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Resilience Analysis

 Goal: Assess the resilience of HCl
and HF supply chains to a 
hurricane

 Analysis needs:
Scenario description

• Data

Model and simulation capabilities

Integrating framework

 This presentation focuses on 
meeting the data needs by 
developing and using the project’s 
chemical database.

Hurricane Trajectory

Estimated Wind Speeds

Estimated Power Outages &
Restoration Times
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The Chemical Data Model (CDM)

 The chemical data model 
(CDM) provides the data 
foundation for the project.

 All models are driven from 
the same set of core input 
data.

 Differences in model output 
are due to modeling 
approaches, not disparate 
input datasets.

 During this presentation, we 
will discuss CDM contents 
and process.

Loki
N-ABLETM

R-NAS

Systems Analysis

FAIT

FASTMap

Chemical Data Model
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CDM Contents

• Plant facilities
– Name

– Location (address and geocodes)

• Facility productions
– Chemical types

– Quantities

– Processes

• Infrastructure dependencies
– Transportation (rail, pipeline, 

etc.)

– Energy (electric power, natural 
gas, petroleum products)

– Quantities

• Consumption
– Categories

– Locations

– Quantities

• Imports/exports
– Locations

– Quantities

• Other factors
– Economics

– Population distribution

– Emergency services

 Project models and analysis tools need the following information:
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Integrated NISAC Data Sets
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Chemical Source Datasets

Dataset Name Provider

World Petrochemicals Program 2009 SRI Consulting

Chemical Economics Handbook 2009 SRI Consulting

Directory of Chemical Producers 2009 SRI Consulting

Oil & Gas Pipelines NGA HSIP Gold 2008 (PennWell)

Oil & Gas Facilities NGA HSIP Gold 2008 (PennWell)

United States Census 2000 U.S. Census Bureau

County Business Patterns 2007 U.S. Census Bureau

County Business Patterns Employees 
Estimation 2007

U.S. Census Bureau

Geographic Names Information System U.S. Geological Survey

IMPLAN States Summary 2002 Minnesota IMPLAN Group

International Trade Statistics 2007 U.S. Department of Commerce

Refinery Location Data Argonne National Laboratory*

2005 Commodity Flow Survey, Department of 
Transportation

2005 Waybill Sample, Surface Transportation 
Board

2007 Class I Railroad Statistics, Association of 
American Railroads

2007 Producer Price Index, Department of 
Labor

E-Plan Emergency Response Information 
System

U.S. Environmental Protection Agency/U.S. 
Department of Homeland Security

* Argonne data were updated 
using 2007 domestic data 
from the Energy Information 
Administration (EIA) and 
foreign data from SRI 
Consulting.
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CDM Building Process

 Gather 

 Process and integrate
• Merge datasets into a common, 

Oracle-based framework

 Authenticate

 Document
• Ensure traceability

 Test
• Ensure compatibility with 

models

 Iterate

SRI DCP

SRI WP

SRI CEH

Trade Data

EPA EPLAN 

CHEMICAL DATA MODEL
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CDM:  Data Processing

Authentication of data presents multiple challenges

Correct

Chemical 

Name(s)?

Unique 

record?

• Chemical name

• Company name

• Company address

• Production unit

• Production volume

Reaction 

information 

Available? 

Fix 

Nomenclature 

Consolidate 

redundant data 

Consult 

Literature

no

yes

yes

yes

• Process technology

no

no

Update needed based on

• Inconsistent mass balance

• Industry feedback 

• Transportation limitations

• New processes

• New market, etc.

•FAIT

•N-ABLE™

•LOKI

CHEMICAL DATA MODEL
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Example Queries of CDM: 
Global Benzene Producer Locations
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Example Queries of CDM: Merging 
Multiple Data Sets

Benzene-Producing Facilities in Texas

Note same facility is 
listed multiple times 
with slightly different 
names
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Example Queries of CDM: Benzene Aliases

22 Different 
Terms for 
“Benzene”
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Relative Overlap of Chemical Supply Chains

Industrial Gases
2010

Petrochemicals
2006-2008

Chlorine/
Ammonia

2009

Industrial Acids 
2010

Inorganics 
2010

 Anticipated overlap 
among different targeted 
chemical classes

CHEMICAL NAMES CHC CFC FC INORG GASES

1,1,1,2-tetrafluoroethane
1,1,1-Trichloroethane

1,1,2-trichloro-2,2,1 trifluroethane
1,2-dichlorotetrafluoroethane

Acetylene
Allyl Chloride

alumina
aluminum fluoride

aluminum hydroxide

Example of chemicals associated with 
HF/HCl supply chains
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Example Queries of CDM: Plant Locations

Locations of CFC and 
CHC supply chain-

related chemicals in 
Canada and the 

United States 
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CDM: Additional Attributes

Data are secure (only approved users allowed to 
access), and data are backed up on a regular basis.

The majority of data structures are simple and allow for 
ad-hoc query analysis outside of the modeling tools.

Customized Oracle “views” of data are created to 
simplify the more complicated data queries and 
relationships (such as derived summary data).

Oracle tables are indexed for performance.  Most 
queries will return instantly.



88

U.S. Department of Homeland Security 
Science and Technology Directorate 88

CDM:  Highlights

The chemical data model provides the foundation for 
all models and analyses.

 Integrity of the CDM is paramount to ensuring validity 
of project efforts.

CDM development provides many challenges, such as

• Disparate datasets,

• Multiple names and aliases,

• Sparse data, and

• Verification.
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CDM:  Highlights (continued)

The project has addressed these challenges through

• Innovative database design,

• Customized analysis tools,

• Consultation with industry,

• In-house subject matter expertise, and

• “Elbow-grease.”

Advances made this year are expected to facilitate 
CDM expansion as the project continues.
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Backup  Slides
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2010 CDM



92

U.S. Department of Homeland Security 
Science and Technology Directorate 92

CDM:  Data Traceability

Every record in the CDM 
can be traced back to its 

source dataset.  This 
allows us to merge 

disparate datasets while 
allowing for drill-down 

back to the detailed 
source if required.

Additionally, each 
record contains an audit 

trail that details 
information about 

record creation as well 
as any subsequent 

changes.
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CDM:  Chemicals

Data Source: SRI 
World Petrochemicals 

(WP) /Directory of 
Chemical Producers 

(DCP)       

Alias names are stored 
to deal with AKAs, 
abbreviations, and 
alternate spellings.  

Storing aliases is an 
absolute must when 

loading from disparate 
data sources.
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CDM:  Technology

Technologies tell us 
the relationships 
among chemicals 

(inputs and 
outputs).

For example, the 
data show 10 

different ways to 
make/recover 

acetone.

Data Source:       
SRI CEH
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CDM:  Countries and Companies

Data Source:  
SRI WP/DCP and 
Trade Statistics 
Data
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CDM:  Chemical Plants and Units

Chemical plant 
locations are 

geocoded

Currently storing 
5,659 distinct 

chemical  plants

Each plant may 
support multiple 

chemical 
processing 
capabilities 

(units) 

Data Source: SRI 
WP/DCP
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CDM:  Capacities/Production

Source data 
capacity 

information is only 
available at the 

plant 
unit/technology 

level (e.g., There are 
X metric tons of 

capacity to produce 
Chemical A using 
Technology B at 

Plant Unit C).  

Data Source:       
SRI WP
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CDM:  Industrial Acids Supply Chain Statistics 

Category # of Records   
(06/2010)

Chemicals 100

Companies 400

Units 800

Process reactions 200


