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The basics of Contingency Analysis are covered
in the Introduction to PowerWorld Simulator
course
This section will cover the suite of advanced
options that can greatly enhance your
contingency analysis studies

Overview
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Advanced Limit Monitoring
Monitoring Exceptions
Custom Monitors
Bus Load Throw Over Records
Generator

Post Contingency AGC
MaximumMW Response
Line Drop or Reactive Current Compensation

Screening Options
Switched Shunt Post CTG
Post Contingency Auxiliary File

Overview
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Combined Tables
Report writing
Comparing two sets of Contingency Results
Conditional Contingency Actions

Model Conditions, Model Filters, Model Expressions
Modeling Remedial Actions (RAS) or Special Protection
Schemes (SPS)
CHECK, POSTCHECK, TOPOLOGYCHECK, and SOLUTIONFAIL
Contingency Elements
Persistent Actions
Time Delay

Appendix: Techniques for Designing Remedial Actions

Overview
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ACTIVSg25k.pwb

Auto Insert single branch contingencies for area
Connecticut (23) at 200kV and higher in case
ACTIVSg25k.pwb
Use Linearized Lossless DC Calculation Method
Click Start Run

Options, Limit Monitoring:
Advanced Limit Monitoring

Many
overloads
that are
really base
case
violations
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Tells Simulator how
to treat power
system elements that
are operating outside
their limits in the
reference power
system

Re reporting of base case violations

Options, Limit Monitoring:
Advanced Limit Monitoring
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Choose option Use these criteria: do not report
violations if the… and set Increase in line/transformer
flows <= 2%
Other > Filter Results using Limit Monitoring Settings

Only violations that meet the present limit monitoring
settings remain visible

Violations on elements removed from the monitored set will be
hidden, but not deleted
Restoring the original Limit Monitoring Settings and choosing this
action again will bring back hidden violations

If new elements are added to the monitored set, violations
would not have occurred on the original list and the
contingency analysis must be re run to report them

Filtering Results
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Options to NEVER report
violations do not have a
specified change from the
reference case

Options to ALWAYS
report violations that
change by more than a
specified change from
the reference case

Reporting based on the CHANGE relative to
base case

Options, Limit Monitoring:
Advanced Limit Monitoring
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Advanced violation reporting

Options, Limit Monitoring:
Advanced Limit Monitoring

Report changes in
sensitivity of voltage to
Mvar injection at specified
buses if change is greater
than specified multiple of
base case value or if the
sensitivity is negative

Report
disconnected buses
as violations
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Limit group Settings

Options, Limit Monitoring:
Advanced Limit Monitoring

Selected options can
also be specified with
Limit Monitoring
Settings on a Limit
Group basis. When
active, Limit Group
options will override
those specified with the
contingency options.
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Example: Exclude Seymour
Wolcott 100 kV during outage of
Bethel Danbury 230 kV if we know
it can be alleviated (instead of
explicit RAS/SPS modeling)

ACTIVSg25k.pwb

Create exceptions to Limit
Monitoring settings for
specific pairs of
contingencies and
monitored elements

Include (monitor the
element during the
contingency)
Exclude (ignore the element
during the contingency)
Default (use Limit
Monitoring Settings)

Options, Limit Monitoring:
Monitoring Exceptions
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Allow monitoring of any
quantity during contingency
analysis
Must use Full Power Flow
Calculation Method
Can be applied to all of an
Element Type or just a
specific Element
Can filter elements in
reference state or post
contingent state
Can filter based on changes
from reference state

Options, Limit Monitoring:
Custom Monitors
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Example: Monitor MW flow on Seymour
Wolcott 100 kV line (23272 23370 1)

Options, Limit Monitoring:
Custom Monitors
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Use with the Full Power Flow Calculation
Method to automatically pre screen
contingencies with linear methods
Full AC power flow is used only on those
contingencies that meet the criteria
Can save processing time with large
contingency lists

Screening Options
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Areas: Set “Report Limits”
= NO in all areas except
Connecticut (23)
Areas: Set “Report Min
kV” = 100 in all areas
Do not monitor radial
lines and buses
Lines: Set “Monitor” = NO
for lines with base case
violations
Limit Group “Default”: set
Branch tolerance to 100%
for Contingency Screening

Limit Monitoring
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First, set Calculation Method (Options
Modeling Basics) to Full Power Flow
Set Use Screening to Screen Only
Uncheck Include Voltage

Screening Options
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On Contingencies tab
Set “Screen Allow” = YES for all contingencies
Show columns for “Calculation Method” and “Rank
for Branches”

