration 
potential within an user defined radius. 
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Figure 19.— Example of the White Board Tool that can be used to annotate various 
views obtained through the NatCarb system. 
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NatCarb DATA MANAGEMENT TOOLS 
 
As part of the NatCarb effort, tools have been developed to provide complete distributed 

management of the system (i.e., data and GIS layers can be edited and loaded from 

anywhere in the NatCarb system).   

Management pages are provided by the NatCarb system to add, manage monitor 

the performance of layers from a remote server (Figures 19 – 21).  The administrator at 

each of the Regional CO2 Partnerships can manage individual servers and layers 

remotely, indicating which layers the site should allow users to view, which columns 

should be displayed or queried, and how to group the layers (Figure 19, 20).  Only this 

management information is stored in a relational database as metadata on the NatCarb 

server.  All data processing is undertaken on the remote servers.  All data remains on the 

local servers.  The system can be monitored as to performance through a number of 

tabular and graphical tools (Figure 21). 
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A 

B 

 
Figure 20. — Management tools that are used to link the remote servers to the NatCarb 
portal by entering the connection information for their own remote server (A).  The 
NatCarb server queries the local server for all available map services and allows the 
local administrator to select the local map services to connect to the NatCarb system (B). 
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Figure 21. — Page to collect minimal contact information for the remote server that is 
linked to the NatCarb portal. 
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Figure 22. — Management page that displays the performance information on all 
services linked to the NatCarb system.  Services are from the Regional CO2 Partnership 
servers and publicly accessible servers.
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TECHNOLOGY TRANSFER 
 
 
The development of the NatCarb atlas is in itself a technology transfer activity, and will 

be ongoing from project initiation.   In addition, the members of the consortium have 

been very active in presenting results.  The following technology transfer activities have 

occurred during calendar year 2004: 

1) Bartley, Jeremy, and Timothy R. Carr, Creating a Distributed National Database 

for Carbon Sequestration, 2004 ESRI Petroleum User Group Conference 

Abstracts, Houston, Texas, February 23-24, p. 19, 

http://www.searchanddiscovery.com/documents/abstracts/annual2004/Dallas/Carr

.htm 

2) Seyler, Beverly, Scott M. Frailey, Timothy R. Carr, James A. Drahovzal, Brandon 

C. Nuttall, John A. Rupp, Wilfrido Solano, and Lawrence H. Wickstrom, Use of 

Relational Database and GIS Tools to Assess Carbon Sequestration Volumes: The 

MIDCARB Database, AAPG Annual Meeting – Dallas, Texas - April 18-21, 

2004, p. 127, 

http://www.searchanddiscovery.com/documents/abstracts/annual2004/Dallas/Seyl

er.htm  

3) Nuttall, Brandon C., James A. Drahovzal, Cortland F. Eble, R. Marc Bustin, 

Analysis of the Devonian Black Shale in Kentucky for Potential Carbon Dioxide 

Sequestration and Enhance Natural Gas Production, AAPG Annual Meeting – 

Dallas, Texas - April 18-21, 2004, 
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http://www.searchanddiscovery.com/documents/abstracts/annual2004/Dallas/Nutt

all.htm  

4) Carr, Timothy R., Alan P. Byrnes, Martin K. Dubois, and Scott W. White, Models 

