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Introduction

e James Weber (Jamie)

— Director of Software Development at PowerWorld
Corporation since 1997

e Experience with RAS and Relays

— For 15 years we have been working with engineers on
directly modeling the logic and actions that describe RAS
and Relays in software

— We have a lot of experience looking at descriptions of RAS
and encoding them in software

— We have a lot of experience adding new features to
software to permit additional wrinkles in how RAS is
defined.

— This feature set has evolved incrementally over the past 15
years doing several dozen very small projects to enhance
the software feature set
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Purpose of Presentation

e Investigate your RAS and Relaying
— Find who owns this information in your company
— Details matter

e Introduce a structure and text file format for defining
your RAS (we’ll do this through examples)

e Encourage attendance at In-Person Workshop at WECC
offices in Salt Lake City on May 27 — 29, 2015
— Starts 1 PM on May 27, Ends at Noon on May 29
— There will be no WebEx for this meeting. In-Person Only.

Monday Tuesday Wednesday Thursday Friday
May 25 May 26 May 27 May 28 May 29

1PM Noon
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http://www.powerworld.com/files/PowerWorld_RASFileFormat.pdf

Classroom Style and
Break-Out Groups

e Classroom Style Portion

— Presentations on how to implement the various input parts that
represent RAS and Relay models

e Contingency Actions
e Boolean Logic
e Lookup tables and Expressions

— Bring your laptop and work along with us
e Break-out Groups Portion

— There will be several engineers from throughout WECC with

experience implementing their RAS and Relay Models working
attending this workshop as well

— We will break the attendees into smaller groups to spend time
implementing their actual RAS

— Bring your RAS descriptions so you can work on them
— Bring your laptop and go home with some real RAS modeled
e Entire workshop is hands-on = There will be no WebEx/Phone
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Overview of Presentation

e Define RAS and Relaying
e Contingency Definitions

e Legacy Methods for Modeling RAS and
Relays

e Who has details on RAS modeling
e Describe parts of RAS modeling

e Two detailed examples of RAS and how
they are implemented in software
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What is RAS?

e NERC wrote a document to define this in

June 2014

— http://www.nerc.com/pa/Stand/Prjct201005_2SpclPrtctnSstmPhs2/

FAQ_RAS_Definition_0604_final.pdf

— WECC was well
represented on
this team
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NERC Definition:
Protection System

e The NERC Glossary of Terms defines a Protection
System as

— Protective relays which respond to electrical quantities

— Communications systems necessary for correct
operation of protective functions

— Voltage and current sensing devices providing inputs
to protective relays

— Station dc supply associated with protective functions
(including batteries, battery chargers, and non-
battery-based dc supply)

— Control circuitry associated with protective functions
through the trip coil(s) of the circuit breakers or other
interrupting devices.
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NERC Definition:
RAS (Remedial Action Scheme)

e A scheme designed to detect predetermined System conditions
and automatically take corrective actions that may include, but
are not limited to, curtailing or tripping generation or other
sources, curtailing or tripping load, or reconfiguring a
System(s). RAS accomplish one or more of the following
objectives:

— Meet requirements identified in the NERC Reliability Standards
— Maintain System stability
— Maintain acceptable System voltages
— Maintain acceptable power flows
— Limit the impact of Cascading
— Address other Bulk Electric System (BES) reliability concerns.
e These schemes are not Protection Systems; however, they may
share components with Protection Systems.

Note: Most of this document is dedicated exceptions of what is

NOT RAS

Note: Term “RAS” is used instead of “SPS” (Special Protection
PowerWorld Corporation Scheme) to avoid confusion 8




My Simple Definition

e Protection System Device (typically a Relay)
— Device monitors a small set of mostly local signals

— Usually protects a single piece of equipment from
damage

— Actions are typically limited to opening or closing
breakers

e Remedial Action Scheme (RAS)

— Control scheme monitors a larger set of signals
(potentially more than local signals)

— Protects one or more pieces of equipment or prevents
larger system-wide or region-wide collapse

— Actions are more diverse
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What is the Time-Frame?

e These definitions make no distinction about the
time-frame of the Relay or RAS actions

— If milliseconds to a few seconds
— a Transient Stability model is necessary

— |If tens of seconds to minutes with automated response
of Relay or RAS = Power Flow solution simulation only

— Minutes of response as a person (the operator) walks
over and takes off the shelf the binder entitled “What

to do when stuff happens” = again Power Flow

e Majority of this webinar and the workshop in May
focuses only on topics related to the steady state

power flow solutions
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What is Measured

e System Protection definition says “Voltage
and current sensing devices providing inputs to
protective relays”

— Voltage and current are available in a Power Flow
solution

— But time-frame again may require Transient
Stability
e RAS definition says “scheme designed to
detect predetermined System conditions”
— This may be voltage and current = Power Flow

— But could be generator speed, frequency, etc. 2
Transient Stability

PowerWorld Corporation 11



Accept Questions

e Pause for questions from audience
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In software: when are RAS and

?
Relays used:

e Clearly not under normal operating conditions

— When solving a base case power flow solution
- RAS should not be doing anything

e Within a software tool, when are RAS and
Relays going to matter?
— Contingency, Contingency, Contingency

— RAS will respond to the changes that occur during
an unexpected event = Contingency

e For RAS and Relay models to be useful
—> first obtain or define a list of contingencies
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Defining Contingencies

e Each Contingency has Name which is a unique
string used to identify it
— We need the name because this will also be used to
identify it when looking at results
e Each Contingency is then made up of many
ContingencyElements

e A ContingencyElement describes
— Object to which an action is applied

— Action that occurs
— Criteria, CriteriaStatus, TimeDelay under which the
action occurs (Boolean logic, where to apply, ordering)

e These aren’t needed for plain contingency definitions, but will
become vital in the RAS modeling which will be discussed in

examples

PowerWorld Corporation
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ContingencyElement

e Object

— many choices of various
contingency actions are
available

e Action
— What happens

[8Cantingency Element Dialag
Element Type Choose the Element
" Branch [+] Sortby @ Mame () Mumber
(@ Generator
() Load
Pl 9746 ( 9746) =1 [6.90 k] a
BT 9770 (9770) #1 [2.30 k]
() Bus 9783 (9783) #£1 [13.8 kV]
) Interface 9784 (9784) #1 [13.8 k]

() Injection Group
() Multi-Section Line
() Series Capadtor

9785 { 9786) £1 [13.8kV]
9787 { 9787) £1 [13.8kV]
9788 { 9788) £1 [13.3kV]
9791 (9791) £1 [6.50 k]
9793 (9793) £1 [6.50 k]

9967 (99567) #1 [115kV
Treeville GT17R1951 #1 MM3.8 kW]

-

to the object

e (Criteria, CriteriaStatus
— Logical criteria under

[ Phase Shifte

- as.e i e 981 ( 981) #DC [345kV]
(") 3Winding Transformer 983 { 983) =1 [6.90 kV]
(7 Line Shunt 933 ( 983) #2 [6.90 k]
) DC Line 983 ((‘383) ?3 [stgu kug ]

- 9840 ( 9840) #1 [13.8 kV
@B 9841 ( 9841) #1 [13.8kV]
(L) Area 9342 (9642) #1 [13.8 kV]
() Substation 9342 [ 9642) #2 [13.8 kV]
7 Abort 9960 { 9960) #1 [115kV]
() Contingency Block

Action Type

@ Open o

(") Close

(7 Mave Constant Find...

(1 5etTo Evaluate in Reference State

(7 Change By Make-up Power Sources ..

in
MW (const pf)
Percent
MW
Mvar
Setpoint Voltage

which actions are applied

Status: |POSTCHECK

Model Criteria:

Indusion Filter: Add

Path 1 Unit 1

e Time Delay \

— Use for ordering

PowerWorld Corporation

Time Delay: 15.000000 = seconds
Comment: Control Action #24
[ v’ Ok ] ’ Delete ] ’ x Cancel ] [ ? Help ]
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ContingencyElement Actions

* There are many — we continue adding them as users have a need

Opening/Closing of transmission lines and transformers
Loss or Recovery of a generator, load, or switched shunt

Movement of generation, load, injection group, or switched shunt MWs
or Mvars.

Changing or Setting of generation, load, injection group, or switched
shunt MWs or Mvars

Changing or Setting of generator or switched shunt voltage setpoint
Opening of all lines connected to a bus
Opening of all lines connected to a substation
Opening/Closing of all lines or transformers in an interface
Open/Close, Set/Change injection group values
e Many special options with this
Bypass/Inservice, Set impedance of series capacitors
Changing or Setting of phase-shifter setpoint
Open/Close 3-winding transformer
Open/Close DC lines, Set/Change DC line setpoints or resistance
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Contingency Dialog

Contingency Analysis o =
Contingencies |D|:|t'ons I F‘.esults|
B Bl %8 5% @k 8 | Records - set~ columns~ [Hg- | gh- L. ¥ B
Label Skip |Category|Processeq Solved |Post-C
AUX
1[M-1: Path 1A to 1B MO YES YES none
2|M-1: Treeville to Refinery NO YES YES none
3pl-1-1: Treeville to Refinery and Marth Ling Jno YES YES none
4|BSBF: Bus 5176 MO YES YES nane
5|N-1: Narth Line [ [o] YES YES none
B|M-1-1: Treeville to Refinery and Second Marth Line NO YES YES none
J|M-1: Path 2 MO YES YES none
< [ 3
Viol] gy X :
Contingency Analysis = = 2
-
E |Cont’ngencies| Options |Resu|ts|
4 Modeling || all Contingency Elements |
- Basics
- Generator Post-Contingency AGC ] i Ak %8 5% | &% 8 | Records+ Set+ Columns~ B~ |- WE- BYH- W f- B | Options +
- Bus Load Throw Over
. Generator Maximum MW Response Contingency Label | Actions - PW File Format |Model Criteria Status Time Delay Comment
.- Generator Line Drop and REC 1|N-1: Path 1A to 1B BRANCH 5222 8194 1 OPEN ALW. 0
.. Post-Contingency Ausliary File 2|N-L: Path 1At 1B BRANCH 8222 8226 1 OPEN A 0
- Transient Models = 3|M-1: Treeville to Refinery ERAMCH 10440 3194 1 OPEMN A 4]
4|M-1-1: Treeville to Refinery and Morth L BRANCH 5220 5194 1 OPEN A 4]
> - Limit Monitoring 5|M-1-1: Treeville to Refinery and North L BRANCH 8180 8220 1 OPEN A 0
4 Contingency Definitions &|M-1-1: Treeville to Refinery and Morth L BRANCH 10440 8194 1 OPEN A 0
- All Contingency Elements 7|B5EF: Bus 176 BUS 8176 OPEN Al 0
- Contingency Blocks g|MN-1: North Line BRANCH 3220 5194 1 OPEN A 4]
. Contingency Block Elements 9|N-1: North Line BRANCH 8180 8220 1 OPEM A 0
- Remedial Actions — 10| MN-1-1: Treev!lle to Ref!nery and Second[ERENCH 2178 6179 1 OFEN | A 1]
. Remedial Action Elements 11|MN-1-1: Treeville to Refinery and Second BRANCH 10440 3194 1 OPEN A 1]
) ) 12|M-1: Path 2 ERANCH 10491 10440 1 OPEN A 4]
-~ Contingency Global Actions 13|N-1: Path 2 BRANCH 10491 7453 1 OPEN A o
- Model Conditions it
Status Finished with 4 Yiclations, 0 Unzolveable, and 0 Aborted Contingencies. Initial State Restored, Refresh Displays After Each Contingency
[ Load ] ’ Auto Insert ] ’ Save ] ’ Other = ’ Start Run ] ’ Close ] [ ? Help ]
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Contingency Definitions

e A lot more detail to discuss

— We will cover in great detail on May 27 — 29 in Salt
Lake City at WECC offices

e Final output for sharing with others

Contingency (Name, Category, Skip, Memo)

{

"L-2_Roughrider-Raven 2&3" "Double™ "NO™ "My Memo A"
"L-2_Roughrider-Raven 1&2" "Double™ "'NO™ "My Memo A"
"L_Falcon-PatriotC1" "Single”™ "NO" "My Memo A"
"T_Falcon-TitanC1" "Single”™ "NO" "My Memo A"

}

ContingencyElement (Contingency, Object, Action, Criteria, CriteriaStatus,
TimeDelay, Comment)

{

"L-2_Roughrider-Raven 2&3" "BRANCH 15 54 2" "OPEN'" '** "CHECK" O
"L-2_Roughrider-Raven 2&3" "BRANCH 15 54 3" "OPEN' '** "CHECK"™ O
"L-2_Roughrider-Raven 1&2" "BRANCH 15 54 1" "OPEN' "' "CHECK" O
"L-2_Roughrider-Raven 1&2" "BRANCH 15 54 2" "OPEN'" '** "CHECK"™ O
"L_Falcon-PatriotC1" "BRANCH 10 13 1' "OPEN" "' "CHECK" O "
"T_Falcon-TitanC1" "BRANCH 10 39 1' "OPEN" "' "CHECK" O "
}
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Contingency Solution:
It’s more than just the actions

e “Post-Transient” Power Flow: options matter a lot
— What happens when you change MW injection by 2000 MW
(outage generators)
e Load or Generator change Make-up Power

e Specify input parameter with each generator
— Participation Factor
— Max MW response
— Disable response

— Generator Voltage Control for Post-Transient

e Generator Line Drop Compensation

e Regulate terminal bus only (ignore remote regulation)
— Bus Load Throwover (model distribution switching)
— Control Options

e Switched Shunt and Transformer switching

e | am skipping these options today, but we’ll cover in detail at
the Workshop in May. These options are important though!
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Limit Monitoring Options

e These matter a great deal too

e Setup with the model (case)

— Provide options to specify various limits for Branches
(A, B, C, D, E, etc.)