Click Start Run

Contingency Screening

18© 2018 PowerWorld CorporationS4: Advanced Contingency Modeling

Screen Rank Branch gives the total MW overload,
summed across all branches, for each contingency
Contingencies for which no branches are loaded
past the Limit Group Contingency Screening
Tolerance have “Screen Rank Branch” = 0
On Screening Options:

Set Use Screening to Yes
Maximum number to select: set Branches to 10

Click Start Run again

Contingency Screening
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Only the 10 “worst” contingencies (by Screen Rank metric) are solved with
Full AC Power Flow
Full AC Power Flow is only used on contingencies with Rank > 0
IfMaximum Number to Select >= number of contingencies, Full AC Power
Flow will be used on all contingencies with Rank of the same type > 0

Contingency Screening
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Choose to allow or prevent post contingency AGC response
NO : means just leave AGC same as in reference case
YES : means to set the AGC to NO when solving the contingency
RESPOND : means to set AGC to YES when solving contingency

Specify post contingency participation factor
Participation
factor of
samemeans to
use the
participation
factor defined
with the generator
record

Options, Modeling:
Generator Post Contingency AGC
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Represent global actions that transfer any load at a Bus X to another
bus if Bus X becomes disconnected as a result of the contingency
Used to model automatic distribution system switching
Example: loads at New Britain (23044 and 23041) might switch buses
Enter Bus Number “0” to remove the record

Options, Modeling:
Bus Throwover Records

22© 2018 PowerWorld CorporationS4: Advanced Contingency Modeling

You can enter the maximum response allowed
by a generator during the contingency solution
Values are specified in MW
Blank values
mean the
response is
only limited
by generation
limits

Options, Modeling:
Generator MaximumMW Response
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Allows you to specify a different type of generator
voltage control during the post contingency power flow

Line Drop Compensation (LDC)
Reactive Current Compensation (RCC)
Specify Use LDC_RCC as PostCTG
Enter an
impedance
value for
XLDC_RCC and
RLDC_RCC

If X < 0 this is
called RCC,
If X > 0 this is
called LDC

Options, Modeling:
Generator Line Drop and RCC
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Normal Generator
Generator is connected to terminal
and controls a bus voltage (may be
terminal or remote bus)

Generator using LDC or RCC
control

Generator controls the voltage at a
“fictitious bus” some impedance
away from the generator
This models the real time control
done at some real generators
The voltage setpoint for the
fictitious bus is set equal to the pre
contingency value at the fictitious
bus
If RLDC_RCC and XLDC_RCC are
both less than the ZBR Threshold
(default 0.0002) the generator will
regulate its own terminal

What does LDC_RCC
Voltage Control do?

IR jII
jQP

V
jVV IR

IR jII
jQP

V
jVV IR

R +jX

V
jVV IR

X > 0 : Called LDC
X < 0 : Called RCC
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Switched Shunt Post CTG

Options to change the
switched shunt regulated
voltage range during the
contingency solution. CTG
Reg Usemust be set to YES.

Options to change the
switched shunt Mvar range
during the contingency
solution. CTG Mvar Use
must be set to YES.

Option to change the
switched shunt
control mode during
the contingency.
Default uses the
reference state
setting.

Several switched shunt parameters can be changed during
the contingency solution
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This auxiliary file is loaded at the start of each
contingency
Special post contingency settings can be
included in this file

Examples
AVR settings at generators
Special Reactive Capability Curves for the post
contingency power flow solution

You MUST only change values that are stored
as part of the reference state in Simulator

Options, Modeling:
Post Contingency Auxiliary File
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What is stored in the Reference State?
Bus State
•In or out of service
•Voltage magnitude
•Voltage angle
•Boolean stating whether any load exists at
the bus (this is used because some of the
contingency actions such asMOVE GEN will
create a fictitious load if there is no
generation at the destination bus to merge
with.)
•MWMarginal Cost
Switched Shunt State
•In or out of service
•Nom Value MW, MVAR
•Control Mode
(FIXED/DISCRETE/CONTINUOUS/SVC)
•All the setpoint values
•Description of blocks
•Low/high range for voltage control
Limit Group State

The original ratings sets for normal
operation (Line, interfaces – A, B, etc.)
Bus rating sets for contingency operation

Power Flow Solution Options

Load State
•In or out of service
•Constant power MW and MVAR
components of load
•Constant current MW and MVAR load,
assuming one per unit voltage
•Constant impedance MW and MVAR load,
assuming one per unit voltage
•MW Scale
•Mvar Scale
•AGC status
•Min/Max Load MW
Line State
•In or out of service
•Bypassed or not
•Transformer control settings
•Tap ratio
•Phase shift
•High/Low desired setpoints
•Series Reactance X (Only for Series Caps
because they can change)
•Line limits
DC Line State
Multi Terminal DC Line State
VSC DC Line State