for Environmentally Sound and Economically Viable Carbon Dioxide 

Sequestration Opportunities, AAPG Annual Meeting – Dallas, Texas - April 18-

21, 2004, p. A21, and Kansas Geological Survey Open-File Report 2004-19, 

http://www.kgs.ku.edu/PRS/publication/2004/AAPG/CO2/ofr2004-19.pdf and 

http://216.239.41.104/cobrand?q=cache:h2adTC8XtYYJ:www.esri.com/events/pu

g/docs/agenda.pdf+Bartley&hl=en&ie=UTF-8 

5) Nuttall, Brandon C., John B. Hickman, Cortland F. Eble, Jerry Weisenfluh, 

Bethany Overfield, and James A. Drahovzal, Carbon Sequestration Opportunities 

in Kentucky, AAPG Eastern Section Meeting, October 3-5, 2004, Columbus, 

Ohio, 

http://www.searchanddiscovery.com/documents/abstracts/2004eastern/nuttall.htm 

6) Radhakrishnan, Premkrishnan, Wilfrido Solano-Acosta, and John A. Rupp, 

Sequestration of CO2 in Various Geological Media: An Assessment of Potential 

Volumes in Indiana Using GIS Tools, AAPG Eastern Section Meeting, October 

3-5, 2004, Columbus, Ohio, 

http://www.searchanddiscovery.com/documents/abstracts/2004eastern/radharkrish

nan.htm  

7) Drahovzal, James A. and David C. Harris, Potential Reservoirs for Geologic 

Sequestration in the East Continent Rift Basin, AAPG Eastern Section Meeting, 

October 3-5, 2004, Columbus, Ohio, 
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http://www.searchanddiscovery.com/documents/abstracts/2004eastern/drahovzal.

htm  

8) Carr, Timothy R., State CO2 Driven EOR and Sequestration Initiatives in Kansas, 

EOR Carbon Management Workshop, December 7-8, 2004, Permian Basin 

Section, Society Petroleum Engineers, Midland, Texas.http://www.spe-

pb.org/images/pdf/EORCarbonMgtWorkshop/WednesdayPDFFiles/8-Carr.pdf 

9) Carr, Timothy R., Geologic Sequestration in Kansas, Testimony before the 

Kansas House Environment Committee March 9, 2004, Kansas Geological 

Survey Open-File Report 2004-10, 31p, 

http://www.kgs.ku.edu/PRS/publication/ofr2004-10/Testimony.pdf  

10) Carr, Timothy R., Jeremy D. Bartley, James J. Dooley, Robert T. Dahowski, 

David S. Cheng, Christopher P. Korose, Damon Garner, Richard Nelson, Barry V. 

Biediger, Creating a Distributed NATional CARBon Sequestration Database and 

Geographic Information System (NatCarb), Kansas Geological Survey Open-File 

Report 2004-25, 42p., http://www.kgs.ku.edu/PRS/publication/2004/ofr2004-

25.pdf. , Third Annual Conference on Carbon Sequestration - Alexandria, VA 

(May 3-6, 2004). 

11) Nuttall, Brandon C., James A. Drahovzal, Cortland F. Eble, R. Marc Bustin, 

Analysis of the Devonian Black Shale in Kentucky for Potential Carbon Dioxide 

Sequestration and Enhanced Natural Gas Production, Third Annual Conference 

on Carbon Sequestration - Alexandria, VA (May 3-6, 2004). 
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SUMMARY 

The NatCarb project has been a successful venture in which funding from the National 

Energy Technology Laboratory (NETL) of the Department of Energy has been used to 

leverage natural resource knowledge and enhance the GIS expertise of the Regional 

Carbon Sequestration Partnerships. The work produced has demonstrated the viability 

and potential of a distributed data approach to evaluating the volumes of geological 

information that is essential to geologic sequestration.  Tools have been developed to 

provide complete distributed management of the system (i.e., data and GIS layers can be 

edited and loaded from anywhere in the NatCarb system).  The software systems 

developed as part of the NatCarb project represent cutting edge approaches to 

constructing a cyberinfrastructure for carbon management.  The data assembled 

represents one of the most comprehensive data sets assembled to address questions of 

CO2 sequestration. The NatCarb project is a functional demonstration of a national 

cyberinfrastructure as an effective federation of both distributed resources (data and 

facilities) and distributed multidisciplinary expertise (Regional CO2 Partnerships).  The 

DOE is now in a position to continue expanding on this initial effort, taking the system to 

a recognized leadership position in technology, and to create a nationwide network 

capable of determining suitable technologies, regulations, and infrastructure for safe and 

efficient carbon capture, storage and sequestration in different areas of the country. 