— Provide options for specifying various limits for Buses
(A, B, C, D)

— Provide LimitSet for choosing which limits to use

e Advanced Limit Monitoring During Contingency

— Monitor for a violation due to a change in the system
(5% voltage drop for example)

e | am skipping these options today, but we’ll cover in
detail at the Workshop in May
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Accept Questions

e Pause for questions from audience

PowerWorld Corporation 21



What do you need to model RAS
in the Power Flow

e The description of a RAS is really the same as a Contingency.
— A list of actions that occur

e Actions become more complex though.

— Trip MWs from a group of generators equal to 50% of the flow on an interface (or
use a 2D lookup table to determine what to trip)

— The Criteria is vital here
— these actions do not always occur
e Must describe the Boolean logic of when these actions occur
— The CriteriaStatus and TimeDelay
—>describe when and at what point in solution process to include

e (Question

— How do you implement the Boolean checks of when to trigger the
RAS and the ordering of actions?

— How do you handle the lookup tables, expressions used in more
complex actions?
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Traditional Modeling of RAS in

Software Studies

e Often the more complex features are provided
manually by you the power engineer

— Boolean logic of when to apply

e May know that taking a
double-line outage will
cause RAS to be applied

e Thus if contingency is for
double line outage just
include RAS actions

— Figure out the “RAS Arming”
level from the base case

— Solve the contingency =2
If a line is overloaded then
open it and resolve
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Other Common Shortcuts

 Run a very detailed study of RAS

— Particular contingencies cause violations (line
overloads, bus voltage violations)

— Verify that your RAS fixes these violations

e Then, for the next 1, 2, ... (10?) years assume the
RAS always works to fix these problems

e Functionally this means ,
‘ h Q

— Run your list of 100s or 1,000s
of contingencies

— Manually wade through
the 1,000s of violations that
occur and just ignore what is
handled by RAS (experience)

—
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Another common treatment for
RAS

e Power engineer writes custom code to
automate all the processes from the
previous 2 slides

— Write custom code to implement RAS

— Write custom code to P
remove particular violations ’
from your output reporting "

. - —
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Problems with these approaches

(1/2)

e Reproducibility

— Can you replicate a manual process and get the same
answer over and over?

e Validity of assumptions

— The RAS was designed many years ago. Are you sure
your RAS is still always fixing the problems for which it
was desighed?

e Narrow assumption of when RAS is implemented

— You are limiting the application of RAS to specific
contingencies

— This prevents you from seeing a cascading outage
caused by several RAS interacting with each other
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Problems with these approaches

(2/2)

e Documentation and Sharing
— How do you communicate what your RAS does to another utility
or neighbor with the precision necessary to model it in software?
— Custom code = who manages and takes support calls for that
code?
e |nput Data Management
— Much of this leads to manually created contingency lists that are
tuned for a particular operating condition
e RAS arming, Boolean criteria
* Training — Human Resource Problem
— Rely completely on the power engineer’s experience which takes
many years to develop
e Engineers move jobs within a company
e Engineers switch companies

— How do you train new engineers or communicate all these
assumptions? And do it quickly!
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Another Hidden Problem

e PowerWorld’s experience working with utility
engineers

— The engineers running power flow and transient
stability studies have a general idea of how RAS
functions

— However, they may not manage and design the
RAS itself, so they may miss details

e The implementation of when to “arm” and
how much is very specific
— The details matter!
— Consider a very simple RAS example next
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“Simple RAS”

Line A

@ Line B

Gen X

e General Description of RAS

— If two transmission lines (Line A and Line B) are tripped
- then trip a generator (Gen X)

e RemedialAction definition seems simple
— Object = Gen X
— Action = OPEN
— Criteria = (Line A is OPEN) AND (Line B is OPEN)
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Wait!
Differences in Initial Case

Line A
'Ill-------q

.., LineB
Gen X ""'"-l-l

e What if Line A and Line B are out for maintenance this
week?

— Using our “Simple RAS” then this means that the Criteria
always evaluates as TRUE!

— Running a contingency analysis tool with this RAS defined
would trip Gen X under every contingency

— In this example, clearly the RAS criteria should evaluate to
FALSE
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Wait?

' in Initial
More differences in Initial Case

Line A
@ .., LineB
Gen X ""'"-l-l

e What if Line B is out for maintenance this week?
e Using our “Simple RAS” then this means that if Line A is opened
during the contingency then Gen X will be tripped
— That might be correct, ... but

— |t may not be correct for some RAS

e For some if Line B is OPEN in the reference case then the RAS will not be
armed! Tripping Gen X is not correct then

* The engineers running power flow/stability need to go talk with
the RAS engineers to learn these details
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Communication

e RAS design requires that their be redundant communication
systems for RAS to prevent communication failure

e We also need the human communication between different
groups of engineers to work as well

e Qur experience is there are 3 groups here (though at smaller
organizations there is overlap)

1.  “Planning or Operation Engineers” who run power flow and
transient stability studies (these could be separate groups too)

2. “Relay Engineers” who manage and design the system
protection

3.  “RAS Engineers” who manage and design the RAS

e Most in audience today are in Group 1, but we all need to
engage with folks in Group 2 and 3 to get the details of RAS and
Relay modeling correct
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Accept Questions

e Pause for questions from audience
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Skip to Examples Today

e The next 30 slides give a broad overview of
most of the various details that matter for RAS

— This is the kind of material we will cover in detail
during the Classroom Style portion of the
Workshop in May

e For this presentation we are skipping this and
will only briefly touch on the CriteriaStatus
and using Stability Models in more detail

e | will then go through examples to
demonstrate concepts Skip to Slide #60
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Specifics of Implementation

e Defining Criteria
— Filtering
— ModelCondition
— ModelFilter

e Conditional Contingency Actions

e CriteriaStatus = POSTCHECK

e ModelExpression (lookup tables)

e RemedialAction

e Complexity of Injection Group Gen/Load dropping
e Injection Group Actions

e OQverlapping Gen Drop

e Evaulate Model in Reference State

e CriteriaStatus = TOPOLOGYCHECK

e Disable if TRUE in Reference State

e Transient Stability Models in Power Flow Contingencies
e Time Delay

e OQverall Contingency Process
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Advanced Filtering
First Step for Conditional RAS

* Filtering is completely generic and available
for all objects

— Compare field to a constant (Flow > 500)
— Compare field to another field (Flow > Limit)

— Build any logical combinations of conditions and
other filters

e Be careful for circular references when using filters
inside filters

— No maximum on conditions

— Compare across objects (Branches could be
filtered based on whether the voltage was low at
either end)
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Advanced Filter Dialog

Filter By Type of object being filtered
Wi" be \ Advanced Filters for Bus @
discussed \ﬂir By Select Filter, Jbe
I.ﬂ.dvanr_ed - “Bus v] .
shortly Logical
Ad d Filter Mame IEUIZJ kv bus voltage violations TJ
van
( a .Ce I Save J I Save As I I Rename J I Delete I comparator
r Devi . .
0 e Ce) [¥] Pre-filter using Area/Zone/Owner Filters Logical Comparison
[¥] Enabled (normally checked) @ AND _OR T Mot AND ) Mot OR.
KT:J Condition 1
x
Find... | Area\Mame - lStfil'H; ctarts with "’J 40 Dgaeies.
[ use Another Filter between lCﬂﬂSEﬂt "I Find |
IEJ Condition 2 ;E::il:etrcﬂﬁan
Condltlons..< Find... | Voltage \kV Nominal || oreater than or equalto | L and 510 [ ags
/ ["]Use Another Filter i blank lConsEnt v] Find | ICunsiﬁnt TI Find |
o less than
w1 Condition 3
7 BEES less than or equal to
Find... | Voltage \Per Unit Magnitude - strn? contains 1.08 and |1.095 [] aBs
Use the \ [Juse Another Filter nn::lt bnla lCunsEnt v‘ Find | ICunsiﬁnt v] Find |
Fi nd .o [ Add > I Delete ... I REE eqtJI:LE: Enable Field to Field Comparisons
not string contains -
buttons \ not string starts with ¢ Eilter ] I @ Remawve ‘ I ? Help ‘ I x Cancel ‘

Click to delete a condition
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Field-To-Field Comparisons

e Users have the option to include Field-To-Field
comparisons

f R
Advanced Filters for Gen - Lﬁ
Filter By Select Filter Type
Advanced - ][Bus v] Generator will meet the advanced filter if the terminal bus meets the filter
Filter Mame [Filter 1 - 100 to 345 kv Buses with more gen than load vl
£ Save 1 [ Save As ] [ Rename ] [ Delete ]
[] Pre-filter using Area/Zone/Cwner Filters LPQiCﬁ| Comparison ) )
Enabled (normally checked) @ AND /OR [/ MNot AND (L) Not OR
5 Condition 1 F
Voltage'kV Nominal - [ R ,,l 100 and 345 [ Ag
@ Condition 2
i
Generators MW - [ less than or equal to = Loads\MW v [[lass
[T use Another Filter
[ Add == ] [ Delete ... ] Enable Field to Field Comparisons
[ \/ Filter ] ’ @ Remave ] [ ? Help ] [ x Cancel I

PowerWorld Corporation
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Field Comparisons

Click the Find
Button to
choose another
field to
compare to
instead of a
constant value.
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Conditional Contingency Actions

e Many choices of various

contingency actions are
available

e Model Criteria specifies
a Boolean condition
under which the actio
should be applied

— Model Conditions
— Model Filters

— When a contingency is
applied, these actions
only occur if the Model
Criteria is true
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Contingency Element Dialeg

() Injection Group

(" Series Capacitor

1 DC Line

() DC Conver ter

(" Phase Shifter

() 3-Winding Transformer
) Area

(") Solve Power Flow

() Contingency Blodk

Element Type Spedific Element Type
(" Branch @) Bus
@ Generator (") Spedific Device
(" Load
\Swihdmd Shunt Choose the Element
) Bus [+] Sortby @ Mame () Number
(") Interface : :

ABIQUI12 (13300) [4. 16 kV]
ABITIBI (85720) [13.8 kv]
ABM 13G (51180) [13.8 kv]
ADAIR (40015) [115 kv]
ADELSVC (26119) [500 kv]
AFTONG {10456) [18 kv]
AFTONS (10485) [13.8 kV.
AGRICO (34608) [13.8

Open Breakers
Close Breakers

1IAFR 1 7150011 113 8 kil
Action Type Amount
(") Open 0
) Close
) Move [Ccnsmnt N Find... ]
@ SetTo Evaluate in Reference StaR
(0) Change By [ Make-up Power Sources \ ]