Gen State
•In or out of service
•MW output
•MVAR output
•Max/Min MW Output
•Participation Factor
•Max/Min Mvar output
•Voltage Setpoint
•AGC status (YES/NO)
•AVR status (YES/NO)
•Capability Curve
•Whether to use Capability Curve
•Line Drop Compensation Impedance
•Line Drop Compensation Status
(YES/NO/POSTCTG)
•Regulated Bus
Area State and Super Area
•Unspecified MW Transactions
•MW Scale
•Mvar Scale
•AGC Status
•Use Area Part Factors (for Super Area)
•Area Slack (for Area)
MW Transaction
•MW Value
•Enabled Status
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Allows certain switched shunt, line relay, and relay
models to respond in Contingency Analysis if their
transient model conditions are met
Treatment during Contingency

Ignore
Trip/Act: if model’s conditions are met, its action will be
taken and reported in “What Actually Occurred”
Monitor: if model’s conditions are met, limit violations
are reported in results with Category Transient

Maximum Time Delay to consider: only models
with pick up time less than this value will be used

Transient Models
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Can store contingency results to hard drive (aux or
csv file)
Useful for large contingency sets that may
otherwise exceed RAM capacity
Use Default options or add specific object types
and fields

Result Storage
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Allows for the creation of several “spreadsheet
like” tables which can be used by external
programs for parsing contingency results

Contingency Violation List
Contingency Element Definitions
Contingency Violation Matrices
What actually occurred?

A list of applied and skipped actions for the selected
contingency

Combined Tables
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Similar format to Contingency Violation Table,
but allows selection of fields, advanced filters,
etc. like Case Info Displays
View within Simulator or export to Excel

Combined Tables >
Contingency Violation List
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Similar format to Contingency Definition Table,
but allows selection of fields, advanced filters,
etc. like Case Info Displays
View within Simulator or export to Excel

Combined Tables >
Contingency Element Definitions
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Arrange columns by contingencies or by elements
Filter by element type

Combined Tables >
Contingency Violation Matrices
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Will produce a fixed contingency analysis report
Can only select what data is put into this report
Cannot customize the format in any manner

Other >
Produce Report…

Options for the report
writing tool are specified
under Results Text
File Report Writing
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Must specify two lists of
contingencies

Controlling List
The list that controls
what is displayed on the
dialog

Comparison List
List that the Controlling
Contingencies will be
compared to
Comparisons between
contingencies with same
NAME

Other > Compare Two Lists of
Contingency Results

This is covered in more
detail in Section S8
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Contingencies Tab

Example Results
of a Contingency Comparison

Violations For this contingency. The columns
show the controlling and comparison list values.

Blank entries mean that the comparison list did not
have this violation

Number of
Violations which
occur in the
Controlling case,
but not in
Comparison

Highest
Violation in
the
Controlling
Case

Highest
Violation
in the
Comparison
Case

Show the largest
increase in a
violation from
the comparison
to the controlling
list

Shows the
highest violation
that occurs in the
controlling list,
but not
comparison

Maximum of
[Worst Increase Violation]

and
[Worst New Violation 100%]
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Results tab

Example Results
of a Contingency Comparison

Show the largest
increase in a
violation from
the comparison
to the controlling
list

Shows the
highest violation
that occurs in the
controlling list,
but not
comparison

Maximum of
[Worst Increase Violation]

and
[Worst New Violation 100%]

Highest
Violation in
the
Controlling
Case

Highest
Violation
in the
Comparison
Case

Number of
Violations which
occur in the
Controlling case,
but not in
Comparison
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Sensitivity Calculation
Calculate OTDFs using existing PTDFs

This will use the PTDFs that are presently calculated in the
PTDF Tool to calculate OTDFs for each violation found in the
contingency tool
See section I11:Linear Analysis for more information on
calculating OTDFs

Filter out violations using OTDFs: specify a minimum
value to hide violations with lower OTDF (e.g. 2%)

Other > …
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The contingency elements discussed thus far
define a list of actions that ALWAYS occur
You can also specify actions that occur only if the
system meets a Model Criteria

Model Criteria
Model Conditions
Model Filters

When a contingency is applied, these actions only
occur if the Model Criteria is true

Conditional actions are useful for realistic
modeling of RAS or SPS that are armed or
activated only under specific system conditions

Conditional Contingency Actions
using Model Criteria

40© 2018 PowerWorld CorporationS4: Advanced Contingency Modeling

Provide a way to specify groups of actions
which may occur under ANY contingency.

