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Underlying Premise

All Hazards Risk Perspective Must Prevail for Wise 
Investment Decision Making
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Direction from the President

Federal Agency Activities for Critical 
Infrastructure Protection (CIP)

Activities in DHS and S&T

Closing Thoughts



Office of Science and Technology Policy 
Executive Office of the President 
Letter to OMB – FY 2008 Priorities

American Competitiveness Initiative
Homeland Security
Energy Security
Advanced Networking and High-end Computing
National Nanotechnology Initiative
Understanding Complex Biological Systems
Environment



Critical Infrastructure Plan Coordination

1-2 Year 
Horizon Sector Specific 

R&D Plans
National CIP 

R&D Plan
NIPP

1-2 Year 
Horizon

5-10 Year Horizon

1-3 Year Horizon



National Strategic Goals for CIP R&D

A common operating picture for critical 
infrastructure

Next generation Internet

Self-healing, resilient infrastructure



Example Federal Agency Projects for CIP
DHS

Insider Threat Prevention
Secure Wireless Communications 
and Domain Name Protocol Security
Large Scale Modeling of 
Infrastructure Interdependencies and 
Cascading Effects
Real-time Digital Image Cataloging 
and Retrieval 
Standards for Risk Analysis

DOT
Massachusetts Bay Silver Line 
Tunnel Integrated Security System 
Adaptive Quarantine Project – Cyber 
Security
Cooperative Hazardous Materials 
Transportation Research Program

EPA
Water Sentinel

NSF
Team for Research in Ubiquitous 
Secure Technology (TRUST)
Trustworthy Cyber infrastructure for the 
Power Grid 
High Fidelity Numerical Modeling and 
Simulation of Fire Suppression 
Analysis and Modeling of Diffuse 
Ultrasonic Signals for Structural Health 
Monitoring 
Combining Ultralow Energy Electron 
Attachment and Miniature Mass 
Spectrometry: A New Concept for a 
Hand Held Detector for Explosives and 
Nerve Agents
Anthrax Detector for Mail Sorting 
Systems



Example Federal Agency Projects for CIP
DOC - NIST

Increased Structural Integrity and Fire 
Safety of Physical Systems
Industrial Control System Security
Information System Security 
Standards and Guidelines
Complex System Failure Analysis
Improved Electric Power Grid
Personal Identity Verification

DoD - DTRA
Blast Mitigation Research
Command and Control Advanced 
Concept Technology Demonstration
Infrastructure Vulnerability Analysis 
and Mission Assurance for USMC
Wireless WMD Vessel Boarding and 
Inspection System for USCG

DoD 
Electronic Combat (EC) Technology
Physical Security Equipment
Man Portable Air Defense Systems 
(MANPADS) 

TSWG
American Gas Association Standard 
for Supervisory Control and Data 
Acquisition (SCADA)
SCADA Cryptographic Module
SCADA Protocol Vulnerability
Sensor Web for Infrastructure 
Protection (SWIP)
Large Vehicle Bomb Detection
Backscatter X-Ray Portal Testing



Example Federal Agency Projects for CIP
HHS

Bioterrorism Preparedness in Rural 
and Urban Communities
Bottom-Up Modeling of Evacuation 
Methodologies
Measurement & Bioterrorism 
Preparedness: An Impact Study

CIA
Text Extraction for Threat Detection
Identifying Non-obvious Relationships 
through Perpetual Analysis
Automatically Detect and Respond to 
Key Events, Changes and Exceptions 
Across Disparate Systems and 
Sources.

DOI-BoR
Scale Model Testing of Embankment 
Dams Subjected to High-Explosive 
Charges
Numerical Analyses on Effects of 
High-Explosives Placed Underwater 
and Upstream of Spillway Gates

NASA
Aircraft and System Vulnerability 
Mitigation Project (A&SVM)

Protected Asset Flight Systems
Safe Aircraft Flight Recovery
Electromagnetic Energy 
Surveillance and Detection
Damage Adaptive Control 
Systems
Fire Resistant, Damage Tolerant 
Composites
Fuel Tank Explosion Protection



S&T Approx. Budget Distribution

Bio
Chem
Explosives
Threat
Standards
University
Emerging
Rapid
MANPADS
SAFETY Act
Interoperability
CIP
Cyber
Conventional Missions

Bio Counter- 
measures

Borders,
Transportation,
USCG, USSS,
EP&R (FEMA)

Counter- 
MANPADS

Chem Counter- 
measures

CIP



DHS and S&T Activities Relevant to CI
Preparedness Directorate

NIPP just released
Critical Infrastructure Grant Programs
Coordinating Council System

EOP
Pandemic Influenza Task Force

S&T Critical Infrastructure 
Protection Initiatives
Pandemic Influenza Modeling

Need to understand labor shortfalls 
and their impact on CI services

National CIP R&D Plan to Support 
the NIPP
Insider Threat Prevention 
Technologies
Modeling, Simulation and Analysis  
for Decision Support



Sector Partnership Structure

•PI modeling outreach
Labor shortfalls

•SSP preparation



DHS and S&T Activities Relevant to CI
Preparedness Directorate

NIPP just released
Critical Infrastructure Grant 
Programs
Coordinating Council System

EOP
Pandemic Influenza Task Force

S&T Critical Infrastructure 
Protection Initiatives
Pandemic Influenza Modeling

Need to understand labor 
shortfalls and their impact on 
CI services

National CIP R&D Plan to 
Support the NIPP
Insider Threat Prevention 
Technologies
Modeling, Simulation and 
Analysis  for Decision Support
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There Are Many Models

Detailed 
Sector 

Analysis 

(NISAC)

Detailed 
Sector 

Analysis

Interdependencies CIP-DSS

Quick, Broad 
Risk Analysis

Scoring 
Techniques

Detailed 
Component 

Analyses



17 Interdependent Critical Infrastructure Sectors
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Interdependencies Model
• Simulate disruptions
• Estimate consequences 
• Evaluate effectiveness 

of mitigation actions, 
policy options

• Two Scales
– National
– Metropolitan

Metropolitan Model

National Model
unified

consequence
modeling

} coupled infrastructure 
models at the two key 
resolutions

Flow of commerce



Pandemic Influenza Task Force - Economics

CIP-DSS team now engaged with NISAC (National 
Infrastructure Simulation and Analysis Center) to evaluate 
economic consequences of PI for different policy options 
(e.g. school closures, other types of social distancing)

Reaching out through the Coordinating Council 
framework to obtain information to fine tune the models 
and better represent the impacts of labor shortfalls on 
individual infrastructure sectors including geographic 
effects

Please help if you are called upon – thank you!

HHS, DOT, DOE, DOC, DHS, & Others in Task Force



PEST Evaluation
Political
Economic
Social
Technical

“The soft stuff is much harder than the hard stuff”
David Nelson, OSTP

How do you measure preparedness?
How do you measure resiliency?



West Point Capstone Project Perspective of Soft 
Factors & How They Influenced Resiliency of a City

Soft Factors

Social Political Economic

•Crime Rate
•Gov. Subsidized 

Housing
•Education Level
•Investments in 

Charities
•Savings Levels in 

Region

•Dominant Political 
Party

•Media Coverage
•Committees for 

Emergency 
Response

•Presence of Political 
Leaders

•GDP of Metro Area
•Insurance Coverage
•Emergency Funds
•Scientific Innovations
•Businesses
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Criteria for Success - Solutions are:
• Practical
• Effective
• Affordable
• Sustainable
• Attractive in the marketplace

Mary Ellen Hynes, PhD. PE



Closing thoughts*
NCIP R&D Strategic Goals, NIPP, SSPs
CIPAC Coordinating Council System
PEST: Soft Factors – very important!
Regional Initiatives – “Every American has a role to play 
in homeland security” President Bush on Sept 11, 2001
Congratulations to TISP for Regional Disaster 
Resilience Guide
Pandemic Influenza Planning – please help the 
modeling teams!

*The comments and observations made in this presentation are those of the author, not 
necessarily representative of and certainly not binding for DHS policy.
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Large Scale System Dynamics Model of Critical 
Infrastructures and Major Interdependencies