Status: | CHECK

@ Percent
(7 My

(") Setpaint Voltage

MW {(const pf)

Mvar

Madel Criteria:

N\ |

Commen t:

[ o OK ] ’Delete ]

[ xCancell [ ? tebp ]

N\

We'll discuss shortly Iﬁeu

AN

Constant -

Madel Expression |
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Model Conditions and Model
Filters

* Model Condition (couples two things)
— Particular object
— An Advanced Filter definition

— Model Condition is met if the advanced filter
to the particular object is TRUE

— TRUE Model Condition means action is applied

e Model Filter

— A Boolean expression of other Model
Conditions and Model Filters

— TRUE Model Filter means action is applied
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Conditional Contingency Actions
Model Conditions

DeﬂneModeI Conditions = [EOE

. ( I I O O S e Model Condition Name [SCL - Delridge Bus Votage Less Than 0,913 - Blodk 1 ']

[ Save ] [ Save As ] [Rename ] [ Delete ]
[~ |Evaluate in Contingency Reference State

° || pisable if True in Contingency Reference State
J e ‘ y p e Element Type E 18960 entries

Yoo +] Sort by @ Mame (") Number
- Filter [Advanced v][Bus V] [ -
(" Branch
B Use Area/Zone Filters Define/Find... Remove
(@) Bus
) Search Mext Search Al
() BC Transmission Line IYou can use wildcard characters * or ?
(C) Generator |
~ Injection Group DELEVAM (32053) [60 kV] -
- DELEVM (30114) [230 kY.
() Interface { ) [ 1

DELEVNB1 (30115) [230 kv]

° () Limit Set DELGEN (24030) [13.8 kV]
o — LG (130
TEL DELIGHT (47025) [115kv]

() Model Exgression DELMARTP (22164) [69 kV] =
- DELNORT1 (45385) [69 kV]
() Multi-Terminal DC Record DELNORT2 (45385) [69kv]

DELNORTE (45085) [115 kV]

TN
i DELNORTE (70143) [69 kV]

) Owner DELRANCH (21016) [92kV]
- . DELRANCH (2101 14.4 kv

() Substation 17) [230
=) Super Area DELTA (45087) [115kV]
_ . DELTA A (38820) [13.2kV]

() Switched Shunt DELTAB (38815) [13.2kV]

@ Transformer DELTA C (38770) [13.2KkV]
- DELTA D (38765) [13.2kV]
) Zone DELTA E (33750) [13.2kV] 57

Select ﬁher Type
.
. B l l I A V a I I ‘ e [| pre-filter using Area/Zone/Owner Filters LPQi‘3| Comparison
Enabled (normally checked) (@) AND OR Mot AND Not OR
lz] Condition 1 :

. . . . cltage\Per Unit Magnitude v |lessthanorequalto v | 0.913 []aBs
Filter Definition e
Delete ... [ Enable Field to Field Comparisons

[ 1 [ 1 [
et
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Conditional Contingency Actions

Model Filters

e Just piece together a list of Model
Conditions or Filters and a logical
comparison

Logical ~_

comparison
for the
Model
Conditions

E=l| Give the Model

Filter Canditions

Filter Name | A Model Filter v Filter a name and
Save Rename Delete
\ﬁugical Comparison

@ AMD OR Mot AMD Mot OR

— Model Condition 1 . .

X

(x] Find... | Branch 1to 3 Qverloaded ~ (@ Condition Filter Slmllar to the

M Model Condition 2 Adva nced F| Iter

Find... | Branch 2 to 5 Overloaded » (@ Condition Filter

Dialog

Click to Modify Model Conditions/

| Add == | |Qelete...| | Medify Model Conditions |
f | .,,/QK || ?ﬂelp |Ix§ancel

Model Filters may contain Model
Conditions or other Model Filters
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Conditional Contingency Actions:
Action Status

o [atec ’)
e Action Status e ] f ALWAYS
— Specifies when action should be applied NEVER
— (i.e. when criteria should be evaluated) _T_ggg‘EEEG?EHECK

e Contingency Processing in 2001 was as follows

1. Apply ALWAYS actions and true CHECK actions
J (Note: CHECK actions are evaluated in reference state)

Update topology (branch, bus status)
Solve power flow
Apply true POSTCHECK actions

Repeat steps 2-4 until no more POSTCHECK actions
become true

e We will discuss TOPOLOGYCHECK shortly

A
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Contingency Model Expressions

e Types
— Expressions: mathematical expressions [®] Define Model Custom Expressions e )
involving one or more model fields S [y Bxpresson e -
e Model Field can be any field of any object in [ save | [Saveps: [ Rensme | [ Delete |
the model \ ,
Choose the Type of Expression
— Lookup Tables: return a value based on [Exoresson || Lookup Table ]
the Values Of one or tWO mOdEI flelds x1=|Define...| Interface Left-Right (0} : MW Flow
L4 May be used |nS|de x2= Gen Two (2) #1: Generator's present MW output
— Some kinds of contingency elements xo-{Defen] Choos o Mode e
. x-1= Choose a Model Field
e Set Gen MW to Model Expression 15~ Delinens] Choose 2 ModelFeid
¢ See ear“er Slide x6= Choose a Model Field
— Advanced Filters «7=[Define...] Choose = Mode Feld
— Model Condltlons x8= Choose a Model Field
function ( x1, x2, x3, x4, x5, x6, x7, x8) =
e Examples xi+x2
— Gen Drop Equal to a Lookup Table
— Gen Drop Equal to 40% of Interface Flow 7 oK P | [ X cancel
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RemedialAction Objects

e The general logic shown still requires you to

put all the actions inside of each contingency
record

e RemedialAction records (and
RemedialActionElement records)
— This are a separate list of data record

— They function the SAME AS a Contingency and
ContingencyElement records

— But every RemedialActionElement is
automatically used as part of every Contingency
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Contingency Records,
RemedialAction Records

e End up with 7 actions actually

used for a simulation of

Contingency
Records

RemedialAction
Records

Contingency A
Action Al

Action A2

.- RemedialActions X
RemedialActions Y

RemedialAction X
Action X1
Action X2

[

-

RemedialAction Y
Action Y1
Action Y2
Action Y3
Action Y4

Contingency B

Action B1
— RemedialActions X
RemedialActions Y

Contingency B

— Action B1

— Action X1 | fmeds!

— Action X2

— Action Y1 |Remedial
Action Y

— Action Y2

— Action Y3

— Action Y4

PowerWorld Corporation
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Contingency C
Action C1

Action C2
RemedialActions X
RemedialActions Y

Contingency D

Action D1
N RemedialActions X
RemedialActions Y

46



Example of Injection Group
Contingency Action

. . Contingency Element Dialog 23
e Assume Injection cenentToe
(_Branch [=] Sortby (@ Mame () Mumber
G d J h @) Generator oh
roup namea Jonn e — .
(1 Switched Shunt Hermiston Power Project gen -

. . [ Bus Hills Creek gen
Day gen is defined e
':' eries Lapadtor
() DC Line

e Change the total e e

-
() 3-Winding Transformer Kimberly-Clark gen

Intermountain Gen

. i) Area Klamath gen
JOhn Day generatlon (7 Solve Power Flow Lagrande gen
() Contingency Block Lancaster gen 1
by -500 MW b S
y B y () Open 500 [ Percent
(") Close i@
1 t Mave [Consbnt v] [ Find... ] .
O p e n I n g g e n e ra O r [ | 5etTa Evaluate in Reference State g:z:::;::;rr::; fﬂz:;r;::;r:r
I (@ Change By I [ Make-up Power Sources ...

[ ] L] ] -
in merit order e

Close Breakers —
["|Evaluate Part Points in Reference State

Status: | CHECK -
Model Criteria:
Comment:
[ \/DK ] [ Delete ] [ x Can::el] [ ? Help ]
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Contingency Analysis:
Overlapping Gen Drop

e Accounting for Overlapping Generation when using
merit-order generation dropping
— Drop 500 MW from Injection Group #1
— Drop 400 MW from Injection Group #2

— Order matters: Group #1 will drop 500 MW, but when going
to drop Group #2, if there is overlap and 200 MW of
generation in Group #2 was already dropped due to Group
#1 dropping, then only an additional 200 MW will be

dropped.

— You won’t always get 900 MW of dropping (example above
would only drop 700 MW)

e Note: default behavior is to take into account this
overlap. This may be turned off in the Basic
Contingency Modeling options

PowerWorld Corporation
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Evaluate Model in Reference State

e Needed to arm the amount of generation drop based
on Reference State only

— Important if there are POSTCHECK actions

— Possible that other POSTCHECK actions have occurred and
you’re iterating back on subsequent POSTCHECK actions
with a new system state.

e Example:

— Amount of generation drop is based on a two-dimensional
nomogram which is a function of two interface flows

— The “arming level” is handle based on the reference state,
not what the MW flow happens to be at a particular point in
contingency analysis process

e Use Model Expression Lookup Table
(Simulator supports 1D and 2D lookups tables)

e For amount to drop, point to Model Expression
e Check box for Evaluate Model in Reference State
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Conditional Actions based on
Status Only

e Users of Simulator had a persistent problem in some
contingency runs when using RAS

— RAS is configured to open 2,000 MW of generation when
Line X trips

— Before 2012, this was achieved by configuring a POSTCHECK
action that looks at the branch status and trips generation if
the branch is out of service

— Works most of the time, but...

— What if the outage of Line X results in an unsolvable steady
state power flow solution?

e Basically means that the RAS scheme is actually preventing a
voltage collapse from occurring

e This means that the POSTCHECK action is never evaluated
because the power flow solution failed.

e Solution: TOPOLOGYCHECK actions
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Contingency Analysis:
TOPOLOGYCHECK

e TOPOLOGYCHECK Contingency Element Status.
e Contingency Processing now goes as follows

1. Apply ALWAYS actions and true CHECK actions

2. Update topology (branch, bus status) I
ADD 3. Apply true TOPOLOGYCHECK actions ==

4. Solve power flow e

5. Apply true POSTCHECK actions o TOPOLOGYCHECK

6. Repeat steps 2-5 until no more POSTCHECK and no

TOPOLOGYCHECK actions are done

e Note: TOPOLOGYCHECK should only be used with
Model Conditions related to bus/branch statuses
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TOPOLOGYCHECK Status

Message Log

#=¥= Solving contingency M-2: Slatt-John Day 1 500kV & John Day-Grizzly 2 500kV Lines %%

23 generators changed to use Line-Drop Compensation due to Use LDC_RCC Option., L Conti ngency pre-prOCGSSi ng

438 generators changed to requlate their terminal bus due to Use LDC_RCC Option with a wery small XLDC_RCC.
1483 generators changed maximum MW limit due to Maximum MW Response in Post-Contingency Options.

1936 generators changed minimum MW limit due to Maximum MW Response in Post-Contingency Options. B
1925 generators changed AGC status ta YES due to Post-Contingency AGC Options.

