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Overview

* 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
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Overview

e Advanced Limit Monitoring

* Monitoring Exceptions

* Custom Monitors

* Bus Load Throw Over Records

* Generator
— Post-Contingency AGC
— Maximum MW Response
— Line-Drop or Reactive Current Compensation

* Screening Options
e Switched Shunt Post CTG
* Post-Contingency Auxiliary File
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Overview

e 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
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Options, Limit Monitoring:  AcTv3e2kewb
Advanced Limit Monitoring

e Auto Insert single branch contingencies for area
Connecticut (23) at 200kV and higher in case
ACTIVSg25k.pwb

e Use Linearized Lossless DC Calculation Method
e Click Start Run
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Options, Limit Monitoring:
Advanced Limit Monitoring

e Re-reporting of base case violations

Contingency Analysis = Bz
Contingendies | Options | Resuits|

4 Modeling
When using Integrated Topology Processin: a
asics LmitMonitorng Setongs ... | (7] e bue o ach superbas

nerator Post-Contingency AGC
ver

Advanced Limit Monitoring

—m Tells Simulator how
to treat power
system elements that
are operating outside

Reporting based on the CHANGE relative to base case

[CINever report viclations if the ..
f = 0.00f= ¥

ns
~ Distributed Computing

irbaiae ] Abways report as a violation f the .. their ||m|tS in the
owe>=| S980010% | note:  percentage cakuiations for ba tions™
[ oo E oo s e reference power
contingency

= | 2000055 pe Hom to Monitor Voltage Changes t
ow

=| 9%8.00f< @ Moritar per unit changes Sys em
) Moritor percentage changes

[C]Report changes in bus dV/dQ sensitivity

["IReport as a viclation if a bus becomes disconnected

Status ["|Refresh Displays After Each Contingency |

[ Load 7] [ Auto Insert ]7 (u&;> | N
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Filtering Results

* Choose option Use these criteria: do not report
violations if the... and set Increase in line/transformer
flows <=2%

e 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
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Options, Limit Monitoring:
Advanced Limit Monitoring

* Reporting based on the CHANGE relative to
base case

[ Contingency Bnshyris ST
Contrgences | CRans | Resdts

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

Destributed Computing e
" Srwan Nwvays report as 8 violston f the ...
mickiiad Note:  Pércentags calculations for hase case violabors”in
1 these comparisons are made Usng the post.
. Eringensy
Options to ALWAYS /’{ - TR
|- . B Monitor per unit changes

Marin percentage changes

Use these criteria: do not report viclatiors if the ..

report violations that s W e
change by more than a
specified change from gt sns e actass e

the reference case _
.Smm. Rt Diegabarys Aftre Each Corrbragrney.

wed || duw et || seve || other > swrtfun || Cme || P pew |
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Options, Limit Monitoring:

Advanced Lim

it Monitoring

e Advanced violation reporting

Report changes in "fé'&;m&:;m
sensitivity of voltage to [oboarg

Generator Post-Lontingency AGL
Bus L ned Theows Crver
Toenerstor Masamum MWW Response
Gerver alor Line Drop ard RCC
Past Cenengency Aurdary Fle

4 Limit Moritarng
Ackvarned Limt Morslong
Menitarng Furepticen
Custom Monitors

Cyungency Deliritons

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

Sats

—/a’

when umng Integrated Tepelagy Processng,

L marvtor cely the cemary bus for each superbus

[Lumesorng serrg... |
Actvanced Limt Monstaing

Riporting based on the CHANGE relatve to base case
Haever report violations if the ...

Re-reportng of base case viclations {se¢ note below)
D% gt report base case volstons

@ List o base case violatons for sl contingences
Lise these criberia: dn nak report viskasons I the ..

7 abmys report as a viokison i the ...

Nate:  Percentoge ralndatons for hase case vidkafions” in
these comparisons are macde wtang the pust-
onnbingency

How tn Monitor Voitage Changes
@ Monitor per Lnit changes
Monitor percentace changes

e
Reepront changes in bus dV Q) sermitivly

Report a5 & viclabon 8 bus becomes deconnected

Refresh Dispiyys After Ench Contingency

[ toad  |[Amatmmert | [ save |

[stmrtiun | [ o= |[ 7 e

[ cither »
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Options, Limit Monitoring:

Advanced Lim

* Limit group Settings

it Monitoring

Contingency Analysis

Contingendies | Optens |Results |

4 Modeling

When using Integrated Topology Processing,

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.

S

> Contingency Definitions

Basics

Generator Post-Contingency AGC
- Bus Load Throw Over

Generator Maximum M/ Response

Generator Line Drop and RCC

Post-Contingency Auxiliry File
Limit Manitoring

i/ Advanced Limit Monitoring

- Monitoring Exceptions

.- Custom Monitors

Distributed Computing
Miscellaneous

Status

Limit Monitoring Settings ... | [¥]

monitor only the primary bus for each superbus

Advanced Limit Monitoring

(] Mever report violations if the ...

Increase in live ftransformer flows <= 0.00

Decrease in low bus voltage <= 0,0000
Increase in high bus voltage <= 0.0000

Increase ininterface fiows <= 0.00

Always report as 2 violation if the ...

Increase in lineftransformer flows >= 999,00

Decrease in low bus voltage >=  2,0000 =

2.0000

Re-reporting of base case violations (see note below)
() Do not report base case violations

(@ List 5l base case violations for all contingendes

") Use these criteria: do not report violations if the .

0.00[5

Note:  Percentage calculations for "base case violations”in
these comparisons are made using the post-

contingency

Increase in high bus voltage >=

Increase ininterface flows >=  993.00 =

V| Report changes in bus dV/dQ) sersithity

How to Monitor Voltage Changes
@ Monitor per unit changes
(7 Monitor percentage changes

Change in dvfdQ sensitivity multiple 10,00 =

Define Filter

|| Report as a violation if a bus becomes disconnected

Menitor by Bus Filter

Note: Be VERY careful using the "Always report” options
because they may result in a very large number of
reported violations

Be VER'Y careful using the "dv./dd) sensitivity” option
becauss this may chamatically increase the processing
time. Create a bus fiter ko maniter only those buses
that are ciilical

[ refresh Displays After Each Contingency |

l

Load

) et [_soe | [ome> |

Start Run -ﬂuse -_‘? Help

S4: Advanced Contingency Modeling

© 2018 PowerWorld Corporation

10



Options, Limit Monitoring:A<7'vse23kpwb
Monitoring Exceptions

* Create exceptions to Limit  Example: Exclude Seymour-

. . : Wolcott 100 kV during outage of
Momtormg settlngs for Bethel-Danbury 230 kV if we know

SpECifiC pairs of it can be alleviated (instead of
contingencies and explicit RAS/SPS modeling)

monitored elements

Define Monitoring Exceptions - o n
I | d . h Contingency Label  |L_023406BETHEL 37-023415DANBURY 24C1 Change...
n C u e ( m O n Ito r t e Monitor Type -] Sortby (Name (@) Number
H (Bus Fiter | Advanced | Branch v v
element during the m [ I
. o ] | gearch Next Search All
contingency) e tou e dcrd s or
fnitor Status
. \ Ediue Search For Near Bus Select Far Bus, CKT
_ EXCl ude (|gnore the element (®)Exclude 23268 (PORTLAND 5 2) [100.0kV] | 23271 (SEYMOUR 1 1) [100.0 kv] CKT 1
) Defait 23259 (PORTLAND & 4) [100.0 kv] 23278 (SOUTHBURY 1 3) [100.0 kv] CKT

d . th t 23270 (SANDY HOOK 1 1) [100.0 k¥] 23370 (WOLCOTT 1 1) [100.0 k¥] CKT 1
23271 (SEYMOLR 1 1) [100.0 kV]

uring the contingency)

23273 (SHELTON 1 1) [100.0kV]

23274 (SHELTON 2 1) [230.0kV]

- Default (USG L|m|t 23275 (SHELTON 2 2) [100.0kV]

23276 (SHELTON 2 3) [230.0kV]
23277 (SOUTHBLRY 1 1) [230.0kv]

Monltorlng Settlngs) 23278 (SOUTHBLRY 12) [100.0KY] v

oK P Hebp X cancel
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Options, Limit Monitoring:
Custom Monitors

e Allow monitoring of any T v— —
guantity during contingency oMo e ey Wkt 00K

Enabled Rename

| 1 Categories
ana yS IS Choose Object
O All objects of Element Type

* Must use Full Power Flow 7 @secicooma

. ElementType | Branch v
Calculation Method T
~ Sortby @ Name () Number
Filter Advanced “  Branch v v

e Can be applied to all of an D Oimme ook e[

Search Next Search Al
Yfou can use wildcard characters * or ?

Element Type or just a i |

. e SEWICKLEY 2 (43117) TO SEWICKLEY 1(43116) CKT 1 ~
specific Element SheniEm R Sms
SEYMOUR 12 (23272) TO WOLCOTT 1 1(23370) CKT 1
. . SEYMOUR 2 1(55370) TO CHEROKEE 1(33226) CKT 1
[ ) C f It I t SEYMOUR 2 1(55370) TO SEVIERVILLE 12 {55364) CKT 1
an Tiiter elements In s st P, VR (rm) .
Choose a Pre Fiter: | Add
reference state or post- ___——
=) Meaning of Change Values

contin ge nt state [ Report vilatons fthe increase i fied vake > doofz femnosiiene fahes

v

Choose a PostFilter: | add

(] Report viclations if the decrease in field value > 0.00 (2 () % Change from Initial value
1 : e
* Can filter based on changes
Use a Time Delay of | 3600.00| % seconds () Trip (Oper) Device
from reference state
o OK ? tebp XK cancel

S4: Advanced Contingency Modeling © 2018 PowerWorld Corporation 12



Options, Limit Monitoring:
Custom Monitors

e Example: Monitor MW flow on Seymour-
Wolcott 100 kV line (23272 23370 1)

Contingency Analysis

= El

Contingendies | Options | Results
4 -View Results By Element -
: Lmesmﬂﬂ:mmers =) By ok %3 5% gy 49, Records * Set~ Columns = o e 9 OBH- W ro- BB options -
-Buses Custom Moritors
Interfaces
Bus Pais | Name |obJE:t Object Name Variablename|Min Value Cont.|Max Value Cont.
[Type
-Momagram Interfaces -
v E E . .
pai Branch ranch 3.44 114.29
- View Results by Contingency
Contingency Violation List Contingenties =
- Viclation CTG Notes
Vihat Actually Occurred Show Other Violations Combined Tables >
-~ Contingency Violation Matrices Label Element | value [Reference value|change v= ¥|  ~
-~ Text File Report Writing 1|L_023406BETHEL 37-0234 15DANBURY24C 1 Line SEYMOUR 1 2 (23272) "114.25 77.05 3720,
Summary 2|L_023423FAIRFIELD23-023734BRIDGEPORT 1111C 1 Line SEYMOUR 12 (23272) ~ 96.91 77.09 19.32
3|L_023406BETHEL 37-02328 1SOUTHEURY 15C 1 Line SEYMOUR. 12 (23272) 7 95.56 77.08 19.47
4|1 _02327750UTHBURY 11-02328 1SOUTHBURY 15C 1 Line SEYMOLR. 12 (23272) 7 96.56 77.08 19.47
5|T_023726BRIDGEPORT112-023725BRIDGEPORT111C1  Line SEYMOUR 12 (23272) 7 95.76 77.08 18.67
6L 0232765HELTON23-023770MILFORD 139C 1 Line SEYMOUR. 12 (23272) T 92.68 77.08 15.58
7| T_D23635EASTHAVEN 32-023694EASTHAVEN 3 1C L Line SEYMOUR. 12 (23272) 7 9110 77.08 1401
8|L 023726BRIDGEPORT 112-023739BRIDGEPORT1111C1  Line SEYMOUR. 12 (23272) 7 89.98 77.08 1289
5|1 _023412DANBURY 21-042 104NEWBURGH412C 1 Line SEYMOLR. 12 (23272) 7 89.57 77.08 12.88
10[T_D23413DANBURY 22-023412DANBURY21C 1 Line SEYMOUR. 12 (23272) 7 89.94 77.08 12.85
11/ 0232765HELTON23-023340TRUMBULL21C1 Line SEYMOUR. 12 (23272) 7 87.61 77.08 ws