“Armed” only if Arming Criteria are met
Actions would normally be taken only if certain
conditions (Model Criteria) are met
Example: Line X is taken out of service if it gets
overloaded.
Actions are grouped by Remedial Action

Each Remedial Action has a unique label (name)
Each Remedial Actionmay be individually enabled or
disabled and individually armed

Options, Contingency Definitions:
Remedial Actions
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AModel Condition orModel Filtermay be used asModel Criteria for
a Contingency Action, Remedial Action, or Global Action

The associated action may be executed only if theModel Criteria is met
Model Conditions

The combination of a specific system element and an advanced filter
EachModel Condition references only one element; theModel
Condition is true if the element meets the filter
Can compare an element’s parameter to a constant, another parameter
of that element, or to the value of aModel Expression
Example: Bus 4 p.u. voltage < 0.95

Model Filters
Logical comparison of one or moreModel Conditions orModel Filters
Example: true if severalModel Conditions are all true

Model Conditions and Model Filters
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Click onModel Conditions page
Right click on the case info display and choose Insert
Example: Add a condition for MW flow > 50 on Waterbury Wolcott
100 kV line

Options, Contingency Definitions:
Model Conditions

Choose the type
of element
(Branch)

Define the
criteria: MW > 50

Works the same as
the Advanced
Filter Dialog

Choose the
specific element
(23512 23370 1)

Give the Model
Condition a
name and save

“Evaluate in
Contingency

Reference State”
for conditions that
arm RAS prior to

contingency
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Can also useModel Conditions for lines statuses
These conditions can force Remedial Actions to occur only during certain
contingencies
Example: check if Bethel Danbury 230 kV line is OPEN in a post contingent
state

Model Conditions

“Evaluate in
Contingency

Reference State”
unchecked to
examine post

contingent states

Define the
criteria (Line

Status = OPEN)

Choose the
specific element
(23406 23415 1)

Give the Model
Condition a
name and save
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For Line Status, we may also need to check if it was different in the
Reference State (i.e. Did the line open during the contingency?)
Example: check if Bethel Danbury 230 kV line was CLOSED

Model Conditions

Define the
criteria (Line

Status = CLOSED)

Check this
condition in the
Reference State

(Base Case)
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List of created Model Conditions

Model Conditions

Meets Condition? YES or NO
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Click onModel Filters page
Right click on the case info display and choose Insert
Example: check the reference state and contingency status of the
Bethel Danbury 230 kV line by “ANDing” the 2 previously created
Model Conditions

Options, Contingency Definitions:
Model Filters

Similar to the
Advanced Filter
Dialog

Name the Model Filter

Click to Open Model Condition dialog

Logical
comparison

“AND”

Model Filters may contain Model
Conditions or other Model Filters
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Disable Contingency Monitoring Exceptions if created
earlier (setMonitor Exception Status to Default)
Run simple N 1 contingency analysis on all lines and
transformers in area Connecticut at 200 kV and higher

Linearized Lossless DC Calculation Method
Make Up Power using Generator Participation Factors From
Entire Case Directly
Do not report base case violations
Monitor area Connecticut (23) at 100 kV and above
Do not monitor radial lines and buses
Use “A” limits for Normal and Contingency
Settings in S04_AdvancedContingency\
S04AdvancedCTG01.aux

Remedial Action Example
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Many contingencies with overloads
In this example, we’ll apply Remedial Actions for loss of Bethel Danbury 230
kV (L_023406BETHEL37 023415DANBURY24C1) – 100th in list
Overloads

Waterbury Wolcott 100 kV
Wolcott Seymour 100 kV

Contingency Results
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OXFORD 3
Connecticut