Settlement
Acco unt
Balance

Liquid ity
Stored in

Other
Accounts

Co mmunications
Availab ility

Available Liquid ity

Time of Disruption

Duration o f
Disruption

<Time>

Target Liquidity

Thresho ld fo r Offering
Excess Liquidity

Threshold for Pur chasing
Ad ditional Liquidity

Offered Funds

Desired  Liquid ity
Purchases

Co mpo site Sales Priority
fo r Overnight Funds

Fed Funds Sales
Priority

Other Sellers Sales
Priority

Affected  FIs Sales
Priority

Affected FIs
Desired Returns

Disco unt or
Sup port R ate

Other Sellers
Desir ed  Returns

Fed Funds
Maximum Sales

Other Sellers
Maximum Sales

Co mpo site Maximum
Sales Rate

Desired Time to
Complete Sales

Desired Sales Rate

Other Sellers
Maximum Purchase

Rate

Other Sellers
Purchase PriorityAffected  FIs

Purchase Priority

Other Sellers Bid
Rate

Affected FIs B id
Rate

Co mpo site Purchase
Prio rity for Overnight

Funds

C omposite Maximum
Purchase Rate

Desired Pur chase
Rate

Overnight Funds
Rate

Overnight Fund
PurchasesPurchasing

Overnight Fund s

Selling Overnight
Funds

Overnight Fund
Sales

Overnight Funds
Trading Occurring

Overnight Funds
Market Activity

Schedule

<Time>

<One Hour>

Typical
Withd rawals

Ordinary Target
Liquid ity

Liquid ity Required to  Meet
Expected  Withdrawal

Demands

Currency in Member
Bank Vaults

Currency in ATMs

Currency in
Regional

Reserve Banks
Currency

Withdrawals

Currency Deliveries to
Regiona l Banks

Currency W ithdrawals
from Regional Reserve

ATM Withdrawals

Currency Distributed
to AT Ms

Desired Currency
Coverage  in ATMs

Time to Revise
E stimated W ithdrawal

Rate

P erce ived ATM
W ithdrawal

Rate

Changing Perception of
ATM Withdrawal Ra te

Current Coverage
in ATMsTime to Adjust AT M

Currency Stock

Correc tion for ATM
Currency S tock

Adjus tment

Des ired Currency
Distribution to ATMs

Customers ' Desired
Currency Withdrawal

Rate

Maximum Currency
Withdrawal Ra te Customers' Currency

Withdrawal Ra te

Maximum Currency
Distribution to ATMs

Perceived
Demand for

Currency from
Banks

Customers'  Currency
Deposit  Ra te

Des ired Currency
Coverage in Vaults

Correction for Bank Vault
Currency Stock

Adjustment

Time to Adjust Bank
Currency Stock

Current Currency
Coverage in Bank

Vaults

Perceived Rate
of Currency
Deposits to

Banks

Correction for
Anticipa ted Deposits

Members' Demand
for Currency

Members ' Ne t
Demand for Currency

Maximum Currency
Shipment Ra te  from
Regiona l Reserves

Currency Shipped to
Member Banks

Attempted Withdrawals
from AT Ms

Maximum ATM
Withdrawal Ra te

<T IME STEP>

<TIME STEP >

<TIME STEP>

Currency in
Transit  to

Member Banks

Time to Move Currency
be tween Member and

Regional Banks

Currency Depos its to
Member Banks

Desired Coverage in
Regiona l Reserve Banks

Current  Coverage  in
Regiona l Reserve Banks

Perceived
Currency

Demand by
Member Banks

Time to Adjust  Currency
Inventory in Regional

Reserve  Banks

Perceived Rate
of Currency

Deposits from
Member Banks

Correc tion for Anticipa ted
Deposits by Member

Banks

Correction for Reserve  Bank
Currency Inventory

Adjustment

Currency in
T ransit  to
Regiona l

Reserve  Banks

Members ' Currency
Shipments to Regiona l

Res erve  Bank

Arriving Currency
Shipments from Member

Banks

Reserve Banks N et
Demand for Currency

Currency Shipments to
Regional Reserve Banks

Currency in
Trans it from

Federal Reserve

Time to Obtain Currency
from Federa l Reserve

Currency Sent  from
Federa l Reserve

Currency Sent to
Federa l Reserve

Frac tion of ATM
Hosts Ava ilable

ATM Acces s
probability

Uns atis ified Demand for
Currency from ATMs

Customers' Ordinary
Currency Withdrawal

Rate
Fraction of Bank

Currency Demands
Sa tisfied

Fraction of Fa iled ATM
Withdrawals Attempted at

BankS upplementa ry Withdrawal
Attempts from Failed ATM

Trans actions

Frac tion of Cash
Withdrawals Attempted at

ATMs

Cash Withdrawn Frac tion of Retail
Banks Available

Desired Cash
Withdrawal Ra te

<Adjustment to
Correc t Cash

Shortfall>

<Perceived Cas h
Spending Ra te>

Relative Shortfall in
Regiona l Reserve

Currency

<Business
Communication Status>

<Banking and Credit
Communication Status>

Currency Flows

Pending
Purcha ses

New Purcha sing
Demand

Purchasing
Elect ronic ally

Aba ndoning
Purchases

Elec tronic Acce ptanc e
Probability

Time to Aba ndon
Purcha ses

Atte mpt Rate  for
Unreje cte d Electronic

Purchase s

Acce ptance  Ra te for
Unreje cted Ele ctronic

Purc hase s

Ave ra ge
Re solut ion Time

Purc hase r's
Cash on Hand Spending C ash

Current C ash
C overage

De sire d Cash
C overage

Desired C ash
Withdrawal Rate

Purchaser's C ash
Withdrawal Rate

Perce ived
Ca sh

ShortageChanging Pe rc ept ion
of C ash Short age

Time to Perc eive
C ash Shorta ge

Effe ct of Perceived
Shorta ge on De sire d C ash

C ove ra ge

Effect  of Perce ived Shortage
on Desire d Ca sh C overage

Table

R elat ive Shortfall in
C ash Withdra wa ls

Nominal Ca sh
Cove ra ge

C ash Deficit

Desire d Time to
C orrect  C ash Deficit

Adjustme nt to Corre ct
Ca sh Shortfa ll

Minimum C ash
Coverage

Maximum C ash
Spending

Effec t of Perceive d
Shortage  on C ash

Spending

Effec t of Pe rc eive d
Shortage on C ash
Spending Table

C ash Withdrawn

Purc hasing With
C ash

Ca sh Purc hasing
Time  C onstant

Perceived
C ash

Spending Rate

Desire d Rate of
C ash Purc hases Total Purc hasing

Rate

Re lative
Re solut ion Time

Effe ct of Rela tive  Resolut ion
Time  on Aba ndonment R ate

Table

Effec t of Relat ive
Resolution Time on
Abandonme nt R ate

Abandoned
Purchases

Frac tion of Desired
Cash Purcha ses Made

<ATM
Withdra wa ls>

<Frac tion of Bank
Currenc y Demands

Sat isfied>

<C ustomers' Desired
C urre ncy Withdrawal

R ate>

Fra ction of Retail
Banks Ava ilable

Fra ction of Credit
C learing Service s

Ava ilable

Number of C re dit
C ards He ld

Purc hasing With
C hecks

C he ck Purcha sing
Time C onstant

C hec ks
R equiring
Se ttlementSett ling Che cks

Holding C he cks for
Se ttle me nt

Held C hec ks

C lea ring Held
Che cks

Time  to Set tle
C hec ks

C he ck C le aring
Schedule

C heck C lea ring
Oc curing

Held C hec k
C le aring Occurring

<Fraction of Re tail
Ba nks Available>

Probability of Retail
Pa yme nt System

Working

<Ba nking a nd C redit
C ommunica tion Status>

<C lea ring and
Set tlement

C ommunica tion Sta tus>

Purchasing Modes

Settlement

Indicated Fraction of
Property to Insure

Covered
Property

Adjusting
Coverage

Time to Change
Coverage

Indicated Premium

Premium
Charged on

Covered
Property

Liquid
Assets

Long Term
Assets

Premium Payments

Adjusting Average
Premium

Claims Paid

Operating
Expenses

InvestmentsLiquidations

Damage Rate

Underwriters
Perception of

Risk

Property
Owners

Perception of
Risk

Attractiveness of
Premium

Effect of Premium on
Insured Fraction

Function

Owners Adjusting
Perception of Risk

Time for Owners to
Change Perception of

Risk

Time for Underwriters to
Adjust Perception of Risk

Insurable
Property DepreciationConstruction

Damage

Reference Amount of
Insurable Property

Depreciation Rate

Operating
Overhead Rate

Underwriters Adjusting
Perception of Risk

Average Damage
Rate

Asset
Appreciation

Return on
Investments

Desired Liquidity
Coverage

Damage to Covered
Property

Property to Insure

Desired Liquidity

Anticipated
Claims Rate

Time to Liquidate
Assets

Maximum
Liquidation Rate

Construction Time

Time to Invest

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

Insurance

Settlement
Acco unt
Balance

Liquid ity
Stored in

Other
Accounts

Co mmunications
Availab ility

Available Liquid ity

Time of Disruption

Duration o f
Disruption

<Time>

Target Liquidity

Thresho ld fo r Offering
Excess Liquidity

Threshold for Pur chasing
Ad ditional Liquidity

Offered Funds

Desired  Liquid ity
Purchases

Co mpo site Sales Priority
fo r Overnight Funds

Fed Funds Sales
Priority

Other Sellers Sales
Priority

Affected  FIs Sales
Priority

Affected FIs
Desired Returns

Disco unt or
Sup port R ate

Other Sellers
Desir ed  Returns

Fed Funds
Maximum Sales

Other Sellers
Maximum Sales

Co mpo site Maximum
Sales Rate

Desired Time to
Complete Sales

Desired Sales Rate

Other Sellers
Maximum Purchase

Rate

Other Sellers
Purchase PriorityAffected  FIs

Purchase Priority

Other Sellers Bid
Rate

Affected FIs B id
Rate

Co mpo site Purchase
Prio rity for Overnight

Funds

C omposite Maximum
Purchase Rate

Desired Pur chase
Rate

Overnight Funds
Rate

Overnight Fund
PurchasesPurchasing

Overnight Fund s

Selling Overnight
Funds

Overnight Fund
Sales

Overnight Funds
Trading Occurring

Overnight Funds
Market Activity

Schedule

<Time>

<One Hour>

Typical
Withd rawals

Ordinary Target
Liquid ity

Liquid ity Required to  Meet
Expected  Withdrawal

Demands

Currency in Member
Bank Vaults

Currency in ATMs

Currency in
Regional

Reserve Banks
Currency

Withdrawals

Currency Deliveries to
Regiona l Banks

Currency W ithdrawals
from Regional Reserve

ATM Withdrawals

Currency Distributed
to AT Ms

Desired Currency
Coverage  in ATMs

Time to Revise
E stimated W ithdrawal

Rate

P erce ived ATM
W ithdrawal

Rate

Changing Perception of
ATM Withdrawal Ra te

Current Coverage
in ATMsTime to Adjust AT M

Currency Stock

Correc tion for ATM
Currency S tock

Adjus tment

Des ired Currency
Distribution to ATMs

Customers ' Desired
Currency Withdrawal

Rate

Maximum Currency
Withdrawal Ra te Customers' Currency

Withdrawal Ra te

Maximum Currency
Distribution to ATMs

Perceived
Demand for

Currency from
Banks

Customers'  Currency
Deposit  Ra te

Des ired Currency
Coverage in Vaults

Correction for Bank Vault
Currency Stock

Adjustment

Time to Adjust Bank
Currency Stock

Current Currency
Coverage in Bank

Vaults

Perceived Rate
of Currency
Deposits to

Banks

Correction for
Anticipa ted Deposits

Members' Demand
for Currency

Members ' Ne t
Demand for Currency

Maximum Currency
Shipment Ra te  from
Regiona l Reserves

Currency Shipped to
Member Banks

Attempted Withdrawals
from AT Ms

Maximum ATM
Withdrawal Ra te

<T IME STEP>

<TIME STEP >

<TIME STEP>

Currency in
Transit  to

Member Banks

Time to Move Currency
be tween Member and

Regional Banks

Currency Depos its to
Member Banks

Desired Coverage in
Regiona l Reserve Banks

Current  Coverage  in
Regiona l Reserve Banks

Perceived
Currency

Demand by
Member Banks

Time to Adjust  Currency
Inventory in Regional

Reserve  Banks

Perceived Rate
of Currency

Deposits from
Member Banks

Correc tion for Anticipa ted
Deposits by Member

Banks

Correction for Reserve  Bank
Currency Inventory

Adjustment

Currency in
T ransit  to
Regiona l

Reserve  Banks

Members ' Currency
Shipments to Regiona l

Res erve  Bank

Arriving Currency
Shipments from Member

Banks

Reserve Banks N et
Demand for Currency

Currency Shipments to
Regional Reserve Banks

Currency in
Trans it from

Federal Reserve

Time to Obtain Currency
from Federa l Reserve

Currency Sent  from
Federa l Reserve

Currency Sent to
Federa l Reserve

Frac tion of ATM
Hosts Ava ilable

ATM Acces s
probability

Uns atis ified Demand for
Currency from ATMs

Customers' Ordinary
Currency Withdrawal

Rate
Fraction of Bank

Currency Demands
Sa tisfied

Fraction of Fa iled ATM
Withdrawals Attempted at

BankS upplementa ry Withdrawal
Attempts from Failed ATM

Trans actions

Frac tion of Cash
Withdrawals Attempted at

ATMs

Cash Withdrawn Frac tion of Retail
Banks Available

Desired Cash
Withdrawal Ra te

<Adjustment to
Correc t Cash

Shortfall>

<Perceived Cas h
Spending Ra te>

Relative Shortfall in
Regiona l Reserve

Currency

<Business
Communication Status>

<Banking and Credit
Communication Status>

Currency Flows

Pending
Purcha ses

New Purcha sing
Demand

Purchasing
Elect ronic ally

Aba ndoning
Purchases

Elec tronic Acce ptanc e
Probability

Time to Aba ndon
Purcha ses

Atte mpt Rate  for
Unreje cte d Electronic

Purchase s

Acce ptance  Ra te for
Unreje cted Ele ctronic

Purc hase s

Ave ra ge
Re solut ion Time

Purc hase r's
Cash on Hand Spending C ash

Current C ash
C overage

De sire d Cash
C overage

Desired C ash
Withdrawal Rate

Purchaser's C ash
Withdrawal Rate

Perce ived
Ca sh

ShortageChanging Pe rc ept ion
of C ash Short age

Time to Perc eive
C ash Shorta ge

Effe ct of Perceived
Shorta ge on De sire d C ash

C ove ra ge

Effect  of Perce ived Shortage
on Desire d Ca sh C overage

Table

R elat ive Shortfall in
C ash Withdra wa ls

Nominal Ca sh
Cove ra ge

C ash Deficit

Desire d Time to
C orrect  C ash Deficit

Adjustme nt to Corre ct
Ca sh Shortfa ll

Minimum C ash
Coverage

Maximum C ash
Spending

Effec t of Perceive d
Shortage  on C ash

Spending

Effec t of Pe rc eive d
Shortage on C ash
Spending Table

C ash Withdrawn

Purc hasing With
C ash

Ca sh Purc hasing
Time  C onstant

Perceived
C ash

Spending Rate

Desire d Rate of
C ash Purc hases Total Purc hasing

Rate

Re lative
Re solut ion Time

Effe ct of Rela tive  Resolut ion
Time  on Aba ndonment R ate

Table

Effec t of Relat ive
Resolution Time on
Abandonme nt R ate

Abandoned
Purchases

Frac tion of Desired
Cash Purcha ses Made

<ATM
Withdra wa ls>

<Frac tion of Bank
Currenc y Demands

Sat isfied>

<C ustomers' Desired
C urre ncy Withdrawal

R ate>

Fra ction of Retail
Banks Ava ilable

Fra ction of Credit
C learing Service s

Ava ilable

Number of C re dit
C ards He ld

Purc hasing With
C hecks

C he ck Purcha sing
Time C onstant

C hec ks
R equiring
Se ttlementSett ling Che cks

Holding C he cks for
Se ttle me nt

Held C hec ks

C lea ring Held
Che cks

Time  to Set tle
C hec ks

C he ck C le aring
Schedule

C heck C lea ring
Oc curing

Held C hec k
C le aring Occurring

<Fraction of Re tail
Ba nks Available>

Probability of Retail
Pa yme nt System

Working

<Ba nking a nd C redit
C ommunica tion Status>

<C lea ring and
Set tlement

C ommunica tion Sta tus>

Purchasing Modes

Pending
Purcha ses

New Purcha sing
Demand

Purchasing
Elect ronic ally

Aba ndoning
Purchases

Elec tronic Acce ptanc e
Probability

Time to Aba ndon
Purcha ses

Atte mpt Rate  for
Unreje cte d Electronic

Purchase s

Acce ptance  Ra te for
Unreje cted Ele ctronic

Purc hase s

Ave ra ge
Re solut ion Time

Purc hase r's
Cash on Hand Spending C ash

Current C ash
C overage

De sire d Cash
C overage

Desired C ash
Withdrawal Rate

Purchaser's C ash
Withdrawal Rate

Perce ived
Ca sh

ShortageChanging Pe rc ept ion
of C ash Short age

Time to Perc eive
C ash Shorta ge

Effe ct of Perceived
Shorta ge on De sire d C ash

C ove ra ge

Effect  of Perce ived Shortage
on Desire d Ca sh C overage

Table

R elat ive Shortfall in
C ash Withdra wa ls

Nominal Ca sh
Cove ra ge

C ash Deficit

Desire d Time to
C orrect  C ash Deficit

Adjustme nt to Corre ct
Ca sh Shortfa ll

Minimum C ash
Coverage

Maximum C ash
Spending

Effec t of Perceive d
Shortage  on C ash

Spending

Effec t of Pe rc eive d
Shortage on C ash
Spending Table

C ash Withdrawn

Purc hasing With
C ash

Ca sh Purc hasing
Time  C onstant

Perceived
C ash

Spending Rate

Desire d Rate of
C ash Purc hases Total Purc hasing

Rate

Re lative
Re solut ion Time

Effe ct of Rela tive  Resolut ion
Time  on Aba ndonment R ate

Table

Effec t of Relat ive
Resolution Time on
Abandonme nt R ate

Abandoned
Purchases

Frac tion of Desired
Cash Purcha ses Made

<ATM
Withdra wa ls>

<Frac tion of Bank
Currenc y Demands

Sat isfied>

<C ustomers' Desired
C urre ncy Withdrawal

R ate>

Fra ction of Retail
Banks Ava ilable

Fra ction of Credit
C learing Service s

Ava ilable

Number of C re dit
C ards He ld

Purc hasing With
C hecks

C he ck Purcha sing
Time C onstant

C hec ks
R equiring
Se ttlementSett ling Che cks

Holding C he cks for
Se ttle me nt

Held C hec ks

C lea ring Held
Che cks

Time  to Set tle
C hec ks

C he ck C le aring
Schedule

C heck C lea ring
Oc curing

Held C hec k
C le aring Occurring

<Fraction of Re tail
Ba nks Available>

Probability of Retail
Pa yme nt System

Working

<Ba nking a nd C redit
C ommunica tion Status>

<C lea ring and
Set tlement

C ommunica tion Sta tus>

Purchasing Modes

Settlement

Indicated Fraction of
Property to Insure

Covered
Property

Adjusting
Coverage

Time to Change
Coverage

Indicated Premium

Premium
Charged on

Covered
Property

Liquid
Assets

Long Term
Assets

Premium Payments

Adjusting Average
Premium

Claims Paid

Operating
Expenses

InvestmentsLiquidations

Damage Rate

Underwriters
Perception of

Risk

Property
Owners

Perception of
Risk

Attractiveness of
Premium

Effect of Premium on
Insured Fraction

Function

Owners Adjusting
Perception of Risk

Time for Owners to
Change Perception of

Risk

Time for Underwriters to
Adjust Perception of Risk

Insurable
Property DepreciationConstruction

Damage

Reference Amount of
Insurable Property

Depreciation Rate

Operating
Overhead Rate

Underwriters Adjusting
Perception of Risk

Average Damage
Rate

Asset
Appreciation

Return on
Investments

Desired Liquidity
Coverage

Damage to Covered
Property

Property to Insure

Desired Liquidity

Anticipated
Claims Rate

Time to Liquidate
Assets

Maximum
Liquidation Rate

Construction Time

Time to Invest

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

Insurance

Banking & Finance

h arvested
co rn

planting co rn

corn
inventory at

feedlo tscorn sales  to
cattle feedlots

corn coverage

feeding beef
cattle

expected
harvest

desired inventory
coverage at feedlots

inventory shortage
at feedlots

desired sales to
feedlots

acres o f
corn

harvesting
acres of corn

losses  from
corn disease

average corn
yield

desired acres
o f corn

time to begin
planting

time to complete
planting

corn crop losses
disease
duration

onset of disease time to begin
harvesting

time to complete
harves ting

harvesting
tonn es of corn cows on

feedlots
beef cattle corn

consumptionanticipated
inventory

inventory coverage
at feedlots

expected feed
requirements

time to form
expectation

inventory cor rec tion
at feedlots

time to correct
inventory at feedlots

acres  of corn at
beginning of harvest

acres of corn at
onset of disease

expected corn
harvest f

desired corn
coverage

relative corn
co verag e

desired corn
coverage f

co verag e effect
on corn p rice

corn coverage
elastic ity

normal
corn price

time to get to
normal corn price

unsub sidized
corn price

corn p rice

subsidized corn
pr ice

price effect on
planting co rn

corn planting
elas ticity

normal acres
of corn

relative exp ected
corn  price for

growers

expected
corn price

fo r gro wers

time to form
expectation about

corn price

sales to
wet mil ls

sales to
dry mills

corn
exports

other corn
feed sales

total corn sales <prime cattle>

normal other corn
feed sales

expected
corn price for
consumers

relative expec ted corn
price for consumers

normal corn
exports

domestic  corn
sales

corn
in vento ry at

dairies

corn sales to
dairies

feeding dairy
cows

<milk cows>

dairy cows

dairy cow corn
consumption

des ired inventory
coverage at dairies

inventory coverage
at dairies

inventory shortage
at dairies

inventory
correc tion
at dair ies

desired sales to
dairies time to correct

inventory at dairies

expected dairy
feed requirements

time to form
expectation about

dairy feed

max acres  of
corn

initial corn price

<relative expec ted
corn price for
consumers>

corn sales
elas ticity

Corn

beef ca lv es
in utero

beef
calves stockers

beef
inventory

weaning be ef
calves

beef
sales

be ef cattle
bre ed stoc k

b eef calf breeding beef
c alving

desired breed
stock

calf gestation time

getting be ef cattle
breed stoc k

time to wean fora ging p eriod

beef cattle fertility

bree ding stock
acquisition delay

beef coverage

po pulation

Indicated
demand for be ef

beef price
e xpec ted
beef price

desired beef
co verag e

c overage effect
on beef price

normal beef
price

initial breeding
stock

price  e ffect on
be ef demand

normal beef
consumptio n

Normal retail
beef price

ma rketing
margin for be ef

time for bee f price
exp ectations

step chang e in demand

pe r ca p
demand
for beef

time to change
consumptio n

price effect on
breeding

retail beef price

time to get normal
b eef price

breed ing price
e lasticity

recall

fractio na l recall

fractiona l change in
d emand for beef

b eef subsidy
p rice

unsubsidized
beef pric e

prime
cattlefattening

bee f cattle

pro portional
beef yield

live weight of
slaughtered  cows

normal wholesale
beef price per pound

break even
b eef price

no rmal cost o f
corn feed

feed price effect
o n bee f price

switch fo r passing
along corn price

effects

d isease to
prime cattle

FMD fractional
dise ase

s la ughtering
beef cattle

time on
fe edlots

bee f pa cking

<propo rtiona l weight
of slaughtered cows>

relative beef
consumption

time to recover

change in dema nd
with recovery

<relative expected
corn price for
consumers>

reducing beef
cattle bre ed stock

norma l
b reed stock

time to get no rmal
bree d stock

<dairy co ws to
sla ug hter>

b eef price
elasticity

beef co verag e
ela sticity

disease to
stockers

FMD fractional
dise ase  to cow&calf

operatio ns

dise ase  to be ef
calvesdisease to  b eef

ca lves in utero

dise ase  to
bee f cattle

bree d stock

Beef

dairy ca lves
in utero he ifers milk cowsdairy calf

breed ing
first ca lving culling dairy

herd

<ca lf gestation
time>

time until first
breed ing

milking duration

dairy fertility

normal dairy
herd size

desired dairy
herd size

time to  adjust
dairy herd size

price  effect on
dairy herd size

adjusting dairy
herd size

milk
inventorymilk production

milk production
per head

milk sales

milk coverage

coverage effect
on milk price

desired milk
coverage

milk coverage
elasticity

dairy
calvesdairy calving maturing

<ca lf gesta tion
time>

dairy breed
stock

slaughtering
da iry ca lves

average weight of
dairy calves

<live weight of
slaughtered cows>

dairy cows to
slaughter

adjusting using o ld
cows or ca lves?

market pressure
on milk price

milk
marketing
order price

expected
milk pricebreak even

milk price

feed price  effect on
milk production cost

time to update  milk
marketing order price

re tail p rice of
da iry products

marketing
margin for dairy

price  effect on
dairy demand

ind icated demand
for dairy products

per cap
demand for

dairy products

milk price

milk support
price

initia l milk
marketing order

price

time to form milk
price expecta tion

dairy price
elasticity

normal reta il
dairy price

normal milk
price

time to get normal
milk price

normal da iry
consumption

<popula tion>

<time to change
consumption>

price e ffect
elasticity

<rela tive expected
corn price for
consumers>

fractional feed
cost

d isease to  milk
cows

disease to
heifers

disease to dairy
ca lves

disease to dairy
calves in utero

fractional increase in
reta il da iry price

killed  milk
cows

killed
heifers

killed da iry
calves

killed  dairy
ca lves in

utero

Dairy

h arvested
co rn

planting co rn

corn
inventory at

feedlo tscorn sales  to
cattle feedlots

corn coverage

feeding beef
cattle

expected
harvest

desired inventory
coverage at feedlots

inventory shortage
at feedlots

desired sales to
feedlots

acres o f
corn

harvesting
acres of corn

losses  from
corn disease

average corn
yield

desired acres
o f corn

time to begin
planting

time to complete
planting

corn crop losses
disease
duration

onset of disease time to begin
harvesting

time to complete
harves ting

harvesting
tonn es of corn cows on

feedlots
beef cattle corn

consumptionanticipated
inventory

inventory coverage
at feedlots

expected feed
requirements

time to form
expectation

inventory cor rec tion
at feedlots

time to correct
inventory at feedlots

acres  of corn at
beginning of harvest

acres of corn at
onset of disease

expected corn
harvest f

desired corn
coverage

relative corn
co verag e

desired corn
coverage f

co verag e effect
on corn p rice

corn coverage
elastic ity

normal
corn price

time to get to
normal corn price

unsub sidized
corn price

corn p rice

subsidized corn
pr ice

price effect on
planting co rn

corn planting
elas ticity

normal acres
of corn

relative exp ected
corn  price for

growers

expected
corn price

fo r gro wers

time to form
expectation about

corn price

sales to
wet mil ls

sales to
dry mills

corn
exports

other corn
feed sales

total corn sales <prime cattle>

normal other corn
feed sales

expected
corn price for
consumers

relative expec ted corn
price for consumers

normal corn
exports

domestic  corn
sales

corn
in vento ry at

dairies

corn sales to
dairies

feeding dairy
cows

<milk cows>

dairy cows

dairy cow corn
consumption

des ired inventory
coverage at dairies

inventory coverage
at dairies

inventory shortage
at dairies

inventory
correc tion
at dair ies

desired sales to
dairies time to correct

inventory at dairies

expected dairy
feed requirements

time to form
expectation about

dairy feed

max acres  of
corn

initial corn price

<relative expec ted
corn price for
consumers>

corn sales
elas ticity

Corn

h arvested
co rn

planting co rn

corn
inventory at

feedlo tscorn sales  to
cattle feedlots

corn coverage

feeding beef
cattle

expected
harvest

desired inventory
coverage at feedlots

inventory shortage
at feedlots

desired sales to
feedlots

acres o f
corn

harvesting
acres of corn

losses  from
corn disease

average corn
yield

desired acres
o f corn

time to begin
planting

time to complete
planting

corn crop losses
disease
duration

onset of disease time to begin
harvesting

time to complete
harves ting

harvesting
tonn es of corn cows on

feedlots
beef cattle corn

consumptionanticipated
inventory

inventory coverage
at feedlots

expected feed
requirements

time to form
expectation

inventory cor rec tion
at feedlots

time to correct
inventory at feedlots

acres  of corn at
beginning of harvest

acres of corn at
onset of disease

expected corn
harvest f

desired corn
coverage

relative corn
co verag e

desired corn
coverage f

co verag e effect
on corn p rice

corn coverage
elastic ity

normal
corn price

time to get to
normal corn price

unsub sidized
corn price

corn p rice

subsidized corn
pr ice

price effect on
planting co rn

corn planting
elas ticity

normal acres
of corn

relative exp ected
corn  price for

growers

expected
corn price

fo r gro wers

time to form
expectation about

corn price

sales to
wet mil ls

sales to
dry mills

corn
exports

other corn
feed sales

total corn sales <prime cattle>

normal other corn
feed sales

expected
corn price for
consumers

relative expec ted corn
price for consumers

normal corn
exports

domestic  corn
sales

corn
in vento ry at

dairies

corn sales to
dairies

feeding dairy
cows

<milk cows>

dairy cows

dairy cow corn
consumption

des ired inventory
coverage at dairies

inventory coverage
at dairies

inventory shortage
at dairies

inventory
correc tion
at dair ies

desired sales to
dairies time to correct

inventory at dairies

expected dairy
feed requirements

time to form
expectation about

dairy feed

max acres  of
corn

initial corn price

<relative expec ted
corn price for
consumers>

corn sales
elas ticity

Corn

beef ca lv es
in utero

beef
calves stockers

beef
inventory

weaning be ef
calves

beef
sales

be ef cattle
bre ed stoc k

beef calf breeding beef
c alving

desired breed
stock

calf gestation time

getting be ef cattle
breed stoc k

time to wean foraging period

beef cattle fertility

breeding stock
acquisition delay

beef coverage

population

Indicated
demand for be ef

beef price
e xpec ted
beef price

desired beef
coverage

c overage effect
on beef price

normal beef
price

initial breeding
stock

price  e ffect on
be ef demand

normal beef
consumption

Normal retail
beef price

marketing
margin for beef

time for beef price
expectations

step change in demand

pe r ca p
demand
for beef

time to change
consumption

price effect on
breeding

retail beef price

time to get normal
beef price

breed ing price
e lasticity

recall

fractiona l recall

fractiona l change in
demand for beef

beef subsidy
price

unsubsidized
beef pric e

prime
cattlefattening

bee f cattle

proportional
beef yield

live weight of
slaughtered cows

normal wholesale
beef price per pound break even

beef price

normal cost o f
corn feed

feed price effect
on beef price

switch for passing
along corn price

effects

d isease to
prime cattle

FMD fractional
disease

s la ughtering
beef cattle

time on
feedlots

beef packing

<proportiona l weight
of slaughtered cows>

relative beef
consumption

time to recover

change in demand
with recovery

<relative expected
corn price for
consumers>

reducing beef
cattle bre ed stock

normal
breed stock

time to get normal
breed stock

<dairy cows to
slaughter>

beef price
elasticity

beef coverage
elasticity

disease to
stockers

FMD fractional
disease to cow&calf

operations
disease to beef

calvesdisease to  beef
ca lves in utero

disease to
beef cattle
breed stock

Beef

dairy ca lves
in utero he ifers milk cowsdairy calf

breed ing
first ca lving culling dairy

herd

<ca lf gestation
time>

time until first
breed ing

milking duration

dairy fertility

normal dairy
herd size

desired dairy
herd size

time to  adjust
dairy herd size

price  effect on
dairy herd size

adjusting dairy
herd size

milk
inventorymilk production

milk production
per head

milk sales

milk coverage

coverage effect
on milk price

desired milk
coverage

milk coverage
elasticity

dairy
calvesdairy calving maturing

<ca lf gesta tion
time>

dairy breed
stock

slaughtering
da iry ca lves

average weight of
dairy calves

<live weight of
slaughtered cows>

dairy cows to
slaughter

adjusting using o ld
cows or ca lves?