Status | Finished with 108 wiolations, 245 custom moritor violations, 3 unsolvesble, and 0 ahoted contingenciss. Initial state restored [[Irefresh Displays After Each Contingency

Load Auto Insert Save Other > Start Run Close ? Hep
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Screening Options

e 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

e Can save processing time with large
contingency lists
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Limit Monitoring

* Areas: Set “Report Limits”

=NO in gll areas except E——— Ex
Connectlcut (23) Limit Group Name | Default v Add New Limit Group
. [ ] isabled Rename Limit Group
Areas: Set “Report Min esiiatoes | Basfnmaey [ Gy Opes] oS
kV” =100 in all areas v [l | romanrte || o] | towoc | SoH]E
e Do not monitor radial 4=
lines and buses
e Lines: Set “Monitor” = NO
for lines with base case
violations
* Limit Group “Default”: set
oK Delete Cancel Print ? Help
Branch tolerance to 100% _ _ '
for Contingency Screening
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Screening Options

* First, set Calculation Method (Options -
Modeling = Basics) to Full Power Flow

* Set Use Screening to Screen Only
* Uncheck Include Voltage

DC and Screening Options

DC Method Options
For DC methods, allow amp limits by assuming

Full AC Power Flow Screening Options
Use Screening Maximum number to select

o Branches 20)2

Model reactive power for DC methods by... Cives S
®) Ignoring reactive power (®) Screen Only Interfaces 103
Assuming constant voltage magnitude [Jinclude Voltage Buses 20|

Assuming reactive power does not change

BusPairs =

[CJ1terate on Action Status
(Do NOT treat all Statuses as CHECK) Screening Method
(®) Linearized Lossless DC

() Linearized Lossless DC With Phase Shifters
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Contingency Screening

* On Contingencies tab
— Set “Screen Allow” = YES for all contingencies

— Show columns for “Calculation Method” and “Rank
for Branches”

e Click Start Run

Contingendies | Options | Results
D ] % Ak 43 20 dh f&n Retords = Set* Columns = ' )‘IE' et s i‘{:& LR ptions *
Label Skip|Category|Proce d|Solved|Indude |ScreétiScree W |Calculation |Post-CTG|Isl A
Remedial|All Rank |Method  |ALIX Lo
Actions Branc
1|L_023 NATERFORD21-023476\WATERFORD28C1 MO YES YES YES 37024 ScreenDC none
2|L_023 VATERFORD28-023506UMCASVILLE23C 1 MO YES YES YES 3678.0 ScreenDC none
3L WESTERLY1-023 MCASVILLE2BC 1 NO YES YES YES 2890.8 ScreenDC none
4T RIDGEPORT11 725BRIDGEPORT111C1 MO YES YES YES 423.1 ScreenDC  none
5L RIDGEPORT 11! RIDGEPORT1111C1 NO YES YES YES 313.6 SgeenDC none
6|L_023421FAIRFIELD21-02 FIELD23C1 NO YES YES YES 270.2 ScreenDC none
7|L_023314WESTHAVEN11-0233 ESTHAVEN13C1 NO YES YES YES 136.2 ScreenDC  none
8|L_0231465TORRSMANSFIELD 2 31485TORRSMANSFT NO YES YES YES 133.2 ScreenDC none
9(L_023485HARTFORDE3-065319AGAWAM35C1 MO YES YES YES 118.4 ScreenDC  none
10(L_023423FAIRFIELD23-023734BRIDGEPORT1111C1 MO YES YES YES 89.8 ScreenDC none
S4: Advanced Contingency Modeling © 2018 PowerWorld Corporation 17

Contingency Screening

* 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
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Contingency Screening

* 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

If Maximum Number to Select >= number of contingencies, Full AC Power
Flow will be used on all contingencies with Rank of the same type >0

Contingendes | Options | Results
m = % ‘>||" '_'0'8 ;0_8 M ?&n Records = Set - _Columns ~ EE' “E' "%’ﬁ-@v ii' %I' E%E i ~ ﬁ Options -
Skip|Category|Proc: d|Solved|Indude |Screen|Screen R W |Calculation|Post-CTG|Islanded|Islanded |Global (Transient] dial{Custom  |Violations|Max Min
Remedial|Allow |Branch Method  [AUX Load Gen |Actions|Actions [Actions [Monitor Branch %
Actions Violations

1|ND YES NO YES 3702.4 AC hone 0 0 0 Unsolved Unsolved

2|NO YES NO YES 3678.0 AC hone 0 0 0 Unsolved Unsolved

3|nO YES NO YES 2890.8 AC hone 0 0 0 Unsolved Unsolved
4{NO YES YES YES 423.1 AC hone a a a a 3 2117
5|NO YES YES YES 313.6 AC hone a a a a 3 176.9
B{MNO YES YES YES 270.2 AC hone a a a a 8 157.4
F{NO YES YES YES 135.2 AC hone a a a a 3 1689.6
8{MO YES YES YES 133.2 AC hone a a a a 5 1441
9{NO YES YES YES 118.4 AC hone a a a a 4 115.2
10{MO YES YES Es  \__89.8[fC  Anone 0 0 0 0 6 1269
11|NO YES YES YES 75.2 ScreenDC none a a a a 2 126.1
12|MNO YES YES YES 74.4 ScreenDC none 0 0 0 0 3 1121
13|NO YES YES YES 73.5 ScreenDC  none a a a a 3 112.0
14|NO YES YES YES 71.7 ScreenDC  none a a a a 2 125.8
151NN YFS YFS YFS BR 2 Srreenni™  nnn - n n n n 1 115 A
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Options, Modeling:
Generator Post-Contingency AGC

* 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 Hom —=

Same mea ns to Generator Post-Contingency AGC (gnore Area/Tone/Ovmer fiber)

use the =R I Lk ciicha i -|asé- v >

participation = : =1 T frd

factor defined Eosedcomese :

with the generator —

record | ; _
R e )
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Options, Modeling:
Bus Throwover Records

* 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

e
NEW BRITAIN 21 NEW BRITAIN 12
S4: Advanced Contingency Modeling © 2018 PowerWorld Corporation 21

Options, Modeling:
Generator Maximum MW Response

* You can enter the maximum response allowed
by a generator during the contingency solution

* Values are specified in MW

* Blank values

Contingency Analysis =R
r r l e a n t h e Generator Maxmum M Response (gnore Area/Zone [Cuner fiter)
i P8 ik b 5% @ 48| % Records - Geo- Set- Cowmns- | ¥ 7
us Load Throm Over
. ator Mavd Number of Bus | Name of Bus ‘Num kv 01 D ‘ CTG Max | Status | AGC | B
re S O n S e I S - Generator Line Brop and RCC e HEgxurelt = |
- Post-Contingency Auxiizry File i 30]CONE G1 2200 H 100 3
2 30 CONEG1 22.00L S
. . o 3 31 CONEG2 200H e
only limited s ] Rese 2w ’
- Miscelaneous z 32 KEYS G1 200 H
6 32 KEYS G1 22.00 L
.
eneration o seoem: 2
10 35 PCHBTM 3 22.00 1 d 5
. .
I l I I It S Status Initialized [C] Refresh Displays After Each Contingency
C) o] Lo (o]
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Options, Modeling:
Generator Line Drop and RCC

* 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

— E nte r a n Contingency Analysis - o IE3
impedance ===
Va | ue for FQ 8k %8 5% #0 #, ¥ Records~ Geo~ Set~ Columns~ By~ §B- WS- ¥ B- W o
|Number of Bus| Name of Bus ‘Nnm k\l‘ D |Use LDC_RCE RLDC_RCC‘ XLDC_RCC | Status ‘ AR | -
of Bus B
XLDC RCC a n d 1 30 COMNE G1 2200 H Post(TG Closed YES [
— 2 30 CONEGL 22001 | PostcTG Closed  YES
3 31 CONEG2 2200 H 000000 000010 Closed  YES
R L D C R C C 3 31 CONEG2 2oL N 000000 000010 Closed  YES
— 5 32 KEXS Gl 2200 H Cosed MO
L. 6 32 KEXS GL 200 L Cosed MO
° If X O h NO Open  YES
< this is e NO Open  YES
JLegacy 9 34 PCHBTM 2 201 5O 000000 000010 Closed  YES
ca I | ed RCC ~Distributed Computing 10 35 PCHETM 3 2001 NO 000000 000010 Closed  YES
i = Miscellaneous NO Open YES
If X > O thIS |S 12 37 SALEM G2 201 nNO 000000 000010 Closed  YES o
Ca | I e d LD C Status [niialized [l Refresh Displays After Each Contingency
[ road |[Auminsert| [ other > Start Run 7 tep

S4: Advanced Contingency Modeling

© 2018 PowerWorld Corporation 23

What does LDC_RCC

Voltage Control do?