100.00 kV1

OXFORD 3
WATERBURY 9

Connecticut

100.00 kV3

WATERBURY 9

PATTERSON
Hudson Valley

161.00 kV3

PATTERSON SOUTHBURY 2
Connecticut

100.00 kV3

SOUTHBURY 2

BETHEL 3
Connecticut

230.00 kV7

BETHEL 3

DANBURY 2
Connecticut

765.00 kV4

DANBURY 2

SEYMOUR 1
Connecticut

100.00 kV2

SEYMOUR 1
MIDDLEBURY 4

Connecticut

100.00 kV1

MIDDLEBURY 4BROOKFIELD 1
Connecticut

100.00 kV2

BROOKFIELD 1

DANBURY 4
Connecticut

100.00 kV1

DANBURY 4

WOLCOTT 1
Connecticut

100.00 kV2

WOLCOTT 1

SOUTHBURY 1
Connecticut

230.00 kV5

SOUTHBURY 1

NAUGATUCK 2
Connecticut

100.00 kV1

NAUGATUCK 2

WATERBURY 13
Connecticut

765.00 kV7

WATERBURY 13

WATERTOWN 3
Connecticut

100.00 kV2

WATERTOWN 3

BETHLEHEM 3
Connecticut

100.00 kV1

BETHLEHEM 3

NEW MILFORD 5
Connecticut

230.00 kV12

NEW MILFORD 5
WATERBURY 12

Connecticut

100.00 kV1

WATERBURY 12
NEW FAIRFIELD

Connecticut

100.00 kV1

W FAIRFIELD

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

119%
A

MVA

113%
A

MVA

Change Calculation Method to Full Power Flow
Optionally skip all contingencies except
L_023406BETHEL37 023415DANBURY24C1
Right Click L_023406BETHEL37 023415DANBURY24C1

Contingency records Solve Selected Contingency

Bethel Danbury 230 kV Contingency

Outage
Overloads
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Load definitions from S04_AdvancedContingency\
S04AdvancedCTG02.aux
Multiple layers of actions with different Arming
Criteria depending on pre contingent loading of
Waterbury Wolcott 100 kV

If exceeds 50 MW, drop 500 MW at Waterford
If exceeds 100 MW, drop 1000 MW at Waterford
If exceeds 100 MW and still overloaded after other
actions, shed load at Seymour in 10% increments until
overloading relieved

Remedial Actions
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Remedial Actions
Optionally Skip
this Remedial
Action

Remedial
Action
name

Action(s)
included
in this
Remedial
Action

Arming Criteria
(Model Condition
or Model Filter)

Status
(more
details
later)

52© 2018 PowerWorld CorporationS4: Advanced Contingency Modeling

Double Click in the Arming Criteria orModel Criteria cell, OR
Click the “…” icon on the right side of the cell
In this example, we’ll use Arming Criteria for Remedial Actions and
Model Criteria for individual elements of Remedial Actions
Model Criteriamay also be assigned to individual Contingency
Elements (or Contingency Actions)

Assigning Arming/Model Criteria
to a Remedial Action or Element
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Change its Skip field to NO
Arming Criteria is theModel Condition
“Waterbury Wolcott 100kV > 50 MW”
Show Dialog for the Remedial Action

Remedial Action:
Drop Waterford 500 MW
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RAS contains a single action
CHANGE INJECTION GROUP Waterford Gens BY
500 MW
Model Criteria for the action is theModel
Filter “loss of Bethel Danbury 230kV” with
Status TOPOLOGYCHECK (evaluated after
topology has changed due to contingency, but
prior to solving power flow)

Remedial Action:
Drop Waterford 500 MW
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Scale Order
Proportional: adjustment
according to relative participation
factor
Merit Order: highest participation
factor units moved first, until limit
Merit Order Open: highest
participation factor units are
dropped (opened) first

Leave as “Proportional” initially
Close dialogs and solve
contingency
“L_023406BETHEL37
023415DANBURY24C1”

Remedial Action:
Drop Waterford 500 MW
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Contingency Difference Case at
Waterford

500 MW reduction fromWaterford
injection group, with twice as much from
the unit with Participation Factor = 2
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Gen drop RAS has reduced loading, but limit
violations persist