market pressure
on milk price

milk
marketing
order price

expected
milk pricebreak even

milk price

feed price  effect on
milk production cost

time to update  milk
marketing order price

re tail p rice of
da iry products

marketing
margin for dairy

price  effect on
dairy demand

ind icated demand
for dairy products

per cap
demand for

dairy products

milk price

milk support
price

initia l milk
marketing order

price

time to form milk
price expecta tion

dairy price
elasticity

normal reta il
dairy price

normal milk
price

time to get normal
milk price

normal da iry
consumption

<popula tion>

<time to change
consumption>

price e ffect
elasticity

<rela tive expected
corn price for
consumers>

fractional feed
cost

d isease to  milk
cows

disease to
heifers

disease to dairy
ca lves

disease to dairy
calves in utero

fractional increase in
reta il da iry price

killed  milk
cows

killed
heifers

killed da iry
calves

killed  dairy
ca lves in

utero

Dairy

Agriculture & Food

Electric Power

Id le Power
Genera tion
Capacity

Failed
Gene rat ion
C apacity

Repairing Failed
Generation Ca pac ity

Fail ed  Generat ion
C apac it y R epa ir Time

Target  Ge neration
Serv ing Load

Line Loss F act or

Ta rge t Loa d

Fuel R equired  fo r
Load  Serving

To tal Fuel
Ut iliza tion Rate

M aximum Fue l
Ut iliza tion Rate Ma ximum Loa d

Allowed  by  Ava ilable
Fuel

F uel Required  pe r
uni t Load Se rv ed

Time t o Activa te
Ge neration

Target  Fuel
Ut iliza tion Rate

<TIME STEP>

Bring ing Generation
on Line

Generation
Serving Loa d

Switc hing Load Se rving
Generation to  Idle

Load  Serving
Generation Failing

Ge ne rat ion
F ai l ure Time

M aximum Rate of
Increasing  Load  Serving

Availa ble
Ge neration

Power Sales
Priority

<TIME STEP>

Diurnal Electricity
Demand  Variation

Pea k Load

One Hour

Fuel Price

Non-Fuel  Marg i na l
Costs fo r Load Se rv ing

M arg inal Costs for
Loa d Serving

Tot al Target Elec tric
Power Pu rchases

Power Purchase
Prio rity

Power Price

Electric Power
Load Se rve d

Offered
Ge neration

Offere d Imports

Import Sales
Priority

C omposite Sales
Priority

C omposite Supply
Offere d

Imports Purchased

Import Powe r
Price

Total Load  Served

<Genera tion
Serv ing Loa d>

Net R ate o f Increasing
Load Se rving

Ge neration  Available
fo r Export

Generation
Disconnect edfrom
Transmission

System
Load  Serv ing Generation
Becomming Disc onnected

Idle Gene rat ion
B ecomming
Disconnec ted

Generation
Be comming
Rec onne ctedGenerat ion

R econne cti on Time

Generation
Disc onnection Rat ePowerIn terrup tion StartTime

PowerInt errup tionDuration

Disconnect ion Rate
During Interruption

<Time>

<Ma ximum NG
Utilization Ra te>

Emissi ons per Unit
Generat ion

Emissions Ra te

Relat ive Short fall in
Load  Served

Tota l Region Load

Rela tive Short fall in
Secto r Load  Served

Genera tion for
Export

R egional Electric
Power Demand

<Time>

Export
Ob ligat ions Adjust ing Export

Ob ligations
<TIM E STEP>

Tot al Target Elec tric
Powe r Load

Electric Power
Acquire d for Each

Secto r

Regional Elect ric
Power Loa d Served

Reserve M arg in

To tal Id le
C apa city

To tal Gene rat ion
Serv ing Loa d<C oal Fuel Un it>

<Coal Price t o
Generato rs>

<Dist illa te Fue l
Un it>

<Distillate  Price  to
Gene rat ors>

<Nat ural Gas Fue l
Unit >

<Na tural Gas Price  to
Ge nerato rs>

<Oil Fuel Unit>

<Oil Price  to
Gene rat ors>

C urren t Tra nsmission
C apa city t o R egions

Customers

<Effe ct o f Power SCADA
on Tra nsmission Capacity>

<M aximum Transmission
C apa city to Regions

Cust omers>

Target Power to
Serve Reg ion Load

Reg ion Load
Constrained  by
Tra nsmission

Effect of Powe r SC ADA
on C on tro l o f Generato rs

<Effec t o f
Communications on
Power SC ADA>

<Relat ive Generation
C apa city without

SC ADA>

Total Availab le
Generation

M aximum C on tro llab le
Genera tion

Init i al  Generat ion
C apaci t y

Disconnection Ra te due
t o C ont ro l Limita tions

<TIME STEP>

Expe cte d Powe r
Pri ce

Generation

N atural Gas
Orders

Total N atural Gas
Deliver ies to Generators

Natural Gas
Inventory

Desired Natural Gas
Coverage

Target N atural Gas
Inve ntory

Time to Adjust
Natural Gas Inventory

Consuming Natural
Ga s for  Generation

Adjustme nt for
Na tural Gas Inventory

Time to Obtain
Fuel

Performance of
Natural Gas Supplie rs

Expected
N atural Gas

Utilization Rate

Time to Adjust Expe cted
Na tural Gas Use Rate

Adjusting Expected
Natural Gas Use Rate

<Total Fuel
Utilization Rate>

<Target Fuel
Utilization Rate>

Coal Orders from
Generators

Coal
Inventory

Desired Coa l
Coverage

Target Coal
Inventory

Time to Adjust Coa l
Inve ntory

Consuming Coal for
Ge neration

Adjustment for  Coal
Inventory

Time to O btain
Coal

Performance of
Coa l Supplie rs

Expected Coal
Utilization Ra te

Time  to Adjust
Expected Coa l Use

Rate

Adjusting Expected
Coal Use Rate

Oil Orders from
Generators

O il Inventory

Desired Oil
Coverage

Target Oil
Inventory

Time to Adjust Oil
Inventory

Consuming Oil for
Generation

Adjustment for Oil
Inventory

Time to Obtain Oil

Pe rformance  of O il
Suppliers

Expected Oil
Utilization Rate

Time to Adjust
Expected O il Use Rate

Adjusting Expected
O il Use  Rate

Distillate O rde rs from
Generators

Distillate
Inventory

Desired Distillate
Coverage

Target Distillate
Inventory

Time  to Adjust
Distillate Inventory

Consuming Distillate
for Generation

Adjustment for
Distillate Inventory

Time to Obta in
Distillate

Performanc e of
Distillate Suppliers

Expected
Distillate

Utilization Rate

Time to Adjust
Expected Distillate  Use

Rate

Adjusting Expected
Distillate Use  Rate

Maximum Natura l Gas
Delivery Rate to

Genera tors

Maximum Coa l De livery
Rate to Generators

M aximum Distillate
Delivery Rate to

Genera tors

Maximum Oil Delivery
Rate  to Gene rators

Maximum Fuel
Utilization Rate

<TIME STEP>

Ma ximum Fuel
Delivery Rate

The natural gas supply is
a ssumed to be common to all

three gas generator  types

Ta rget Natural Gas
Utilization Rate

Fractional Demand for
NG Combustion

Fractional Demand for
NG Combined Cycle

Fractional Demand for
NG Steam Turbine

Maximum N G
Utilization Ra te

Total Natural Gas
Orders from Generators

Relative Shortfall in
Generator  Fuel

Na tural Gas Fuel
Unit

HoursPerDay

Fuel Price

Natural Gas Price to
Genera tors

Coal Price to
Generators

Distillate  Pr ice to
Ge nerators

Oil Price to
Gene rators

<N atural Gas Fuel
Unit>

Coal Fuel Unit

Distillate Fuel Unit

O il Fuel Unit

Coal Delive ries to
Generators<Coal Fuel Unit>

Distillate Deliveries to
Ge nerators

<Distillate  Fue l
Unit>

Oil Delive ries to
Ge nerators

<O il Fuel Unit>

Oil De liver ies

Distillate Deliver ies

Coal Deliveries
N atural Gas
Deliver ies

Relative Transport Time by
Mode  and NERC Region

Fra ctional Transport
Mode for Coal

N ormal Time to
Obtain Coa l

Fuel Management

Communications
Availability by NERC

Region

Use of Private Systems
for Power SCADA

Effect of
Communications on

Power SCADA

Effect of Power SCADA
on Transmission Capacity

Relative Transmission
Capacity without

SCADA

Current Transmission
C apacity to Regions

Customers

Current Transmission
Limit on Imports

Maximum Transmission
Capacity to Regions

Customers

Maximum
Transmission Limit on

Imports

Effect of Power SC ADA
on Control of Generators

Relative Generation
Capacity without

SCADA

Communications
Availability during Power

Interruption

<Power Interruption
Duration>

<Power Interruption
Start Time>

<Time>

SCADA

Id le Power
Genera tion
Capacity

Failed
Gene rat ion
C apacity

Repairing Failed
Generation Ca pac ity

Fail ed  Generat ion
C apac it y R epa ir Time

Target  Ge neration
Serv ing Load

Line Loss F act or

Ta rge t Loa d

Fuel R equired  fo r
Load  Serving

To tal Fuel
Ut iliza tion Rate

M aximum Fue l
Ut iliza tion Rate Ma ximum Loa d

Allowed  by  Ava ilable
Fuel

F uel Required  pe r
uni t Load Se rv ed

Time t o Activa te
Ge neration

Target  Fuel
Ut iliza tion Rate

<TIME STEP>

Bring ing Generation
on Line

Generation
Serving Loa d

Switc hing Load Se rving
Generation to  Idle

Load  Serving
Generation Failing

Ge ne rat ion
F ai l ure Time

M aximum Rate of
Increasing  Load  Serving

Availa ble
Ge neration

Power Sales
Priority

<TIME STEP>

Diurnal Electricity
Demand  Variation

Pea k Load

One Hour

Fuel Price

Non-Fuel  Marg i na l
Costs fo r Load Se rv ing

M arg inal Costs for
Loa d Serving

Tot al Target Elec tric
Power Pu rchases

Power Purchase
Prio rity

Power Price

Electric Power
Load Se rve d

Offered
Ge neration

Offere d Imports

Import Sales
Priority

C omposite Sales
Priority

C omposite Supply
Offere d

Imports Purchased

Import Powe r
Price

Total Load  Served

<Genera tion
Serv ing Loa d>

Net R ate o f Increasing
Load Se rving

Ge neration  Available
fo r Export

Generation
Disconnect edfrom
Transmission

System
Load  Serv ing Generation
Becomming Disc onnected

Idle Gene rat ion
B ecomming
Disconnec ted

Generation
Be comming
Rec onne ctedGenerat ion

R econne cti on Time

Generation
Disc onnection Rat ePowerIn terrup tion StartTime

PowerInt errup tionDuration

Disconnect ion Rate
During Interruption

<Time>

<Ma ximum NG
Utilization Ra te>

Emissi ons per Unit
Generat ion

Emissions Ra te

Relat ive Short fall in
Load  Served

Tota l Region Load

Rela tive Short fall in
Secto r Load  Served

Genera tion for
Export

R egional Electric
Power Demand

<Time>

Export
Ob ligat ions Adjust ing Export

Ob ligations
<TIM E STEP>

Tot al Target Elec tric
Powe r Load

Electric Power
Acquire d for Each

Secto r

Regional Elect ric
Power Loa d Served

Reserve M arg in

To tal Id le
C apa city

To tal Gene rat ion
Serv ing Loa d<C oal Fuel Un it>

<Coal Price t o
Generato rs>

<Dist illa te Fue l
Un it>

<Distillate  Price  to
Gene rat ors>

<Nat ural Gas Fue l
Unit >

<Na tural Gas Price  to
Ge nerato rs>

<Oil Fuel Unit>

<Oil Price  to
Gene rat ors>

C urren t Tra nsmission
C apa city t o R egions

Customers

<Effe ct o f Power SCADA
on Tra nsmission Capacity>

<M aximum Transmission
C apa city to Regions

Cust omers>

Target Power to
Serve Reg ion Load

Reg ion Load
Constrained  by
Tra nsmission

Effect of Powe r SC ADA
on C on tro l o f Generato rs

<Effec t o f
Communications on
Power SC ADA>

<Relat ive Generation
C apa city without

SC ADA>

Total Availab le
Generation

M aximum C on tro llab le
Genera tion

Init i al  Generat ion
C apaci t y

Disconnection Ra te due
t o C ont ro l Limita tions

<TIME STEP>

Expe cte d Powe r
Pri ce

Generation

Id le Power
Genera tion
Capacity

Failed
Gene rat ion
C apacity

Repairing Failed
Generation Ca pac ity

Fail ed  Generat ion
C apac it y R epa ir Time

Target  Ge neration
Serv ing Load

Line Loss F act or

Ta rge t Loa d

Fuel R equired  fo r
Load  Serving

To tal Fuel
Ut iliza tion Rate

M aximum Fue l
Ut iliza tion Rate Ma ximum Loa d

Allowed  by  Ava ilable
Fuel

F uel Required  pe r
uni t Load Se rv ed

Time t o Activa te
Ge neration

Target  Fuel
Ut iliza tion Rate

<TIME STEP>

Bring ing Generation
on Line

Generation
Serving Loa d

Switc hing Load Se rving
Generation to  Idle

Load  Serving
Generation Failing

Ge ne rat ion
F ai l ure Time

M aximum Rate of
Increasing  Load  Serving

Availa ble
Ge neration

Power Sales
Priority

<TIME STEP>

Diurnal Electricity
Demand  Variation

Pea k Load

One Hour

Fuel Price

Non-Fuel  Marg i na l
Costs fo r Load Se rv ing

M arg inal Costs for
Loa d Serving

Tot al Target Elec tric
Power Pu rchases

Power Purchase
Prio rity

Power Price

Electric Power
Load Se rve d

Offered
Ge neration

Offere d Imports

Import Sales
Priority

C omposite Sales
Priority

C omposite Supply
Offere d

Imports Purchased

Import Powe r
Price

Total Load  Served

<Genera tion
Serv ing Loa d>

Net R ate o f Increasing
Load Se rving

Ge neration  Available
fo r Export

Generation
Disconnect edfrom
Transmission

System
Load  Serv ing Generation
Becomming Disc onnected

Idle Gene rat ion
B ecomming
Disconnec ted

Generation
Be comming
Rec onne ctedGenerat ion

R econne cti on Time

Generation
Disc onnection Rat ePowerIn terrup tion StartTime

PowerInt errup tionDuration

Disconnect ion Rate
During Interruption

<Time>

<Ma ximum NG
Utilization Ra te>

Emissi ons per Unit
Generat ion

Emissions Ra te

Relat ive Short fall in
Load  Served

Tota l Region Load

Rela tive Short fall in
Secto r Load  Served

Genera tion for
Export

R egional Electric
Power Demand

<Time>

Export
Ob ligat ions Adjust ing Export

Ob ligations
<TIM E STEP>

Tot al Target Elec tric
Powe r Load

Electric Power
Acquire d for Each

Secto r

Regional Elect ric
Power Loa d Served

Reserve M arg in

To tal Id le
C apa city

To tal Gene rat ion
Serv ing Loa d<C oal Fuel Un it>

<Coal Price t o
Generato rs>

<Dist illa te Fue l
Un it>

<Distillate  Price  to
Gene rat ors>

<Nat ural Gas Fue l
Unit >

<Na tural Gas Price  to
Ge nerato rs>

<Oil Fuel Unit>

<Oil Price  to
Gene rat ors>

C urren t Tra nsmission
C apa city t o R egions

Customers

<Effe ct o f Power SCADA
on Tra nsmission Capacity>

<M aximum Transmission
C apa city to Regions

Cust omers>

Target Power to
Serve Reg ion Load

Reg ion Load
Constrained  by
Tra nsmission

Effect of Powe r SC ADA
on C on tro l o f Generato rs

<Effec t o f
Communications on
Power SC ADA>

<Relat ive Generation
C apa city without

SC ADA>

Total Availab le
Generation

M aximum C on tro llab le
Genera tion

Init i al  Generat ion
C apaci t y

Disconnection Ra te due
t o C ont ro l Limita tions

<TIME STEP>

Expe cte d Powe r
Pri ce

Generation

N atural Gas
Orders

Total N atural Gas
Deliver ies to Generators

Natural Gas
Inventory

Desired Natural Gas
Coverage

Target N atural Gas
Inve ntory

Time to Adjust
Natural Gas Inventory

Consuming Natural
Ga s for  Generation

Adjustme nt for
Na tural Gas Inventory

Time to Obtain
Fuel

Performance of
Natural Gas Supplie rs

Expected
N atural Gas

Utilization Rate

Time to Adjust Expe cted
Na tural Gas Use Rate

Adjusting Expected
Natural Gas Use Rate

<Total Fuel
Utilization Rate>

<Target Fuel
Utilization Rate>

Coal Orders from
Generators

Coal
Inventory

Desired Coa l
Coverage

Target Coal
Inventory

Time to Adjust Coa l
Inve ntory

Consuming Coal for
Ge neration

Adjustment for  Coal
Inventory

Time to O btain
Coal

Performance of
Coa l Supplie rs

Expected Coal
Utilization Ra te

Time  to Adjust
Expected Coa l Use

Rate

Adjusting Expected
Coal Use Rate

Oil Orders from
Generators

O il Inventory

Desired Oil
Coverage

Target Oil
Inventory

Time to Adjust Oil
Inventory

Consuming Oil for
Generation

Adjustment for Oil
Inventory

Time to Obtain Oil

Pe rformance  of O il
Suppliers

Expected Oil
Utilization Rate

Time to Adjust
Expected O il Use Rate

Adjusting Expected
O il Use  Rate

Distillate O rde rs from
Generators

Distillate
Inventory

Desired Distillate
Coverage

Target Distillate
Inventory

Time  to Adjust
Distillate Inventory

Consuming Distillate
for Generation

Adjustment for
Distillate Inventory

Time to Obta in
Distillate

Performanc e of
Distillate Suppliers

Expected
Distillate

Utilization Rate

Time to Adjust
Expected Distillate  Use

Rate

Adjusting Expected
Distillate Use  Rate

Maximum Natura l Gas
Delivery Rate to

Genera tors

Maximum Coa l De livery
Rate to Generators

M aximum Distillate
Delivery Rate to

Genera tors

Maximum Oil Delivery
Rate  to Gene rators

Maximum Fuel
Utilization Rate

<TIME STEP>

Ma ximum Fuel
Delivery Rate

The natural gas supply is
a ssumed to be common to all

three gas generator  types

Ta rget Natural Gas
Utilization Rate

Fractional Demand for
NG Combustion

Fractional Demand for
NG Combined Cycle

Fractional Demand for
NG Steam Turbine

Maximum N G
Utilization Ra te

Total Natural Gas
Orders from Generators

Relative Shortfall in