*  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

S4: Advanced Contingency Modeling

Rest of
the Power
System

Vo =Vir + 1Yy
=V, 20,

V=V + 1V,

=V, 20,

Fictitious
Bus 1

S=P+jQ
I=1,+jl,

Vo =V + 1V,
=V,Z0,

X>0: Called LDC
X<0: Called RCC

© 2018 PowerWorld Corporation 24




Switched Shunt Post CTG

* Several switched shunt parameters can be changed during
the contingency solution

[®) Contingency Analysis = n

Contingencies | Options | Results

[ M”“;“”g | ["Switched Shunt Post CTG (fitered)

H sics

: .DCand Seresning g Options BT Bk %8 28 kb | 5 Records~ Geo~ Set~ Columns- B~ - WA~ ¥ BH- 1 1o~ BB | Options -

i ator Post-Contingency AGC

-, umber ofBus|  Name ofBus  |Nom kv of|Control Mo =g vel]volt High|volt Loyl| TG Myar| 76 Max|cTG Min | ominal [Max Mvar| Min myar | A
i Hrew Ouee Bus Use  |Mvar |Mvar

1] 23012 BRISTOL7 L 765.00 Discre 10%8 10575 L020p NO 0 560.5000  0.0000
2 23052 VERNONROCKVILLE 11 230.00 Disc 10350 10475 1.020 0.0000
3 23096 WETHERSFIELD 11 100.00 L0342 10455 0.0000
4| 23151 ASHFORD 1 100.00 1.0485 1.0000 § 1.0396 1.0485 0.0000
5 23185 STERLING 2 1 100.00 10418 1.0525 0.0000
(3 23196 BEACOMN FALLS 1 100.00 1.0352 465 0.0000
7 23222 MADISON 3 1 230.00 10438 1.0545 10 0.0000
3 23248 NEWTOWN 11 100.00 10363 1.0485 ) 0.0000
9 23250 OLD SAYBROOK 1 1035 10475 10200 HO 46.00 845000  0.0000
10 23314 WEST HAVEN 11 10415 10525 10200 HO 2500 1340000 0.0000

Option to change the
switched shunt

control mode during ~ Options to change the Options to change the

the contingency. switched shunt regulated swchhed shunt‘Mvar range
Default uses the voltage range during the durln.g the contingency
reference state contingency solution. CTG solution. CTG Mvar Use
setting. Reg Use must be set to YES. ~ Must be set to YES.
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Options, Modeling:
Post-Contingency Auxiliary File

e This auxiliary file is loaded at the start of each
contingency

e 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
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What is stored in the Reference State?

Bus State

eIn or out of service

e\/oltage magnitude

e\/oltage angle

eBoolean stating whether any load exists at

the bus (this is used because some of the

contingency actions such as MOVE GEN will

create a fictitious load if there is no

generation at the destination bus to merge

with.)

*MW Marginal Cost

Switched Shunt State

In or out of service

eNom Value MW, MVAR

eControl Mode

(FIXED/DISCRETE/CONTINUOUS/SVC)

¢All the setpoint values

eDescription of blocks

eLow/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

eIn or out of service

eConstant power MW and MVAR
components of load

eConstant current MW and MVAR load,
assuming one per unit voltage
eConstant impedance MW and MVAR load,
assuming one per unit voltage

*MW Scale

eMvar Scale

eAGC status

eMin/Max Load MW

Line State

eIn or out of service

eBypassed or not

eTransformer control settings

eTap ratio

ePhase shift

eHigh/Low desired setpoints

eSeries Reactance X (Only for Series Caps
because they can change)

eline limits

DC Line State
Multi-Terminal DC Line State

S4: Advanced Contingency Modeling

VSC DC Line State
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Gen State

eIn or out of service

*MW output

*MVAR output

*Max/Min MW Output
eParticipation Factor

*Max/Min Mvar output

*\/oltage Setpoint

*AGC status (YES/NO)

*AVR status (YES/NO)

eCapability Curve

eWhether to use Capability Curve
eLine Drop Compensation Impedance
eLine Drop Compensation Status
(YES/NO/POSTCTG)

eRegulated Bus

Area State and Super Area
eUnspecified MW Transactions
*MW Scale

eMvar Scale

eAGC Status

eUse Area Part Factors (for Super Area)
eArea Slack (for Area)

MW Transaction

*MW Value

eEnabled Status

27

Transient Models

* 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

S4: Advanced Contingency Modeling
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Result Storage

e Can store contingency results to hard drive (aux or
csv file)

e Useful for large contingency sets that may
otherwise exceed RAM capacity

* Use Default options or add specific object types
and fields r—

\Write to Hard Drive File Name: |G:\pwversion.200YTraining\Training Cases\S0| | Browse
[Juse Column Headers

Add Defaults

EA7) Bl %8 5% 84 8% | Records~ Set+ Columns - B~ | o~ 18- 5 BH-

Object Type | Restrict | Field Mame | Order |
1 [ViolationCTG CTG_Mame 1]
2 |violationCTG LV_ElementFile 1
3 |ViclationCTG LV_Value 2
4|violationCTG LV_Limit
5 |ViolationCTG LV_LimitScale
S4: Advanced Contingency Modeling © 2018 PowerWorld Corporation 29

Combined Tables

* 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
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Combined Tables >
Contingency Violation List

e 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

All Contingency Violations - O n
B Bk %2 % #4 #, | 5 Records - Set~ Columns - fh- it 5 BH- Y - BE | Options -
Label Element Category | Value Limit |Percent|CTG Limit [ ~
Specified| Scale
Limit

1|T_023068ENFIELD32-023067ENFIELD31C1 WINDSOR LOCKS 1 1 (23080) - LONGMEADOW 1 {23002) CKT 1at WINDSORLOCKS 11 Branch MVA 113,50 101,10 112.27 MO 101.10
2|L_023067ENFIELD31-023065ENFIELD33C1 WINDSOR LOCKS 1 1 (23080) - LONGMEADOW 1 {23002) CKT 1at WINDSORLOCKS 11 Branch MVA  113.73 101,10 112,49 MO 101.10
3| 023090EASTHARTFORD 11023095 ASTHAR TFORD I5CT JMANCHESTER 10 1 (23034) -> HARTFORD 5 1 (23115) CKT 1atMANCHESTER 10 1 BranchMVA 10296 95.30 106.35 NO 96.30
4|L_023030EASTHARTFORD11-023053EASTHARTFORD15C1  HARTFORD 8 3 (23482) -> MANCHESTER 10 1(23034) CKT 1at HARTFORD 8 3 Branch MVA 14361 108.40 132.49 NO 108.40
5|L_071071WESTERLY1-023506UNCASVILLE28C1 COVENTRY 32 (23130} -> MANCHESTER 11 1 (23038) CKT 1at COVENTRY 32 BranchMVA 16475 37.10 189.15 NO §7.10
&|L_023435HARTFORDSE-085319AGAWAM35C 1 VERNON ROCKVILLE 1 1 (23052) -> MANCHESTER 12 1 (23037) CKT 1t VERNON ROCKVILL Branch MVA 435.78 388.40 112.20 NO 383,40
7|L_071071WESTERLY 1-023506UNCASVILLE28C1 VERNON ROCKVILLE 1 1 (23052) > MANCHESTER 12 1 (23037) CKT 1 at VERNON ROCKVILL Branch MVA 502.28 388.40 129.32 NO 388.40
8|L_071071WESTERLY1-023506UNCASVILLE28C 1 MANCHESTER 12 1 (23037) -> HARTFORD 8 4 (23483) CKT 1 at MANCHESTER 12 1 Branch MVA 42103 366.20 114.97 NO 366.20
9L_071071WESTERLY1-023506UNCASVILLE28C 1 COLCHESTER 3 5 (23209) -> VERNON ROCKVILLE 1 1(23052) CKT 1atCOLCHESTER 35  Branch MVA 1056.38 425.30 248.38 NO 425.30
10|T_023053VERNONROCKVILLE 12-023052VERNONROCKVILLE: WINDSOR LOCKS 3 2 (23663) -> WINDSOR 2 4 (23077) CKT 1at WINDSORLOCKS 32 BranchMVA 140.53 129,10 108.86 NO 128.10
11|l D23109HARTFORD41-023114HARTFORD47CL EAST HARTFORD 12 (23091) -> HARTFORD 3 1(23087) CKT 1atEASTHARTFORD 12 BranchMVA 150.72 124.20 121.35 NO 124.20

12|L_023114HARTFORD47-023433HARTFORDS4C L EAST HARTFORD 12 (23091) -> HARTFORD 3 1(23087) CKT 1atEASTHARTFORD 12 Branch MVA 150.75 124.20 12138 NO 12420
320l n32114LADTENDNA7N7242 W ADTEADNRAC £ LIADTEADN 2 1 (730471 _~ WEST LIADTENDN 2 1 1321121 AT 1 2¢ LADTEADN 2 1 Bronch MUA 104 E1 N4 TR 10 A1 WA na en
J| Close
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Combined Tables >
Contingency Element Definitions

e 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

Contingency Elements - o I IE8
EI ) Bk %8 5% 0% 94  Records~ Set~ Columns~ [Bg-  fgE- 'WE- BH- W% fg- B | Options ~
Contingency Label Actions - PWW File Format Model |Status [Persistent| Time |Comment]
Criteria Delay
1T 023013BRISTOL72-023012BRTSTOL7ICT BRAMNCH 23013 23012 1 OPEN CHECK
2|L_023012BRISTOL71-023015BRISTOL74C1 BRAMCH 23012 23015 1 OPEN CHECK
3|L_023485HARTFORDS3-023012BRISTOL71C1 BRAMNCH 23485 23012 1 OPEN CHECK
4|T_023014BRISTOL73-023013BRISTOL72C1 BRAMNCH 23014 23013 1 OPEN CHECK
5|T_023014BRISTOL73-023013BRISTOLT2C2 BRAMNCH 23014 23013 2 OPEN CHECK
6|T_023014BRISTOLY3-023013BRISTOLT72C3 BRAMNCH 23014 23013 3 OPEN CHECK
7L _0230136RISTOLY2-023025FARMINGTOMN31C1 BRAMNCH 23013 23025 1 OPEN CHECK
8|L_023013BRISTOL72-023390TORRINGTON13C1 BRAMNCH 23013 23390 1 OPEN CHECK
9|L_023013BRISTOL72-02339 ITORRINGTON21C1 BRAMCH 23013 23391 1 OPEN CHECK
10(T_023026FARMINGTON32-023025FARMINGTON31C1  BRANCH 23025 23025 1 OPEN CHECK “
l-'L Close
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Combined Tables >
Contingency Violation Matrices

* Arrange columns by contingencies or by elements
* Filter by element type

| B ol %8 5% | d4 @8, Records - Set~ Columns -
Contingendes | Eranches | Buses | Interfaces | Bus Pairs | Custom Monitors

Contingency LONGMEADOW 1 |MANCHESTER 10 |MANCHESTER 10 1 [b
(23002) TO 1(23034) TO (23039 TO
WINDSOR LOCKS | HARTFORD 51 | HARTFORD 8 3
11(23080) CKT 1| (23115)CKT 1 | (23482 CKT 1

AUE HUEE 2 SORT
ML - A R R

1_& 023013BRISTOL72-0230 1ZBRISTOL71CL Contingende uses Interfaces | Bus Pairs | Custom Monitors
2|18 023012BRISTOL71-023015BRISTOL74C1 N
3|11 02348 5HARTFORDS8-0230 12BRISTOL71CL D ) B oAl % e ?&D Records * Set+ Columns = v fgh. M. B 1%'-‘:{
4[T|023053VERNONROCKVILLE 12-023052VERN] e L
5L 23203 0L CHESTER 35-023052VERNONROG —F— Branch MESﬂT_omﬁammst_oms?WFlansﬁ_
6|T_023068ENFIELD32-023067ENFIELD31C1 [ 112.37] a
7|L_023067ENFIELD31-023069ENFIELD33C 1 112.49 1[LONGMEADOW 1 (23002) TO WIN -1 112.27] 112.49
R AnTEnTAn AR TEran 13 2|MANCHESTER. 10 1 (23034) TO Ha
3|MANCHESTER. 10 1 (23034) TO Ha
4|MANCHESTER. 11 1 (23036) TO CdJ
5|MANCHESTER. 12 1 (23037) TO VEY
6 |MANCHESTER. 12 1 (23037) TO Ha
7|COLCHESTER 3 5 (23209) TO VERH|
8|WINDSOR LOCKS 3 2 (23663) 10
9|HARTFORD 3 1 (23087) TO EASTH
10|HARTFORD 3 1 (23087) TO WEST
<
Al
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¢ Other >
Produce Report...

