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Illustrations of natural and constructed network systems from Strogatz [2001].
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Many natural and engineered systems can be
Described and analyzed as networks

Network analysis can find features that are 
important for the system as a whole
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NISAC Network Applications
Infectious Disease
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Banking Interactions
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Materials

Chemical X

Technology A

Chemical Y

Chemical Z Technology B

Capacity

Defining the Petrochemical
Network
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Petrochemical Network Structure
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Explanation

Derived Networks of Chemical and Technology
Dependencies

Technology/Chemical
Network
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How important is X?

2) Product availability    
fraction of remaining capacity

1) Process availability     0

3) Process availability
minimum of input material availability
Nonlinearity blocks superposition2) …

4) Final material availability
(minimum) input material availability

2
8

1

0 20 7

5) Final materials are weighted in some way 
to give a consequence measure if the 
processes disappears

Customized Importance Measures
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Each process/product link has a population
of associated producing firms

Capacity

Availability    0 represents universal 
shutdown

What if an average firm fails?
What if the largest fails?
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Scenario Analysis

Disrupted Facilities Reduced Production 
Capacity

Diminished Product 
Availability
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Natural Gas Availability Model
• Network built from industry data

– 17,442 Receipt/Delivery Points

– 40,403 Pipeline Segments

– Data describe components, not a connected 
system

– Different level of detail in different regions

– Occasional inconsistencies and omissions 
as with any large dynamic data set

– Goal is a flow network that helps answer 
questions, not a simulation of the real 
network per se

• Flow functions reflect business rules

– Describe source/sink/storage behavior as a 
function of “stress”

– Stress is a mechanism for balancing flows 
at the chosen scale, analogous to pressure 
or price

Stress

F
lo

w

0

Interruptible Load

Fixed Load

• Gas may be 
limited by 
supply 
constraints or 
by pipeline 
disruptions
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Natural Gas Network
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Modeling Network Interdependencies

Workbench
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Data
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The network Workbench will create a platform for describing networks
And processes in a consistent way.  It will integrate existing work (FAIT,
Existing network tools and models) and broaden applications for new
contributions

Industry expertise and 
participation is essential
• For identifying and 
interpreting basic data, 
and resolving gaps and 
inconsistencies
• For defining and 
reviewing process rules
• For defining and using 
analyses 
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Linking Petrochemical Plants
to the Gas Network

CHEMICAL_PLANT_IDNG_RDP_ID

301 7214
412 15598

646 14401
702 5924

966 2916
966 12507

966 17407

980 10628
1001 9850

1001 9851
1001 9852

1002 15598
1004 15598

1089 15284
1223 4429

1818 6632

1852 14577
1852 15656

1853 8869
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Limitations of Current Interconnection

• Errors in names or locations can frustrate matching

• Cannot resolve connections below the plant level –
which facilities are involved?

• Technology inputs have not been used to identify 
required connections (underway)

• Connections through distribution companies or 
intrastate transmission systems are invisible

• Cannot distinguish between feedstock and fuel use (if 
there is any)

• We welcome your advice and help on 
improving this process
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Example Results
Potential Shortfall Relative to Normal Supply

ID DESCRIPTION
LOSTFRAC

TION

34 Cumene 0.064

110 Phenol 0.063

9 Acetone 0.062

7 Acetic Acid 0.039

28 Caprolactam 0.037

98 Nylon 6 Fibers 0.037

14 Adipic Acid 0.034

100 Nylon 66 Fibers 0.034

55 Ethylbenzene 0.034

139 SB Latex 0.034

141 SBR Latex 0.034

145 Styrene 0.034

147
Styrenic 
Copolymers 0.034

21 Benzene 0.032

35 Cyclohexane 0.032

138 Propylene Oxide 0.029

154 Toluene 0.024

Direct Impacts
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TION
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9 Acetone 0.062

7 Acetic Acid 0.039
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98 Nylon 6 Fibers 0.037

14 Adipic Acid 0.034

100 Nylon 66 Fibers 0.034

55 Ethylbenzene 0.034

139 SB Latex 0.034

141 SBR Latex 0.034

145 Styrene 0.034

147
Styrenic 
Copolymers 0.034

21 Benzene 0.032

35 Cyclohexane 0.032

138 Propylene Oxide 0.029

154 Toluene 0.024

Direct + POL

ID DESCRIPTION
LOSTFRAC

TION

34 Cumene 0.064

110 Phenol 0.063

9 Acetone 0.062

7 Acetic Acid 0.039

28 Caprolactam 0.037

98 Nylon 6 Fibers 0.037

14 Adipic Acid 0.034

100 Nylon 66 Fibers 0.034

55 Ethylbenzene 0.034

139 SB Latex 0.034

141 SBR Latex 0.034

145 Styrene 0.034

147
Styrenic 
Copolymers 0.034

21 Benzene 0.032

35 Cyclohexane 0.032

138 Propylene Oxide 0.029

154 Toluene 0.024

Direct + POL + NG
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Network View of Chemical Shortfalls
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Next Steps for Network

• Expand into other chemical sectors as data 
allow

• Include simple dynamics of disruption and 
restoration (inventories, restart latencies,…)

• Include upstream disruption propagation: 
producers track consumption

• Include other transportation constraints

• Exploit model simplicity to solve inverse 
problems: what disruptions can produce 
specified consequences?

• Incorporate your insights and information