Generator  Fuel

Na tural Gas Fuel
Unit

HoursPerDay

Fuel Price

Natural Gas Price to
Genera tors

Coal Price to
Generators

Distillate  Pr ice to
Ge nerators

Oil Price to
Gene rators

<N atural Gas Fuel
Unit>

Coal Fuel Unit

Distillate Fuel Unit

O il Fuel Unit

Coal Delive ries to
Generators<Coal Fuel Unit>

Distillate Deliveries to
Ge nerators

<Distillate  Fue l
Unit>

Oil Delive ries to
Ge nerators

<O il Fuel Unit>

Oil De liver ies

Distillate Deliver ies

Coal Deliveries
N atural Gas
Deliver ies

Relative Transport Time by
Mode  and NERC Region

Fra ctional Transport
Mode for Coal

N ormal Time to
Obtain Coa l

Fuel Management

N atural Gas
Orders

Total N atural Gas
Deliver ies to Generators

Natural Gas
Inventory

Desired Natural Gas
Coverage

Target N atural Gas
Inve ntory

Time to Adjust
Natural Gas Inventory

Consuming Natural
Ga s for  Generation

Adjustme nt for
Na tural Gas Inventory

Time to Obtain
Fuel

Performance of
Natural Gas Supplie rs

Expected
N atural Gas

Utilization Rate

Time to Adjust Expe cted
Na tural Gas Use Rate

Adjusting Expected
Natural Gas Use Rate

<Total Fuel
Utilization Rate>

<Target Fuel
Utilization Rate>

Coal Orders from
Generators

Coal
Inventory

Desired Coa l
Coverage

Target Coal
Inventory

Time to Adjust Coa l
Inve ntory

Consuming Coal for
Ge neration

Adjustment for  Coal
Inventory

Time to O btain
Coal

Performance of
Coa l Supplie rs

Expected Coal
Utilization Ra te

Time  to Adjust
Expected Coa l Use

Rate

Adjusting Expected
Coal Use Rate

Oil Orders from
Generators

O il Inventory

Desired Oil
Coverage

Target Oil
Inventory

Time to Adjust Oil
Inventory

Consuming Oil for
Generation

Adjustment for Oil
Inventory

Time to Obtain Oil

Pe rformance  of O il
Suppliers

Expected Oil
Utilization Rate

Time to Adjust
Expected O il Use Rate

Adjusting Expected
O il Use  Rate

Distillate O rde rs from
Generators

Distillate
Inventory

Desired Distillate
Coverage

Target Distillate
Inventory

Time  to Adjust
Distillate Inventory

Consuming Distillate
for Generation

Adjustment for
Distillate Inventory

Time to Obta in
Distillate

Performanc e of
Distillate Suppliers

Expected
Distillate

Utilization Rate

Time to Adjust
Expected Distillate  Use

Rate

Adjusting Expected
Distillate Use  Rate

Maximum Natura l Gas
Delivery Rate to

Genera tors

Maximum Coa l De livery
Rate to Generators

M aximum Distillate
Delivery Rate to

Genera tors

Maximum Oil Delivery
Rate  to Gene rators

Maximum Fuel
Utilization Rate

<TIME STEP>

Ma ximum Fuel
Delivery Rate

The natural gas supply is
a ssumed to be common to all

three gas generator  types

Ta rget Natural Gas
Utilization Rate

Fractional Demand for
NG Combustion

Fractional Demand for
NG Combined Cycle

Fractional Demand for
NG Steam Turbine

Maximum N G
Utilization Ra te

Total Natural Gas
Orders from Generators

Relative Shortfall in
Generator  Fuel

Na tural Gas Fuel
Unit

HoursPerDay

Fuel Price

Natural Gas Price to
Genera tors

Coal Price to
Generators

Distillate  Pr ice to
Ge nerators

Oil Price to
Gene rators

<N atural Gas Fuel
Unit>

Coal Fuel Unit

Distillate Fuel Unit

O il Fuel Unit

Coal Delive ries to
Generators<Coal Fuel Unit>

Distillate Deliveries to
Ge nerators

<Distillate  Fue l
Unit>

Oil Delive ries to
Ge nerators

<O il Fuel Unit>

Oil De liver ies

Distillate Deliver ies

Coal Deliveries
N atural Gas
Deliver ies

Relative Transport Time by
Mode  and NERC Region

Fra ctional Transport
Mode for Coal

N ormal Time to
Obtain Coa l

Fuel Management

Communications
Availability by NERC

Region

Use of Private Systems
for Power SCADA

Effect of
Communications on

Power SCADA

Effect of Power SCADA
on Transmission Capacity

Relative Transmission
Capacity without

SCADA

Current Transmission
C apacity to Regions

Customers

Current Transmission
Limit on Imports

Maximum Transmission
Capacity to Regions

Customers

Maximum
Transmission Limit on

Imports

Effect of Power SC ADA
on Control of Generators

Relative Generation
Capacity without

SCADA

Communications
Availability during Power

Interruption

<Power Interruption
Duration>

<Power Interruption
Start Time>

<Time>

SCADA

Communications
Availability by NERC

Region

Use of Private Systems
for Power SCADA

Effect of
Communications on

Power SCADA

Effect of Power SCADA
on Transmission Capacity

Relative Transmission
Capacity without

SCADA

Current Transmission
C apacity to Regions

Customers

Current Transmission
Limit on Imports

Maximum Transmission
Capacity to Regions

Customers

Maximum
Transmission Limit on

Imports

Effect of Power SC ADA
on Control of Generators

Relative Generation
Capacity without

SCADA

Communications
Availability during Power

Interruption

<Power Interruption
Duration>

<Power Interruption
Start Time>

<Time>

SCADA

Petroleum Fuels

D esired  N atural Ga s
Purch ase Rate

Maximum N atu ral
Gas Sales Rat e

To tal De sired Na tura l
Gas Sales to  End Users

Natural Ga s
Purch ase Rate

Natural Ga s in
U nderground  Storage

Pow er Availab ilit y
in N GRegio n

N omina l Inj ectio n
Cap acity to Natu ral Gas

Storage

Effe ct o f Power Availab ilit y on
Nat ural G as Tra nsfer Cap acity t o

Underground  Storage

Nat ural Gas in
Transmission  System

Inje ction  Cap acity to
Natural Gas St ora ge

Tran sfering  Na tural
Gas t o Sto rage

D esired  N atural
Gas Ac quisition

Rate

Curre nt Rat e ofDo mest ic  GasPro du ction

Current  NG Tra nsfer
C apac it y to  O ther

N GReg io ns

N G Tra nsfer Rate to
O the r N GRe gions

Tot al NG Tra nsfer Rate
t o O ther D ist ricts

Target N G  Transfe r
Rate to O th er D istrict s

Time to  Form Avera ge
Target NG Transfer Ra te

Av erag e Targe t
NG Transfer Ra te Cha nging A verage

Ta rget  NG Tra nsfer
Rate

To tal Target NG
Transfer Rat e

N G  Transfe r Offe red  to
Ot her NG Region s

M aximum N atural Ga s
Transfer Rate to Ot her

Districts

Serviceab le Fraction  of
Tot al Targe t N G Transfer

Rate

Natural Gas
Acq uisition Rate

Desired NG  Acq uisition
Rate  from Oth er

N GRe gions

Tot al N G Imp ort
Cap acity fro m Oth er

N GReg io ns

Reque st ed N G Impo rts
From O ther N GRegio ns

O rd er Rate for
Foreign N G Imp orts

Fo re ign N atural Ga s
Imp ort Rat e

Time  to Acq uire Fo re ig n
Natural Ga s Imports

Time t o A cquire Transfers
NG  from Ot her Distric ts

Natural Gas
Aquisition

Secto r N atu ral G as
Prio rit y

Natural Gas Purchase
Priority fro m O ther

Districts

N atural Ga s Sale s
Prio rity for O ther

NG Regio ns

Nat ural Gas
Clearing Price

Pote ntialMarket  fo rN GAcq uisit io nChang e in M ark et for
N G A cqu isitio n

Time t o C hange Market
for NG Acquisitio n

<TIME STEP>

C urrent Fo reign  NG
Impo rt Cap acity

Out st anding
Orde rs fo r

Foreign NG
Imp orts

In crea sing  Back log o f
Fo re ign N G O rders

Decreasing B acklo g of
Fo reign  NG  O rd ers

Dem and from
Generators

End-user
Demand

Gene rato rs D esired
Nat ural Gas Purchase

R ate

No minal Delivera bility
Rat e of Stored NG

Tot al Desired
N atural Gas Sales

C onsuming
N atu ral Gas

Work ing Gas Relativ e to
Wo rk in g Gas Cap acity

Relative Sho rt fall in
N at ural G as De liv eries

Maximu m N atural
Gas D elivery  Rate

Ma ximum Gene rato r
Sale s Rate

NG Sales Ra te to
G enerators

To tal Natural Gas
Sales to  End  Users

A nnual Average Net
Aquisitio n Rate

One Year

Deliverab ilit y from
Na tura l Gas Sto rag e

Desire d Transfer
Rate To  Sto rage

Outstan ding
O rders for
NG  Impo rt sN G Imp orts from

O th er N GR egions
D ome st ic N atural
Gas Imp ort Rat e

<Time>

Avera ge Ga s
D emand

Gas D emand
V aria bility

To tal NG Purchases
from Ot her Region s

Tot al Sales to
Oth er R egions

St orage Withd rawals
Re quired t o Serve

D eman d

<Acq uisit io n C orrect ion
for Storage Availab ilit y>

<A dd it ional Acqu isitio n to
C ove r for Immed iate

Sho rt falls>

<Z: Time  Unit s
Per Da y>

<Z: Time Units
Per Day>

Cu rrent Internal N G
Transmissio n Ca pacity

<Effe ct o f SCA DA on
N G  Pip eline C apa city>

<M aximum Cap acity of
Ga thering Network fo r
D omestic Pro duc tion>

<N o minal Ra te o f
Do mest ic  Gas
Prod uctio n>

<Effec t of SCAD A o n
N G Pip eline C apac it y>

<Ma ximum NG  Tra nsfer
Rate t o O ther
N GReg io ns>

<Effect o f SC ADA  on
N G Pipeline  Cap acity>

<M aximum Foreign N G
Imp ort Ca pacity >

<Effec t of SCAD A o n
NG Pip eline C apac it y>

<Maximum Inte rnal NG
Tra nsmissio n C apacit y>

Ex pect ed Na tural
Ga s Price

Init i al  Amount of
Na tural  G as Sto red

Nat ura l Gas
Wholesale Price

Adj usting Natural G as
Wholesale Price

Time to Adj ust Natural
Gas Wholesale Price

<Natural Gas
C learing  Price>

Regio nal G as Price

Effect  of Stored Gas
on Price Funct ion

<Wo rk ing G as Relative  to
Wo rk in g Ga s Cap acity>

No minal Natural
Gas Price

<Regio nal Gas
Price>

Desired Fuel
Purchas e R ate

Fuel
Inventor y at
Dis tributors Distr ibutor Sales

R ate

E xpected Product
R eplacement Time

Maximum S ales
R ate

Total Des ired
Sales  Rate

Distributor
S hortage

Distributor Effect of Perceived
Shor tage on Des ired

Coverage Table
Dis tributor Effect of

Perceived Shortage on
Des ired C over age

Distr ibutor
Perceived
Shortage

Distributor Time to
Perceive S hortage

Distr ibutor C hange in
Perceived Shortage

Desired Dis tributor
Fuel C overage

Perceived
Demand

Rate
Change in Perceived

Demand Rate

T ime to C hange
Perceived Demand

Rate

C ur rent Dis tributor
Fuel C overage

Relative Dis tributor
Fuel C overage

Effect of Relative C overage
on Indicated Fuel Price

T able

P erceived
Fuel P rice C hanging

P erception of Fuel
Price

Effect of R elative
C overage on Indicated

Fuel Pr ice

Spot Fuel Price

Time to C hange
Per ceived Fuel Pr ice

Fuel R etail
Markup

Fuel Retail Price

Fuel P urchase
R ate

Dis tributor
Inventor y Deficit

Total Demand in
Distr ict

Distributor
Acquis ition Rate

Nominal  Di str ibutor
F uel C overage

Distributor/
Retailer

Refiner

Refiner Des ired F uel
Purchas e R ate

Product
Inventory at

R efiners Refiner
S ales Rate

Expected
Production Time

Maximum R efinery
Sales  Rate

Total Des ir ed
Refiner Sales  Rate

Des ir ed R efiner
Inventory C over age

Perceived
Distr ibutors

Demand Rate
Change in Perceived
Distr ibutors Demand

R ate

Time to C hange Perceived
Distributors Demand R ate

C urrent R efinery
Inventory Coverage

Refinery Sales R ate to
Other  Distr icts

Refiner Product
I nventory Deficit

Refiner Des ir ed
Production Rate

R efiner y
P roduction R ate

Nominal Refiner
Inventory Coverage

Maximum R efining
C apacity

Product Yield per
Unit C rude

Additional Yield
from Additives

Additive
Availability

Current Product
Yield C ur rent Price per

Unit Crude Fixed C osts

Var iable Unit
C osts

Unit Production C osts
for Perceived Demand

C rude Pr ice

KGallons PerBarrel

Oper ation R ate for
Per ceived Demand

Minimum R efinery
C apacity Utilization

Minimum Refinery
Operation R ate

Available Refining
C apacity

Refinery Capacity
Damage Indicator

Time C onversion

Product M arkup

E ffect of Product M arkup
on C apacity Utilization

Table

Effect of Product M ar kup
on Capacity Utilization

Economic Target
Operation Rate

C rude
Inventory at

Refiner Refinery
Operation R ate

R efiner y C ycle
Time

C rude Limited R efinery
Operation Rate

Labor Availability
to PADPower Availability

to PAD

Inventory B ased
T ar get Oper ation R ate

Effect of Labor
Availability on

Available C apacity

Aggregate E ffects on
Available C apacity

Target Operation
R ate

Average Tar get
Operation Rate

Time to Form Average
Target Operation Rate

C hange in Average
Target Operation Rate

Des ired C rude Inventor y
Coverage at Refinery

C ur rent C rude Inventory
Coverage at Refinery

C rude I nventory
Deficit at R efiner y

R efinery C rude
Inventor y Adjus tment

Time

Des ir ed C rude T rans fer
Rate from T er minal

Storage

Nominal C rude Tr ansfer
Capacity to Refinery

Effect of Power Availability on
C rude Trans fer  Capacity to

R efinery

C rude Inventory at
T erminals and Tank

Farms

Maximum C rude
Tr ansfer R ate to

Refineries

T rans fering C rude
to Refinery

Des ir ed C rude Inventory
C over age at Terminals and

Tank F ar ms

C ur rent C rude Inventory
Cover age at Terminals and

Tank Far ms

C rude Inventory Deficit a t
T erminals and Tank Farms

Des ir ed C rude
Acquis ition Rate

T ime to Adjust C rude
Inventory at T erminals and

T ank Farms

C urrent R ate of
Domes tic C rude

Delivery

C urrent M aximum Cr ude
Transfer Rate to Other

PADs Cr ude Transfer Rate
to Other PADs

Total C rude T rans fer
Rate to Other Dis tricts

Target C rude Tr ansfer
Rate to Other  Distr icts

T ime to F or m Average
Tar get C rude Transfer

Rate

Average T arget
C rude Trans fer

Rate C hanging Average
Tar get C rude Transfer

Rate

Total Target C rude
Trans fer  Rate

Cr ude Transfer
Offered to Other

P ADs

Maximum C rude T rans fer
Rate from Terminals and

Tank Farms

Maximum C rude Tr ansfer
Rate to Other Dis tricts

Serviceable Fraction of
Total Tar get C rude

Tr ansfer R ate

Crude Acquis ition
R ate

Desired Acquis ition
Rate fr om Other  PADs

Total C rude I mport
Capacity from Other

Dis tricts

Requested C rude
Imports  From Other

PADs

C rude Imports fr om
Other PADs

Order R ate for Foreign
C rude Imports

Foreign Cr ude
I mport R ate

Time to Acquir e
Foreign Cr ude Impor ts

T ime to Acquire C rude
Tr ansfers  for Other

Districts

Crude
Buyer

Sector  Fuel
Priority

Product Sales
Pr iority for Other

Dis tricts

Refinery Sales R ate to
Dis trict Distribution

Refinery Production
Available for Trans fer

Des ired I mports  from
Other  Districts

Product P urchase
Priority fr om Other

Dis tricts

Fuel C learing Pr ice

Distr ibutor Purchases
from Other Dis tricts

Total Desired Impor t
R ate from Other Dis tricts

Total Refinery Sales
Rate to Other  Districts

Total Unserved Demand
fr om Other  Districts

Fraction of Unserved
Demand P erceived

C rude Purchas e Pr iority
from Other Districts

C rude Sales  Priority
for Other P ADs

Cr ude C learing
Priority

Domestic  Cr ude
Import Rate

P otential
Market for

C rude
Acquis ition

Change in Market for
C rude Acquisition

Time to C hange M arket
for C rude Acquisition

<TIM E STEP >

Maximum F or eign
Cr ude Import R ate

Outstanding
Orders  for

F or eign C rude
ImportsI ncreasing B acklog of

Foreign C rude Orders

Decreasing B acklog of
F oreign C rude Or ders

Fr action of Outstanding
F or eign C rude I mports

C onsider ed in Coverage

< Product Yield per
Unit C rude>

Tr end in Spot
Fuel Price

Time to I ncreas e
Retail Fuel Price

T ime to Decr ease
R etail F uel Price

Pass
T hr oughFuel Pr iceAdjusting Pass

T hrough Fuel Price

T ime to C hange
F uel Price

Relative Shortfall in Fuel
Purchas es  from

Dis tributors

R elative Shortfall in Fuel
P ur chases by Distr ibutors

R elative Shor tfall in
R efinery Operations

Rate

Relative Shortfall in
C rude Purchas es

T ime to T rack Trend
in Spot Prices

Test P urchas e
R ate

I nitial Trend in
Spot Price

E IA  Refi ning C apacity
as  of January 2003

Hours PerDay

Wholesale
Market

Distributor Desired
Pur chasing R ate

District Gener ators
Demand for Diesel

District Gener ators
Demand for Heavy Oil

Total Supply to
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Delays on  La bor

Availab ilit y

Resident ia l Desired
Na tural Gas Acq uisitio n

Rate

Residential N atural
Gas Acq uisit io n

Rate

Resident ial Wate r
A cquisition Ra te

Resid ential D esired
W ater Acquisition  Rate

<Resid ential Effect  of
In ternal Activity o n W ater

D emand>
<Resident ial Wate r

Dema nd Relative to D aily
Average>

<Resid ential W ater
Referenc e Con sumptio n

Rate>

Quarantines restrict transport capacity

Demand for transport of goods (Ag products)