e Will produce a fixed contingency analysis report
e Can only select what data is put into this report
e Cannot customize the format in any manner

@] Contingency Analysis == Fom )
Contingendies | Options | Results
= View Results By Element Text File Repert Viriting
i Lines/Transformers
[ s Optienal Report Contents Show the actions involved in each contingency
[P case summary . -
- Interfaces [] Repart enly contingencdies that cause violations
" Nomagram Interfaces [Clopton settings [ Report only limit type with vislations for each contngency . f h
- View Resuts by Cantingency [tenitored areas [ Report Inactive Viclations and show all Rating Sets O pt lons for the re po rt
Contingency Viclation List [FlLine flow extremes | fied
—Vihat Actuslly Occurred Limit Type Vielations te Indude HY ifi
Interface flow extremes
Contingency Viclation Matrices SE s et Line and Transformer Flows [ Line/Xfnr Change Flows writl ng tool are s pecitie
e o3 valiage mTEnes Interface Flows Interface Change Flows 9
oy ElMertored zsnes a ¢ under Results = Text
O . Low Bus Voltages [ Low Bus Change Voltages
ase-case outages ) . .
Dl [#] High Bus Voltages [T High Bus Change Voltages F||e Re port ertl ng
’ 2993 =
Identy buses by Maximum Violations of a single type to report S
@) Name
@ Number [7] Create database-friendly tables
(@ Name(Number) Field separator: | =
@) Number(Name)
[E] 1dentify with Nominal Voltage
Status [FIRefresh Displays After Each Contingency
[ tost) (it 5o [t ]
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Contingency Results

* 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

S4: Advanced Contingency Modeling

Other > Compare Two Lists of

This is covered in more
detail in Section S8

What should be used as the Comparison Contingency List?
Mote: the comparison list is normally the list before a change

se the list presently open on the Contingency Analysis Dialog
oad the Comparison Contingency List from a file

Compare Two Lists of Contingency Results o [BEe
What should be used as the Controling Contingency List?
Note: the controlling list is normally the list after a change
(@ Use the list presently open on the Contingency Analysis Dialog
(! Load the Controling Contingency List from a file
Browse

o]

| P |

[ X cancel ]

© 2018 PowerWorld Corporation

Example Results

of a Contingency Comparison

e Contingencies Tab

35
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Number of - - Show the largest |[Shows the
Niiafi e Highest Highest : i g e
jolations whicl L o ighest violation i
inth Violation in | |Violation Increase in a hg . Maximum of
occur |T| the the in the violation from that Ocllcurslm the [Worst Increase Violation]
Controlling case . . i controlling list
X g ’ | |Controlling | [Comparison the comparlsop l glIst, | and
cy Analysis but notin Case Case to the controlling JbUt not [Worst New Violation - 100%]
pre— Comparison r —_— list comparison 7
E B Al 9 2% | #4 93 | Records+ Set- Columns =
Label Skip|Category |Processed|Solved|Comp |Post-CTG|Violations|C: orst |Worst |Worst |
Solved|ALX Viclations| Violations Branch %u[Branch [Eranch |Branch i
IncreasqNew Violation =
|U\UI¢LIUI violauon|
ls 0D0003BRIGHTON-00004CNASTOMEC] | NO YES YES YES nong 15 2 13 141.7 113.4 28.350 119.4 28.3
2 DACHASTONE 000 Z6HUNTERTNC L NO VES YES YES  none & 2 4 2.3 1139 8465 1190 2.5
= \LBURTIS-00009IUNIATAC NO YES YES YES none 3 2 1 100.4 100.4 0.4
4 ALBURTIS-U30SIALBLRTISCL  NO YES YES YES nome 0 0 0
5 02BRANCHBG-00006DEANSC 1 NO YES YES YES none 6 3 3 12 2A5E TN ANS A 25.7
5 -00007ELROYC1 NO YES YES YES none 2 2 0
'_ 7l 02BRANCHBG-04962BRANCHEGC2 NO YES YES YES none 1 1 0 Y
Violations | what Actually Occurred
[ Show related cor ] [ combined Tables =
Element ‘ Walue |Comp Va\ue‘D\FFl"a\ue Limit  |Comp Limit|Diff Limit|Percent |Colnp Percent|Diff Percent| Are =
Al
\4
1[Branch MwA CNASTOME &) -> CONASTON { 5863) CKT 1 at CNASTOME 989.65 872.80 113.39 113.39 PIME
2|Branch MYA CNASTONE (%) -» CONASTON ( 5963) CKT 2 at CNASTONE 98965 872,80 113,33 113,39 PME
3|Branch MwA ROXBURY { 221) -> ROXBURY ( 233) CKT 1 at ROXBURY 150.15 : 123.20 154.00 -30.80 129.99 103.99 26.00 PENE
__ 4lBranch MvA RCfUR\‘ { 233) -> D1GREENE (20138) CKT 1 at 01GREENE 16103 165103 .00 113.60 142,00 -28.40 14175 113.490 28,35 PEME ™
= ¥
— : : = : 3 i
Status Finished with 1 Afwauuns, 1 Unsalweable. and 0 Aborted Cantingencies. Iniial State Festored \ [ |refresh qspnays After Each Contingency
. a3 10 10 ] v e .
Violations For this contingency. The columns Blank entries mean that the comparison list did not
show the controlling and comparison list values. have this violation

rld Corporation
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Example Results
of a Contingency Comparison

e Results tab

N.umb'er of ; Highest Highest .Show the. largest Shows th.e ;

V|o|at|.ons which Violation in | Violation |r.1crea!se ina highest V|0I§t|on Maximum of

occur |n.the the - violation frqm that occ.urs |.n the et (eresse Vikiian]
ControII!ng case, Controlling | [comparison the companso.n controlling list, and

but not in Case . to the controlling |[but not [Worst New Violation - 100%]
Comparison — — list comparison

Contingzncy Analysis. — \ \ ~_ ~ e
Cantingencies | Optiors | Results | ~— ~—_ ~— N

e ~ ~ S
4-View Results By Element - - = N i =
¢ !{Lines/Transformers | B Al G 8 4 8, Recards * G& 7 Columns ¥ - W - W Optiofsy

<~ Buses Lines/Transformers (fitered)

*Intertaces - - - - = - — - = - -
S From Number [From Name [ To Number| ToName  |Creuitlcfimi| Vidatiors ~|ew Violations ¥ |Mex % _oading|[Max %eLd Cont|Worst | Worst | Worst | -
bt Cont. ncreaced| New |violsfon | [

:5 e Violaticn | viclation m
= tanmoeay T 233 EOGRT] 288 0IGREENE 1 HO 5 el 14175 11340 2335 11508  26.35
ontingzncy Violzion Lit 2 1221 HUNTRSTN 1150 HUNTRSTN 2 ¥ES F g7 142.32 11386 2846 11719  28.96

vhat Actually Ocaurrec z 2534 GRYSTNQ 2550 WHPPANY 1 HO 3 3 108,51 0651 651

-~ Centingsncy Viclation Matrices ] 3054 BRUNNER 3086 WHPFD 1 N0 z 2 12517 12517 A7
- Text File Repart Writing 5 25 W CHAPEL 5355 W.CHAPEL 1 7ES 2 2 105.23 0523 523 <
Summary
Cortngendes [I=1
[ show Other violations | | combned ables >
| Labe Categary Value CompVabe  Diff Vake Limit Perent | Compercent | Diffdercent ~
T 00T ON 0 Erandh MvA 16103 103 0.0 5.0 175 FEEET) B
2|l _D0C0ACHASTONE-0002eH Branch MVA 130,73 113.60 115.38 115.08
= v

Statu Finished with 121 Viclatiors, 1 Unsolveable, and 0 Aborted Cartingancies, Iniisl Stabe Restorsd [ | Refresh Dieplaye After Each Contingency

[ tead | [Automnset }[ Cther > | Start Run Close
S4: Advanced Contingency Modeling © 2018 PowerWorld Corporation 37

Other > ...

* 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\%)

[®] All Contingency Violations - o IEEH
O B Ak %8 28 & 88, | 11 Records~ set~ Coumns~ E~ |48~ 8- ¥ B3~ 2 1y~ B | Options~
‘ Label Element Category ‘ value | Limit |Percent/cTe Limit |%OTC &|%PFE| ~
Spedified| Scale
Limit
11_02342 IFAIRFIELD2 1023423 AIRFIELD25C L FAIRFIELD 5 3 (23475) > BRIDGEPORT 2 1 (23330) CKT 1 atFAIRFIELIBranch MVA 188,51 12180 154.65 NO L] 208 | 247
2]L_071071WESTERLY 1-023506UNCASVILLE28C1  NORWICH 2 2 (23177) -> NORWICH 6 3 (23705) CKT 1 atNORWICH 2 Branch MVA 20233 16170 125.17 NO 161.70| 2051 |0.7306
3L D234 70WATERFORD2 1-023476WATERFORD 28I STERLING 3 1 (23486) - STERLING 3 2 (23487) CKT 1at STERLING 3 1Branch MVA 142,51 12120 117.58 NO wio| 207 Jogrm
4]L_023476WATERFORD25-023506UNCASVILLE2BC STERLING 3 1 (23486) -> STERLING 3 2 (23497) CKT 1at STERLING 3 1Branch MVA 142,21 12120 117.34 NO 2| 207 |07t
5L _023476/ATERFORD28 -0 23506INCASVILLEZBC OAKDALE 11 (23181) -> GALES FERRY 1(23163) CKT 13t OAKDALE 1 BranchMVA 119.73 105.10 113.92 NO ws.10| 2107 posa7
6L _023470WATERFORD2 1-023476WATERFORD28 OAKDALE 1 1 (23181) -> GALES FERRY 1(23163) CKT 12t OAKDALE 1 Branch MVA 120,20 105.10 114.37 NO w5.10| 2107 p.os4rr
7|L_D7107IWESTERLY 1-023506UNCASVILLE28C1  MIDDLETOWN 4 1 (23530) -> MIDDLETOWN 5 3 (23568) KT 1at MIDD Branch MVA 140,18 11370 123.29 NO 1.0 2167 | 1859
8]L_071071WESTERLY1-023506UNCASVILLE2BC1  NORWICH 2 1 (23176) -> NORWICH 2 2 (23177) CKT 1 at NORWICH 2 Branch MVA 218.83 18430 118.35 NO 18490 2261 [0.1621
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Conditional Contingency Actions
using Model Criteria

* 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
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Options, Contingency Definitions:
Remedial Actions

* 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 Action may be individually enabled or
disabled and individually armed
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Model Conditions and Model Filters

* A Model Condition or Model Filter may be used as Model Criteria for
a Contingency Action, Remedial Action, or Global Action