APPLYING: OPEN Line JOHM DAY _500.0 (40585) TO SLATT_S500.0 (40989) CKT 1 CH ECK a nd u nconditional actions

APPLYING: OPEN MultiSectionLine GRIZZLY_500.0 (40489) TO JOHM DAY_500.0 (40585) CKT 2

SKIPPIMG: CHAMGE IMIECTIOM GROLUF East of Marion Gen Drop BY -1500 MW in generator merit arder by apening
SKIPPIMG: CHAMNGE INJECTION GROUP East of Marion Gen Drop BY -750 MW in generator merit order by opening
SKIPPIMG: CHAMGE INJECTIOMN GROUP Morth of Grizzly Gen Drop BY -2000 MW in generator merit order by opening
SKIPPIMG: CHAMGE IMIECTIOM GROUF Morth of Grizzly Gen Drop BY -1000 MW in generator merit order by opening

F=¥= Applying TOPOLOGYCHECK for Contingency M-2: Slatt-John Day 1 500kV & John Day-Grizzly 2 500kV Lines *=%=

APPLYING: CHAMGE IMJECTIOM GROUP East of Marion Gen Drop BY -750 MW in generator merit order by opening
APPLYING: CHANGE INJECTION GROUP Morth of Grizzly Gen Drop BY -1000 MW in generator merit order by opening _
Warning - MCHNRY 53_230.0 (41353) TO MCMARY_115.0 (40717) CKT 1regulated bus MCMARY _115.0 (40717) is &

AGC in island changed gen 1 at bus SJUAN_GZ_ 24.0 (10319) by 793 MW to  357.9
AGC inisland changed gen 1 at bus SJUAN_G4_ 22,0 (10321) by 11,56 MW to 521.2
AGC inisland changed gen 1 atbus LEF_G1_15.0 (103%4) by 319 MW o 145.7
AGC in island changed gen 1 atbus LEF_G2_ 13.0 (10395) by 3.19 MW to  145.7
AGC inisland changed gen 1 atbus LEF_51_ 18.0 (10398) by &6.33 MW to  236.4

w1 4 1 l.._mrmearmaa o Fammmms L AT RN Lo TN

Skipped actions because
Model Criteria not met

| Actions applied with
TOPOLOGYCHECK status met

- Start the power flow

Light blue indicates contingency element

Pink indicates Global Action
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Global RAS Modeling: Reference
State Evaluations

o Model COndItlon OptIOI’] [®) Define Model Conditions

Model Condition Name [SCL - Delridge Bus Votage Less Than 0.913 - Block 1 v]
_ I 1 1 | save | | saveds | | Rename | | Delete |
Eva u a te I n CO n tl n ge n Cy []Evaluate in Contingency Reference State
f [ | Dizable if True in Contingency Reference State
Reference State —— T
— [+] Sortby @ Mame () Number
| Area N P I

— Disable if True in
Contingency Reference State

e Example: Model Filter that takes the OR of three Model Conditions
that test whether particular lines are Open

— As soon as one of the lines is opened by a contingency, the model filter will
evaluate to TRUE and you’ll trigger appropriate actions.

Reference State Contingency Opening Line A

Line A Open (FALSE)

Line B Open (FALSE)
Line C Open (FALSE)

Line A Open (TRUE)

FALSE Line B Open (FALSE) TRUE
Line C Open (FALSE)

— Works great as long as all three lines are CLOSED in the Reference State
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Contingency Analysis:

Disable if TRUE in Reference State

e What if Line A is OPEN in the Reference State?

— This logic will end up returning TRUE for EVERY contingency

Reference State

Line A Open (TRUE)

Line B Open (FALSE)
Line C Open (FALSE)

TRUE

e Disable if TRUE in Reference State Option means
— The Model Condition is completely ignored!
— It’s like the Model Condition doesn’t even exist.

— The result of this will depend on the type of logic the model

condition is fed into

PowerWorld Corporation

Contingency Opening Line A

Line B Open (FALSE)
Line C Open (FALSE)

FALSE
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Contingency Analysis:

Disable if TRUE in Reference State

e Reminder

— Global Contingency Actions are a list of contingency
elements that are included as part of every
contingency solution

e Implication:

— Specify an action as part of the Global Contingency
Actions using the Disable if TRUE in Reference State
choice

— This allows you to model a global RAS in the power
flow contingency action

e Define one record in Global Contingency Action and you don’t
need to manage which contingencies use it

e Also allows potential for cascading RAS under any contingency
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Transient Relay Models in the

Power Flow Contingency

e Conceptually a Transient Stability Relay Model in
power flow contingency analysis act similarly to
— Contingency action that opens a device (or devices)
— Status = POSTCHECK
— Model Criteria = Model Condition based on
e Violating Bus Voltage Limit

e Qver Line Current

e Apparent Impedance looking down line is inside Impedance
Region (distance relay)

e Voltage Limit for Load Relays as well
e Use in power flow contingency analysis

— Force software to directly use transient stability relay
models in power flow contingency analysis

— Note: do NOT force extra definition of actions
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Transient Relay Models in the
Power Flow Contingency

* Internally automatically evaluate steady-state implications of the
stability relay models at the same time that existing POSTCHECK
actions are evaluated

— Assume in power flow contingency that post-contingency states exists
forever
e Timing data in relay models would be ignored as state exists forever

e Over-current relays would just look at the minimum current threshold from
transient model

e \oltage based relays would look at largest minimum voltage and smallest
maximum voltage

e Distance/Impedance relays would evaluate highest zone for model

— What Actually Occurred results would indicate if any of these actions are
initiated

— User Requirements for this feature
* Define your stability relay models (Line and Load Relays)
e Check a box to enable this new feature
e Auto-reporting options

— Automatically report as a contingency violation if any relay models actual
operate
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Time Delay

e Time to wait in seconds before an action is
applied

e Serves as a relative ordering for

implementation of actions during steady state
analysis

e Actions with smallest delay (down to a
microsecond) will be applied first during
TOPOLOGYCHECK and POSTCHECK solution
steps

e |gnored during CHECK solution step
e Default all time delays to O to ignore
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Time Delay

Contingency Definition Dialog E3
1
Contingency Label Open 1to 3 = . .
Contingency Element Dialog 23
i Add New [ Rename ] [ Find...

Element Type Choose the Element

Definition | Custom I Monitoring Exceptions | @) Branch [+] Sortby () Name (@ Number
© G to - B

[ Insert New Element ] [ Clear Al ] [ W=l
Actions Model Criteria | Sta | Time Delay | Commen Search For Near Bus Select Far Bus, CKT
1[EPEN Tine One 138.0 (1) TO Three 138.0 (31 CRT 1 CcH 0 © Bus ) [ 5 i{UTroe)egl[EfS?Evt]:ErKrl i

(") Interface 3 (Three) [138kv]

4 (Four) [138 kv]

Multi-Section Line : g:;)e) [l[;gaktqﬂ

() Series Capacitor 7 (Seven) [138 kV]
() Phase Shifter
3-Winding Transformer

Categories
[ Use spedific solution options ~ Post-Contingency Auxiliary File

Define Solution Options

]| Ignore ALL contingency This auxiliary file is loaded at the start of each contingeng)’.
spedfic solution options

(") DC Converter
Note: This option will override the Advanced Continge @) Area
(") Substation
[ JOK ] [ Save ] [ Delete ] [ x Cancel] [ ? Help / () Abort
v 4 —
r (") Solve Power Flow

() Cantingency Blodk

Action Type Amount in
@ Open P MVA Limit
(©) Close

Move Constant Find...
) SetTo Evaluate in Reference State

t t - I Change By Make-up Power Sources ...
e O p I O n a Open Breakers

Close Breakers

Time Delay - .

Time Delay: 0.000000 = seconds

Comment:

[ “OK J [ Delete ] [ x Cancel] [ ? Help ]
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Transient Models

Contingency Analysis N
| Contingendies | Otions | Results |
4 -Modeling Transient Models |
- Generator Post-Contingency AGC Choose huw to treat spedal h’anlsgnt stability mudels_ln the power ﬂ_u'.n.! mntngenc_y analy:s:s N
- Bus Load Th o Set to Tripfact to perform appropriate power flow actions such as fripping devices if transient model conditions are met,
us Load Throw Liver Mote: if the transient model is set to Inactive, then nothing is done regardless of these settings
- Generator Maximum MW Response
- (zenerator Line Drop and RCC
- Post-Contingency Auiliary File Maximurn Time Delay to Consider  3800.00 == seconds
-| Transient Models | Treatment during
[ - Limit Maonitoring Contingency Stability Model Type
[» - Contingency Definitions )
MSC1 : Switched Shunt Model
- Distributed Computing [Ignore v] WITENEd =Tunt Fade
- Miscellaneous [Ignore v]TIDCRS : Line Relay Model
[Ignore v]LDC‘I‘I : Line Relay Model
[IQno.-e - ] TIOCR1 : Line Relay Model
[Ignore v]LH'u'F‘.T : Relay Model
Status Initialized [ | Refresh Displays After Each Contingency
load || Autolnsert || save |[ Other> [ startRun || Close || 2 tep |
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Transient Models

e Several transient stability models can be included in steady
state contingency analysis

e 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

e If conditions are met, actual actions will be taken (such as tripping a line
for overcurrent)

e 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
e |f conditions are met, special contingency violations are reported

e Transient models are handled as part of the TOPOLOGYCHECK
and POSTCHECK solution steps
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Summary of Criteria Status and
Transient Models

e Each ContingencyElement and RemedialActionElement
have the following
— Object (who to act upon)
— Action (what to do)
— Criteria (whether to apply)
— TimeDelay (when to apply)

— CriteriaStatus (where to apply in solution process)
o ALWAYS, NEVER, CHECK
e TOPOLOGYCHECK
e POSTCHECK

e Transient Stability models can also be used in the

power flow contingency processor

e Call these actions
e Presentation today won’t cover, but concept is the same to user
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Processing Order of Contingency

1. Apply ALWAYS actions and true CHECK actions
2. Update topology (branch, bus status)

3. Apply true TOPOLOGYCHECK actions, and also any
actions

—  Only TOPOLOGYCHECK and actions with smallest
Time Delay

4. Solve power flow
5. Apply true POSTCHECK and true TOPOLOGYCHECK actions,

and also any actions
—  Only POSTCHECK, TOPOLOGYCHECK, and actions
with smallest Time Delay will be applied
6. Ifany POSTCHECK, TOPOLOGYCHECK, or actions

are implemented then repeat steps 2-6

e Keep repeating this over and over until no more actions occur
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Accept Questions

e Pause for questions from audience
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Two Example Remedial Action
Schemes
e Complex Thermal RAS — “Treeville” RAS

— This is a real RAS, but we’ve made up names so we
can put this presentation on public websites

— Complex Thermal-based RAS

— Ordering of actions using Time Delay matters
* One of Two Line Outage with Generation

Dropping

— Handling the base case condition matters

— Injection Group Dropping

— Lookup Table

— Merit Order

— TOPOLOGYCHECK important
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Treeville RAS

e Treeville RAS is used
to relieve thermal
overloads on 115 kV
system around
Treeville Generation

— 2 Gas units (#1 and #2)
— 1 Steam unit

e Two parallel paths
between Treeville and
Belltown
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&7 MW
-0 Mvar

a7 MW
-0 Mvar

8109 8198
8199 8198

8200
8200

Closeup
on Next

Page

S & MW
3 Mvar 0 Mvar

8204
9179 8204
L7 Mrear 3 MW 4 BT 3 M
w7 8179 0 Mvar -1 M 1 Mhar
17 MW - 7564 7565
T Mhear
16 MW | LJ L 8210 7564
e S HE 8202 8203 8205 8210 — == =
8202 8203 8205 7707
8178 I % g | 0.0 Mvar
8178, 563 "':I-IL
HE-
16 MW
7 Mhvar . =
15 :Tl.\' é o B
7t 8176
8176
2 MW
M .\;. 10 Mhvar
11_; \1"}:;' _._
o e = 11 8220
8220
247 Mvar B206
8180 8206
I 8230 B211
4 MV a My 10 MWV I
I 1 rvar 1 Bhvar 2 Mvar
| o105
Treevile el
I 8209
:.8 . - 8209 | I
I [] Treevile o I
l Treeville 10505 s
Path2 I
| B 10440 10491 Belltown
-TREﬁHEW TEDPEthE I
| 7453
Beltown2 I
20 MW
I 10 Mvar
8177 I
I 8222 Belltownl
TapPathl 8776 8215 8201 8223 |
I PathiB PathiC PathiD PathiE
pr— 12 MWV 15 MW 14 MWV 15 MWV
I 8221 0 hmr 1 Mhvar 0 Mhmr 5 Mhar
Path1A
3 MW
I 1 Mrar 369 Mvar
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Treeville RAS Close-up

Gas #1 Gas #2 Steam Treeville

103 MW
??5, :vwar ?; :vwar 16 Mvar G e n e rato rs
8195
Treeville .
GTIreewIIe ST
m w §3194

eeville

Treeville
0 Path 2

8222

TapPathl

PathlB
12 MW
8221 0 Mvar
PathlA
3 MW

1 Mvar

PowerWorld Corporation

Belltown

8209
8209
1MW -
0 Mvar
10505 110;:1\‘;‘;-2 7454
Path2 7454
10491
] TapPath2
7453
Belltown2
8177
] ] Belltown1