Efficient access to high quality carbon sequestration data is crucial to evaluating the 

technical, economical, environmental and safety aspects of geological carbon 

sequestration.  The NatCarb project provides the information technologies to address the 

complexity, scope, and scale of the challenges involved in carbon sequestration. 
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	This annual report describes progress in the fourth year of the multi-year project entitled “NATional CARBon Sequestration Database and Geographic Information System (NatCarb)” (http://www.natcarb.org).  The original project assembled a consortium of five states (Indiana, Illinois, Kansas, Kentucky and Ohio) in the midcontinent of the United States (MIDCARB) to construct an online distributed Relational Database Management System (RDBMS) and Geographic Information System (GIS) covering aspects of carbon dioxide (CO2) geologic sequestration.  The NatCarb system links the GIS information of the Regional Carbon Sequestration Regional Partnerships (http://www.netl.doe.gov/technologies/carbon_seq/partnerships/partnerships.html) into a coordinated regional database system consisting of datasets useful to industry, regulators and the public.  The project includes access to national databases and GIS layers maintained by the NatCarb group (e.g., brine geochemistry) and publicly accessible servers (e.g., USGS, and Geography Network) into a single system where data is maintained and enhanced at the local level but is accessed and assembled through a single Web portal to facilitate query, assembly, analysis and display. This project improves the flow of data across servers and increased the amount and quality of available digital data. 
	 Highlights of progress include the transition to United States and Canadian coverage of all the regional partnerships, the construction of a new system architecture that uses eXtensible Markup Language (XML) to increase response time, stability and security while decreasing management overhead, the construction of a new front-end browser that provides improved organization of the GIS layers and access to online tools, and providing an increased number of national data layers (e.g., CO2 Sources for non-partnership states, outlines of coal basins, and a large number of brine data samples).  The NatCarb viewer has been simplified to provide improved display and organization of hundreds of layers and data tables that have been generated as part of the project.
	The NatCarb project is a functional demonstration of distributed management of data systems that cross the boundaries between institutions and geographic areas.  The NatCarb system addresses CO2 sequestration and other natural resource issues from sources, sinks and transportation within a spatial database that can be queried online.  Visualization of high quality and current data can assist decision makers by providing access to common sets of high quality data in a consistent manner.
	The NATional CARBon Sequestration Database and Geographic Information System (NatCarb) provides national coverage across the Regional CO2 Partnerships.  Currently, the partnerships cover 40 states, three Indian Nations and four Canadian provinces (http://www.natcarb.org).  Advanced distributed computing solutions are used to link database servers across the partnerships and other publicly accessible servers (e.g., USGS, TerraServer) into a single system where data is maintained and enhanced at the local level, but is accessed and assembled through a single Web portal.  Information important to technical and policy decisions can be queried, assembled, analyzed and displayed. The NatCarb project has improved the flow of data across servers and increased the amount and quality of available carbon sequestration information at national, regional and local scales.  
	The online tools used in the project have improved in stability and speed in order to promote real-time display and analysis of CO2 sequestration data.  The move away from direct database access to web access through eXtensible Markup Language (XML) has increased stability and security, while decreasing management overhead. The NatCarb viewer has been simplified to provide improved display and organization of several hundred layers and data tables that have been assembled as part of the project.  Tools have been developed to provide complete distributed management of the system (i.e., data and GIS layers can be edited and loaded from anywhere in the NatCarb system).  The software systems developed as part of the NatCarb project represent cutting edge approaches to constructing a cyberinfrastructure for carbon management.  The data assembled represents one of the most comprehensive data sets assembled to address questions of CO2 sequestration.
	The NatCarb project is a functional demonstration of cyberinfrastructure as an effective federation of both distributed resources (data and facilities) and distributed multidisciplinary expertise (Regional CO2 Partnerships). Such an environment is required to address the complex challenges of creating a continent-wide network of partnerships to determine the most suitable technologies, regulations, and infrastructure requirements for safe and efficient carbon capture, storage and sequestration in different areas. The NatCarb system addresses CO2 sequestration and other natural resource issues from sources, sinks and transportation within a spatial database that can be queried online.  Visualization of high quality and up-to-date data related to CO2 sequestration can assist decision makers.