— The associated action may be executed only if the Model Criteria is met
* Model Conditions
— The combination of a specific system element and an advanced filter

— Each Model Condition references only one element; the Model
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 a Model Expression

— Example: Bus 4 p.u. voltage < 0.95

* Model Filters
— Logical comparison of one or more Model Conditions or Model Filters
— Example: true if several Model Conditions are all true
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Options, Contingency Definitions:
Model Conditions

* Click on Model 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

“Evaluate in

Madel Comdnom Hame Wakerbury Walcott 100kY » 50 MW - H
ContingenCy [ Evishaate in Corte :sl‘m Shate === flams Deleit \ lee Fh.e MOdeI
Reference State” /-':"“*"‘““"“:“:m;“’?"m* Condition a
Blement Type | Branch -
for conditions that . name and save

arm RAS prior to

[ Define Model Conditions - o IEN

Sortby CiNeme () bumber
Fiter | Advanced v Branch -
® - F Quck || Duira | Ramaen
| Sswch bunt Sewch A1

contingency v 41 Choose the
3512 GrATERBAY 133 0 11511 CNATERUY 13 21 3 10gbiy 0] -~ specific element
23512 (WATERDURY 13 3) FROM 23354 (WATERBURY 7 1) OT 1 [500.0 kv]- [300.0 k]
Choose the type .u{-,:m}u-. (23512 23370 1)
23512 AWATERBURY 13 3) FROM 23395 (WATERTOWN 3 11.OCT 1 1300.0 k- [100.0 kil o
of element D L e
(Branch) = - ——
o] Erabded ey chevckord] . an A ot AND ot OR WO
L |t _ Works the same as
Define the il e -
N s et s the Ad\{anced
criteria: MW > 50 = Filter Dialog
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Model Conditions

Can also use Model Conditions for lines statuses

These conditions can force Remedial Actions to occur only during certain
contingencies

Eg(qcmple. check if Bethel-Danbury 230 kV line is OPEN in a post-contingent
state

. [® Define Model Condition: - o x
“Evaluate in B —

Mested Condiion Hame | Bethel -Danbury 230 k¥ OPEN

Contingency | —— N \ Give the Model
Reference State” / Ccusabie f Trus in Contngency Fiefirence State ..

Condition a
Bement Type | franch -
unchecked to Doews name and save
- Fiter Advanced v | Branch - w
examine post- T ey i
. L Search Next SEIN‘.F-\I’
contingent states e ——

23404 (BETHEL 3 1 FROM 23403 (BETHEL 3 3) OKT 1 [L000KN]- [18.00 4] ~
29405 (RETHEL 3 5] FRCM 23403 (RETHEL 11)():1 1 250,00k ]
23406 (BETHEL CUTHELE:Y & 30

3405 BETHEL 3 z z
2mulr||.:f]-m»um WML 3 1) 0T 1 (200 0.0 k4]
23407 (BETHEL 3 61 FROM 23401 SETHEL 3 10 0T 1 [230.0 k41 [230.0 k1

s D bk R Choose the
Select Piter Type
Brarxch

fine th - specific element
Define the Sowiteong  $50 0% Ouue Owan O Oowme (23406 23415 1)
criteria (Line — oo —— 6= e
[ Use Ancther Fiter [ Evaluste Field in Contingency Ref. State .
StatUS = OPEN) i >> e [iabie Pl 5 Field Comparsons
o el Cancel
S4: Advanced Contingency Modeling © 2018 PowerWorld Corporation

43

Model Conditions

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

[® Define Model Conditions - o EEl
Check this " L

Save Save A Hename Delete
condition in the /’IJ:FVHHIHFMWMSM!N

[] Dinnbie if Team irs Ceritingncy Radferance State

Reference State B e [ranch
(Base Case) =Sty e @b

Fiter Advanced v Branch v w

| Quek || Duies || Bamors
Semch Mest Search Al
Yiou can use widcard characters *or
| 234000
23404 (BETHEL 3 4) FROM 23403 (BETHEL 3 3) KT 1 [1.000 kV]- [18.00 kv] -
23905 (BETREL 3 5) FROM 23401 (BETREL 3 1) KT 1 [290.0 k4] [-'.IIDL“J
& .

23905 (BETHEL 3 7) FROM 23901 (BETHEL 3 1) OXT 1 [200.0kv]- [z.volo-‘l
23407 (BETHEL 3 5) FROM 2301 (BETHEL 3 11 CKT 1 [230.0 k- [230.0 kel

Meets the fiter below Set Fiter Same As
Select Piter Type
Brarxh -
. Logeal Comparison
Definethe [T | mewsspmmsyecsen Swo  Om  Owwwo Oweor O Oo
. . . i) Conedwion 1 §
criteria (Line — frz]sone | T ] [Pt =
[ JUse Another Pilter | Evaluste Field in Contingency Ref. State
Status = CLOSED) | e SLT T —
o Heip Cancel
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Model Conditions

e List of created Model Conditions

Meets Condition? YES or NO

Contingency Analysi
Contingendies | Options | Results

- - Em

> -Legacy Definitions
i Distributed Computing
i Miscellaneous

Open Dependency Explorer

Load Auto Insert Save Other >

~ Advanced Limit Monitoring ~Y lodel Conditions
- Island Monitoring
~Monitoring Exceptions N Bl %68 5% | Bk #8 Records~ Set~ Columns - B~ | R~ - BH- BY - B | options -
Custom Honitors Meets Name Object File Format  [Fiter [Fiter|pre-Fiterz|Disable ifEvaiuate [Memo
> - Contingency Definitions Condition| ahiect|Loaic] Frue in "in o
4 -Remedial Action Definitions Type CTG Ref [RefState
~Remedial Actions State
~Remedial Action Elements 1|YES iethel-Danbu V CLOSED reference Branch '23406' '23415' '1' Branch AND NO NO YES
{Model Conditians | 2/No ethelDanbui VOPEN JBranch '23406' 123415 '1' Branch AND NO NO NO
-Model Filters 3|YEs [i/aterbury-i 0k > 50 MW Branch '23370' 23512 '1' Branch AND NO NO  YES
~Model Expressions
~Model Result Qverride

Status |Finished with 73 violations, 0 custom monitor violations, 0 unsolveable, and 0 aborted contingencies. Initial state restored

[ Refresh Displays After Each Contingency

Start Run Close ? tep

S4: Advanced Contingency Modeling
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Options, Contingency Definitions:
Filters

Model

* Click on Model 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

Filter Conditions

Fiter Name  loss of Bethel-Danbury 230kV
B Save Save As Rename
Logical
[Ipisable if True in Contingency Reference State
com pa rison \$ Logical Comparison
(®) AND (JoR (OnotaND (INotOR () XOR

" ”
AN D Model Condition 1
[ W Bethel-Danbury 230 kv CLOSED reference

Model Condition 2

(55 s W9 Pethel-Danbury 230 kv OPEM

/

x

x

Add 5> Delete ... Madify Model Conditions

Ea
<. Name the Model Filter

Delete View Filter Logic
() One True
V| @Gt Time Dely 1 Similar to the
() Filter 0.000000| -2 .
G mecm [ Advanced Filter
Y OFiter Lot [ 5.000000 S Dlalog

oK. \iap Cancel

/

Click to Open Model Condition dialog

S4: Advanced Contingency Modeling
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\ Model Filters may contain Model
Conditions or other Model Filters
46



Remedial Action Example

* Disable Contingency Monitoring Exceptions if created
earlier (set Monitor 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\
S04AdvancedCTGO1.aux
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Contingency Results

* Many contingencies with overloads
* In this example, we’ll apply Remedial Actions for loss of Bethel-Danbury 230
kV (L_023406BETHEL37-023415DANBURY24C1) — 100%™ in list
* Overloads
— Waterbury-Wolcott 100 kV
— Wolcott-Seymour 100 kV

[® Contingency Analysis - o IEH
Contingendes | Options | Results
7 By ok %8 % | ¢ 88, Records~ Set- Columns- [~ | 8- W~ § - 3 ro- B | Options~
Label Skip| Category|Processed|Solved|Include [Screen|Post-CTG1slanded|Islanded |Global |Transient|Remedial| Custom | viclations|Max  [Min Volt|Max volt ~
Remedial|Allow [AUX  [Load Gen |Actions|Actions |Actions |Monitor Branch %
Actions Violatans|
99|L_02340 1BETHEL 31-0234078ETHEL 39C 1 NO YES YES ¥ES none ] 0 0 0 0
100}, _073308EETHEL 37-07 531 SDANEURY 220 1 Jno YES YES  YES none 0 0 0 0 2 1199
101[T_0234130ANEURY22-023412DANBLURY21C T NO YES YES YES none 0 0 0 0 0
1021 _023412DANBLRY21-042104WEWBURGH12C1 NO YES YES YES none a 0 0 0 0
103[T_023414DANBURY 23-023413DANBURY 22C 1 NO YES YES YES rone 0 0 0 0 0
104|L_023413DANBLRY22-023415DANBLURY 24C1 NO YES YES YES 1O none [ 0 0 0 0 ¥
< >
violations | what Actually Occurred Definition x
Show related contingencies Combined Tables > Model Criteria
| Categary ‘ B |Va\ua ‘ Limit ‘pauant‘g [OPEN Line BETHEL 37 250.0 O DANBURY 24 750.0 (73415
1[Branch MvA [/OLCOTT 11 (73370] > SEYMOUR 12 (23279] CKT 1t WOLCOTT 11 J113.50 95.80 119.53 (|,
2|Branch MvA WATERBURY 13 3 (23512) - WOLCOTT 1 1(23370) CKT 1at WATERBURY 13 3 135,89 121,40 111,84
< > < >
Status | Contingency |_02340RBE THEL37-0234150ANBLIFY 24C1 corven ged [ Refresh Displays After Each Contingency
Load Auto Insert Save Other > Start Run Close ? telp
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Bethel-Danbury 230 kV Contingency

e Change Calculation Method to Full Power Flow

* Optionally skip all contingencies except
L 023406BETHEL37-023415DANBURY24C1

e Right Click L_023406BETHEL37-023415DANBURY24C1
— Contingency records - Solve Selected Contingency

Overloads

S4: Advanced Contingency Modeling © 2018 PowerWorld Corporation 49

Remedial Actions

* Load definitions from S04 AdvancedContingency\
SO04AdvancedCTGO2.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
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Remedial
Action
name

N

Remedial Actions

Optionally Skip
this Remedial
Action

Arming Criteria
(Model Condition
or Model Filter)

Contingency ARalysis
Contingencies | OPtons | Results

4 -Modeling
- Basics
- DC and Screening Options

Bus Load Throw Over

Remedial Actions

- Remedial Action Elements
- Mode! Conditions

- Mode Filters

Model Expressions

-~ Generator Post-Contingency AGC

Generator Maximum MW Response Label Skip

\ Remedial Action

Ignore Remedial Action Element} if Model Criteria is True in Cantingency péference State
bl e M | 1 Records~ set~ Coufins - B~ §E- USST B WY - R