Contingency Loading with RAS

OXFORD 3
Connecticut

100.00 kV1

OXFORD 3
WATERBURY 9

Connecticut

100.00 kV3

WATERBURY 9

PATTERSON
Hudson Valley

161.00 kV3

PATTERSON SOUTHBURY 2
Connecticut

100.00 kV3

SOUTHBURY 2

BETHEL 3
Connecticut

230.00 kV7

BETHEL 3

DANBURY 2
Connecticut

765.00 kV4

DANBURY 2

SEYMOUR 1
Connecticut

100.00 kV2

SEYMOUR 1
MIDDLEBURY 4

Connecticut

100.00 kV1

MIDDLEBURY 4BROOKFIELD 1
Connecticut

100.00 kV2

BROOKFIELD 1

DANBURY 4
Connecticut

100.00 kV1

Y4

WOLCOTT 1
Connecticut

100.00 kV2

WOLCOTT 1

SOUTHBURY 1
Connecticut

230.00 kV5

SOUTHBURY 1

NAUGATUCK 2
Connecticut

100.00 kV1

NAUGATUCK 2

WATERBURY 13
Connecticut

765.00 kV7

WATERBURY 13

WATERTOWN 3
Connecticut

100.00 kV2

WATERTOWN 3

BETHLEHEM 3
Connecticut

100.00 kV1

BETHLEHEM 3

NEW MILFORD 5
Connecticut

230.00 kV12

NEW MILFORD 5

WATERBURY 12
Connecticut

100.00 kV1

WATERBURY 12

NEW MILFORD 1
Connecticut

100.00 kV2

NEW MILFORD 1

WATERBURY 7
Connecticut

100.00 kV2

WATERBURY 7NEW MILFORD 4

100.00 kV2

100.00 kV1

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

MVA

A

VA

A

MVA

A

MVA

111%
A

MVA

109%
A

MVA
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Change Scale Order to
“Merit Order Open” and
choose “Allow to Exceed
Amount”
Close dialogs and solve
contingency
“L_023406BETHEL37
023415DANBURY24C1”

Remedial Action:
Drop Waterford 500 MW
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Merit Order Open
Unit with larger Participation Factor is
opened to get at least 500 MW reduction.
Exceeding 500 MW is allowed.
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Enable Remedial Action “Drop Waterford 1000
MW” (set Skip = NO)
This reduces output at Waterford by an additional
500 MW (Merit Order) with a higher arming
threshold
Close dialogs
and re solve
contingency
(Note that it
solves now
without
violations.)

Remedial Action:
Drop Waterford 1000 MW
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Suppose there was not enough
capability to remove
overloading with generation
drop
Disable RAS “Drop Waterford
1000 MW” and Enable RAS
“Load Shed Seymour”
Action involves a 10% reduction
in load

POSTCHECK status: criteria
evaluated after contingency
power flow solution
Persistent: action will be taken
until criteria is no longer met

Remedial Action:
Load Shed Seymour
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500 MW gen drop at Waterford
Load at Seymour dropped 30% to relieve
overload (Persistent Action repeated 3 times)

Contingency Solution:
What Actually Occurred
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Generators may be assigned to more than one
injection group and Remedial Actionsmay drop
generation in multiple injection groups
Simulator by default provides a systematic
accounting of generator changes so that
generation drop for each injection group matches
that specified by each Remedial Action
To disable this accounting, check Options
Modeling Basics Disable Gen Drop Overlap
More details are provided in the Help Topic
Contingency Element Type: Injection Group

Remedial Actions for Generation Drop
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Contingencies and Remedial Actions may be saved
in WECC standard format from the Save button
Choose typeWECC Contingency and RAS file
(*.aux)

More details are at
http://www.powerworld.com/files/PowerWorld_RASFileFormat.pdf

Remedial Action Aux File Format
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Message Log
Order of Actions

Apply contingency
RAS is armed and TOPOLOGYCHECK condition is met for 500 MW Gen Drop
Solve power flow

Apply POSTCHECK actions
Load shed is applied because Waterbury Wolcott 100kV is overloaded
Solve power flow

Apply POSTCHECK actions again (3x total)
until Waterbury Wolcott 100kV is relieved
Solve power flow
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Along with assigning aModel Criteria to a Contingency Element or an
Arming Criteria to a Remedial Action, you can also assign a Status

CHECK – action will be done only if theModel/Arming Criteria is true. (If there
is no criteria, it will also be done.)
ALWAYS – action will always be done regardless of theModel/Arming Criteria
NEVER – action will never be done regardless of theModel/Arming Criteria
POSTCHECK – described on the next few pages
TOPOLOGYCHECK – described on the next few pages
SOLUTIONFAIL –described on the next few pages

Contingency Element Status

Appear “inactive”
because ofModel
Criteria and Status

Contingency
Elements only
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POSTCHECK allows you to make an action conditional on
the post contingent system

Example: If Branch X is overloaded, then Open it.
When POSTCHECK actions exist, the processing of the
contingency will loop through applying POSTCHECK
actions and solving the power flow until all actions have
been implemented
Criteria for POSTCHECK actions during linear calculation
methods

Default is to treat these as CHECK actions
An iterated linear method can evaluate these after other
actions have been “implemented”. This will make the linear
process slower but better reflects conditional actions.
(Options Modeling Basics Iterate on Action Status)

POSTCHECK Element Status
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TOPOLOGYCHECK allows you to make an action conditional
on the post contingent system before the power flow is
solved

Important when the outage of a line results in an unsolvable
power flow solution
TOPOLOGYCHECK actions should only be used with conditions
related to bus/branch statuses
Example: If Branch X is open, drop generation

Criteria for TOPOLOGYCHECK actions during linear
calculation methods

Default is to treat these as CHECK actions
An iterated linear method can evaluate these after other actions
have been “implemented”. This will make the linear process
slower but better reflects conditional actions. (Options
Modeling Basics Iterate on Action Status)