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	The NatCarb project is a functional demonstration of cyberinfrastructure as an effective federation of both distributed resources (data and facilities) and distributed multidisciplinary expertise (Regional CO2 Partnerships). The system links together data from the Regional CO2 Partnerships concerning sources, sinks and transportation within a spatial database that can be queried online.  Information that addresses CO2 sequestration is provided through a single interface that accesses the coverages and data from servers in each participating partnership and other servers providing national coverages.  The NatCarb system is completely scalable and can be expanded to access, query and display CO2 sequestration data on any accessible server at a participating site.  NatCarb provides complete distributed management of the system (i.e., data and GIS layers can be edited and loaded from anywhere in the NatCarb system).   The complexity and volume of data required to address CO2 sequestration on a national and international basis rapidly increases the demands on any system to display the information, to integrate the data with models for analysis and to manage the system.
	A distributed environment is required to address the complex challenges of creating a nationwide network of partnerships to bring the technical and policy expertise together with sufficient data to determine the most suitable technologies, regulations, and infrastructure for carbon capture, storage and sequestration in different areas.  Access to high quality and up-to-date data related to CO2 sequestration can assist decision makers by providing access to common sets of high quality data in a consistent manner in order to minimize the negative economic impact, and maximize the possible value of the CO2 sequestration while addressing issues of heath safety and the environment.
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	The National Carbon Sequestration Database and Geographic Information System (NatCarb) provides national coverage across the Regional CO2 Partnerships.  Currently, the partnerships cover 40 states, 3 Canadian provinces, and numerous organizations (http://www.natcarb.org).  In addition, NatCarb provides limited national data for states not covered by a Regional Partnership.  Advanced distributed computing solutions link database servers across the partnerships and other publicly accessible servers (e.g., USGS, TerraServer) into a single system where data is maintained and enhanced at the local level, but is accessed and assembled through a single Web portal.  Information important to technical and policy decisions can be queried, assembled, analyzed and displayed. The NatCarb project has improved the flow of data across servers and increased the amount and quality of available carbon sequestration information at national, regional and local scales.  
	The online tools used in the project have improved in stability and speed in order to provide real-time display and analysis of CO2 sequestration data.  The move away from direct database access to web access through eXtensible Markup Language (XML) has increased stability and security, while decreasing management overhead. The NatCarb viewer has been simplified to provide improved display and organization of several hundred GIS layers and data tables that have been generated as part of the project.  Tools have been developed to provide complete distributed management of the system (i.e., data and GIS layers can be edited and loaded from anywhere in the NatCarb system).  The software systems developed as part of the NatCarb project represent cutting edge approaches to constructing a cyberinfrastructure for carbon management.  The data assembled represents one of the most comprehensive data sets assembled to address questions of CO2 sequestration.
	The NatCarb project is a functional demonstration of cyberinfrastructure as an effective federation of both distributed resources (data and facilities) and distributed multidisciplinary expertise (Regional CO2 Partnerships). Such an environment is required to address the complex challenges of creating a nationwide network of partnerships to determine the most suitable technologies, regulations, and infrastructure requirements for safe and efficient carbon capture, storage and sequestration in different areas of the country. The NatCarb system addresses CO2 sequestration and other natural resource issues from sources, sinks and transportation within a spatial database that can be queried online.  Visualization of high quality and up-to-date data related to CO2 sequestration can assist decision makers.
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	The NatCarb project has been a successful venture in which funding from the National Energy Technology Laboratory (NETL) of the Department of Energy has been used to leverage natural resource knowledge and enhance the GIS expertise of the Regional Carbon Sequestration Partnerships. The work produced has demonstrated the viability and potential of a distributed data approach to evaluating the volumes of geological information that is essential to geologic sequestration.  Tools have been developed to provide complete distributed management of the system (i.e., data and GIS layers can be edited and loaded from anywhere in the NatCarb system).  The software systems developed as part of the NatCarb project represent cutting edge approaches to constructing a cyberinfrastructure for carbon management.  The data assembled represents one of the most comprehensive data sets assembled to address questions of CO2 sequestration. The NatCarb project is a functional demonstration of a national cyberinfrastructure as an effective federation of both distributed resources (data and facilities) and distributed multidisciplinary expertise (Regional CO2 Partnerships).  The DOE is now in a position to continue expanding on this initial effort, taking the system to a recognized leadership position in technology, and to create a nationwide network capable of determining suitable technologies, regulations, and infrastructure for safe and efficient carbon capture, storage and sequestration in different areas of the country. Efficient access to high quality carbon sequestration data is crucial to evaluating the technical, economical, environmental and safety aspects of geological carbon sequestration.  The NatCarb project provides the information technologies to address the complexity, scope, and scale of the challenges involved in carbon sequestration.