8201 8223
Path1D Path1E

14 MW 15 MW

0 Mvar 5 Mvar T

36.9 Mvar




Note on Presentation

e For presentation of a concept, | will do the
following
1. Describe the RAS logic
2. Show how that would be defined in a Dialog
3. Show how that is represented in the RAS and
Contingency File Format AUX file (text file)

e You’'ll see that the AUX file represents a bunch
of tables

e Power engineers are accustomed to tables of data about
buses, gens, lines, areas, zones, owners, etc...

e This is just a bunch of tables describing the logic,
lookups, etc...
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Treeville RAS Overview

e 4 Separate Control Actions Possible

1. Ramp Treeville generation down by 40 MW in
two minutes
Trip one Treeville gas combustion turbine

Trip the all the Treeville generators
Trip path of the 115 kV line going to the Refinery

* You will see Time Delay used for Actions 1-3
e Action 4 we’ll cover first because it’s so simple

PowerWorld Corporation 70



Treeville RAS:

A

Control Action

Refinery to TapPath2 > 110%
of seasonal facility rating

—> Trip the Treeville to Refinery Line

e If Green Line Overloads then Trip Pink Line

Wy

-
Treeville

1Mw
0 Mvar

{L

E 48194

n Treeville

10505
Path2

10491

10440
TapPath2

Refinery

8200 |

7454
7454

10 MW
1 Mvar

Belltown

20 MW
10 Mvar
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Treeville RAS Control Action

Type =
Branch

Choose
Branch

Condition
for Branch

ModelCondition Dialog

Define Model Conditions

Model Condition Name [F‘.eﬁnewI to TapPath2 > 110% vl

[ Save ] [ Save As ] [ Rename ] [ Delete ]
["|Evaluate in Contingency Reference State

[ | Disable if True in Contingency Reference State

Element Tyge [Eranch ']
[%] 49990 entries
[+] Sortby @ Mame () Number
Filter lAdvanoed v”Eranch - ]’ -
=] Use Ares/Zone Filers [ Quick ][ Define ][ Remaove ]

x] [ Search Mext ] [ Search All ]
You can use wildcard characters * or ?

PathiD ( 8201) TO PathiC {8215) CKT 1 [115kV]- [115 kv]
PathiD ( 5201) TO PathiE {§223) CKT 1 [115kV]- [115kv]
PathiE { 8223) FROM Belltown 1 { 8177) CKT 1 [115 kV]- [115kv]
PathiE { 3223) FROM Path1D { 8201) CKT 1 [115kV]- [115 kv]
Paﬂnz(lusus) FROMTapPaﬂnz(mqm) CKTl [115 kV]- [115 kv]

Mlr=fnery (10440} FROM TapPathz (10- (10491} CKT 1 [L15KV]- [115 k]

Meets the filter below [ Set Filter Same As ]

Select Filter Type

["| Pre-filter using Area/Zone/Cwner Filters Logical Comparison
Enabled {normally checked) (@) AND OR Mot AND
Condition 1

Not OR

Lirit Monitoring % at To Bus
["|Use Another Filter

Delete ...

| greater than or equal t vl 1108

[ aBs

["|Enable Field to Field Comparisons

[ W OK ] [ ?ﬂelp] IXCancel]
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Treeville RAS Control Action
RemedialAction

Contingency Element Dialog

Choose Branch to Open

Model Criteria points
to ModelCondition

@ Branch

Element Type

(7 Gel
" Load
() Switched Shunt
") Bus
| Interface
“Ngjection Group
() MulNgection Line

() 3-Winding Trans™
~) Line Shunt
() DC Line
") DC Converter
() Area
*) Substation
() Abort
() Contingency Block

Action Type

0

Choose the Element
(=] Sort by @ Name

() Number

earch For Near Bus

9996 (9996)
9997 (9997) [115kV]
9998 (9998) [115 kv]
9999 (9999) [230 kv]
Belltown1 (8177) [115kv]
Belltown2 ( 7453) [115kv]
PathiA (8221) [115kV]
PathiB (8226) [115kv]
PathiC (8215) [115kv]
Path1D (8201) [115kV]
PathiE (8223) [115kv]

TapPath2 (10491) [115 kv]
Treeville (8194) [115kv]

Treeville GT1 (8195) [13.8 kv] =
Tresvile GT2 (8196) [13.8K] |
Treeville ST { 8197) [13.8 kV] ¥

Constant Find...

Evaluate in Reference State

Make-up Power Sources ...

POSTCHECK.

-

Select Far Bus, CKT

MWVA Limit

Madel Criteri

Refinery to TapPath2 > 110%

Indusion Filter: | Add
Time Delay: 0.000000 = seconds
Comment: Control Action 4
[ o oK ] [ Delete ] [ xCanceI] [ ? Help ]
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Treeville RAS Control Action #4:
File Format

MODELCONDITION (Name,Object,FilterObjectType,FilterLogic,
EvaluatelnRef,DisablelfTruelnRef,Memo)

{
"Refinery Tap2 > 110%" "Branch "10491" "10440" "1°' "Branch' "AND" '"NO' "'NO " "™

+
MODELCONDITIONCONDITION (ModelCondition,CondNum,ObjectField,

ConditionType,Value,OtherValue,Absolute)

{

"Refinery Tap2 > 110%" 1 "Percent'™ '>=" ""110" """ "NO "
}

REMEDIALACTION (Name,Skip,Memo)

{

"Treeville Generation Run-Back Scheme™ "*NO ' '

}

REMEDIALACTIONELEMENT (RemedialAction,Object,Action,Criteria,CriteriaStatus,
TimeDelay, InclusionFilter,Comment)

{
"Treeville Generation Run-Back Scheme™ ""BRANCH 10440 8194 1' "OPEN"

"Refinery Tap2 > 110%" "POSTCHECK"™ O """ " Control Action #4"
+
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Color Codes for Treeville RAS
Control Actions #1, #2, #3

93 MW 93 MW 103 MW
15 Mvar 15 Mvar 16 Mvar
8195
Treeville : reeville|ST
¢ GT-Zr 8209
8209
m w - 8194 1 MW —
YL, Treeville 0 Mver
TreeVI I Ie 10505 lf;‘\y:r 7454
Path2 7454
w0 path 2 Belltown
Refine apra
7453
Belltown2
20 MW
10 Mvar Pa t h 1
8177
8222 _ Belltown1
TapPathl 8226 8215 8201 8223
PathlB Path1C PathiD PathlE
- 12 MW 15 MW 14 MW 15 MW
» 8221 0 Mvar 1 Mvar 0 Mvar 5 Mvar
Path1A
IMW
36.9 Mvar

1 Mvar
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Treeville RAS:
Control Action #1

e Logic provided by utility that manages RAS

ModelConditions

Path 1D to 1E > 95%

Model Expressions
And RemedialAction

Proportionally Reduce Gas Turbine
Outputs by 40 MW (see not 1)

Time Delay:
120s

Set Steam Turbine Outputs for drop of
GT output (see not 2)

Time Delay =120 s

Notes:

1. CT model expressions are -(x1/(x1+x2)*40) for
unit 1 and -(x2/(x1+x2)*40) for unit 2 where
x1=actual MW output of unit 1 and x2=actual MW
output of unit 2.

2. ST model expression is x5*((x1+x2-40)/(x3+x4))

where x1=actual MW output of unit 1, x2=actual

MW output of unit 2, x3=Pmax of unit 1, x4=Pmax
PowerWorld Corporation of unit 2 and x5=Pmax of steam unit. 76



Type =
Branch

Choose
Branch

Condition
for Branch

Define Model Conditions:
Path 1A to 1B > 95%

Define Model Conditions

Model Condition Name | Path 14 to 1B > 95% -

[ Save ]
[ "] Evaluate in Contingency Reference State
|| Disable if True in Contingency Reference State

[ Save As ]

[ Rename ] [ Delete ]

Element Type [Branch "]

[x] 45930 entries

[+] Sortby @ Mame () Number

Filter [Advanoed v][Erar‘|t:l"| v][

=] Use Ares/Zone Filers [ Guick ][ Diefine ][ Remove ]
(=] [ Search Mext ] [ Search All ]

You can use wildcard characters *or ?

Belltown2 { 7453) TO Beltown1 (8177) CKT 3 [115kV]- [115 kv]
Belltown2 { 7453) FROM 7454 { 7454) CKT 1 [115 kv]- [230 kv]
Belltown2 { 7453) FROM 7454 { 7454) CKT 2 [115 kV]- [230 kv]
Belltown2 { 7453) FROM TapPath2 (10491) CKT 1 [115kV]- [115kV]
Path1A (83221) TO TapPathl(8222) CKT 1 [115kv]- [115kv]
EaiodB 2 = BOikd D= = T l

Meets the filter below [ Set Filter Same As

Select Filter Type

[ | Pre-filter using Area/Zone/Owner Filters

Logical Comparison
Enabled (normally checked) (@ AND OR

Not AND Mot OR

Condition 1
Limit Monitoring\%. at From Bus
[ Use Another Filter

~ | greater than or equal t v] a5 [|aBs

Add =>»

Delete ... [~]Enable Field to Field Comparisons

[/ ]

’ ‘? Help ] [x::anoel]
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Type =
Branch

Choose
Branch

Condition
for Branch

Define Model Conditions:
Path 2 > 102%

Define Model Conditions

Model Condition Name [Pam 2> 102% vl

[ Save ] [ Save As ] [ Rename ] [ Delete ]
["|Evaluate in Contingency Reference State
[ | Disable if True in Contingency Reference State

Element Typ| [Eranch 'l
(] 49930 entries
[+] Sortby @ Mame () Number
FiIter[Advanced v”Eranm v]l -
(x] Use Ares/Zone Fiters | Quick | Define || Remove |
(x] [ Search Next ][ Search All ]

You can use wildcard characters * or ?

Path1D { 8201) TO PathiC {8215) CKT 1 [115kV]- [115 kv]
PathiD ( 5201) TO PathiE {8223) CKT 1 [115kV]- [115kV]
Path1E { 8223) FROM Belltown 1 { 8177) CKT 1 [115 kV]- [115 kv]
PathiE { 3223) FROM Path1D { 8201) CKT 1 [115 kV]- [115 kV]

Pathz {10505} FF‘.DM TapPaﬂ-.z{m;i} CKT 1 [115 kv] [115 kv]

F‘Eﬁnery (10449} FROM TapPathz (10- (10491} CKT 1 [115KV]- [115kV]

Meets the filter below [ Set Filter Same As ]

Select Filter Type

[ | Pre-filter using Area/Zone/Owner Filters Logical Comparison
Enabled {normally checked) (@) AND OR Mot AMD Mot OR

Condition 1

Limit Monitoring\% at To Bus v | greater than - | 102 [Tl aBs
[~ Use Another Filter

Delete ... [~ Enable Field to Field Comparisons
[ g/OK J ’ ?ﬂelp l ’xCancell

PowerWorld Corporation
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Treeville RAS Control Action #1:

ModelCondition File Format

MODELCONDITION (Name,Object,FilterObjectType,FilterLogic,EvaluatelnRef,
DisablelfTruelnRef,Memo)

{

"Path 1A to 1B > 95%" "Branch "8222° °8226" "1  "Branch™ "AND"™ *NO™ *"NO ' ****
"Path 1B to 1C > 95%" "Branch "8215° "8226" "1  "Branch™ "AND"™ *NO™ *"NO ** ****
"Path 1C to 1D > 95%" ™"Branch "8201° °8215" "1™  "Branch™ "AND" *NO™ *"NO ' '***
" " "Branch "8201° =8223" "1°"  "Branch'™ "AND" *NO™ "'NO " "
"Path 2 > 102%" "Branch "10491" =10440° "1°" "Branch™ "AND™ "NO™ *"NO ** "
+

MODELCONDITIONCONDITION (ModelCondition,CondNum,ObjectField,ConditionType,Value,

OtherValue,Absolute)

{

"Path 1A to 1B > 95%" 1 "Percent' '>=" "'95" "' "NO ™

"Path 1B to 1C > 95%" 1 "Percent' ''>=" "95"™ "' "NO ™

"Path 1C to 1D > 95%"™ 1 "Percent' ''>=" "95"™ "' "NO ™

" " 1 "Percent' '>=" "95" "' "NO "