TOPOLOGYCHECK Element Status
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Action is conditional on the power flow not solving
Model Criteria may also be specified but is not
required
If failed power flow is encountered, system state is
restored to what existed before the failed solution

Any SOLUTIONFAIL action whose Model Criteria is met,
or none is defined, will be applied
Another power flow solution will be attempted

SOLUTIONFAIL actions are ignored during linear
calculation methods

SOLUTIONFAIL Element Status
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Time to wait in seconds before an action is applied
Serves as a relative ordering for implementation of
actions during steady state analysis
Actions with smallest delay (down to a
microsecond) will be applied first during
TOPOLOGYCHECK, POSTCHECK, and SOLUTIONFAIL
solution steps
Ignored during CHECK solution step
Default all time delays to 0 to ignore

Time Delay
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Time Delay

Set optional Time Delay
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Time Delay with Model Filters
Model Filters are comprised of
ModelFilterConditions that can be either
Model Filters or Model Conditions
Time Delay can be associated with
ModelFilterCondition

Time Delay with
ModelFilterCondition
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Calculated Time Delay
Model Filter

Depends on logic of the filter (OR, AND, NOR,
NAND, XOR, or OneTRUE)
Depends on time delays of the
ModelFilterConditions
Input ModelFilterCondition determines time delay
based on the type of the criteria object

ModelFilter
Summation of the calculated time delay of the ModelFilter
and the time delay with the ModelFilterCondition

ModelCondition
Time delay with the ModelFilterCondition
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Time Delay with Model Filters
The following shows the resulting evaluations of the ModelFilterConditions
and Model Filters and resulting Calculated Time Delays:
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What Time Delay Is Used?
Determined by Model Criteria of Contingency
Element

Model Condition
Time delay specified with the contingency element is
used directly

Model Filter
Time delay specified with the contingency element
added to the calculated time delay from the model filter
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Normally after any contingency action is
applied it will not be applied again
Marking an action as Persistent will allow the
action to be applied as long as its Model
Criteria is met

Only allowed for TOPOLOGYCHECK, POSTCHECK,
and SOLUTIONFAIL actions
SOLUTIONFAIL actions will only remain persistent
up until a solution is successfully achieved

Persistent
Contingency Elements
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Persistent
Contingency Elements

Set action to be Persistent
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1. Apply ALWAYS actions and true CHECK actions
2. Update topology (branch, bus status)
3. Apply true TOPOLOGYCHECK actions

1. TRANSIENT actions will also be evaluated
2. TRANSIENT or TOPOLOGYCHECK actions with smallest Time Delay will be applied

4. Store reference state for use if solution failure occurs and SOLUTIONFAIL
actions exist

5. Solve power flow
1. If the power flow solution fails and any SOLUTIONFAIL actions are available, reference state in

step 4 is restored and any SOLUTIONFAIL actions with the smallest Time Delay are then
applied

2. If any SOLUTIONFAIL actions are applied, the process will go back to step 4 and repeat (this
loop will abort after 100 solution failures)

3. If there is still a solution failure, abort the contingency process and report failure
6. Apply true POSTCHECK actions

and true TOPOLOGYCHECK actions
1. TRANSIENT actions will also be evaluated
2. TRANSIENT, POSTCHECK, or TOPOLOGYCHECK actions with smallest Time Delay will be

applied
7. If any POSTCHECK, TOPOLOGYCHECK, or TRANSIENT actions are

implemented then repeat steps 2 6 (this loop will abort after 100 iterations)

Processing Order of Contingency
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This changes the way the contingency is solved
Sorting of actions no longer allowed because the order in
which they are defined is important
You can now specify this order of actions
The contingency is now implemented in parts with
intermediate power
flow solutions
executed

POSTCHECK actions
will always be
processed together
after all other actions
are completed

Special Contingency Element:
Solve Power Flow
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Mathematic expression evaluated from one or
more system parameters
Similar in construction to Custom Expressions,
discussed earlier, but there may be a function
across many objects
Example: (MW output of Gen A) + (MVA Flow
on Line B)

Model Expressions
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Click on Model Expressions page
Also available in the Model Explorer
under
Case Information and Auxiliary\Model
Expressions

Right click on the case info display and
choose Insert
Similar to Expressions (in another
section), except they can reference more
than one object and object type
Types

Expressions: mathematical expressions
involving one or more model fields
Lookup Tables: return a value based
on the values of one or two model fields

May be used inside…
Some kinds of contingency elements

Set Gen MW toModel Expression
Advanced Filters
Model Conditions

Options, Contingency Definitions:
Model Expressions
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Relationship between Contingencies,
Model Condition, Filters, Expressions