Payments

Orders

SCADA

Payments

ATM

SCADA

Demand for Food Products 

Utilized in scenario simulations

Modeled, but not used in scenario sims

Settlement
Account
Balance

Liquidity
Stored in

Other
Accounts

Communications
Availability

Available Liquidity

Time of Disruption

Duration of
Disruption

<Time>

Target Liquidity

Threshold for Offering
Excess Liquidity

Threshold for Purchasing
Additional Liquidity

Offered Funds

Desired Liquidity
Purchases

Composite Sales Priority
for Overnight Funds

Fed Funds Sales
Priority

Other Sellers Sales
Priority

Affected FIs Sales
Priority

Affected FIs
Desired Returns

Discount or
Support Rate

Other Sellers
Desired Returns

Fed Funds
Maximum Sales

Other Sellers
Maximum Sales

Composite Maximum
Sales Rate

Desired Time to
Complete Sales

Desired Sales Rate

Other Sellers
Maximum Purchase

Rate

Other Sellers
Purchase PriorityAffected FIs

Purchase Priority

Other Sellers Bid
Rate

Affected FIs Bid
Rate

Composite Purchase
Priority for Overnight

Funds

Composite Maximum
Purchase Rate

Desired Purchase
Rate

Overnight Funds
Rate

Overnight Fund
PurchasesPurchasing

Overnight Funds

Selling Overnight
Funds

Overnight Fund
Sales

Overnight Funds
Trading Occurring

Overnight Funds
Market Activity

Schedule

<Time>

<One Hour>

Typical
Withdrawals

Ordinary Target
Liquidity

Liquidity Required to Meet
Expected Withdrawal

Demands

Currency in Member
Bank Vaults

Currency in ATMs

Currency in
Regional

Reserve Banks
Currency

Withdrawals

Currency Deliveries to
Regional Banks

Currency Withdrawals
from Regional Reserve

ATM Withdrawals

Currency Distributed
to ATMs

Desired Currency
Coverage in ATMs

Time to Revise
Estimated Withdrawal

Rate

P erceived ATM
Withdrawal

Rate

Changing Perception of
ATM Withdrawal Rate

Current Coverage
in ATMsTime to Adjust ATM

Currency Stock

Correction for ATM
Currency S tock

Adjus tment

Des ired Currency
Distribution to ATMs

Customers ' Desired
Currency Withdrawal

Rate

Maximum Currency
Withdrawal Rate Customers' Currency

Withdrawal Rate

Maximum Currency
Distribution to ATMs

Perceived
Demand for

Currency from
Banks

Customers'  Currency
Deposit Rate

Des ired Currency
Coverage in Vaults

Correction for Bank Vault
Currency Stock

Adjustment

Time to Adjust Bank
Currency Stock

Current Currency
Coverage in Bank

Vaults

Perceived Rate
of Currency
Deposits to

Banks

Correction for
Anticipated Deposits

Members' Demand
for Currency

Members ' Net
Demand for Currency

Maximum Currency
Shipment Rate from
Regional Reserves

Currency Shipped to
Member Banks

Attempted Withdrawals
from ATMs

Maximum ATM
Withdrawal Rate

<TIME STEP>

<TIME STEP >

<TIME STEP>

Currency in
Transit to

Member Banks

Time to Move Currency
between Member and

Regional Banks

Currency Depos its to
Member Banks

Desired Coverage in
Regional Reserve Banks

Current Coverage in
Regional Reserve Banks

Perceived
Currency

Demand by
Member Banks

Time to Adjust Currency
Inventory in Regional

Reserve Banks

Perceived Rate
of Currency

Deposits from
Member Banks

Correction for Anticipated
Deposits by Member

Banks

Correction for Reserve Bank
Currency Inventory

Adjustment

Currency in
Transit to
Regional

Reserve Banks

Members ' Currency
Shipments to Regional

Reserve Bank

Arriving Currency
Shipments from Member

Banks

Reserve Banks N et
Demand for Currency

Currency Shipments to
Regional Reserve Banks

Currency in
Trans it from

Federal Reserve

Time to Obtain Currency
from Federal Reserve

Currency Sent from
Federal Reserve

Currency Sent to
Federal Reserve

Fraction of ATM
Hosts Available

ATM Acces s
probability

Unsatis ified Demand for
Currency from ATMs

Customers' Ordinary
Currency Withdrawal

Rate
Fraction of Bank

Currency Demands
Satisfied

Fraction of Failed ATM
Withdrawals Attempted at

BankS upplementary Withdrawal
Attempts from Failed ATM

Trans actions

Fraction of Cash
Withdrawals Attempted at

ATMs

Cash Withdrawn Fraction of Retail
Banks Available

Desired Cash
Withdrawal Rate

<Adjustment to
Correct Cash

Shortfall>

<Perceived Cash
Spending Rate>

Relative Shortfall in
Regional Reserve

Currency

<Business
Communication Status>

<Banking and Credit
Communication Status>

Currency Flows

Pending
Purchases

New Purchasing
Demand

Purchasing
Electronically

Abandoning
Purchases

Electronic Acceptance
Probability

Time to Abandon
Purchases

Attempt Rate for
Unrejected Electronic

Purchases

Acceptance Rate for
Unrejected Electronic

Purchases

Average
Resolution Time

Purchaser's
Cash on Hand Spending Cash

Current Cash
Coverage

Desired Cash
Coverage

Desired Cash
Withdrawal Rate

Purchaser's Cash
Withdrawal Rate

Perceived
Cash

ShortageChanging Perception
of Cash Shortage

Time to Perceive
Cash Shortage

Effect of Perceived
Shortage on Desired Cash

Coverage

Effect of Perceived Shortage
on Desired Cash Coverage

Table

Relative Shortfall in
Cash Withdrawals

Nominal Cash
Coverage

Cash Deficit

Desired Time to
Correct Cash Deficit

Adjustment to Correct
Cash Shortfall

Minimum Cash
Coverage

Maximum Cash
Spending

Effect of Perceived
Shortage on Cash

Spending

Effect of Perceived
Shortage on Cash
Spending Table

Cash Withdrawn

Purchasing With
Cash

Cash Purchasing
Time Constant

Perceived
Cash

Spending Rate

Desired Rate of
Cash Purchases Total Purchasing

Rate

Relative
Resolution Time

Effect of Relative Resolution
Time on Abandonment Rate

Table

Effect of Relative
Resolution Time on
Abandonment Rate

Abandoned
Purchases

Fraction of Desired
Cash Purchases Made

<ATM
Withdrawals>

<Fraction of Bank
Currency Demands

Satisfied>

<Customers' Desired
Currency Withdrawal

Rate>

Fraction of Retail
Banks Available

Fraction of Credit
Clearing Services

Available

Number of Credit
Cards Held

Purchasing With
Checks

Check Purchasing
Time Constant

Checks
Requiring
SettlementSettling Checks

Holding Checks for
Settlement

Held Checks

Clearing Held
Checks

Time to Settle
Checks

Check Clearing
Schedule

Check Clearing
Occuring

Held Check
Clearing Occurring

<Fraction of Retail
Banks Available>

Probability of Retail
Payment System

Working

<Banking and Credit
Communication Status>

<Clearing and
Settlement

Communication Status>

Purchasing Modes

Settlement

Indicated Fraction of
Property to Insure

Covered
Property

Adjusting
Coverage

Time to Change
Coverage

Indicated Premium

Premium
Charged on

Covered
Property

Liquid
Assets

Long Term
Assets

Premium Payments

Adjusting Average
Premium

Claims Paid

Operating
Expenses

InvestmentsLiquidations

Damage Rate

Underwriters
Perception of

Risk

Property
Owners

Perception of
Risk

Attractiveness of
Premium

Effect of Premium on
Insured Fraction

Function

Owners Adjusting
Perception of Risk

Time for Owners to
Change Perception of

Risk

Time for Underwriters to
Adjust Perception of Risk

Insurable
Property DepreciationConstruction

Damage

Reference Amount of
Insurable Property

Depreciation Rate

Operating
Overhead Rate

Underwriters Adjusting
Perception of Risk

Average Damage
Rate

Asset
Appreciation

Return on
Investments

Desired Liquidity
Coverage

Damage to Covered
Property

Property to Insure

Desired Liquidity

Anticipated
Claims Rate

Time to Liquidate
Assets

Maximum
Liquidation Rate

Construction Time

Time to Invest

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

Insurance

Settlement
Account
Balance

Liquidity
Stored in

Other
Accounts

Communications
Availability

Available Liquidity

Time of Disruption

Duration of
Disruption

<Time>

Target Liquidity

Threshold for Offering
Excess Liquidity

Threshold for Purchasing
Additional Liquidity

Offered Funds

Desired Liquidity
Purchases

Composite Sales Priority
for Overnight Funds

Fed Funds Sales
Priority

Other Sellers Sales
Priority

Affected FIs Sales
Priority

Affected FIs
Desired Returns

Discount or
Support Rate

Other Sellers
Desired Returns

Fed Funds
Maximum Sales

Other Sellers
Maximum Sales

Composite Maximum
Sales Rate

Desired Time to
Complete Sales

Desired Sales Rate

Other Sellers
Maximum Purchase

Rate

Other Sellers
Purchase PriorityAffected FIs

Purchase Priority

Other Sellers Bid
Rate

Affected FIs Bid
Rate

Composite Purchase
Priority for Overnight

Funds

Composite Maximum
Purchase Rate

Desired Purchase
Rate

Overnight Funds
Rate

Overnight Fund
PurchasesPurchasing

Overnight Funds

Selling Overnight
Funds

Overnight Fund
Sales

Overnight Funds
Trading Occurring

Overnight Funds
Market Activity

Schedule

<Time>

<One Hour>

Typical
Withdrawals

Ordinary Target
Liquidity

Liquidity Required to Meet
Expected Withdrawal

Demands

Currency in Member
Bank Vaults

Currency in ATMs

Currency in
Regional

Reserve Banks
Currency

Withdrawals

Currency Deliveries to
Regional Banks

Currency Withdrawals
from Regional Reserve

ATM Withdrawals

Currency Distributed
to ATMs

Desired Currency
Coverage in ATMs

Time to Revise
Estimated Withdrawal

Rate

P erceived ATM
Withdrawal

Rate

Changing Perception of
ATM Withdrawal Rate

Current Coverage
in ATMsTime to Adjust ATM

Currency Stock

Correction for ATM
Currency S tock

Adjus tment

Des ired Currency
Distribution to ATMs

Customers ' Desired
Currency Withdrawal

Rate

Maximum Currency
Withdrawal Rate Customers' Currency

Withdrawal Rate

Maximum Currency
Distribution to ATMs

Perceived
Demand for

Currency from
Banks

Customers'  Currency
Deposit Rate

Des ired Currency
Coverage in Vaults

Correction for Bank Vault
Currency Stock

Adjustment

Time to Adjust Bank
Currency Stock

Current Currency
Coverage in Bank

Vaults

Perceived Rate
of Currency
Deposits to

Banks

Correction for
Anticipated Deposits

Members' Demand
for Currency

Members ' Net
Demand for Currency

Maximum Currency
Shipment Rate from
Regional Reserves

Currency Shipped to
Member Banks

Attempted Withdrawals
from ATMs

Maximum ATM
Withdrawal Rate

<TIME STEP>

<TIME STEP >

<TIME STEP>

Currency in
Transit to

Member Banks

Time to Move Currency
between Member and

Regional Banks

Currency Depos its to
Member Banks

Desired Coverage in
Regional Reserve Banks

Current Coverage in
Regional Reserve Banks

Perceived
Currency

Demand by
Member Banks

Time to Adjust Currency
Inventory in Regional

Reserve Banks

Perceived Rate
of Currency

Deposits from
Member Banks

Correction for Anticipated
Deposits by Member

Banks

Correction for Reserve Bank
Currency Inventory

Adjustment

Currency in
Transit to
Regional

Reserve Banks

Members ' Currency
Shipments to Regional

Reserve Bank

Arriving Currency
Shipments from Member

Banks

Reserve Banks N et
Demand for Currency

Currency Shipments to
Regional Reserve Banks

Currency in
Trans it from

Federal Reserve

Time to Obtain Currency
from Federal Reserve

Currency Sent from
Federal Reserve

Currency Sent to
Federal Reserve

Fraction of ATM
Hosts Available

ATM Acces s
probability

Unsatis ified Demand for
Currency from ATMs

Customers' Ordinary
Currency Withdrawal

Rate
Fraction of Bank

Currency Demands
Satisfied

Fraction of Failed ATM
Withdrawals Attempted at

BankS upplementary Withdrawal
Attempts from Failed ATM

Trans actions

Fraction of Cash
Withdrawals Attempted at

ATMs

Cash Withdrawn Fraction of Retail
Banks Available

Desired Cash
Withdrawal Rate

<Adjustment to
Correct Cash

Shortfall>

<Perceived Cash
Spending Rate>

Relative Shortfall in
Regional Reserve

Currency

<Business
Communication Status>

<Banking and Credit
Communication Status>

Currency Flows

Pending
Purchases

New Purchasing
Demand

Purchasing
Electronically

Abandoning
Purchases

Electronic Acceptance
Probability

Time to Abandon
Purchases

Attempt Rate for
Unrejected Electronic

Purchases

Acceptance Rate for
Unrejected Electronic

Purchases

Average
Resolution Time

Purchaser's
Cash on Hand Spending Cash

Current Cash
Coverage

Desired Cash
Coverage

Desired Cash
Withdrawal Rate

Purchaser's Cash
Withdrawal Rate

Perceived
Cash

ShortageChanging Perception
of Cash Shortage

Time to Perceive
Cash Shortage

Effect of Perceived
Shortage on Desired Cash

Coverage

Effect of Perceived Shortage
on Desired Cash Coverage

Table

Relative Shortfall in
Cash Withdrawals

Nominal Cash
Coverage

Cash Deficit

Desired Time to
Correct Cash Deficit

Adjustment to Correct
Cash Shortfall

Minimum Cash
Coverage

Maximum Cash
Spending

Effect of Perceived
Shortage on Cash

Spending

Effect of Perceived
Shortage on Cash
Spending Table

Cash Withdrawn

Purchasing With
Cash

Cash Purchasing
Time Constant

Perceived
Cash

Spending Rate

Desired Rate of
Cash Purchases Total Purchasing

Rate

Relative
Resolution Time

Effect of Relative Resolution
Time on Abandonment Rate

Table

Effect of Relative
Resolution Time on
Abandonment Rate

Abandoned
Purchases

Fraction of Desired
Cash Purchases Made

<ATM
Withdrawals>

<Fraction of Bank
Currency Demands

Satisfied>

<Customers' Desired
Currency Withdrawal

Rate>

Fraction of Retail
Banks Available

Fraction of Credit
Clearing Services

Available

Number of Credit
Cards Held

Purchasing With
Checks

Check Purchasing
Time Constant

Checks
Requiring
SettlementSettling Checks

Holding Checks for
Settlement

Held Checks

Clearing Held
Checks

Time to Settle
Checks

Check Clearing
Schedule

Check Clearing
Occuring

Held Check
Clearing Occurring

<Fraction of Retail
Banks Available>

Probability of Retail
Payment System

Working

<Banking and Credit
Communication Status>

<Clearing and
Settlement

Communication Status>

Purchasing Modes

Pending
Purchases

New Purchasing
Demand

Purchasing
Electronically

Abandoning
Purchases

Electronic Acceptance
Probability

Time to Abandon
Purchases

Attempt Rate for
Unrejected Electronic

Purchases

Acceptance Rate for
Unrejected Electronic

Purchases

Average
Resolution Time

Purchaser's
Cash on Hand Spending Cash

Current Cash
Coverage

Desired Cash
Coverage

Desired Cash
Withdrawal Rate

Purchaser's Cash
Withdrawal Rate

Perceived
Cash

ShortageChanging Perception
of Cash Shortage

Time to Perceive
Cash Shortage

Effect of Perceived
Shortage on Desired Cash

Coverage

Effect of Perceived Shortage
on Desired Cash Coverage

Table

Relative Shortfall in
Cash Withdrawals

Nominal Cash
Coverage

Cash Deficit

Desired Time to
Correct Cash Deficit

Adjustment to Correct
Cash Shortfall

Minimum Cash
Coverage

Maximum Cash
Spending

Effect of Perceived
Shortage on Cash

Spending

Effect of Perceived
Shortage on Cash
Spending Table

Cash Withdrawn

Purchasing With
Cash

Cash Purchasing
Time Constant

Perceived
Cash

Spending Rate

Desired Rate of
Cash Purchases Total Purchasing

Rate

Relative
Resolution Time

Effect of Relative Resolution
Time on Abandonment Rate

Table

Effect of Relative
Resolution Time on
Abandonment Rate

Abandoned
Purchases

Fraction of Desired
Cash Purchases Made

<ATM
Withdrawals>

<Fraction of Bank
Currency Demands

Satisfied>

<Customers' Desired
Currency Withdrawal

Rate>

Fraction of Retail
Banks Available

Fraction of Credit
Clearing Services

Available

Number of Credit
Cards Held

Purchasing With
Checks

Check Purchasing
Time Constant

Checks
Requiring
SettlementSettling Checks

Holding Checks for
Settlement

Held Checks

Clearing Held
Checks

Time to Settle
Checks

Check Clearing
Schedule

Check Clearing
Occuring

Held Check
Clearing Occurring

<Fraction of Retail
Banks Available>

Probability of Retail
Payment System

Working

<Banking and Credit
Communication Status>

<Clearing and
Settlement

Communication Status>

Purchasing Modes

Settlement

Indicated Fraction of
Property to Insure

Covered
Property

Adjusting
Coverage

Time to Change
Coverage

Indicated Premium

Premium
Charged on

Covered
Property

Liquid
Assets

Long Term
Assets

Premium Payments

Adjusting Average
Premium

Claims Paid

Operating
Expenses

InvestmentsLiquidations

Damage Rate

Underwriters
Perception of

Risk

Property
Owners

Perception of
Risk

Attractiveness of
Premium

Effect of Premium on
Insured Fraction

Function

Owners Adjusting
Perception of Risk

Time for Owners to
Change Perception of

Risk

Time for Underwriters to
Adjust Perception of Risk

Insurable
Property DepreciationConstruction

Damage

Reference Amount of
Insurable Property

Depreciation Rate

Operating
Overhead Rate

Underwriters Adjusting
Perception of Risk

Average Damage
Rate

Asset
Appreciation

Return on
Investments

Desired Liquidity
Coverage

Damage to Covered
Property

Property to Insure

Desired Liquidity

Anticipated
Claims Rate

Time to Liquidate
Assets

Maximum
Liquidation Rate

Construction Time

Time to Invest

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

Insurance

Banking & Finance

h arvested
co rn

planting co rn

corn
inventory at

feedlo tscorn sales  to
cattle feedlots

corn coverage

feeding beef
cattle

expected
harvest

desired inventory
coverage at feedlots

inventory shortage
at feedlots

desired sales to
feedlots

acres o f
corn

harvesting
acres of corn

losses  from
corn disease

average corn
yield

desired acres
o f corn

time to begin
planting

time to complete
planting

corn crop losses
disease
duration

onset of disease time to begin
harvesting

time to complete
harves ting

harvesting
tonn es of corn cows on

feedlots
beef cattle corn

consumptionanticipated
inventory

inventory coverage
at feedlots

expected feed
requirements

time to form
expectation

inventory cor rec tion
at feedlots

time to correct
inventory at feedlots

acres  of corn at
beginning of harvest

acres of corn at
onset of disease

expected corn
harvest f

desired corn
coverage

relative corn
co verag e

desired corn
coverage f

co verag e effect
on corn p rice

corn coverage
elastic ity

normal
corn price

time to get to
normal corn price

unsub sidized
corn price

corn p rice

subsidized corn
pr ice

price effect on
planting co rn

corn planting
elas ticity

normal acres
of corn

relative exp ected
corn  price for

growers

expected
corn price

fo r gro wers

time to form
expectation about

corn price

sales to
wet mil ls

sales to
dry mills

corn
exports

other corn
feed sales

total corn sales <prime cattle>

normal other corn
feed sales

expected
corn price for
consumers

relative expec ted corn
price for consumers

normal corn
exports

domestic  corn
sales

corn
in vento ry at

dairies

corn sales to
dairies

feeding dairy
cows

<milk cows>

dairy cows

dairy cow corn
consumption

des ired inventory
coverage at dairies

inventory coverage
at dairies

inventory shortage
at dairies

inventory
correc tion
at dair ies

desired sales to
dairies time to correct

inventory at dairies

expected dairy
feed requirements

time to form
expectation about

dairy feed

max acres  of
corn

initial corn price

<relative expec ted
corn price for
consumers>

corn sales
elas ticity

Corn

beef ca lv es
in utero

beef
calves stockers

beef
inventory

weaning be ef
calves

beef
sales

be ef cattle
bre ed stoc k

beef calf breeding beef
c alving

desired breed
stock

calf gestation time

getting be ef cattle
breed stoc k

time to wean foraging period

beef cattle fertility

breeding stock
acquisition delay

beef coverage

population

Indicated
demand for be ef

beef price
e xpec ted
beef price

desired beef
coverage

c overage effect
on beef price

normal beef
price

initial breeding
stock

price  e ffect on
be ef demand

normal beef
consumption

Normal retail
beef price

marketing
margin for beef

time for beef price
expectations

step change in demand

pe r ca p
demand
for beef

time to change
consumption

price effect on
breeding

retail beef price

time to get normal
beef price

breed ing price
e lasticity

recall

fractiona l recall

fractiona l change in
demand for beef

beef subsidy
price

unsubsidized
beef pric e

prime
cattlefattening

bee f cattle

proportional
beef yield

live weight of
slaughtered cows

normal wholesale
beef price per pound break even

beef price

normal cost o f
corn feed

feed price effect
on beef price

switch for passing
along corn price

effects

d isease to
prime cattle

FMD fractional
disease

s la ughtering
beef cattle

time on
feedlots

beef packing

<proportiona l weight
of slaughtered cows>

relative beef
consumption

time to recover

change in demand
with recovery

<relative expected
corn price for
consumers>

reducing beef
cattle bre ed stock

normal
breed stock

time to get normal
breed stock

<dairy cows to
slaughter>

beef price
elasticity

beef coverage
elasticity

disease to
stockers

FMD fractional
disease to cow&calf

operations
disease to beef

calvesdisease to  beef
ca lves in utero

disease to
beef cattle
breed stock

Beef

dairy ca lves
in utero he ifers milk cowsdairy calf

breed ing
first ca lving culling dairy

herd

<ca lf gestation
time>

time until first
breed ing

milking duration

dairy fertility

normal dairy
herd size

desired dairy
herd size

time to  adjust
dairy herd size

price  effect on
dairy herd size

adjusting dairy
herd size

milk
inventorymilk production

milk production
per head

milk sales

milk coverage

coverage effect
on milk price

desired milk
coverage

milk coverage
elasticity

dairy
calvesdairy calving maturing

<ca lf gesta tion
time>

dairy breed
stock

slaughtering
da iry ca lves

average weight of
dairy calves

<live weight of
slaughtered cows>

dairy cows to
slaughter

adjusting using o ld
cows or ca lves?