Arming Criteria Arming | Armed
- Generator Line Drop and RCC Status
-~ Switched Shunt Post CTG 1 Drop Water YES
.. Auxiliary Files 2|Drop Water YES
Transient Models 3|Load Shed Seymour K YES
Result Storage
» - Limit Monitoring
4-Contingency Definitions x| Defrition
i LAl Contingency Elements
4 -Remedial Action Definitions

Model Criteria ‘ Status

Actions |
1 JCHANGE INJECTION GROUP Waterford Gens BY -500 MW _in merit or{loss

of Bethel-Danbury 230kv  TOPOLOGYCHECK

Open Dependency Explorer

Status | Initislized

Load Auto Insert Save

< >

[[]Refresh Displays After Each Contingency

Other > Start Run Close

he \

— in this

? tebp

S4: Advanced Contingency Modeling
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Status
(more

ﬂ details

later)

Action(s)
included

Remedial
Action

51

Assigning Arming/Model Criteria
to a Remedial Action or Element

* Double-Click in the Arming Criteria or Model Criteria cell, OR
* Click the “

* In this example, we’ll use Arming Criteria for Remedial Actions and
Model Criteria for individual elements of Remedial Actions

* Model Criteria may also be assigned to individual Contingency

”icon on the right side of the cell

Elements (or Contingency Actions)

S4: Advanced Contingency Modeling

Remedial Action
[1gnore Remedial Action Elements if Model Criteria is True in Contingency Reference State
B3 Bh Ak %2 5% | 88 #8 | Records - Set~ Columns - - | 8- "W~ B~ 3 19~ FH
Label Skip Arming Criteria Arming
Status
1|Drop Waterford 500 MW NO o K YES
2|Drop Waterford 1000 MW YES Waterbury-Wolcott [THECK  YES
3|Load Shed Seymour YES Waterbury-Wolcott [THECK  YES
X || Definition
Actions Model Criteria
1|CHANGE INJECTION GROUP Waterford Gens BY -500 MW in merit order and mEEE ss of Bethel Danbury 230K\

© 2018 PowerWorld Corporation
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Remedial Action:
Drop Waterford 500 MW

e Change its Skip field to NO

* Arming Criteria is the Model Condition
“Waterbury-Wolcott 100kV > 50 MW”

* Show Dialog for the Remedial Action

Remedial Action Flements n

Remedial Action Drop Waterford 500 MW

dddddddddddd

eeeeeeeeeeeeeeeeeeeeee

AAAAA del Status Indusion (Persistent  Time Arming Arming | Armed
Ite Del iter b
CTI terford Gens BY -500 MW Jloss of Bethel-Danbury 230kV TOPOLOGYCHECK WO 0 CHECK YES
Arming Status: | CHECK
ter lodify b K
o 0K Save Delete X cancel 7 Help
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Remedial Action:
Drop Waterford 500 MW

* RAS contains a single action

e CHANGE INJECTION GROUP Waterford Gens BY
-500 MW

* Model Criteria for the action is the Model
Filter “loss of Bethel-Danbury 230kV” with
Status TOPOLOGYCHECK (evaluated after
topology has changed due to contingency, but
prior to solving power flow)
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Remedial Action:
Drop Waterford 500 MW

| [® Contingenay Element Dialeg

e Scale Order

— Proportional: adjustment = |
according to relative participation o
factor e

— Merit Order: highest participation N
factor units moved first, until limit e

— Merit Order Open: highest =3

participation factor units are =

dropped (opened) first M e
* Leave as “Proportional” initially
* Close dialogs and solve
contingency
“L_023406BETHEL37- o D o
023415DANBURY24C1” ——
S4: Advanced Contingency Modeling © 2018 PowerWorld Corporatién “‘ - - B 55

Contingency Difference Case at
Waterford

500 MW reduction from Waterford
injection group, with twice as much from

-166.667 MW -333.333 MW
H H M. H — 0.000 Mvar 0.000 Mvar
the unit with Participation Factor = 2
2347a5g7 P 2347347 2 1
WATERFORD 2|5 [WATERFORD 2J4
WATERFORD 2 1 CKT1£} 0.0000 tap CKT ¥ 0.0000 tap
Bus: WATERFORD 2 1 (23470 -0.538 Mvar n A
. N [ VA
Zore: 1 ) “A -15.0 Mvar “A 271 Mvar 0.00 MW
D1 g 1523 MVA 3001 MVA 0,00 Nvar
0#:?1‘3’ B 4a65Mw B s29mw
'5'53 Deg A 42.9 Mvar 1.3 Mvar
: A
0.00 $/MWh 440.5 MVA 51.1 MVA
A
A
A
ekt . 0.0000 tap
WATERFORD 2J8 /
17¢
UNCASVILLE |28
23506
0.0005 pu
0.40 KV
CKT1
[WATERFORD 22
23471
0.0007 pu
System State 0.16 KV

S4: Advanced Contingency Modeling
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Contingency Loading with RAS

* Gen drop RAS has reduced loading, but limit
violations persist

B

: ;’:* ~.

S4: Advanced Contingency Modeling © 2018 PowerWorld Corporation 57
Remedial Action:
Drop Waterford 500 MW

* Change Scale Order to = e
“Merit Order Open” and =
choose “Allow to Exceed -
Amount” =

* Close dialogs and solve "“; ":m
contingency S
“L_023406BETHEL37-
023415DANBURY24C1” e [ G
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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.

WATERFORD 2 1

Bus: WATERFORD 2 1 (23470
Nom kV: 765.00

Area: Connecticut (23)

Zone: 1 (1)

1.0298 pu

787.77 KV

81.83 Deg
32.61 $/MWh

System State

S4: Advanced Contingency Modeling

23474 P 1

WATERFORD 2|5

CKT 1*1.0500 tap CKT1T 1.0500 tap
A (\/ P

-409.323 Mvar

© 2018 PowerWorld Corporation

1081.450 MW
g var

Remedial Action:
Drop Waterford 1000 MW

e 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.)

S4: Advanced Contingency Modeling

Remedial Action

0.000 MW
0.000 Mvar

234737 01
WATERFORD 2J4

1080.7 MW 0.0 MW
/-336.3 Mvar 0.0 Mvar
D1 11318 MV & 00MvA
W 694.0 MW W 386.7 Mw
Y-171.3 Mvar 98.2 Mvar
714.8 MVA 399.0 MVA
Y Y
Y \4
1.0125ta
¥CKT1 . P
WATERFORD 2|8 /
UNCASVILLE |28
23506
1.0317 pu
789.24 KV
CKT1
WATERFORD 22
23471
1.0345 pu
237.94 KV

0.00 MW
0.00 Mvar
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[ 1gnore Remedial Action Elements if Model Criteria is True in Contingency Reference State

+.0 00

D B % "||" ] M ?&n Records = 5Set~ Columns = ' "mﬁ' "%’ﬁEv % ~ f;%ﬁ
Label | Skip | Arming Criteria |Arming Status |Armed‘
1|Drop Waterford 500 MW NO Waterbury-Wolcott 100kV > 50 MW CHECK YES
2|Drop Waterford 1000 MW EO w|Waterbury-Wolcott 100kV > 100 MW CHECK YES
3|Load Shed Seymour YES Waterbury-Wolcott 100kV > 100 MW CHECK YES
X || Definition
Actions Model Criteria
1 JCHANGE INJECTION GROUP Waterford Gens BY -500 MW |loss of Bethel-Danbury 230ky
© 2018 PowerWorld Corporation 60



Remedial Action:
Load Shed Seymour

e Suppose there was not enough
capability to remove
overloading with generation
drop

* Disable RAS “Drop Waterford
1000 MW” and Enable RAS

“Load Shed Seymour” 3
* Action involves a 10% reduction |
in load =
— POSTCHECK status: criteria e o
evaluated after contingency\gf?ﬂ

power flow solution

— Persistent: action will be taken
until criteria is no longer met
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Contingency Solution:
What Actually Occurred

500 MW gen drop at Waterford

* Load at Seymour dropped 30% to relieve
overload (Persistent Action repeated 3 times)

Ackors Modsl Critena. | Status |t.nnm:| Bt What Dcumed |uwn'qcmn|

RY¥ 2 4_730.0 (33415) OKT 1 CHECK Opened R OF 126,43 MVA ELEET
BY -500 MW _in mesit order by opering and mloss of Bethel-Dantury 2306V TOPOLOG Changed from 2162.90 to 108145 MW. 0,00 MW gen overlag, REMEDIAL 4
BFT ]waterbury-iokott 100y OVERLOAD  POSTCHE: Bus changed from J3.04MW and 10.52Mver by -3.B0MW and -1.0GMver  REMEDEAL t
LM fnstpfl  Waterbury-wioloott 200KV OVERLDAD  POISTCHE 9.4 LBOM and -1.0%Mver  REMEDIAL 4
BY 10 % of present MW (mnstpf)  Waterhury Walentt 100kY OVERLOAD  POSTCHES Eun changed from 0. 43MW and 8.43Mur by LEOMW and -LOSWar  REMEDIAL ¢
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Remedial Actions for Generation Drop

* Generators may be assigned to more than one
injection group and Remedial Actions may drop
generation in multiple injection groups

e 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
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Remedial Action Aux File Format

e Contingencies and Remedial Actions may be saved
in WECC standard format from the Save button

* Choose type WECC Contingency and RAS file
(*.aux) 2 '

x
T o Trwming + Training Cases + 504 AsvancedCentingency v & . £ AsvamerdCent o
Organize = Porws fclcder ]
B Dowmlcsds % Mame g Dite moddied Type
| Recent places
SMAdvanced TGIau 404 PhY 13
& Solrive il
& e D) SAdvancedD TG0 o ! : MM X il
cegle Drive
- o8 SMAdvancedC TG0 au ! 4247 PMt #

* More details are at
http://www.powerworld.com/files/PowerWorld RASFileFormat.pdf
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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

==5= Solving contingency L_D23406BETHEL37-023415DANBURY24C 1 ===

APPLYING: OPEN Line BETHEL 3 7_230.0 (23406) TO DANEURY 2 4_230.0 (23415) CKT 1

R -
***= Applying TOPOLOGYCHECK for Contingency L_023406BETHEL 37-023415DANBURY24C 1 ===
e o

APPLYING: CHANGE INJECTION GROUP Waterford Gens BY -500 MW  in merit order by opening and may exceed specified amount

[AGCinisland changed gen 1atbus 19233by 8.98 MW to 134.1

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

=% pnnlying POSTCHECK Iteration #1 for Contingency L_023405BETHEL37-023415DANBURY 24C 1 ===
e RN

=

APPLYING: CHANGE LOAD AT BUS SEYMOUR 1 1_100.0 (23271) BY -10 % of present MW (cnst pf)

*++% ppplying POSTCHECK Tteration #2 for Contingency L_023406BETHEL37-023415DANBURY24C1 =+
° Apply POSTCHECK actions again (3X total) APPLYING: CHANGE LOAD AT BUS SEYMOUR 1 1_100.0 (23271) BY -10 % of present M/ (cnst pf)
until Waterbury-Wolcott 100kV is relieved

*  Solve power flow

Number: 0MaxP: 3.804atbus23271MaxQ: 1.052 atbus 23271
Number: 1MaxP: 0.002atbus 23271Max Q: 0.007 at bus 23271

Finished voltage control loop iteration: 1

e e
=== Applying POSTCHECK Iteration #3 for Contingency L_023406BETHEL 37-023415DANBURY24C 1 ====
. =y

APPLYING: CHANGE LOAD AT BUS SEYMOUR 1 1_100.0 (23271) BY -10 % of present MW (crist pf)
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Contingency Element Status

* Along with assigning a Model 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 the Model/Arming Criteria is true. (If there
is no criteria, it will also be done.)