ModelFilter 1 ModelCondition

ModelFilterCondition
(Reference ModelFilter)

ModelFilterCondition
(Reference ModelCondition)

Model
Expressions

Model Expressions
can be referenced by a

ModelConditionCondition

ContingencyElement Model Expressions
may be used in
SetTo or ChangeBy
Action field

Model Criteria field can refer
to either a ModelCondition or
ModelFilter

ModelConditionCondition

ModelConditionCondition

ModelFilter 2

Model Criteria Field

Action Model Expressions
can refer to ModelCondition,
ModelFilter, and other Model
Expressions among other
model objects and fields
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Transient Models
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Several transient stability models can be included in steady state
contingency analysis
Options to specify how models are treated during steady state
contingency analysis

Ignore
Nothing happens with this model during steady state contingency analysis

Trip/Act
If conditions are met, actual actions will be taken (such as tripping a line for
overcurrent)
Some models have a Monitor flag. If this flag is set to monitor only, an
individual model will not act regardless of contingency setting.

Monitor Only
If conditions are met, special contingency violations are reported

Transient models are handled as part of the TOPOLOGYCHECK and
POSTCHECK solution steps

Transient Models
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Sensitivity analysis tools may be used to identify
candidates for Remedial Actions

TLR analysis: single or multiple element
Line Outage/Closure Distribution Factors
Line Loading Replicator
OPF with minimum control change

Tip: Make use of Contingency Analysis tool
Apply individual contingencies and examine system
state
Run sensitivity analysis and apply SPS actions
Restore the reference state from Contingency Analysis
as needed

Appendix: Techniques for Designing
Remedial Actions
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Disable RAS, solve contingency
L_023406BETHEL37 023415DANBURY24C1
Check the TLR on the most overloaded branch
(Line/XFMR Device Type)

Examine Contingency:
Bethel Danbury 230 kV

Reference the line in the direction of overloading flow
(23370 as near bus, 23272 as far bus)

Full Case Super Area
as Buyer
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Positive sensitivities indicate good locations to drop
generation
Negative sensitivities indicate good locations to increase
generation or drop load

Examine Contingency:
Bethel Danbury 230 kV

Custom Expressions to
Estimate total TLR MW
from dropping Gen or
Load

Try decreasing
generation at
Waterford or
Middletown
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Apply the Line Loading Replicator while
contingency is solved to obtain a list of possible
RAS actions for this outage
Line Loading Replicator

Considers the members of a specified injection as
eligible controls
Proposes a re dispatch of those controls based on
merit order (where merit is determined by the
sensitivity to flow on the specified line)

Line Loading Replicator
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Add All Gens

Line Loading Replicator:
Create Injection Group

Notes: Injection Group
definition may be loaded from
S04_AdvancedContingency\
S04AdvancedCTG02.aux.
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Line Loading Replicator
Choose most overloaded line

(Wolcott – Seymour
23370 23272 ckt 1);

estimate desired MW flow
based on MVA limit = 95.8

Try dropping units with most
positive distribution factors
or those with most negative

Injection Change MW
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Try Middletown units connected at 765 kV
Can iteratively re solve power flow and Line
Loading Replicator until overloads are relieved

Implement Gen Drops and Solve
Power Flow

SEYMOUR 1
Connecticut

100.00 kV2

SEYMOUR 1

WOLCOTT 1
Connecticut

100.00 kV2

WOLCOTT 1

NAUGATUCK 2
Connecticut

100.00 kV1

NAUGATUCK 2

765.00 kV7

A

MVA

 96%
A

MVA

100%
A

MVA
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Solve Contingency and Disable Island Based AGC
from Simulator Options
Run OPF with Super Area FullCase on OPF control,
using Minimum Control Change objective function

OPF with Minimum Control Change
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LP Solution Details:

OPF with Minimum Control Change

Middletown
Units
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Generators that were reduced to Min MWmay
possibly provide more relief if disconnected (0
MW)

Consider designating some units as OPF Fast Start
controls

More or different controls may be needed
neighboring control areas
load shedding

Possible Implications
of Unenforceable Constraints
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Care is needed to select an appropriate set of
AGCable generators and loads

May want to disable AGC for nukes and coal units
May want to disable units with low WTLR with respect
to overload; otherwise large number of units could
participate, which may alleviate overload but be
difficult and time consuming to implement

If dropping or starting units with non zero
minimum MW is feasible, make them fast start
units
Watch out for bad data in generator records, such
as minimum MW

OPF with Minimum Control Change
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