market pressure
on milk price

milk
marketing
order price

expected
milk pricebreak even

milk price

feed price  effect on
milk production cost

time to update  milk
marketing order price

re tail p rice of
da iry products

marketing
margin for dairy

price  effect on
dairy demand

ind icated demand
for dairy products

per cap
demand for

dairy products

milk price

milk support
price

initia l milk
marketing order

price

time to form milk
price expecta tion

dairy price
elasticity

normal reta il
dairy price

normal milk
price

time to get normal
milk price

normal da iry
consumption

<popula tion>

<time to change
consumption>

price e ffect
elasticity

<rela tive expected
corn price for
consumers>

fractional feed
cost

d isease to  milk
cows

disease to
heifers

disease to dairy
ca lves

disease to dairy
calves in utero

fractional increase in
reta il da iry price

killed  milk
cows

killed
heifers

killed da iry
calves

killed  dairy
ca lves in

utero

Dairy

h arvested
co rn

planting co rn

corn
inventory at

feedlo tscorn sales  to
cattle feedlots

corn coverage

feeding beef
cattle

expected
harvest

desired inventory
coverage at feedlots

inventory shortage
at feedlots

desired sales to
feedlots

acres o f
corn

harvesting
acres of corn

losses  from
corn disease

average corn
yield

desired acres
o f corn

time to begin
planting

time to complete
planting

corn crop losses
disease
duration

onset of disease time to begin
harvesting

time to complete
harves ting

harvesting
tonn es of corn cows on

feedlots
beef cattle corn

consumptionanticipated
inventory

inventory coverage
at feedlots

expected feed
requirements

time to form
expectation

inventory cor rec tion
at feedlots

time to correct
inventory at feedlots

acres  of corn at
beginning of harvest

acres of corn at
onset of disease

expected corn
harvest f

desired corn
coverage

relative corn
co verag e

desired corn
coverage f

co verag e effect
on corn p rice

corn coverage
elastic ity

normal
corn price

time to get to
normal corn price

unsub sidized
corn price

corn p rice

subsidized corn
pr ice

price effect on
planting co rn

corn planting
elas ticity

normal acres
of corn

relative exp ected
corn  price for

growers

expected
corn price

fo r gro wers

time to form
expectation about

corn price

sales to
wet mil ls

sales to
dry mills

corn
exports

other corn
feed sales

total corn sales <prime cattle>

normal other corn
feed sales

expected
corn price for
consumers

relative expec ted corn
price for consumers

normal corn
exports

domestic  corn
sales

corn
in vento ry at

dairies

corn sales to
dairies

feeding dairy
cows

<milk cows>

dairy cows

dairy cow corn
consumption

des ired inventory
coverage at dairies

inventory coverage
at dairies

inventory shortage
at dairies

inventory
correc tion
at dair ies

desired sales to
dairies time to correct

inventory at dairies

expected dairy
feed requirements

time to form
expectation about

dairy feed

max acres  of
corn

initial corn price

<relative expec ted
corn price for
consumers>

corn sales
elas ticity

Corn

h arvested
co rn

planting co rn

corn
inventory at

feedlo tscorn sales  to
cattle feedlots

corn coverage

feeding beef
cattle

expected
harvest

desired inventory
coverage at feedlots

inventory shortage
at feedlots

desired sales to
feedlots

acres o f
corn

harvesting
acres of corn

losses  from
corn disease

average corn
yield

desired acres
o f corn

time to begin
planting

time to complete
planting

corn crop losses
disease
duration

onset of disease time to begin
harvesting

time to complete
harves ting

harvesting
tonn es of corn cows on

feedlots
beef cattle corn

consumptionanticipated
inventory

inventory coverage
at feedlots

expected feed
requirements

time to form
expectation

inventory cor rec tion
at feedlots

time to correct
inventory at feedlots

acres  of corn at
beginning of harvest

acres of corn at
onset of disease

expected corn
harvest f

desired corn
coverage

relative corn
co verag e

desired corn
coverage f

co verag e effect
on corn p rice

corn coverage
elastic ity

normal
corn price

time to get to
normal corn price

unsub sidized
corn price

corn p rice

subsidized corn
pr ice

price effect on
planting co rn

corn planting
elas ticity

normal acres
of corn

relative exp ected
corn  price for

growers

expected
corn price

fo r gro wers

time to form
expectation about

corn price

sales to
wet mil ls

sales to
dry mills

corn
exports

other corn
feed sales

total corn sales <prime cattle>

normal other corn
feed sales

expected
corn price for
consumers

relative expec ted corn
price for consumers

normal corn
exports

domestic  corn
sales

corn
in vento ry at

dairies

corn sales to
dairies

feeding dairy
cows

<milk cows>

dairy cows

dairy cow corn
consumption

des ired inventory
coverage at dairies

inventory coverage
at dairies

inventory shortage
at dairies

inventory
correc tion
at dair ies

desired sales to
dairies time to correct

inventory at dairies

expected dairy
feed requirements

time to form
expectation about

dairy feed

max acres  of
corn

initial corn price

<relative expec ted
corn price for
consumers>

corn sales
elas ticity

Corn

beef ca lv es
in utero

beef
calves stockers

beef
inventory

weaning be ef
calves

beef
sales

be ef cattle
bre ed stoc k

beef calf breeding beef
c alving

desired breed
stock

calf gestation time

getting be ef cattle
breed stoc k

time to wean foraging period

beef cattle fertility

breeding stock
acquisition delay

beef coverage

population

Indicated
demand for be ef

beef price
e xpec ted
beef price

desired beef
coverage

c overage effect
on beef price

normal beef
price

initial breeding
stock

price  e ffect on
be ef demand

normal beef
consumption

Normal retail
beef price

marketing
margin for beef

time for beef price
expectations

step change in demand

pe r ca p
demand
for beef

time to change
consumption

price effect on
breeding

retail beef price

time to get normal
beef price

breed ing price
e lasticity

recall

fractiona l recall

fractiona l change in
demand for beef

beef subsidy
price

unsubsidized
beef pric e

prime
cattlefattening

bee f cattle

proportional
beef yield

live weight of
slaughtered cows

normal wholesale
beef price per pound break even

beef price

normal cost o f
corn feed

feed price effect
on beef price

switch for passing
along corn price

effects

d isease to
prime cattle

FMD fractional
disease

s la ughtering
beef cattle

time on
feedlots

beef packing

<proportiona l weight
of slaughtered cows>

relative beef
consumption

time to recover

change in demand
with recovery

<relative expected
corn price for
consumers>

reducing beef
cattle bre ed stock

normal
breed stock

time to get normal
breed stock

<dairy cows to
slaughter>

beef price
elasticity

beef coverage
elasticity

disease to
stockers

FMD fractional
disease to cow&calf

operations
disease to beef

calvesdisease to  beef
ca lves in utero

disease to
beef cattle
breed stock

Beef

dairy ca lves
in utero he ifers milk cowsdairy calf

breed ing
first ca lving culling dairy

herd

<ca lf gestation
time>

time until first
breed ing

milking duration

dairy fertility

normal dairy
herd size

desired dairy
herd size

time to  adjust
dairy herd size

price  effect on
dairy herd size

adjusting dairy
herd size

milk
inventorymilk production

milk production
per head

milk sales

milk coverage

coverage effect
on milk price

desired milk
coverage

milk coverage
elasticity

dairy
calvesdairy calving maturing

<ca lf gesta tion
time>

dairy breed
stock

slaughtering
da iry ca lves

average weight of
dairy calves

<live weight of
slaughtered cows>

dairy cows to
slaughter

adjusting using o ld
cows or ca lves?