— ALWAYS — action will always be done regardless of the Model/Arming Criteria
— NEVER — action will never be done regardless of the Model/Arming Criteria

— POSTCHECK — described on the next few pages

— TOPOLOGYCHECK — described on the next few pages
— SOLUTIONFAIL —described on the next few pages

Contingency
Elements only

) Contingency Befiniion Dislog =
Conirgency Label  Conantone Hunsterstonn 500 bV with 5P

Oefnton | Custam | Manitring Eveetons

1|CFEN Line CHASTONE, s'cc-fs::.‘- PTERTH_S00.0 (26] KT 1 l —= =
Appear “inactive” e

because of Model — |- i
Criteria and Status i L

[ tefne sobuon cptors. |

LS e oree | [ Kcwen| [ Frew
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POSTCHECK Element Status

* 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

e 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)
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TOPOLOGYCHECK Element Status

* 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
e 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)
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SOLUTIONFAIL Element Status

e 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
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Time Delay

* 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, POSTCHECK, and SOLUTIONFAIL
solution steps

* Ignored during CHECK solution step
* Default all time delays to O to ignore
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Time Delay

[8] Contmgency Definitien Dalog o
T~ 1
e [n";;h‘ i — [® Cantingeney Element Dislag i3
Néw Rerane | - -~
= - s Sement Type Choose the Lement
Tefriton | Custom | Moriboring Exceptions: & Dranch [+ Sorthy " Name B baumiber
st e Bemers Cem Al | ::m
] B = Search For Nea Bun Sedect Foe Bus, OXT
ctions : L Swilched Sunt MESHET | : (1) [136 kv] OFT 1
. B 2(Twe) [138 K] 3(Thres) (1334 CKT 1
Bnterface. AThees] [18ky]
4 (Four) [1330V)
Injec S Creags R{H-:J [ ]
L Mt Section Line & {5 [138 kV]
Catmpore ' Seres Capacitor 7 {seven) [1201]
Use specific sokuton opbions  Post Contingency Auxllery File Mmm|mm
[ Defe Sotten coteoes | Lne st
Tgrore ALL contrgency s ey fe s badexd a8 the sdart of each curngencf. DCLne
Sl i St e o
Mole: Thia aplion will override the Advanced Cond ¥ Ogibion | e
— Sub Lot
[ ofox | [ s Odete | | XCacd| | Peb At
— m— — —  Sohve Power Flow
Contingensy Binck
Acton Time n
& Open MV Limit
Close.
Move
StTo Evahite in Referencr Stae
Set optional Time Delay chonae v Foer
R —
Cloae Breakers
Stats: |CHECK -
Model Criterin: | add |
Time Delay: CLOG0000 |3 seconds ]
Comment:
[ | peere | [ Kowod| [ Fren
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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

Filter Conditions “

Fiter Name A Model Filter -]

[ Save ] [ SaveAs] [ Rename] [ Delete ]

Logical Comparison
@ AND CIOR ()Mot AND (0)MotOR () XOR () One True
Model Condition 1 M . .
o ® Condition Time Delay Time Delay with
Branch 1 to 3 Overloaded * | @ Fiter [ Mot 0.000000 = ; .
Model Condition 2 i - ModelFilterCondition
= (@) Condition Time Delay
| ® Fiter [Clnot 0.000000 =
[ Add = ] [gelete ] [ Modify Model Conditions ] ~

[ v x ][ ? tebp ][xgancell
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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

73
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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:

[
MFCAZ2

oy |
MFCA3

o1 e

MC3 is Disabled
MC3 was set to
DisablelfTruelnRef

AND gate, so take the maximum TRUE time delay
30 sec

Use 35 because it is the summation
of the the TimeDelays

OR gate, so take the minimum
TRUE time delay
15 sec
/ | NAND gate, so take the
f.-" minimum FALSE time delay
2 3 23 sec

Use 23 because it is ﬂ‘l 30
summation of the TimeDelays MFC
(!0 sec)

MFCC3
(5 wec)

Do not use 5 becouse that is a TRUE input

R

=
M
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What Time Delay Is Used?

e 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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Persistent
Contingency Elements

* 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
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Persistent
Contingency Elements

[ contmgency Definition Dislog Contingency Element Dialog

Element Type Specific Element Type
7 Branch @) Bus
enerator (2 Specific Device

Comtngency Label  L_OOOMMCNASTONE DO0DSHUNTERTNC L
Cosiben] [ hewne | [ Fed. |

[ Defreton | custom | Morstorng Excepsons

[ imerthenBement | | Cesd |

Choose the Element

witched Shunt () Sortby ©) Name @ Number
Model Crtens | statds | Pecsstent | T . 2
T terface
- - 2 (Two) [138.0 k! ]
fjection Group 3 (Thres) [138.0 k]
lulti-Section Line 4 (Four) [138.0 kV]
[ ries Capacitor 5 (Five) [138.0 kv]
L & (5ix) [138.0 kV]
ase Shifter

e specfc solston optons  Post-ConSingency Audiary Flle 7 (Seven) [138.0 kv]

Ignore ALL contingency Thise susiiary file it knaded at S et of sach contingency.
sea

Specal = s s mukary .
Naite: Ths option wil override the Advanced Contingency

Amount in
W] (©) MW (const pf)
@) Py t
oen
§ Evaluate in Reference State ) Mvar
Set action to be Persistent i

rs

Status: |POSTCHECK j [ persistent l

Model Criteria:

Time Delay: 0.000000 = s=conds
Comment:
S4: Advanced Contingency Modeling © 2018 Powe 77

Processing Order of Contingency

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)
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Special Contingency Element:
Solve Power Flow

* 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

(B Cortimgency Defmtion Dialeg (===

]
Special post-conangency se1engs can be entered in tis ulary fle
Mote: This cpton vl oerrice the Achoancied Conbrgncy Opten

oow | [ sae | [ peee | [ Mewms| [ Frew
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Model Expressions

 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)
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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

Options, Contingency Definitions:
Model Expressions

Define Model Custom Expressions ===
E::::r:slon [My Expression Name ']
Save i Save As § Rename Delztz

Choose the Type of Expression

Expression | Lookup Table

Interface Left-Right (0) : MW Flow

[Define. .|
x2= Gen Two (2) #1 : Generator's present MW output
x3: Choose a Model Field
x4= Choose a Model Field
x5= Choose a Model Field
x6=[Define...] Choose a Model Field

x7=|Define...| Choose a Model Field

xE= Choose a Model Field

function ( x1, x2, x3, x4, x5, x6, x7, x8) =
x1 +x2

Types
— Expressions: mathematical expression
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 to Model Expression
Advanced Filters
Model Conditions

VE
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° Relationship between Contingencies,

Model Condition, Filters, Expressions ,

: Model Expressions
ContingencyElement pres
may be used in
Action ~k. SetTo or ChangeBy ~ Model Expressions

\"\Action field can refer to ModelCondition,

Model Criteria Field . ModelFilter, and other Model
1 N Expressions among other
S N AN model objects and fields
Model Criteria field can refer !\
1
' Model

to either a ModelCondition or )
ModelFilter

ModelFilter 2
‘ ModelFilter 1 ’

. ModelFilterCondition
S~=~==1== (Reference ModelFilter)

[ModelFiIterCondition

(Reference ModelCondition)
S4: Advanced Contingency Modeling

Expressions

Model Expressions
can be referenced by a
ModelConditionCondition

\
1

‘ ModelCondition ,

) .t
( ModelConditionCondition )
[ ModelConditionCondition ]

\~--————

1
1
1
1

1

1

\

\
\

)]
)/
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Transient Models

Contingency Analysis - o IEH
Contingencies | Options | Results |
4 Modeling Transient Models
- Generator Post-Contingency AGC Choose I'_low to treat special tranisent stability models_in the power ﬂou\f oonﬁn_genc_yI analyrsis .
Bus Load Throw Over Set to TripfAct to perform appropriate power flow actions such as tripping devices if transient model conditions are met.
Mote: if the transient model is set to Inactive, then nothing is done regardless of these settings
- Generator Maximum MW Response
- Generator Line Drop and RCC
- Switched Shunt Post CTG Maximum Time Delay to Consider  3500.00 = seconds
- Post-Contingency Auxiliary File Treatment during
Transient Models Contingency Stability Model Type
- Limit Monitoring )
 [MSR1: Switched Shunt Model
4 Contingency Definitions [Ignore ] witehed Shunt Hlode
i i All Contingency Elements [Ignore - ] MSC1 : Switched Shunt Model
» - Remedial Action Definitions .
» Legacy Definitions [Ignore - ] TIOCRS : Line Relay Model
Distributed Computing []gnore - ] LOCTI : Line Relay Model
i Miscellaneous
[Ignore - ] TIOCR1: Line Relay Model
[Ignore - ] LHVRT : Relay Model
Status Initialized [T Refresh Displays After Each Contingency
[ Load ] [ Auto Insert ] [ Save ] [ Other = ] [ Start Run ] [ Close ] [ ? Help ]
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Transient Models

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

* Options to specify how models are treated during steady state
contingency analysis

— lIgnore
* 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
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® Appendix: Techniques for Designing
Remedial Actions

 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

85
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¢ Examine Contingency:
Bethel-Danbury 230 kV

* Disable RAS, solve contingency
L 023406BETHEL37-023415DANBURY24C1

* Check the TLR on the most overloaded branch
(Line/XFMR Device Type)

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

[®] TLR Sensitivities / Generation Sift Factors - - IEE8
Select Device Transactor

Device Type ~| Sort by @ Name | () Number Type ~| Sortby ()Name (@) Number

@) LinepFMR wolcott @ Buyer

() Interface Search For Nesr Bus Select Far fud, CKT O seller FullCase

() Multple Elements WOBURN 1 1(57)43) [230 m | NAUGATUCK 2 1 (23379) [100, ~ Tramsactor Object
WOBURN 12 (57044) [100 [ SEYMOUR 12 (23272) [100.0k () Area
WOBURN 13 (3345) [230 | WATERBURY 133(23512) [10(  ()zone
WOBLRN 2 1(5/046) [100 | WOLCOTT 12 (23371) [100.01 2

Current Value VWOLCOTT 1 1 (23370) [10 (OB

114.29 MW WOLCOTT 12 (23371) [10 O Slack FU” Case Su per Area
WOLCOTT 21 (67616) [16 () 1Inj. Group
WOLCOTT 22 (67617) [16 Osus
WOLCOTT 24 (57618) [15 v - as Buyer

PTDF Calculation Method TLR Sensitivities Calauate TR Senstvites | | ], dose 2 b

Orullac (® Clear before Calculate

i O Append on Calculate DC Model Options... | | Incude anly AGCable Generators
(®) Lossless DC .
Disconnected Device Options Set Sensitivities At Out-Of-Service Buses Equal to Closest
O Lossless DC With Phase Shifters Do Not Caleulate
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Examine Contingency:
Bethel-Danbury 230 kV

* Positive sensitivities indicate good locations to drop
generation

* Negative sensitivities indicate good locations to increase
generation or drop load

Custom Expressions to

Buses (fitered) | Genera tors (filtered) | Loads (filtered) | Injection Groups | Areas Estimate total TLR MW
["] only show the primary bus for each superbus .