"Path 2 > 102%" 1 ""Percent' '>'" 102" "' "NO "

}
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Treeville RAS Control Action
ModelFilter Dialog

Filter Conditions

23

Filter Mame [P‘aﬂ‘1 1 > 95% OR Path 2 = 102%

]

Save

Logical Com

OR Logic

List of Model
Conditions

PowerWorld Corporation

w

()Mot AND () Not OR

| View Filter Logic

Model Condition 2
Model Condition 3
Model Condition 4

Model Condition 5

.
-

Find...| SRR RE -
Path 1B to 1C > 95%]

-

@ Condition

(@ Condition

i@ Condition

@ Condition

(") Filter

(") Filter

(" Filter

() Filter

| Add>> | |Delete... |

[ Medify Model Conditions ]

[ Not

[ Not

[ not

[T Not

L1

1

[ Foc) [ 2o ) [(Xsas]
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Treeville RAS Control Action #1:

ModelFilter File Format

MODELFILTER (Name,Logic,Memo)

{

“"Path 1 > 95% OR Path 2 > 102%" "'OR"™ "

¥

MODELFILTERCONDITION (ModelFilter,CondNum,Criteria,Logic)
{

"Path 1 > 95% OR Path 2 > 102%" 1 "'‘Path 1A to 1B > 95%'" "
"Path 1 > 95% OR Path 2 > 102%" 2 "'‘Path 1B to 1C > 95%" "
"Path 1 > 95% OR Path 2 > 102%" 3 "'‘Path 1C to 1D > 95%'" "
"Path 1 > 95% OR Path 2 > 102%" 4 "Path 1D to 1E > 95y '
"Path 1 > 95% OR Path 2 > 102%" 5 "'‘Path 2 > 102%"

s
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F

Treeville RAS Control Action #1:

Model Expression

Move Steam Plant by the same

Define Model Expressions = = ER
MName | ST Output After Runback w7
| Save | | Save As | | Rename | | Delete

Choose the Type of Expression

Expression Lookup Table

¥1=|Define...| Gen Treevile GT1(8195) #1 : Generator's present MW output
¥2=|Define...| Gen Treevile GT2 (8196) #£2 : Generator's present MW output
K3= Deﬁne...l Gen Treeville GT1 (8195) #1 : Generator's maximum MY limit

w4=|Define.. | Gen Treevile GT2 (8196) #2 : Generator's maximum MY limit
x5=|Define.. | Gen Treeville ST (8197) #L : Generator's maximum MY limit

w6 =|Define.. | Choose a Madel Field
x7=|Define.. | Choose a Madel Field
x8=|Define.. | Choose a Madel Field

function { x1, x2, x3, x4, x5, ¥6, x7, x8) =

w51+ 2-40) /(3 +d))

UVVOT VVUTTU UUT rJUI CALTVUTIT

Reduce the net MW output of

net MW in proportion to Max MW Gas Unit 1 and 2 by a 40 MW
(move proportional to present

output)

Mame | GT2 Run Back Value S
| Save | | Save As | | Rename | | Delete
function { x1, x2, x3, x4, x5, ¥6, x7, ¥8) =
(02 (0 1+x2)*40)
Mame |GT1 Run Back Value i
| Save | | Save As | | Rename | | Delete

function { x1, x2, x3, x4, x5, X6, X7, x8) =
(01w 1+ 2)*40)
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Treeville RAS Control Action #1:

ModelExpression File Format

MODELEXPRESSION (Name,Type,Expression,Memo,
Objectl,x1,BlankZerol,Object2,x2,BlankZero2,
Object3,x3,BlankZero3,0bject4,x4,BlankZero4,
Object5,x5,BlankZero5,0bject6,x6,BlankZero6,
Object7,x7,BlankZero7,0bject8,x8,BlankZero8)

{
""GT1l Run Back Value™

"Gen "8195°
e e IINO LA

""GT2 Run Back Value™
"Gen "8195F
\BAAI \BAAI IINO e

ST Output After Runback"™
"Gen "8195*
"Gen "8195*
""Gen "8197°

PowerWorld Corporation

"Expression' ""-(x1/(x1+x2)*40)" "
1Tt UMW OTYES'™ Y'Gen 81967 (27 MW YES™
TEToMMOMINQ TTOTTTTOTTUTTOMINQ T oTUTTOTTTOU'NO T OTTTTOTTTUOU'NO OTTOTTIOUTUOUNO T

"Expression' "-(x2/(x1+x2)*40)" "
1T UMW OT'YEST Gen "8196° (27T MW' MYES™
THRUOTHIOMINQ 'TOotMTOTMREOMINQ MROMMRTOTTTTOTENQ UROMTMTOTTTTOUENOQ O'TOMTMTOTTTTOU'INO O

“Expression” "x5*((x1+x2-40)/(x3+x4))" **
1T UMWT UYES™ “Gen *8196° T2 MW" "'YES"

“17" UMWMax® “YES™ “Gen *8196° 27 “MWMax" *YES"
TLTTOUMWMax' TYES' T T OUNQ Tt tTotNQ ottt et eNQ
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Treeville RAS Control Action
RemedialAction Gas Units

O

° Contingency Element Dialog sz
Choose Generator Unit 2 \ ST st e
@) Generator () Specific Device

() Load
| Switched Shunt

Choose the Element
[=] sortby @ Mame () Mumber

Model Expression for Unit 2

‘ 9783 (9783) [13.8 k] 1

Action Group 9784 (9784) [13.8 kv]

9736 (9788) [13.8kV]

9787 (9787) [13.8 kv]

9733 (9788) [13.5kv]

9791 (9791) [6.60 kv]

ysformer 9793 (9793) [6.60 kv]

981 ( 981) [345kV]

983 ( 283) [6.90 kv]

3840 (9840) [13.5kv]

@ 9841 (9841) [13.8kV]
- () 9842 (9342) [13.5 kv]

TI m e De ay ©) substatid 9960 (9960) [115 k]

9967 (9967) [115 kv]

Model Criteria points to ModelFilter

() Contingency

Same but for Steam Unit

Action Type
S 7 y
GT2Run Back Value - . MW (const pf)
() Percent

ITEEVIE W21 L 8493 |13.0 Ky

— Abort geuille GT2 L5138 Lk [Model Expression Find... ] T

() Contingency Block Treevile 5T ® §
() Mvar

o = | ) setpoint Voltage
©© Open ST Output After Runbz =

() Close

() Move ’Model Expression - [ Find... ]

Same but for Unit 1 ‘

clusion Filter: Add

S9DU | FH0U) |11 Kv]

o 9967 ( 9967) [115 kV meDelay:  120.000000 - seconds
() Contingency Black Ireevile 11 [ 8195) [13.8 KV
= = = — - Comment; Control Action #1
Action Type Amount
'.:'.' e GT1Run Back Value [ o o ] ’ Delete ] ’ X cancel ] 7 tep ]
() Close
7 Move [Model Expression - ] [ Find... ]
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Treeville RAS Control Action #1:

ModelExpression File Format

REMEDIALACTION (Name,Skip,Memo)
{

"Treeville Generation Run-Back Scheme™ "NO

}

REMEDIALACTIONELEMENT (RemedialAction,Object,Action,Criteria,
CriteriaStatus,TimeDelay, InclusionFilter,Comment)

{
"Treeville Generation Run-Back Scheme'™ "'GEN 8195'" "CHANGEBY *GT1 Run Back Value®™ MW"

"Path 1 > 95% OR Path 2 > 102%" "POSTCHECK' 120.000000 ' ' Control Action #1"

"Treeville Generation Run-Back Scheme'™ "'GEN 8196'" ""CHANGEBY *"GT2 Run Back Value®™ MW"
"Path 1 > 95% OR Path 2 > 102%' "POSTCHECK' 120.000000 ' ' Control Action #1"

"Treeville Generation Run-Back Scheme™ "GEN 8197 "SETTO "ST Output After Runback®™ MW"
"Path 1 > 95% OR Path 2 > 102%" ""POSTCHECK'™ 120.000000 "' * Control Action #1"

}
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Accept Questions

e Pause for questions from audience
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ModelConditions

GT1 Closed

GT1 Closed

GT2 Closed

GT2 Closed

Treeville RAS:

Control Action

Time Delay
=150r20s
Time Delay: [ Open GT].

15s

Set Steam Turbine Outputs for drop of
— GT1 output (see not 3)

——— et g saw = =y

[ Open GT1

Time Delay:
20s

L__ Set Steam Turbine Outputs for drop of
GT1 output (see not 3)

— Open GT2

Time Delay:
15s
Set Steam Turbine Outputs for drop of
GT2 output (see not 4)

[ Open GT2

Time Delay:
20s

— Set Steam Turbine Outputs for drop of
GT2 output (see not 4)

PowerWorld Corporation

ModelExpressions
RemedialActions

3. 8T model expression is x 5™((x2)/( x3+x4)) where
x1=actual MW output of unit 1, x2=actual MW
output of unit 2, x3=Pmax of unit 1, x4=Pmax of
unit 2 and x5=Pmax of steam unit .

4. ST model expression is x 57((x1)/(x3+x4)) where
x1=actual MW output of unit 1, x2=actual MW
output of unit 2, x3=Pmax of unit 1, x4=Pmax of
unit 2 and x5=Pmax of steam unit .

Set Steam Turbine Outputs for drop
of GT1 output (see not 3)
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Treeville RAS Control Action #2:
ModelCondition ModelFilter

{

"GT1 Closed" "Gen
“GT1 Open™ 'Gen
" " ""Gen

}

MODELCONDITION (Name,Object,FilterObjectType,FilterLogic,EvaluatelnRef,DisablelfTruelnRef,Memo)

"8195" "1*" "Gen"™ "AND"™ "NO'" '*NO ** """
"8195" "1*" "Gen"™ "AND"™ "NO'" '*NO ** """
"8196" "2"" "Gen"™ "AND"™ "'NO'" '*NO ** """

"Path 1 > 800 A™ "Branch =8222*
"Path 2 > 800 A™ "Branch "10440" ®8194" "1°" "Branch'™ "AND"™ "'NO™ "NO ™ "

"8194* "1*" "Branch'™ "AND"™ NO™ "NO ™ "

MODELCONDITIONCONDITION (ModelCondition,CondNum,
ObjectField,ConditionType,Value,OtherValue,Absolute)

{

"GT1 Closed" 1 "Status" "'startswith™ "C™ """ "NO "
"GT1 Open™ 1 "Status'" "'startswith™ 0™ " "NO "
" ' 1 "Status" "'startswith™ "C™ """ "NO "
"Path 1 > 800 A"™ 1 "AmpsMax™ ''>'" ''800" """ "NO ™

"Path 2 > 800 A"™ 1 "AmpsMax™ ''>'" ''800" """ "NO ™

}

{
"Path 1 Unit 1" "AND"

“"Path 2 Unit 1' "AND"

“"Path 1 Unit 2' "AND"

"Path 2 Unit 2' "AND"
}

MODELFILTER (Name,Logic,Memo)

PowerWorld Corporation

MODELFILTERCONDITION (ModelFilter,CondNum,Criteria,Logic)

{

"Path 1 Unit 1" 1 "GT1 Closed" "
“"Path 1 Unit 1" 2 "Path 1 > 800 A™ ***
“"Path 2 Unit 1" 1 "GT1l Closed” "
"Path 2 Unit 1" 2 "Path 2 > 800 A™ ***
“"Path 1 Unit 2" 1 "GT1 Open "
“"Path 1 Unit 2" 2 * " e
“"Path 1 Unit 2 3 "Path 1 > 800 A™ ***
“"Path 2 Unit 2" 1 "GT1 Open™ e
"Path 2 Unit 2" 2 ™ " e
"Path 2 Unit 2" 3 "Path 2 > 800 A™ ™"
}
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Treeville

ModelExpression, RemedialAction

MODELEXPRESSION (Name,Type,Expression,M
BlankZero3,0bject4,x4,BlankZero4,0bj

2

RAS Control Action

emo,Objectl,x1,BlankZerol,Object2,x2,BlankZero2,0bject3,x3,
ect5,x5,BlankZero5,0bject6,x6,BlankZero6,

Object7,x7,BlankZero7,0bject8,x8,BlankZero8)