market pressure
on milk price

milk
marketing
order price

expected
milk pricebreak even

milk price

feed price  effect on
milk production cost

time to update  milk
marketing order price

re tail p rice of
da iry products

marketing
margin for dairy

price  effect on
dairy demand

ind icated demand
for dairy products

per cap
demand for

dairy products

milk price

milk support
price

initia l milk
marketing order

price

time to form milk
price expecta tion

dairy price
elasticity

normal reta il
dairy price

normal milk
price

time to get normal
milk price

normal da iry
consumption

<popula tion>

<time to change
consumption>

price e ffect
elasticity

<rela tive expected
corn price for
consumers>

fractional feed
cost

d isease to  milk
cows

disease to
heifers

disease to dairy
ca lves

disease to dairy
calves in utero

fractional increase in
reta il da iry price

killed  milk
cows

killed
heifers

killed da iry
calves

killed  dairy
ca lves in

utero

Dairy

Agriculture & Food

Electric Power

Id le Pow er
Gen era tion
Cap acity

Failed
Gene rat ion
C ap acity

Rep air ing Failed
G eneratio n Ca pac ity

Fa il ed  G enerat io n
C ap ac it y R epa ir Time

Target  Ge neration
Serv ing Lo ad

Line Loss F act or

Ta rge t Loa d

Fuel R equired  fo r
Load  Serving

To tal Fu el
Ut iliza tion Rate

M aximu m Fue l
Ut iliza tion Rate Ma ximum Loa d

Allow ed  by  Ava ilable
Fuel

F uel Req uired  pe r
uni t Loa d Se rv ed

Time t o A ctiva te
Ge neratio n

Target  Fuel
Ut iliza tion Rate

<TIME STEP>

Bring ing G eneratio n
o n Line

G eneratio n
Servin g Loa d

Switc hing Lo ad Se rving
G eneratio n to  Idle

Load  Serving
G eneratio n Failing

Ge ne rat io n
F ai l ure Time

M aximum Rate of
Increasing  Load  Serving

Availa ble
Ge neratio n

Po wer Sales
Pr ior ity

<TIME STEP>

D iurn al Electr icity
Demand  Variatio n

Pea k Lo ad

O ne Ho ur

Fuel Price

N on-Fuel  Ma rg i na l
Co sts fo r Loa d Se rv ing

M arg in al Co sts for
Loa d Serving

Tot al Target Elec tric
Pow er Pu rch ases

Pow er Purch ase
Prio rity

Pow er Pr ice

Electr ic Pow er
Lo ad Se rve d

Offered
Ge neration

O ffere d Imp orts

Imp ort Sales
Pr ior ity

C ompo site Sales
Prior ity

C ompo site Sup ply
O ffere d

Imp orts Purchased

Impo rt Po we r
Price

To tal Lo ad  Serv ed

<Gen era tion
Serv ing Loa d>

N et R ate o f Increasing
Lo ad Se rvin g

Ge neration  Av ailable
fo r Ex po rt

G eneratio n
Disco nnect edfrom
Transmissio n

Sy stem
Lo ad  Serv ing G eneratio n
Beco mming D isc onn ected

Idle G ene rat io n
B eco mmin g
Disco nnec ted

G eneratio n
Be comming
Rec onne ctedG enerat io n

R eco nne cti on Time

G eneratio n
D isc onn ectio n Rat ePow erIn terrup tio n Star tTime

Po werInt errup tionDuratio n

Disco nnect ion Rate
D urin g Interru ptio n

<Time>

<Ma ximum N G
Utilizatio n Ra te>

Emissi ons p er U nit
G enerat io n

Emissions Ra te

Relat ive Sho rt fall in
Lo ad  Serv ed

Tota l Regio n Lo ad

Rela tive Sho rt fall in
Secto r Lo ad  Served

Gen era tion for
Expo rt

R egion al Electr ic
Po wer D eman d

<Time>

Expo rt
Ob ligat io ns A dju st ing Exp ort

O b ligatio ns

<TIM E STEP>

Tot al Target Elec tric
Po we r Lo ad

Electr ic Po wer
A cq uire d for  Each

Secto r

Regio nal Elect ric
Po wer Loa d Served

Reserve M arg in

To tal Id le
C apa city

To tal Gene rat ion
Serv ing Loa d<C oal Fu el Un it>

<Co al Pr ice t o
G enerato rs>

<Dist illa te Fue l
Un it>

<Distillate  Price  to
G ene rat ors>

<N at ural Gas Fue l
Unit >

<Na tural G as Price  to
Ge nerato rs>

<O il Fuel Unit>

<O il Price  to
Gene rat ors>

C urren t Tra nsmission
C apa city t o R egion s

Cu stomers

<Effe ct o f Po wer  SCA DA
o n Tra nsmission Cap acity >

<M aximum Transmissio n
C apa city to Regio ns

Cu st omers>

Targ et Po wer  to
Serv e Reg ion Lo ad

Reg io n Lo ad
Co nstrained  by
Tra nsmission

Effect of Po we r SC AD A
o n C on tro l o f G enerato rs

<Effec t o f
Co mmunicatio ns o n
Pow er SC AD A>

<Relat ive G eneratio n
C apa city w itho ut

SC AD A>

To tal A vailab le
G eneratio n

M aximum C on tro llab le
Gen era tion

Init i al  G enerat io n
C ap aci t y

D iscon nectio n Ra te d ue
t o C ont ro l Limita tions

<TIME STEP>

Ex pe cte d Po we r
Pri ce

Generation

N atural Gas
Orders

Total N atural Gas
Deliver ies to Generators

Natural Gas
Inventory

Desired Natural Gas
Coverage

Target N atural Gas
Inve ntory

Time to Adjust
Natural Gas Inventory

Consuming Natural
Ga s for  Generation

Adjustme nt for
Na tural Gas Inventory

Time to Obtain
Fuel

Performance of
Natural Gas Supplie rs

Expected
N atural Gas

Utilization Rate

Time to Adjust Expe cted
Na tural Gas Use Rate

Adjusting Expected
Natural Gas Use Rate

<Total Fuel
Utilization Rate>

<Target Fuel
Utilization Rate>

Coal Orders from
Generators

Coal
Inventory

Desired Coa l
Coverage

Target Coal
Inventory

Time to Adjust Coa l
Inve ntory

Consuming Coal for
Ge neration

Adjustment for  Coal
Inventory

Time to O btain
Coal

Performance of
Coa l Supplie rs

Expected Coal
Utilization Ra te

Time  to Adjust
Expected Coa l Use

Rate

Adjusting Expected
Coal Use Rate

Oil Orders from
Generators

O il Inventory

Desired Oil
Coverage

Target Oil
Inventory

Time to Adjust Oil
Inventory

Consuming Oil for
Generation

Adjustment for Oil
Inventory

Time to Obtain Oil

Pe rformance  of O il
Suppliers

Expected Oil
Utilization Rate

Time to Adjust
Expected O il Use Rate

Adjusting Expected
O il Use  Rate

Distillate O rde rs from
Generators

Distillate
Inventory

Desired Distillate
Coverage

Target Distillate
Inventory

Time  to Adjust
Distillate Inventory

Consuming Distillate
for Generation

Adjustment for
Distillate Inventory

Time to Obta in
Distillate

Performanc e of
Distillate Suppliers

Expected
Distillate

Utilization Rate

Time to Adjust
Expected Distillate  Use

Rate

Adjusting Expected
Distillate Use  Rate

Maximum Natura l Gas
Delivery Rate to

Genera tors

Maximum Coa l De livery
Rate to Generators

M aximum Distillate
Delivery Rate to

Genera tors

Maximum Oil Delivery
Rate  to Gene rators

Maximum Fuel
Utilization Rate

<TIME STEP>

Ma ximum Fuel
Delivery Rate

The natural gas supply is
a ssumed to be common to all

three gas generator  types

Ta rget Natural Gas
Utilization Rate

Fractional Demand for
NG Combustion

Fractional Demand for
NG Combined Cycle

Fractional Demand for
NG Steam Turbine

Maximum N G
Utilization Ra te

Total Natural Gas
Orders from Generators

Relative Shortfall in
Generator  Fuel

Na tural Gas Fuel
Unit

HoursPerDay

Fuel Price

Natural Gas Price to
Genera tors

Coal Price to
Generators

Distillate  Pr ice to
Ge nerators

Oil Price to
Gene rators

<N atural Gas Fuel
Unit>

Coal Fuel Unit

Distillate Fuel Unit

O il Fuel Unit

Coal Delive ries to
Generators<Coal Fuel Unit>

Distillate Deliveries to
Ge nerators

<Distillate  Fue l
Unit>

Oil Delive ries to
Ge nerators

<O il Fuel Unit>

Oil De liver ies

Distillate Deliver ies

Coal Deliveries
N atural Gas
Deliver ies

Relative Transport Time by
Mode  and NERC Region

Fra ctional Transport
Mode for Coal

N ormal Time to
Obtain Coa l

Fuel Management

Communications
Availability by NERC

Region

Use of Private Systems
for Power SCADA

Effect of
Communications on

Power SCADA

Effect of Power SCADA
on Transmission Capacity

Relative Transmission
Capacity without

SCADA

Current Transmission
C apacity to Regions

Customers

Current Transmission
Limit on Imports

Maximum Transmission
Capacity to Regions

Customers

Maximum
Transmission Limit on

Imports

Effect of Power SC ADA
on Control of Generators

Relative Generation
Capacity without

SCADA

Communications
Availability during Power

Interruption

<Power Interruption
Duration>

<Power Interruption
Start Time>

<Time>

SCADA

Id le Pow er
Gen era tion
Cap acity

Failed
Gene rat ion
C ap acity

Rep air ing Failed
G eneratio n Ca pac ity

Fa il ed  G enerat io n
C ap ac it y R epa ir Time

Target  Ge neration
Serv ing Lo ad

Line Loss F act or

Ta rge t Loa d

Fuel R equired  fo r
Load  Serving

To tal Fu el
Ut iliza tion Rate

M aximu m Fue l
Ut iliza tion Rate Ma ximum Loa d

Allow ed  by  Ava ilable
Fuel

F uel Req uired  pe r
uni t Loa d Se rv ed

Time t o A ctiva te
Ge neratio n

Target  Fuel
Ut iliza tion Rate

<TIME STEP>

Bring ing G eneratio n
o n Line

G eneratio n
Servin g Loa d

Switc hing Lo ad Se rving
G eneratio n to  Idle

Load  Serving
G eneratio n Failing

Ge ne rat io n
F ai l ure Time

M aximum Rate of
Increasing  Load  Serving

Availa ble
Ge neratio n

Po wer Sales
Pr ior ity

<TIME STEP>

D iurn al Electr icity
Demand  Variatio n

Pea k Lo ad

O ne Ho ur

Fuel Price

N on-Fuel  Ma rg i na l
Co sts fo r Loa d Se rv ing

M arg in al Co sts for
Loa d Serving

Tot al Target Elec tric
Pow er Pu rch ases

Pow er Purch ase
Prio rity

Pow er Pr ice

Electr ic Pow er
Lo ad Se rve d

Offered
Ge neration

O ffere d Imp orts

Imp ort Sales
Pr ior ity

C ompo site Sales
Prior ity

C ompo site Sup ply
O ffere d

Imp orts Purchased

Impo rt Po we r
Price

To tal Lo ad  Serv ed

<Gen era tion
Serv ing Loa d>

N et R ate o f Increasing
Lo ad Se rvin g

Ge neration  Av ailable
fo r Ex po rt

G eneratio n
Disco nnect edfrom
Transmissio n

Sy stem
Lo ad  Serv ing G eneratio n
Beco mming D isc onn ected

Idle G ene rat io n
B eco mmin g
Disco nnec ted

G eneratio n
Be comming
Rec onne ctedG enerat io n

R eco nne cti on Time

G eneratio n
D isc onn ectio n Rat ePow erIn terrup tio n Star tTime

Po werInt errup tionDuratio n

Disco nnect ion Rate
D urin g Interru ptio n

<Time>

<Ma ximum N G
Utilizatio n Ra te>

Emissi ons p er U nit
G enerat io n

Emissions Ra te

Relat ive Sho rt fall in
Lo ad  Serv ed

Tota l Regio n Lo ad

Rela tive Sho rt fall in
Secto r Lo ad  Served

Gen era tion for
Expo rt

R egion al Electr ic
Po wer D eman d

<Time>

Expo rt
Ob ligat io ns A dju st ing Exp ort

O b ligatio ns

<TIM E STEP>

Tot al Target Elec tric
Po we r Lo ad

Electr ic Po wer
A cq uire d for  Each

Secto r

Regio nal Elect ric
Po wer Loa d Served

Reserve M arg in

To tal Id le
C apa city

To tal Gene rat ion
Serv ing Loa d<C oal Fu el Un it>

<Co al Pr ice t o
G enerato rs>

<Dist illa te Fue l
Un it>

<Distillate  Price  to
G ene rat ors>

<N at ural Gas Fue l
Unit >

<Na tural G as Price  to
Ge nerato rs>

<O il Fuel Unit>

<O il Price  to
Gene rat ors>

C urren t Tra nsmission
C apa city t o R egion s

Cu stomers

<Effe ct o f Po wer  SCA DA
o n Tra nsmission Cap acity >

<M aximum Transmissio n
C apa city to Regio ns

Cu st omers>

Targ et Po wer  to
Serv e Reg ion Lo ad

Reg io n Lo ad
Co nstrained  by
Tra nsmission

Effect of Po we r SC AD A
o n C on tro l o f G enerato rs

<Effec t o f
Co mmunicatio ns o n
Pow er SC AD A>

<Relat ive G eneratio n
C apa city w itho ut

SC AD A>

To tal A vailab le
G eneratio n

M aximum C on tro llab le
Gen era tion

Init i al  G enerat io n
C ap aci t y

D iscon nectio n Ra te d ue
t o C ont ro l Limita tions

<TIME STEP>

Ex pe cte d Po we r
Pri ce

Generation

Id le Pow er
Gen era tion
Cap acity

Failed
Gene rat ion
C ap acity

Rep air ing Failed
G eneratio n Ca pac ity

Fa il ed  G enerat io n
C ap ac it y R epa ir Time

Target  Ge neration
Serv ing Lo ad

Line Loss F act or

Ta rge t Loa d

Fuel R equired  fo r
Load  Serving

To tal Fu el
Ut iliza tion Rate

M aximu m Fue l
Ut iliza tion Rate Ma ximum Loa d

Allow ed  by  Ava ilable
Fuel

F uel Req uired  pe r
uni t Loa d Se rv ed

Time t o A ctiva te
Ge neratio n

Target  Fuel
Ut iliza tion Rate

<TIME STEP>

Bring ing G eneratio n
o n Line

G eneratio n
Servin g Loa d

Switc hing Lo ad Se rving
G eneratio n to  Idle

Load  Serving
G eneratio n Failing

Ge ne rat io n
F ai l ure Time

M aximum Rate of
Increasing  Load  Serving

Availa ble
Ge neratio n

Po wer Sales
Pr ior ity

<TIME STEP>

D iurn al Electr icity
Demand  Variatio n

Pea k Lo ad

O ne Ho ur

Fuel Price

N on-Fuel  Ma rg i na l
Co sts fo r Loa d Se rv ing

M arg in al Co sts for
Loa d Serving

Tot al Target Elec tric
Pow er Pu rch ases

Pow er Purch ase
Prio rity

Pow er Pr ice

Electr ic Pow er
Lo ad Se rve d

Offered
Ge neration

O ffere d Imp orts

Imp ort Sales
Pr ior ity

C ompo site Sales
Prior ity

C ompo site Sup ply
O ffere d

Imp orts Purchased

Impo rt Po we r
Price

To tal Lo ad  Serv ed

<Gen era tion
Serv ing Loa d>

N et R ate o f Increasing
Lo ad Se rvin g

Ge neration  Av ailable
fo r Ex po rt

G eneratio n
Disco nnect edfrom
Transmissio n

Sy stem
Lo ad  Serv ing G eneratio n
Beco mming D isc onn ected

Idle G ene rat io n
B eco mmin g
Disco nnec ted

G eneratio n
Be comming
Rec onne ctedG enerat io n

R eco nne cti on Time

G eneratio n
D isc onn ectio n Rat ePow erIn terrup tio n Star tTime

Po werInt errup tionDuratio n

Disco nnect ion Rate
D urin g Interru ptio n

<Time>

<Ma ximum N G
Utilizatio n Ra te>

Emissi ons p er U nit
G enerat io n

Emissions Ra te

Relat ive Sho rt fall in
Lo ad  Serv ed

Tota l Regio n Lo ad

Rela tive Sho rt fall in
Secto r Lo ad  Served

Gen era tion for
Expo rt

R egion al Electr ic
Po wer D eman d

<Time>

Expo rt
Ob ligat io ns A dju st ing Exp ort

O b ligatio ns

<TIM E STEP>

Tot al Target Elec tric
Po we r Lo ad

Electr ic Po wer
A cq uire d for  Each

Secto r

Regio nal Elect ric
Po wer Loa d Served

Reserve M arg in

To tal Id le
C apa city

To tal Gene rat ion
Serv ing Loa d<C oal Fu el Un it>

<Co al Pr ice t o
G enerato rs>

<Dist illa te Fue l
Un it>

<Distillate  Price  to
G ene rat ors>

<N at ural Gas Fue l
Unit >

<Na tural G as Price  to
Ge nerato rs>

<O il Fuel Unit>

<O il Price  to
Gene rat ors>

C urren t Tra nsmission
C apa city t o R egion s

Cu stomers

<Effe ct o f Po wer  SCA DA
o n Tra nsmission Cap acity >

<M aximum Transmissio n
C apa city to Regio ns

Cu st omers>

Targ et Po wer  to
Serv e Reg ion Lo ad

Reg io n Lo ad
Co nstrained  by
Tra nsmission

Effect of Po we r SC AD A
o n C on tro l o f G enerato rs

<Effec t o f
Co mmunicatio ns o n
Pow er SC AD A>

<Relat ive G eneratio n
C apa city w itho ut

SC AD A>

To tal A vailab le
G eneratio n

M aximum C on tro llab le
Gen era tion

Init i al  G enerat io n
C ap aci t y

D iscon nectio n Ra te d ue
t o C ont ro l Limita tions

<TIME STEP>

Ex pe cte d Po we r
Pri ce

Generation

N atural Gas
Orders

Total N atural Gas
Deliver ies to Generators

Natural Gas
Inventory

Desired Natural Gas
Coverage

Target N atural Gas
Inve ntory

Time to Adjust
Natural Gas Inventory

Consuming Natural
Ga s for  Generation

Adjustme nt for
Na tural Gas Inventory

Time to Obtain
Fuel

Performance of
Natural Gas Supplie rs

Expected
N atural Gas

Utilization Rate

Time to Adjust Expe cted
Na tural Gas Use Rate

Adjusting Expected
Natural Gas Use Rate

<Total Fuel
Utilization Rate>

<Target Fuel
Utilization Rate>

Coal Orders from
Generators

Coal
Inventory

Desired Coa l
Coverage

Target Coal
Inventory

Time to Adjust Coa l
Inve ntory

Consuming Coal for
Ge neration

Adjustment for  Coal
Inventory

Time to O btain
Coal

Performance of
Coa l Supplie rs

Expected Coal
Utilization Ra te

Time  to Adjust
Expected Coa l Use

Rate

Adjusting Expected
Coal Use Rate

Oil Orders from
Generators

O il Inventory

Desired Oil
Coverage

Target Oil
Inventory

Time to Adjust Oil
Inventory

Consuming Oil for
Generation

Adjustment for Oil
Inventory

Time to Obtain Oil

Pe rformance  of O il
Suppliers

Expected Oil
Utilization Rate

Time to Adjust
Expected O il Use Rate

Adjusting Expected
O il Use  Rate

Distillate O rde rs from
Generators

Distillate
Inventory

Desired Distillate
Coverage

Target Distillate
Inventory

Time  to Adjust
Distillate Inventory

Consuming Distillate
for Generation

Adjustment for
Distillate Inventory

Time to Obta in
Distillate

Performanc e of
Distillate Suppliers

Expected
Distillate

Utilization Rate

Time to Adjust
Expected Distillate  Use

Rate

Adjusting Expected
Distillate Use  Rate

Maximum Natura l Gas
Delivery Rate to

Genera tors

Maximum Coa l De livery
Rate to Generators

M aximum Distillate
Delivery Rate to

Genera tors

Maximum Oil Delivery
Rate  to Gene rators

Maximum Fuel
Utilization Rate

<TIME STEP>

Ma ximum Fuel
Delivery Rate

The natural gas supply is
a ssumed to be common to all

three gas generator  types

Ta rget Natural Gas
Utilization Rate

Fractional Demand for
NG Combustion

Fractional Demand for
NG Combined Cycle

Fractional Demand for
NG Steam Turbine

Maximum N G
Utilization Ra te

Total Natural Gas
Orders from Generators

Relative Shortfall in
Generator  Fuel

Na tural Gas Fuel
Unit

HoursPerDay

Fuel Price

Natural Gas Price to
Genera tors

Coal Price to
Generators

Distillate  Pr ice to
Ge nerators

Oil Price to
Gene rators

<N atural Gas Fuel
Unit>

Coal Fuel Unit

Distillate Fuel Unit

O il Fuel Unit

Coal Delive ries to
Generators<Coal Fuel Unit>

Distillate Deliveries to
Ge nerators

<Distillate  Fue l
Unit>

Oil Delive ries to
Ge nerators

<O il Fuel Unit>

Oil De liver ies

Distillate Deliver ies

Coal Deliveries
N atural Gas
Deliver ies

Relative Transport Time by
Mode  and NERC Region

Fra ctional Transport
Mode for Coal

N ormal Time to
Obtain Coa l

Fuel Management

N atural Gas
Orders

Total N atural Gas
Deliver ies to Generators

Natural Gas
Inventory

Desired Natural Gas
Coverage

Target N atural Gas
Inve ntory

Time to Adjust
Natural Gas Inventory

Consuming Natural
Ga s for  Generation

Adjustme nt for
Na tural Gas Inventory

Time to Obtain
Fuel

Performance of
Natural Gas Supplie rs

Expected
N atural Gas

Utilization Rate

Time to Adjust Expe cted
Na tural Gas Use Rate

Adjusting Expected
Natural Gas Use Rate

<Total Fuel
Utilization Rate>

<Target Fuel
Utilization Rate>

Coal Orders from
Generators

Coal
Inventory

Desired Coa l
Coverage

Target Coal
Inventory

Time to Adjust Coa l
Inve ntory

Consuming Coal for
Ge neration

Adjustment for  Coal
Inventory

Time to O btain
Coal

Performance of
Coa l Supplie rs

Expected Coal
Utilization Ra te

Time  to Adjust
Expected Coa l Use

Rate

Adjusting Expected
Coal Use Rate

Oil Orders from
Generators

O il Inventory

Desired Oil
Coverage

Target Oil
Inventory

Time to Adjust Oil
Inventory

Consuming Oil for
Generation

Adjustment for Oil
Inventory

Time to Obtain Oil

Pe rformance  of O il
Suppliers

Expected Oil
Utilization Rate

Time to Adjust
Expected O il Use Rate

Adjusting Expected
O il Use  Rate

Distillate O rde rs from
Generators

Distillate
Inventory

Desired Distillate
Coverage

Target Distillate
Inventory

Time  to Adjust
Distillate Inventory

Consuming Distillate
for Generation

Adjustment for
Distillate Inventory

Time to Obta in
Distillate

Performanc e of
Distillate Suppliers

Expected
Distillate

Utilization Rate

Time to Adjust
Expected Distillate  Use

Rate

Adjusting Expected
Distillate Use  Rate

Maximum Natura l Gas
Delivery Rate to

Genera tors

Maximum Coa l De livery
Rate to Generators

M aximum Distillate
Delivery Rate to

Genera tors

Maximum Oil Delivery
Rate  to Gene rators

Maximum Fuel
Utilization Rate

<TIME STEP>

Ma ximum Fuel
Delivery Rate

The natural gas supply is
a ssumed to be common to all

three gas generator  types

Ta rget Natural Gas
Utilization Rate

Fractional Demand for
NG Combustion

Fractional Demand for
NG Combined Cycle

Fractional Demand for
NG Steam Turbine

Maximum N G
Utilization Ra te

Total Natural Gas
Orders from Generators

Relative Shortfall in
Generator  Fuel

Na tural Gas Fuel
Unit

HoursPerDay

Fuel Price

Natural Gas Price to
Genera tors

Coal Price to
Generators

Distillate  Pr ice to
Ge nerators

Oil Price to
Gene rators

<N atural Gas Fuel
Unit>

Coal Fuel Unit

Distillate Fuel Unit

O il Fuel Unit

Coal Delive ries to
Generators<Coal Fuel Unit>

Distillate Deliveries to
Ge nerators

<Distillate  Fue l
Unit>

Oil Delive ries to
Ge nerators

<O il Fuel Unit>

Oil De liver ies

Distillate Deliver ies

Coal Deliveries
N atural Gas
Deliver ies

Relative Transport Time by
Mode  and NERC Region

Fra ctional Transport
Mode for Coal

N ormal Time to
Obtain Coa l

Fuel Management

Communications
Availability by NERC

Region

Use of Private Systems
for Power SCADA

Effect of
Communications on

Power SCADA

Effect of Power SCADA
on Transmission Capacity

Relative Transmission
Capacity without

SCADA

Current Transmission
C apacity to Regions

Customers

Current Transmission
Limit on Imports

Maximum Transmission
Capacity to Regions

Customers

Maximum
Transmission Limit on

Imports

Effect of Power SC ADA
on Control of Generators

Relative Generation
Capacity without

SCADA

Communications
Availability during Power

Interruption

<Power Interruption
Duration>

<Power Interruption
Start Time>

<Time>

SCADA

Communications
Availability by NERC

Region

Use of Private Systems
for Power SCADA

Effect of
Communications on

Power SCADA

Effect of Power SCADA
on Transmission Capacity

Relative Transmission
Capacity without

SCADA

Current Transmission
C apacity to Regions

Customers

Current Transmission
Limit on Imports

Maximum Transmission
Capacity to Regions

Customers

Maximum
Transmission Limit on

Imports

Effect of Power SC ADA
on Control of Generators

Relative Generation
Capacity without

SCADA

Communications
Availability during Power

Interruption

<Power Interruption
Duration>

<Power Interruption
Start Time>

<Time>

SCADA

Petroleum Fuels

D esired  N atural Ga s
Purch ase Rate

Maximum N atu ral
Gas Sales Rat e

To tal De sired Na tura l
Gas Sales to  End Users

N atural Ga s
Purch ase Rate

N atural Ga s in
U nderground  Storage

Pow er Availab ilit y
in N GRegio n

N omina l Inj ectio n
Cap acity to N atu ral G as

Storage

Effe ct o f Pow er Availab ilit y on
N at ural G as Tra nsfer Cap acity t o

U nderground  Storage

Nat ural Gas in
Transmission  System

Inje ction  Cap acity to
N atural Gas St ora ge

Tran sfering  Na tural
Gas t o Sto rage

D esired  N atural
G as Ac quisition

Rate

Curre nt Rat e ofDo mest ic  GasPro du ction

Current  N G Tra nsfer
C apac it y to  O ther

N GReg io ns

N G Tra nsfer  Rate to
O the r N GRe gions

Tot al N G Tra nsfer Rate
t o O ther  D ist ricts

Target N G  Transfe r
Rate to O th er D istrict s

Time to  Form A vera ge
Target NG  Transfer Ra te

Av erag e Targe t
NG  Transfer Ra te Cha nging A verage

Ta rget  N G Tra nsfer
Rate

To tal Target N G
Transfer  Rat e

N G  Transfe r O ffe red  to
Ot her NG Region s

M aximum N atural Ga s
Transfer  Rate to Ot her

Distr icts

Serviceab le Fraction  of
Tot al Targe t N G Transfer

Rate

N atural Gas
Acq uisition Rate

Desired NG  Acq uisition
Rate  from Oth er

N GRe gions

Tot al N G Imp ort
Cap acity fro m Oth er

N GReg io ns

Reque st ed N G Impo rts
From O ther  N GRegio ns

O rd er Rate for
Foreign N G Imp orts

Fo re ign N atural Ga s
Imp ort Rat e

Time  to Acq uire Fo re ig n
N atural Ga s Imports

Time t o A cquire Transfers
NG  from Ot her Distric ts

Natural Gas
Aquisition

Secto r N atu ral G as
Prio rit y

N atural Gas Purchase
Prior ity f ro m O ther

Distr icts

N atural Ga s Sale s
Prio rity for  O ther

NG Regio ns

Nat ural Gas
Clear ing Pr ice

Pote ntialMarket  fo rN GAcq uisit io nChang e in M ark et for
N G A cqu isitio n