E T B Ak %8 5% i ;‘&n i Records* Geo+ Setv Columns+ B~  fEo- L. ¥ BH- 5\°[ from dropplng Gen or

Load Re;ef] Loa d

Mumber Mame Area Num| Area Mame |P Sensitivity| Gen MW |Gen Max MW |Load My |Gen s W
Capac Capacity

1| 23473 WATERFORD 2 4 23 Connec ticut 0.015 1081.450 1081.450 17.668

2| 23474 WATERFORD 2 5 o. ZEIC EEEEEEE ticut 0.016 1081.450 1081.450 17.668

3| 23530 MIDDLETOWM 4 1 23 Connec ticut 0.021 242.000 242.000 5.182

4| 23720 MIDDLETOWM & 5 23 Connec ticut 0.022 231.000 231.000 5.027

o

23721 MIDDLETOWM 6 & 3 Connecticut 0.022 231.000 231.000 5.027

@

23719 MIDDLETOWM 6 4 23 Connedl 0.022 231.000 231.000 5.027

7| 23520 MILFORD 10 4 23 Connecticut 0.! 000 4814

8| 23521 MILFORD 10 5 23 Connecticut 0.017 289.000 4814

9| 23620 DAYVILLE 28 23 Conned ticut 0.015 230.000 280.000 4.325 Tr‘y d ec rea si ng

10| 23619 DAYVILLE 27 23 Conned ticut 0.015 230.000 280.000

11| 23518 DAYVILLE 26 23 Connecticut 0.015 230.000  280.000 generat|on at

12| 23569 MIDDLETOWM 54 23 Conned ticut 0.022 195.600 196.600 4.277
Waterford or
Middletown
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Line Loading Replicator

* 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)
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Line Loading Replicator:
Create Injection Group

 Add All Gens

[®) Injection Groups - o IE8

= =6 % MW Gen Part. | 100.00
Name RAS Eligible v| = ens en Par
#Loads 0 % MW Load Part. | 0.00
e .. Saxe feek Rename #Shunts 0 % MVR Load Part. | 0.00

% MVR Shunt Part. | 0.00

Participation Points | Custom

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

B Ba Ak 8 5% | #h 88, P8R - G - B | ont

Paint Type ‘ Mumber | Name ‘ID | AutoCalc? Initial Value

‘ ParFac |
fl == 11487 ABBEVILLEZ21 1 MO MAX GEN MW 2.0
NO MAX GEN MW
3|eEn 57871 ACTON22 2 NO MAX GEN I 1.60
4|GEN 57872 ACTON23 1 MNO MAX GEN I 1.50 . .
5|GEN 57873 ACTOMZ24 1 MO MAX GEN I 1.00 N otes: | nJeCtIO n G rou p
NO MAX GEN I
NO MAX GEN I TNt
e T definition may be loaded from
F(s= 65318 AGAWAM 34 1 NO MAX GEN I 504 Ad dC .
10|GEN 53921 AKRON201 1 MO MAX GEN I \
11|GEN 53921 AKRON201 2 NO MAX GEN I —_ vance Ontlngency
12|GEN 53949 AKROM211 1 NO MAX GEN I
13|GEN 53949 AKRON 211 2 MO MAX GEN I SO4A dVGHCEdCTGOZ. aux.
14|GEN 53949 AKROM211 3 NO MAX GEN I
NO MAY GFN MW
? telp ] X cancel ‘
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; [®) Line Loading Replicator > B
Choose most overloaded line S ER =
Select Device Available Injection Groups
(WO'COtt - SeymOU r \ +| Sort by (@ Name () Number Name () Number
wolcott
2 3 3 70_2 3 2 72 c kt 1 ); Search For Near Bus  Select Far Bus, CKT RAS Eligi
" [RAsHighle ]
H H WOBLRN 12 (57 & | NAUGATUCK 2 1 (27 | | Waterford Gens
estimate desired MW flow N[ ]
H - 'OBURN 2 1 (57 WATERBURY 13 3 (J
based on MVA limit = 95.8 114,250 IERGEEE | worcor 12 oo
ired Flow (Mw) WOLCOTT 12 (2
s0.000/%] | | WOLCOTT21(€
= WOLCOTT 22(E v |:| Only Indude AGCAble Generation and Load
Calculation Method Max and Min Load Limits for Injection Changes
ossless DC Use Max and Min Load Values Set Max and Min Load Values
. . . (") Lossless DC with Phase Shifters - o o
Try d roppl ng un |ts Wlth most __)Use Multiplier on Present Value vin Multiplie 1.000 5
e . . . Calculate Injection Changes Max Multiplie 1.000 =
positive distribution factors
. . Injection Changes
or those with most negative —1
: *:0 00 % # | Records - Set- Columns - v
. . 0.0 AECD
I nJGCtlon Cha nge M W — Element|Bus Bus Name stribution|Injection & |Present MNew Injection| ~
1 er Factor Change I |Injection MV My
1{Gen 23715 MIDDLI -l\nﬁ) -204.610 0.000 -204.610
2|Gen 23720 MIDDLETOWN 6 5 1 0.026 -158.307 0.000 -158.307
3|Gen 23721 MIDDLETOWN 6 6 1 0.026 -143.714 0.000 -143.714
4|Gen 23513 WATERBURY 134 1 0.031 -79.442 96.000 16.558
5|Gen 23481 HARTFORD 3 2 3 0.027 -37.602 41,800 4.198
6[Gen 23692 HARTFORD 10 2 2 0.023 -33.006 39.100 6.094
7|Gen 23569 MIDDLETOWN 54 1 0.026 -29.333 196.600 167.267
Rlian 734%N HARTFNRN ! 1 1 nnaa =75 7an a1 nn 1A 51N 9
| Total Injection Increase Decrease (M) | 888.896 Flow Achieved (Mw) | 50.000
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Implement Gen Drops and Solve
Power Flow

* Try Middletown units connected at 765 kV

* Can iteratively re-solve power flow and Line
Loading Replicator until overloads are relieved

& @ @

MIDDLETOWN B 1 i"‘{m ﬂ:‘—“' .ﬂ.m MIDDLETOWN 5 1
o = T
= T i i we | [ SR T

e i = Tne

i ; !

LI ot
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OPF with Minimum Control Change

* 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

\ [®] LP OPF Dialog - - IEH
‘N\Dphnns Options
Common Options | Constraint Options | Control Options | Advanced Optians
LP Options
- Advanced Options Maximum Number of LP Iterations 5909|=
4 Results (® Minimum Control Change
Solution Summary U g [] Treat Maximum LP Tteration Solutions as Valid
. i 0.10000C (=
gus MW Marginal Price Details [Jinclude OPF Reserve Requirements Phase Shifter Cost ($ / degree) -
us [V] Calcuiate Bus Marginal Cost of Reactive P
-Bus [Juse a Single Control for Lip/Down Regulation elcuiate Bus Margina Cost oT Reactive Foner
1P Soluti [#] Save Ful OPF Results in PWE File
AL LP Control Varizbles oo Detailed P Logging fi.2., Each Pivot)
P B [Ipisable All Phase Shifter Controls Start with Last Valid OPF Solution
LP Basis Matrix [Ipisable All Generator My Contrels Include only online devices in Injection Group calculation
-Inverse 5
Trace Soluti [#]Disable All Load MW Controls D-FACTS Cost (§ / per unit X) 0.010000%
[ Disable Area-to-Area MW Transaction Controls
[ Disable DC Transmission Line MW Controls
[] Disable DFACTS Controls
' oK Solve LP OPF | | Single Outer Loop | | Initialize LP OPF | | Save AsAux | | Load Aux Print P Heb | | X Cancel
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OPF with Minimum Control Change

e LP Solution Details:

LP OPF Dialog - o IEHM
4 - Options LP Solution Details
- Common Options I bl . - - .
.. Constraint Options AllLP Variables | P Basic Variables | LP Basis Matrix | Inverse of LP Basis | Trace Solution
- Control Options i By oAk %8 %0 gk 88 Records - Set- Columns- [Eg- | EE- U0 B W - E v
i - Advanced Options
4 -Results (s} Org. Value Value Delta Value A| BasicVar MonBasicVar | Cost([ ~
- Solution Summary
. Bus MW Margingl Price Detais l’ 1fGen 23572 = 1MW Contrdl 196,600 47.292  -149.308 [ 962
e 2|Gen 23721 #1 MW Control 231,000 87.286 -143.714 0 904
- Bus Muar Marginal Price Details 3|Gen 23719 #1 MW Control 231,000 87.879  -143.121 3 0
: Bus Marginal Contrals L 4|Gen 23559 #1 MW Control 196,600 58,641 -137.959 ] 1041
4 P Solution Details 5|Gen 23513 #1 MW Control 96,000 16.558 -79.442 i 1010
6|Gen 23481 #3 MW Control 41,800 4,198 -37.602 0 989
7|Gen 23692 #2 MW Control 39,100 6.094 -33.006 0 1094
8|Gen 23480 #1 MWW Control 41,800 16.510 -25.290 0 3053
) 9|Gen 23550 #1 MW Control 45,000 20.031 24,959 0 1034
/ - 10]Gen 23692 #1 Ml Control 39.100 15.326 -23.774 i 1563
/ Trace Salution 11|Gen 23550 #2 MW Control 45,000 21,499 -23.501 0 1035
M ddl A1 12|Gen 23531 #2 MWW Control 25.800 5.056 -20.744 0 1024
| etown 15|Gen 23530 £1 MW Control 50,500 43.098 -17.404 1 0
. 14|Gen 23773 #1 MW Control 21,800 6.248 -15.552 0 1126
Units 15|Gen 23689 #1 MWW Control 21,800 7.166 -14.634 0 1032
16|Gen 23549 #1 MW Control 16.300 4,253 -12.047 0 1033
17|Gen 23778 #2 Ml Control 5.200 1.128 -4.072 i 1129
18|Gen 65313 #1 MW Control 4,300 L1482 -3.318 0 3355 v
< >
/ oK Solve LP OPF Single Outer Loop Initislize LP OPF Save As Aux Load Aux Print ? Help x Cancel
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Possible Implications
of Unenforceable Constraints

* Generators that were reduced to Min MW may

possibly provide more relief if disconnected (O
MW)

— Consider designating some units as OPF Fast Start
controls

* More or different controls may be needed
— neighboring control areas
— load shedding
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o
OPF with Minimum Control Change _

e Careis 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

e Watch out for bad data in generator records, such
as minimum MW
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