{

ST Output for GT1 Outage"™ "Expression’
""Gen "8195" "17" MW"
"Gen "8195" "1 ""MWMax'
""Gen "81977 "L ""MWMax'

ST Output for GT2 Outage"™ "Expression’
""Gen "8195" "17" MW"
""Gen "8195" "1 ""MWMax'
""Gen "81977 "L ""MWMax'

¥
REMEDIALACTION (Name,Skip,Memo)
"Treeville Generation Run-Back Scheme"

3
REMEDIALACTIONELEMENT (RemedialAction,O
Comment)

{

"Treeville Generation Run-Back Scheme"
"Path 1 Unit 1" "POSTCHECK"
Generation Run-Back Scheme"
"Path 1 Unit 1" ""POSTCHECK"
Generation Run-Back Scheme"
"Path 2 Unit 1" "POSTCHECK"
Generation Run-Back Scheme"
"Path 2 Unit 1™ "POSTCHECK"
Generation Run-Back Scheme"
"Path 1 Unit 2" "POSTCHECK"
Generation Run-Back Scheme"
"Path 1 Unit 2" "POSTCHECK"
Generation Run-Back Scheme"
"Path 2 Unit 2" "POSTCHECK"
Generation Run-Back Scheme"
“"Path 2 Unit 2" "POSTCHECK"

"Treeville
"Treeville
"Treeville
"Treeville
"Treeville
"Treeville

"Treeville

}
PowerWorld Corporation

UX5F((x2)/ (X3+x4))™

"YES™ "Gen "8196% "2°' MW" "YES™
"YES™ "Gen "8196" "2°' "MWMax' "'YES"
YES™ fTOTTTOMINO OTTOTTTTOMTTOMNO T OTTTOMTTOUNO M
UX5F((X1)/ (X3+x4))™

"YES™ ""Gen "8196% "2°' "MwW*“ "YES™
"YES™ "Gen "8196" "2°' "MWMax' "'YES"
YYES™ fTOTTTOMINO OTTOTTTTOMTTOMNO T OTTTTOMTTOMNO M

"NO Tt

bject,Action,Criteria,CriteriaStatus,TimeDelay, InclusionFilter,

"GEN 8195 1' "OPEN"

15.000000 *** "*Control Action #2A"

"GEN 8196 2" "OPEN"

15.000000 *** "*Control Action #2A"

"GEN 8195 1" "OPEN"

20.000000 **** *""Control Action #2B"

"GEN 8196 2" "OPEN"

20.000000 **** *"*Control Action #2B*

"GEN 8197" "“"SETTO *ST Output for GT1 Outage®™ Mw"
15.000000 "** "Control Action #2A"

"GEN 8197" “"SETTO *ST Output for GT2 Outage®™ Mw"
15.000000 **** **Control Action #2A"

"GEN 8197" “"SETTO *"ST Output for GT1 Outage®™ MW"
20.000000 **** "*Control Action #2B"

"“"GEN 8197" “"SETTO *"ST Output for GT2 Outage®™ MW"
20.000000 **** "*Control Action #2B"

89



Treeville RAS:

Control Action #3
Time Delay=0,48 or 90 s

Control Action #3A
Time Delay: 48s

Control Action #3B - Open GT1
Time Delay: 90s \
Open GT2
\ N\ - 1]
) Open ST
f / Control Action #3C
Time Delay: 0s

Path 1D to 1E > 100 % — _ RemedialActions

ModelConditions
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Treeville RAS Control Action #2:
ModelCondition ModelFilter

MODELCONDITION (Name,Object,FilterObjectType,FilterLogic,EvaluatelnRef,DisablelfTruelnRef,Memo)
{
"Path 1 > 800 A" "Branch "8222" "8194" "1"'" "Branch'™ "AND'™ "NO" "NO " "'
"Path 2 > 800 A" "Branch "10440" "8194" "1"" "Branch'™ "AND'" "'NO™ "NO " ™"
"Path 1A to 1B > 100%'" "Branch "8222" "8226" "1"'" "Branch'™ "AND"™ "NO'™ "NO " "
"Path 1B to 1C > 100%" "Branch "8215" "8226" "1"'" "Branch'"™ "AND"™ "NO'" ' NO " ™"
"Path 1C to 1D > 100%" "Branch "8201" "8215" "1"" "Branch'™ "AND"™ "NO™ "NO " """
" " "Branch "8201" "8223" "1"" "Branch™ "AND" "NO' 'NO " "™
}
MODELCONDITIONCONDITION (ModelCondition,CondNum,
ObjectField,ConditionType,Value,OtherValue,Absolute)

{

"Path 1 > 800 A™ 1 "AmpsMax' "'>'" *"800™ """ "NO " -

“Path 2 > 800 A" 1 "AmpsMax™ ">" 800" " "NO MODELFILTER (Name,Logic,Memo)

"Path 1A to 1B > 100%™ 1 "Percent'™ ''>'" '"100" """ "NO " {

"Path 1B to 1C > 100%" 1 "Percent” ">=" 100" ™" "No " | _Path 1 > 100%™ "OR™ ™

"Path 1C to 1D > 100%™ 1 "Percent™ ''>=" "100" """ "NO " }

" " 1 “Percent” ">=" 100" " "NO "' MODELFILTERCONDITION

3 (ModelFilter,CondNum,Criteria,Logic)
{
"Path 1 > 100%" 1 "Path 1A to 1B > 100%™ "
"Path 1 > 100%'" 2 "Path 1B to 1C > 100%™ "
"Path 1 > 100%" 3 *"Path 1C to 1D > 100%™ "
“"Path 1 > 100%" 4 ™ e
¥
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Treeville RAS Control Action #2:
ModelExpression, RemedialAction

REMEDIALACTION (Name,Skip,Memo) .
{

"Treeville Generation Run-Back Scheme™ "NO

}
REMEDIALACTIONELEMENT (RemedialAction,Object,Action,

Criteria,CriteriaStatus,TimeDelay, InclusionFilter,Comment)

{

// Trip GT1

"Treeville Generation Run-Back Scheme' ""BRANCH 8195 8194 1' "OPEN" "Path 1 > 800 A™
"POSTCHECK" 90.000000 '*'" "Control Action #3B"

"Treeville Generation Run-Back Scheme' ""BRANCH 8195 8194 1' "OPEN" "Path 2 > 800 A"
"POSTCHECK" 48.000000 '*'" "Control Action #3A"

"Treeville Generation Run-Back Scheme' ""BRANCH 8195 8194 1" "OPEN" "Path 1 > 100%"
"POSTCHECK"™ O "' "Control Action #3C"

// Trip GT2

"Treeville Generation Run-Back Scheme' ""BRANCH 8196 8194 1' "OPEN" "Path 1 > 800 A"
"POSTCHECK" 90.000000 '*'* "Control Action #3B"

"Treeville Generation Run-Back Scheme' ""BRANCH 8196 8194 1' "OPEN" "Path 2 > 800 A"
"POSTCHECK" 48.000000 '*'* "Control Action #3A"

"Treeville Generation Run-Back Scheme'™ ""BRANCH 8196 8194 1' "OPEN" "Path 1 > 100%"
"POSTCHECK" O "' "Control Action #3C"

// Trip ST

"Treeville Generation Run-Back Scheme'™ ""BRANCH 8197 8194 1" "OPEN" "Path 1 > 800 A"
"POSTCHECK" 90.000000 '**'* "Control Action #3B"

"Treeville Generation Run-Back Scheme'™ ""BRANCH 8197 8194 1" "OPEN" "Path 2 > 800 A"
"POSTCHECK" 48.000000 '*'" "Control Action #3A"

"Treeville Generation Run-Back Scheme'™ ""BRANCH 8197 8194 1 "OPEN" "Path 1 > 100%"
"POSTCHECK" O "' "Control Action #3C"

3
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Treeville RAS:
Note On Time Delay Parameter

e For the Treeville RAS actions, there are time-delays
assigned which are important

e Time Delays are associated with monitoring current on
two branches leaving Treeville
— Action #1: 120 seconds for 102% overload

— Action #2: 15 or 20 seconds for over 800 Amps then trip
only one gas plant (and modify steam)

— Action #3: 48 or 90 seconds for over 800 Amps then trip
both gas plants and steam plants

e Need to do Action #2 first which trips only one
generator

— That may make unnecessary Action #3 which trips all the
generators at Treeville

e Details Matter!
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Accept Questions

e Pause for questions from audience

PowerWorld Corporation 94



Example #2: Double Line Outage

with Generation Dropping

e Consider system below

. Bia Gen North
Drop Generation for loss of 5878 MAA OvalOffice

one line to OvalOffice

BioGens
B M @966”1
N Q(QStream
l 7/ M\N
I-w Bluehil
By BioGen2

o 592 MW heiostup
ol BipGena < éww
Bse?w”w’“a@il_i 679 MW Yy
oMW — Vallev
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BigGens to OvalOffice Gen Drop

e RAS s triggered when BigGiens - OvalOffce
. . ircuit 1 Open Trigger BigGens to
el-ther of lines from. igGens - Ovalofice Duioffice Gen Drop
BigGens to OvalOffice are  circuit2 open
opened by the contingency

— If one line is out in the initial system
(for example for maintenance), the
RAS will also trigger if the second line
is opened during the contingency

e When the RAS is triggered, it will
trip generation from the 3 MW Flow Change

BigGens units based on a lookup 0 0
table which is a function of MW 3000 -500
flow on the interface “Big Gen 4000 -1200
North” 5000 -2000
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BigGens to OvalOffice Gen Drop:

ModelCondition Dialog

Define Model Conditions

[=]  EX

o |

Branch

Choose
Branch

y 4

Condition
for Branch

Model Condition Name

Meets the filter below [

[Branch

[BigGens to OvalOffice 1 Opened

-] |

[ Save ] [ Save As ] [ Rename ]

[~ Evaluate in Continaency Reference State
‘ Dizable if True in Contingency Reference 5ta &

Type - /-Elemﬁlé [Brand’1

4

[*] 49950 entries
[+] Sortby @ Mame () Mumber

Disable if TRUE in Contingency
Reference State

Filter [#.dvanced - ][Branch - ][

Usz Arsz/Zone Fikers [ Cruick ][ Define ][ Remove ]
x] [ searchmext || Searchal |
You can use wildcard characters * or ?

BlgGens ( 12:33) TO BlgGen3 ( 1230) cr:r1 [suo ku] [24c|ku]

.E@ !! TD Dlrziofﬁce 9690(1'1 k_\!l k_\l'l

BlgGens ( 12:33) TO UpStream ( 1303) CKT 1 [sou kv]- [sou kv]
BiaGens { 1283) TO Vallev { 35031 CKT 1 500 kv1- 1500 kvl

SetFilter Same As |

)

["| Pre-filter using Area/Zone/Owner Filters

Select Filter Type

Logical Comparison

Enabled (normally checked) @ AND OR Mot AND | MotOR
Condition 1
Status ~ | string starts with vl o] [ case
[l use Another Filter Sens.
Add == Delete ... [ | Enable Field to Field Comparisons
[ W OK l [ ? Help ] ’ X cancel ]
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BigGens to OvalOffice Gen Drop:
ModelFilter Dialog

Filter Conditions e

Filter Mame ane Of BigGens to OwalOffice Opened v]

[ Save As ] [ Rename ] | View Filter Logic

ical Compas
() AND @ OR (I Mot AND () Mot OR

o TM0OEl Condion 1
List of M odel BigGens to OvalOffice 1 Opened » (@ Condition | () Filter [ |Not

Model Condition 2

Cond Iitions BigGens to OvalOffice 2 Opened ~ (@) Condition | Filter [ |Not

OR Logic —_

[ Add == ] Lgelete ] [ Modify Model Conditions ]

[ Zoc] [ 2 ] [Rsed]
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Disable if TRUE in Contingency
Reference State Meaning

e |If both lines are inservice then logic looks like

BigGens — OvalOffice
Circuit 1 Open

Trigger BigGens to

BigGens — OvalOffice OvalOffice Gen Drop

Circuit 2 Open

e |If only circuit 1 is inservice then logic changes to
BigGens — OvalOffice
Circuit 1 Open Trigger BigGens to

Input ignore OvalOffice Gen Drop
because “disabled”

e If both lines are out of service then all inputs to the model filter
are all “disabled” and thus it’s output is considered “Disabled”

— If the model filter is fed into another filter that input is disabled
— If model filter is used directly, it returns FALSE

Both inputs ignore ><
because “disabled” ><
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BigGens to OvalOffice Gen Drop:
ModelCondition, ModelFilter File

MODELCONDITION (Name,Object,FilterObjectType,FilterLogic,EvaluatelnRef,DisablelfTruelnRef,Memo)

{

"BigGens to OvalOffice 1 Opened"™ "Branch "1283" "989" "1"" "Branch' "AND" "NO" "YES' "

"BigGens to OvalOffice 2 Opened" "Branch "1283" "989* "2"" "Branch' "AND" "'NO' "YES"™ ™"

}

MODELCONDITIONCONDITION (ModelCondition,CondNum,ObjectField,ConditionType,Value,
OtherValue,Absolute)

iBigGens to OvalOffice 1 Opened™ 1 "Status'™ "startswith™ 0™ ' "NO "
"BigGens to OvalOffice 2 Opened"™ 1 "'Status'™ "startswith™ 0™ ' "NO "
§ODELFILTER (Name, Logic,Memo)

iOne Of BigGens to OvalOffice Opened™ "OR™ "

&ODELFILTERCONDITION (ModelFilter,CondNum,Criteria,Logic)

{

"One OF BigGens to OvalOffice Opened™ 1 "BigGens to OvalOffice 1 Opened™ ™"
"One OF BigGens to OvalOffice Opened™ 2 "BigGens to OvalOffice 2 Opened™ ™"

}
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Different Logic for Reference
State Outage

e What if RAS should only be triggered if both
lines are in service initially?