Time t o C hange Market
for  N G A cquisitio n

<TIME STEP>

C urrent Fo reign  NG
Impo rt Cap acity

Out st anding
Orde rs fo r

Foreign NG
Imp orts

In crea sing  Back log o f
Fo re ign N G O rders

Decreasing B acklo g of
Fo reign  NG  O rd ers

Dem and  from
Generators

End-user
Demand

Gene rato rs D esired
Nat ural Gas Purchase

R ate

N o minal D elivera bility
Rat e of  Stored NG

Tot al Desired
N atural Gas Sales

C onsuming
N atu ral G as

W ork ing G as Relativ e to
W o rk in g Gas Cap acity

Relative Sho rt fall in
N at ural G as De liv eries

Maximu m N atural
Gas D elivery  Rate

Ma ximum Gene rato r
Sale s Rate

N G Sales Ra te to
G enerators

To tal N atural G as
Sales to  End  Users

A nnual Average N et
A quisitio n Rate

O ne Year

Deliverab ilit y from
Na tura l Gas Sto rag e

Desire d Transfer
Rate To  Sto rage

O utstan ding
O rders for
NG  Impo rt sN G Imp orts from

O th er N GR egions
D ome st ic N atural
Gas Imp ort Rat e

<Time>

Avera ge Ga s
D emand

Gas D emand
V aria bility

To tal N G Purchases
from Ot her  Region s

Tot al Sales to
Oth er R egions

St orage W ithd raw als
Re quired t o Serve

D eman d

<Acq uisit io n C orrect ion
for  Storage Availab ilit y>

<A dd it ional A cqu isitio n to
C ove r for Immed iate

Sho rt falls>

<Z: Time  Unit s
Per  Da y>

<Z: Time U nits
Per Day>

Cu rrent Internal N G
Transmissio n Ca pacity

<Effe ct o f SCA DA on
N G  Pip eline C apa city>

<M aximum Cap acity of
Ga ther ing N etw ork fo r
D omestic Pro duc tion>

<N o minal Ra te o f
Do mest ic  Gas
Prod uctio n>

<Effec t of  SCAD A o n
N G Pip eline C apac it y>

<Ma ximum NG  Tra nsfer
Rate t o O ther
N GReg io ns>

<Effect o f SC ADA  on
N G Pipeline  Cap acity>

<M aximum Foreign N G
Imp ort Ca pacity >

<Effec t of  SCAD A o n
N G Pip eline C apac it y>

<Maximum Inte rnal N G
Tra nsmissio n C apacit y>

Ex pect ed Na tural
Ga s Price

Init i al  Amount of
Na tural  G as Sto red

Nat ura l Gas
W holesale Pr ice

Adj usting N atural G as
W holesale Pr ice

Time to A dj ust N atural
G as W holesale Pr ice

<N atural Gas
C learing  Price>

Regio nal G as Price

Effect  of  Stored Gas
on Pr ice Funct ion

<Wo rk ing G as Relative  to
Wo rk in g Ga s Cap acity>

N o minal N atural
Gas Price

<Regio nal G as
Price>

Desired Fuel
Purchas e R ate

Fuel
Inventor y at
Dis tributors Distr ibutor Sales

R ate

E xpected Product
R eplacement Time

Maximum S ales
R ate

Total Des ired
Sales  Rate

Distributor
S hortage

Distributor Effect of Perceived
Shor tage on Des ired

Coverage Table
Dis tributor Effect of

Perceived Shortage on
Des ired C over age

Distr ibutor
Perceived
Shortage

Distributor Time to
Perceive S hortage

Distr ibutor C hange in
Perceived Shortage

Desired Dis tributor
Fuel C overage

Perceived
Demand

Rate
Change in Perceived

Demand Rate

T ime to C hange
Perceived Demand

Rate

C ur rent Dis tributor
Fuel C overage

Relative Dis tributor
Fuel C overage

Effect of Relative C overage
on Indicated Fuel Price

T able

P erceived
Fuel P rice C hanging

P erception of Fuel
Price

Effect of R elative
C overage on Indicated

Fuel Pr ice

Spot Fuel Price

Time to C hange
Per ceived Fuel Pr ice

Fuel R etail
Markup

Fuel Retail Price

Fuel P urchase
R ate

Dis tributor
Inventor y Deficit

Total Demand in
Distr ict

Distributor
Acquis ition Rate

Nominal  Di str ibutor
F uel C overage

Distributor/
Retailer

Refiner

Refiner Des ired F uel
Purchas e R ate

Product
Inventory at

R efiners Refiner
S ales Rate

Expected
Production Time

Maximum R efinery
Sales  Rate

Total Des ir ed
Refiner Sales  Rate

Des ir ed R efiner
Inventory C over age

Perceived
Distr ibutors

Demand Rate
Change in Perceived
Distr ibutors Demand

R ate

Time to C hange Perceived
Distributors Demand R ate

C urrent R efinery
Inventory Coverage

Refinery Sales R ate to
Other  Distr icts

Refiner Product
I nventory Deficit

Refiner Des ir ed
Production Rate

R efiner y
P roduction R ate

Nominal Refiner
Inventory Coverage

Maximum R efining
C apacity

Product Yield per
Unit C rude

Additional Yield
from Additives

Additive
Availability

Current Product
Yield C ur rent Price per

Unit Crude Fixed C osts

Var iable Unit
C osts

Unit Production C osts
for Perceived Demand

C rude Pr ice

KGallons PerBarrel

Oper ation R ate for
Per ceived Demand

Minimum R efinery
C apacity Utilization

Minimum Refinery
Operation R ate

Available Refining
C apacity

Refinery Capacity
Damage Indicator

Time C onversion

Product M arkup

E ffect of Product M arkup
on C apacity Utilization

Table

Effect of Product M ar kup
on Capacity Utilization

Economic Target
Operation Rate

C rude
Inventory at

Refiner Refinery
Operation R ate

R efiner y C ycle
Time

C rude Limited R efinery
Operation Rate

Labor Availability
to PADPower Availability

to PAD

Inventory B ased
T ar get Oper ation R ate

Effect of Labor
Availability on

Available C apacity

Aggregate E ffects on
Available C apacity

Target Operation
R ate

Average Tar get
Operation Rate

Time to Form Average
Target Operation Rate

C hange in Average
Target Operation Rate

Des ired C rude Inventor y
Coverage at Refinery

C ur rent C rude Inventory
Coverage at Refinery

C rude I nventory
Deficit at R efiner y

R efinery C rude
Inventor y Adjus tment

Time

Des ir ed C rude T rans fer
Rate from T er minal

Storage

Nominal C rude Tr ansfer
Capacity to Refinery

Effect of Power Availability on
C rude Trans fer  Capacity to

R efinery

C rude Inventory at
T erminals and Tank

Farms

Maximum C rude
Tr ansfer R ate to

Refineries

T rans fering C rude
to Refinery

Des ir ed C rude Inventory
C over age at Terminals and

Tank F ar ms

C ur rent C rude Inventory
Cover age at Terminals and

Tank Far ms

C rude Inventory Deficit a t
T erminals and Tank Farms

Des ir ed C rude
Acquis ition Rate

T ime to Adjust C rude
Inventory at T erminals and

T ank Farms

C urrent R ate of
Domes tic C rude

Delivery

C urrent M aximum Cr ude
Transfer Rate to Other

PADs Cr ude Transfer Rate
to Other PADs

Total C rude T rans fer
Rate to Other Dis tricts

Target C rude Tr ansfer
Rate to Other  Distr icts

T ime to F or m Average
Tar get C rude Transfer

Rate

Average T arget
C rude Trans fer

Rate C hanging Average
Tar get C rude Transfer

Rate

Total Target C rude
Trans fer  Rate

Cr ude Transfer
Offered to Other

P ADs

Maximum C rude T rans fer
Rate from Terminals and

Tank Farms

Maximum C rude Tr ansfer
Rate to Other Dis tricts

Serviceable Fraction of
Total Tar get C rude

Tr ansfer R ate

Crude Acquis ition
R ate

Desired Acquis ition
Rate fr om Other  PADs

Total C rude I mport
Capacity from Other

Dis tricts

Requested C rude
Imports  From Other

PADs

C rude Imports fr om
Other PADs

Order R ate for Foreign
C rude Imports

Foreign Cr ude
I mport R ate

Time to Acquir e
Foreign Cr ude Impor ts

T ime to Acquire C rude
Tr ansfers  for Other

Districts

Crude
Buyer

Sector  Fuel
Priority

Product Sales
Pr iority for Other

Dis tricts

Refinery Sales R ate to
Dis trict Distribution

Refinery Production
Available for Trans fer

Des ired I mports  from
Other  Districts

Product P urchase
Priority fr om Other

Dis tricts

Fuel C learing Pr ice

Distr ibutor Purchases
from Other Dis tricts

Total Desired Impor t
R ate from Other Dis tricts

Total Refinery Sales
Rate to Other  Districts

Total Unserved Demand
fr om Other  Districts

Fraction of Unserved
Demand P erceived

C rude Purchas e Pr iority
from Other Districts

C rude Sales  Priority
for Other P ADs

Cr ude C learing
Priority

Domestic  Cr ude
Import Rate

P otential
Market for

C rude
Acquis ition

Change in Market for
C rude Acquisition

Time to C hange M arket
for C rude Acquisition

<TIM E STEP >

Maximum F or eign
Cr ude Import R ate

Outstanding
Orders  for

F or eign C rude
ImportsI ncreasing B acklog of

Foreign C rude Orders

Decreasing B acklog of
F oreign C rude Or ders

Fr action of Outstanding
F or eign C rude I mports

C onsider ed in Coverage

< Product Yield per
Unit C rude>

Tr end in Spot
Fuel Price

Time to I ncreas e
Retail Fuel Price

T ime to Decr ease
R etail F uel Price

Pass
T hr oughFuel Pr iceAdjusting Pass

T hrough Fuel Price

T ime to C hange
F uel Price

Relative Shortfall in Fuel
Purchas es  from

Dis tributors

R elative Shortfall in Fuel
P ur chases by Distr ibutors

R elative Shor tfall in
R efinery Operations

Rate

Relative Shortfall in
C rude Purchas es

T ime to T rack Trend
in Spot Prices

Test P urchas e
R ate

I nitial Trend in
Spot Price

E IA  Refi ning C apacity
as  of January 2003

Hours PerDay

Wholesale
Market

Distributor Desired
Pur chasing R ate

District Gener ators
Demand for Diesel

District Gener ators
Demand for Heavy Oil

Total Supply to
Dis trict

Dis trict Generators
S upply of Dies el

Distr ict Generator s
S upply of Heavy Oil

Effect of R elative Coverage
on I ndicated Fuel Sales  Price

Table

Perceived
Fuel Sales

Pr ice Changing Perception of
Fuel Sales  Price

E ffect of Relative C overage
on Indicated F uel Sales

Price

S pot Fuel S ales
Price

T ime to C hange
Perceived Fuel S ales

Price

R efiner P roduct
R elative Coverage

Fuel Available for
Tr ansfer

C urrent M aximum
Foreign Fuel Import

Rate

F oreign F uel
Pr ice

P ur chase Rate of
Imports

Relative Tranport Time
by M ode and P AD

Fractional Transport
Sur face Mode for  R efined

Products

Fraction of Product
Pipeline C apacity Used

Transport R ate by M ode
for R efined Pr oducts

Refined
Products  in

Pipelines Refined Products
Arriving by Pipeline

Time to Transport
R efined Pr oducts by

Pipeline

Trans porting Refined
Products by P ipeline

Trans porting Refined
Products  by Surface

M ode

Current Foreign Cr ude
Import C apacity

Effect of Power Availability
on Foreign C rude Import

Rate

M axi mum Deli verabil ity
of Domesti c C ru de

Pr oduction
Normal Rate of

Domestic  Cr ude
Pr oduction

Maximu m C ru de
T rans fer R ate to Other

PA Ds

M axi mu m P roduct T rans fer
C apacity  by Pipeline to

Dis tri ct Dis tr ibution

C ur rent Product Trans fer
C apacity by Pipeline to

District Distr ibution

Total Product Transfer
Capacity to Other PADs Total Pr oduct Trans fer

C apacity from Exporters

Time to R ecover R efinery
C apacity from Power

Outage

Effect of Power
Availability on

R efiner y C apacityAdjusting Effect of P ower
Availability on Refinery

C apacity

<TIM E STEP >

Maximum F oreign
F uel Import  Rate

<Spot Fuel P rice>

<Spot Fuel Sales
P rice>

< Fuel Clearing
P rice>

<Maximum C rude Tr ansfer
R ate to Other PADs in B ar rels

per Day>

<KGallons
PerBarrel>

<HoursPerDay>

Refined Petroleum Products

Natural Gas

D esired  N atural Ga s
Purch ase Rate

Maximum N atu ral
Gas Sales Rat e

To tal De sired Na tura l
Gas Sales to  End Users

N atural Ga s
Purch ase Rate

N atural Ga s in
U nderground  Storage

Pow er Availab ilit y
in N GRegio n

N omina l Inj ectio n
Cap acity to N atu ral G as

Storage

Effe ct o f Pow er Availab ilit y on
N at ural G as Tra nsfer Cap acity t o

U nderground  Storage

Nat ural Gas in
Transmission  System

Inje ction  Cap acity to
N atural Gas St ora ge

Tran sfering  Na tural
Gas t o Sto rage

D esired  N atural
G as Ac quisition

Rate

Curre nt Rat e ofDo mest ic  GasPro du ction

Current  N G Tra nsfer
C apac it y to  O ther

N GReg io ns

N G Tra nsfer  Rate to
O the r N GRe gions

Tot al N G Tra nsfer Rate
t o O ther  D ist ricts

Target N G  Transfe r
Rate to O th er D istrict s

Time to  Form A vera ge
Target NG  Transfer Ra te

Av erag e Targe t
NG  Transfer Ra te Cha nging A verage

Ta rget  N G Tra nsfer
Rate

To tal Target N G
Transfer  Rat e

N G  Transfe r O ffe red  to
Ot her NG Region s

M aximum N atural Ga s
Transfer  Rate to Ot her

Distr icts

Serviceab le Fraction  of
Tot al Targe t N G Transfer

Rate

N atural Gas
Acq uisition Rate

Desired NG  Acq uisition
Rate  from Oth er

N GRe gions

Tot al N G Imp ort
Cap acity fro m Oth er

N GReg io ns

Reque st ed N G Impo rts
From O ther  N GRegio ns

O rd er Rate for
Foreign N G Imp orts

Fo re ign N atural Ga s
Imp ort Rat e

Time  to Acq uire Fo re ig n
N atural Ga s Imports

Time t o A cquire Transfers
NG  from Ot her Distric ts

Natural Gas
Aquisition

Secto r N atu ral G as
Prio rit y

N atural Gas Purchase
Prior ity f ro m O ther

Distr icts

N atural Ga s Sale s
Prio rity for  O ther

NG Regio ns

Nat ural Gas
Clear ing Pr ice

Pote ntialMarket  fo rN GAcq uisit io nChang e in M ark et for
N G A cqu isitio n

Time t o C hange Market
for  N G A cquisitio n

<TIME STEP>

C urrent Fo reign  NG
Impo rt Cap acity

Out st anding
Orde rs fo r

Foreign NG
Imp orts

In crea sing  Back log o f
Fo re ign N G O rders

Decreasing B acklo g of
Fo reign  NG  O rd ers

Dem and  from
Generators

End-user
Demand

Gene rato rs D esired
Nat ural Gas Purchase

R ate

N o minal D elivera bility
Rat e of  Stored NG

Tot al Desired
N atural Gas Sales

C onsuming
N atu ral G as

W ork ing G as Relativ e to
W o rk in g Gas Cap acity

Relative Sho rt fall in
N at ural G as De liv eries

Maximu m N atural
Gas D elivery  Rate

Ma ximum Gene rato r
Sale s Rate

N G Sales Ra te to
G enerators

To tal N atural G as
Sales to  End  Users

A nnual Average N et
A quisitio n Rate

O ne Year

Deliverab ilit y from
Na tura l Gas Sto rag e

Desire d Transfer
Rate To  Sto rage

O utstan ding
O rders for
NG  Impo rt sN G Imp orts from

O th er N GR egions
D ome st ic N atural
Gas Imp ort Rat e

<Time>

Avera ge Ga s
D emand

Gas D emand
V aria bility

To tal N G Purchases
from Ot her  Region s

Tot al Sales to
Oth er R egions

St orage W ithd raw als
Re quired t o Serve

D eman d

<Acq uisit io n C orrect ion
for  Storage Availab ilit y>

<A dd it ional A cqu isitio n to
C ove r for Immed iate

Sho rt falls>

<Z: Time  Unit s
Per  Da y>

<Z: Time U nits
Per Day>

Cu rrent Internal N G
Transmissio n Ca pacity

<Effe ct o f SCA DA on
N G  Pip eline C apa city>

<M aximum Cap acity of
Ga ther ing N etw ork fo r
D omestic Pro duc tion>

<N o minal Ra te o f
Do mest ic  Gas
Prod uctio n>

<Effec t of  SCAD A o n
N G Pip eline C apac it y>

<Ma ximum NG  Tra nsfer
Rate t o O ther
N GReg io ns>

<Effect o f SC ADA  on
N G Pipeline  Cap acity>

<M aximum Foreign N G
Imp ort Ca pacity >

<Effec t of  SCAD A o n
N G Pip eline C apac it y>

<Maximum Inte rnal N G
Tra nsmissio n C apacit y>

Ex pect ed Na tural
Ga s Price

Init i al  Amount of
Na tural  G as Sto red

Nat ura l Gas
W holesale Pr ice

Adj usting N atural G as
W holesale Pr ice

Time to A dj ust N atural
G as W holesale Pr ice

<N atural Gas
C learing  Price>

Regio nal G as Price

Effect  of  Stored Gas
on Pr ice Funct ion
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Utilization on Diversion to

Rail Table

Effect of Storage
Utilization on Diversion to

Rail

Power Availability by
NERC Region

Waterway Fuel
Availability

Fraction ofWaterway FreightDiverted

Rate of Freight Moving
to Rail Transport

Waterway
Freight
Arriving

Waterway transport
proportion

Waterway relative
performance

Other WaterwayFreight ArrivalRate

Refined ProductsWaterway FreightArrival Rate

Waterway
Effec t of P o we r Ava ilab ilit y o n A vaila ble  Ra il C ap ac ity

Effec t of Lab o r A vaila bility o n Availab le  R ail Trans po rta tion C ap ac ity

A ggrega t e  E ffec ts on  Av ailab le  R ail C apa c it y

R ail C ap ac ity Dam age  Indica t or

M aximum  R ail C apa c it y

Availab le  R ail C ap ac it y

E ffec t o f F ue l A vailabitiy on Ava ilab le  R ail C a pac it y

A verage  R ail Trave l D ista nce
F re ig ht A wait ing

R ail T ransp o rt

R ail F re ight
Arriva l R at e

R ail F re ight
T ransp o rt R at e

R ail M at eria l
S to rage  C ap ac ity

R ate  of F re ight  M o ving
to  R o ad  Tra nsp o rt

U tiliza tio n o f
R ail S to rage

E ffe c t o f S to rage  Ut iliza tion
o n D ive rs ion  to  R o ad  Ta ble

Effec t o f S to rage
U tiliza tio n o n D iv ersio n to

R oa d

R ail F ue l
Availab ility

F rac tio n o f R ail
F re ight  D ive rted

< P o wer Availab ility by
N E RC  R egio n> < Te st Lab o r

Ava ilab ilit y>

< F uel Av ailab ilit y
by P A DD>

C o m m u n i cat io n s  n e tw o r k i s
in fra st ru c tu re o wn e d a n d

d i s tri b u t ed  in  n at u re

< R ate  o f F re igh t
M o vin g to  R ail

Tran sp o rt >

R ail F re ight
A rriving

R ail trans po rt
p rop o rtion R ail R ela tive

P erfo rmanc e

< Ra te  o f F re ight
M oving to  R ail

Trans po rt>

O ther Ra il F re ight
Arriva l R ate

R efin ed P ro du cts  R ail
F re ight  Arriva l R at e

< Time>

< T ransp o rt Disrup tio n
S cena rio  S witch>

Rail

Road Capacity Damage Indicator

Maximum Road Capacity

Available Road Capacity

Average Road Travel Distance
Freight Awaiting
Road Transport

Road Freight
Arrival Rate

Road Freight
Transport Rate

Road Capacity should not be greatly impacted at a national level
by EP, Comm, Fuel or Labor availability however they would 

impede the ability to ship from the producer and  will impact the
rate of freight arrival at the road network.  Isolated disruptions to

the road network will result in diversion around the impacted
areas and increase average travel distance
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Road Capacity Damage Indicator
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Road Transport

Road Freight
Arrival Rate

Road Freight
Transport Rate

Road Capacity should not be greatly impacted at a national level
by EP, Comm, Fuel or Labor availability however they would 

impede the ability to ship from the producer and  will impact the
rate of freight arrival at the road network.  Isolated disruptions to

the road network will result in diversion around the impacted
areas and increase average travel distance
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Road

Road Capacity Damage Indicator
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Freight Awaiting
Road Transport

Road Freight
Arrival Rate

Road Freight
Transport Rate

Road Capacity should not be greatly impacted at a national level
by EP, Comm, Fuel or Labor availability however they would 

impede the ability to ship from the producer and  will impact the
rate of freight arrival at the road network.  Isolated disruptions to

the road network will result in diversion around the impacted
areas and increase average travel distance
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Demand for transport of goods (Ag products)
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Modeled, but not used in scenario sims

Banking Energy Fuel  
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Food & Agri. Transportation
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Sandia, Los Alamos, and Argonne National Lab Team



Decision Makers
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Critical Infrastructure Protection Decision 
Support System (CIP-DSS) - Consequences
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Example output
What will be the demands on critical infrastructure 
services and degradation in mission / quality of services if 
a major metropolitan area increases its population by 
50% over a very short period of time (i.e., receive 
displaced persons from a major storm)?



Effect on Transportation: How much longer will a trip by car take?
A multiplier of 3 means a trip that normally took 20 

minutes will now take an hour

Traffic counts after 
the first week 
indicate car volume 
is up 35% to 45%

Model also estimates 
impact of such factors as 
gasoline supply and law 
enforcement availability

Average
Trip
Duration
Multiplier

6

4.5

3

1.5

0
0 2 4 6 8 10 12 14 16 18 20 22 24 26

Week08/30/05

Short term traffic 
improvements Assume long term traffic capacity 

improvements of +30% implemented 
over 12 months

~
54 

weeks



Effects on Electricity Demand vs. Supply
Electricity Demand to Supply Ratio

0.8

0.65

0.5

0.35

0.2
0 2 4 6 8 10 12 14 16 18 20 22 24 26

Week

08/30/05

For this example city, more than adequate 
electrical supply is available. Although growth 

is expected, it is unlikely to require very 
significant infrastructure investments.



Metropolitan Telecommunications

Telecommunications 
capacity diminishes in 
first few days to a week 
while call demand 
increased dramatically, 
as much as three times 
normal volume

Telecommunications 
infrastructure will be 
required to increase 
capacity

Telecom suffers from an initial call overload with short term 
loss of wire-line and wireless capacity. Rapid repair and 25- 

40% increases in capacity over 10 weeks achieves full 
capacity for new population level.

Telecommunications Availability
1

0.75

0.5

0.25

0
0 1 2 3 4 5 6 7 8 9 10 11 12

Week
Wire-line Availability
Wireless Availability

Initial damage repaired.

Call overload decreases and
Infrastructure capacity increased.
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