— Thus if one was out in the reference state you
would not trigger the RAS

Evaluate in Contingency Reference State

[®) Define Model Conditions o = =

Model Condition Name fagGens to OvalCffice 1 Opened
ﬁvz: .Sa.n.we.hs. [Rzname_! | Delste |
7! Evaluate in Contingency Reference State |
Dizabie if True in Conbngency Reference State

BigGens — OvalOffice

Circuit 1 Closed in Reference
BigGens — OvalOffice
Circuit 2 Closed in Reference \
BigGens — OvalOffice I)ng?ce);f.mgGGensl;o
Circuit 1 Open vaitiifice Gen Lrop
BigGens — OvalOffice

PowerWorld Corporation Circuit 2 Open
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Different Logic for Reference
State Outage: File Format

MODELCONDITION (Name,Object,FiIterObjectType,FiIterLogic,EvaluatelnRef,DisabIeIfTruelnRef,Memo;

{

"BigGens to OvalOffice 1 ClosedRef" "Branch "1283" "989" "1"'" "Branch"™ '"AND'™ "YES' "NO"™ '

"BigGens to OvalOffice 2 ClosedRef"™ "Branch "1283" 989" "2"" "Branch™ "AND"™ "YES"™ *"NO™ "

"BigGens to OvalOffice 1 Opened" "Branch "1283" "989" "1"" "Branch'™ "AND"™ "'NO™ "YES" "'

"BigGens to OvalOffice 2 Opened™ "Branch "1283" ®989" "2"" "Branch"™ "AND" *NO' *"YES™" "

by

MODELCONDITIONCONDITION (ModelCondition,CondNum,ObjectField,ConditionType,Value,
OtherValue,Absolute)

{

"BigGens to OvalOffice 1 ClosedRef" 1 '"Status™ "'startswith™ "C" """ "NO "
"BigGens to OvalOffice 2 ClosedRef™ 1 "Status™ "'startswith™ "C" "™ "NO "
"BigGens to OvalOffice 1 Opened™ 1 "Status™ "startswith™ 0" "™ "NO "
"BigGens to OvalOffice 2 Opened™ 1 ""Status' "'startswith™ 0™ " "NO "
by

MODELFILTER (Name,Logic,Memo)

{

"One Of BigGens to OvalOffice Opened™ "OR™ "
"NewFilterName'™ "OR"™ "

}
MODELFILTERCONDITION (ModelFilter,CondNum,Criteria,Logic)

{
"One Of BigGens to OvalOffice Opened™ 1 "BigGens to OvalOffice 1 Opened™ '
"One OF BigGens to OvalOffice Opened"™ 1 "BigGens to OvalOffice 2 Opened™ "

"NewFilterName' 1 "BigGens to OvalOffice 1 ClosedRef" "™
"NewFilterName" 2 "BigGens to OvalOffice 2 ClosedRef"" """
"NewFilterName" 3 "One Of BigGens to OvalOffice Opened™ "
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Accept Questions

e Pause for questions from audience
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Implementing Gen Drop:
Lookup Table,Model Expression

1D Lookup Table using a ModelExpression

Define Model Expressions = = 22
Mame [BigGen Drop Lookup ~
Choose 1D or ZD Iookup | save | | saveas | | Remame | | Delete |
\ Choose the Type of Expression
L Expression lm
-— \ L_ookup = Mumber of x1 Points 4=
X1 = MW Flow on © 10 Lockp
. o () 2D Lookup 1=
Inte rfa ceB Ig Gen No rth = x1=|Define...| Interface Big Gen North (501) : MW Flow
Define...| |Choose a Model Field
Big Gen North | Generation
PR o rable | [
g 0.0000 0,0000
0 0 S| *=| 30000000 -500.0000
4000.0000  -1200,0000
3000 -500 5000.0000 -2000,0000

4000 -1200

5000 -2000 v
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Injection Group Load Dropping

* First you must define an Injection Group

Injection Groups

= =] £
Name —
M : )| # Gens 3 % MW/ Gen Part. 100,00
MGEHS v] E]
# Loads 0 % MW Load Part. 0.00
| New.. | | save || Delete | | Rename | = shunts 0 %MVR Load Part.  0.00

% MVR Shunt Part.  0.00

Participation Paints | Custom |

[ Insert Points ] {or right-dick to insert or delete points)

List of

m % "'||" f.;.'g ;':'_3 ﬁ ﬁln Records = Set = Columns = * H.E* "l"aﬁr@* Area/Zone/Owner Filters... %* i%ﬁ fix) - ﬁ
Pa rt|C|pat|0n T~| | PointType | Number | Name | ID | AutoCalc? | Initial Value | ParFac ‘
Points 1/GEN 1228 [BigGenl |1 NO SPECIFIED 1.00
2| GEN 1229 BigGen2 1 MO SPECIFIED 2.00
3| GEN 1230 BigGen3 1 MO SPECIFIED 3.00

? Help ]JK ] ’ XCan::eI]
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BigGens to OvalOffice Gen Drop:
ModelExpression, InjectionGroup

MODELEXPRESSION (Name,Type,Expression,Memo,
Objectl,x1,BlankZerol,Object2,x2,BlankZero2,0bject3,x3,BlankZero3,
Object4,x4,BlankZero4,0bject5,x5,BlankZero5,0bject6,x6,BlankZero6,
Object7,x7,BlankZero7,0bject8,x8,BlankZero8)

{

"BigGen Drop Lookup'™ *‘Lookup

"Interface "Big Gen North"" MW" "YES"

""""" NO ** ™ "™ *NO " " '™ "NO " " ' "NO "
""""" NO ** ™ "™ *™NO " ™™ "™ "NO "
<SUBDATA LookupTable> -
s E— Model Expression
0.0 0.0

3000.0 -500.0
4000.0 -1200.0
5000.0 -2000.0

</SUBDATA>
by
;NJECTIONGROUP (Name) Injectlon Group
"BigGens"
by
PARTPOINT (GroupName,Object,AutoCalcMethod,PartFact,AutoCalc)
{

"BigGens" "Gen "1228" "1"" "SPECIFIED"™ 1.00000 "NO ™
"BigGens' "Gen "1229" "1°" "SPECIFIED"™ 2.00000 "NO ™
"BigGens" "Gen "1230" "1°" "SPECIFIED™ 3.00000 "NO ™
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Details, Details, Details:
Gen Tripping using Lookup Table

e RAS will refer to an Injection Group to do generation (or load)
tripping
— Tripping is done in the order of highest participation factor as
assigned by PartPoints in injection group

e Trip based on Lookup table... Details matter

— When should lookup calculation be done?

e Often “gen drop arming levels” are based on system conditions before
any event happens

e Must base calculation on the Reference State as the interface flows may
change during the contingency solution process

— Tripping is done one unit at a time

e Ordering is done using an injection group using “
— Choice

e Do not EXCEED amount of lookup table

e Allow to EXCEED amount

e In this example it may be that the double line outage results in
unsolvable power flow solution 2 TOPOLOGYCHECK

V4
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BigGens to OvalOffice Gen Drop:
RemedialAction

Contingency Element Dialeg &3
IfELernent Type Choose the Element
(L Branch [+] Sort by @ Name () Mumber

() Generator
) Load

Choose Injection Group e E

() Bus
() Interface
(@) Injection Group I

() Multi-Section Line
(") Series Capaditor

Fibmmm O

Change by ModelExpressi& .
-\E;gz:\ BigGen Drop Lockup  w :; :I:cent
REfe re n Ce - Move [Model Dxression v] [ e ] UUse Merit Order

\ D [/ Evaluate in Reference state e
Open in Merit Order

S———— e
Do Not Exceed Amount
CriteriaStatus =
TOPOLOGYCHECK 7 i s 2]

Model Criteria points (Zo] ] e (7]

to ModelFilter
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BigGens to OvalOffice Gen Drop:
ModelExpression, InjectionGroup

REMEDIALACTION (Name,Skip,Memo)

{
"BigGen OvalOffice Gen Drop™ "NO ' "™

}

REMEDIALACTIONELEMENT (RemedialAction,Object,Action,
Criteria,CriteriaStatus,TimeDelay, InclusionFilter,Comment)
{

"BigGen OvalOffice Gen Drop"

"INJECTIONGROUP "BigGens™"

""CHANGEBY "BigGen Drop Lookup® MWMERITORDEROPEN REF"

"Both BigGens to OvalOffice Opened" "TOPOLOGYCHECK™ O ** "'

}
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TOPOLOGYCHECK
Criteria based on Status Only

e Persistent problem in contingency runs when using RAS

— RAS is configured to open 2,000 MW of generation when
Line X trips

— Before 2012, this was achieved by configuring a POSTCHECK
action that looks at the branch status and trips generation if
the branch is out of service

— Works most of the time, but...

— What if the outage of Line X results in an unsolvable steady
state power flow solution?

e Basically means that the RAS scheme is actually preventing a
voltage collapse from occurring

e This means that the POSTCHECK action is never evaluated
because the power flow solution failed.

e Solution: TOPOLOGYCHECK actions
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Summary

e Communication

— Develop relationships with folks in your company
who maintain RAS and Relays

— Communicate across utilities and WECC members
e Fundamental pieces of RAS are simple

— But... the details of how they are put together are
very particular

— And... these details matter

e RAS file format structure is being maintained
incrementally by PowerWorld

e Come to the workshop on May 27 - 29, 2015
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http://www.powerworld.com/files/PowerWorld_RASFileFormat.pdf

Come to the Workshop on
May 27 — 29, 2015

* In-Person Workshop
— May 27 - 29, 2015
— WECC offices in Salt Lake City
— Starts 1 PM May 27, Ends at Noon May 29

— There will be no WebEx for this meeting.
In-Person Only.

Monday Tuesday Wednesday Thursday Friday
25 26 27 28 29

1PM Noon
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Classroom Style and
Break-Out Groups

e Classroom Style Portion

— Presentations on how to implement the various input parts that
represent RAS and Relay models

e Contingency Actions
e Boolean Logic
e Lookup tables and Expressions

— Bring you laptop and work along with us
e Break-out Groups Portion

— There will be several engineers from throughout WECC with

experience implementing their RAS and Relay Models working
attending this workshop

— We will break the attendees into smaller groups to spend time
implementing their actual RAS

— Bring your RAS descriptions so you can work on them
— Bring your laptop and go home with some real RAS modeled
e Entire workshop is hands-on = There will be no WebEx/Phone
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Accept Questions

* Any more questions to finish
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