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Introduction

 Integrated Topology Processing (ITP) is a tool that
allows Simulator to analyze full-topology cases, by
obtaining and solving a smaller, planning-type
representation of the network

e |TP consists of two main features:

— An algorithm that takes place behind the scenes, and that
is used internally during numeric solution such as power
flow, ATC, etc.

— Atool to convert the full-topology case to a more
traditional planning model which can then be saved as a
file that can be consumed software not able to read the
full-topology model
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Motivation

* Problem

— Model and Auxiliary Data Maintenance
e Separate real-time and planning models

* Topology changes every time that the planning model is
exported meaning that a simple bus mapping cannot be used

* Impossible to maintain auxiliary data such as contingency
definitions, interface definitions, cost data, etc. with
constantly changing planning model

e Solution

— PowerWorld’s Integrated Topology Processing
e Utilize the full-topology model directly
e Only maintain a single model, the full-topology model
e Update model only when node-breaker topology changes

e Auxiliary data remains compatible with full-topology model
regardless of breaker status and topology
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Motivation
Invalid Contingency Simulations

Full-topology Model - All Breakersin Service
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Motivation
Invalid Contingency Simulations

* How is outage of Line A modeled?

— Planning Model
* Open Line A
— Actual System
 Open breakers al, a2, and b1

— Assuming all breakers have same status as original
configuration from which planning case was
created, then this is a correct simulation in
planning case

— What if a breaker is out for maintenance?
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Motivation
Invalid Contingency Simulations

Full-topology Model - Line A outage with breakers a4 out also
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Motivation
Invalid Contingency Simulations

e How is outage of Line A modeled along with
open breaker a4?

— Planning Model
* Open Line A
 No other lines are isolated
e Bus split not captured
— Actual System
e Open breakersal, a2, and b1
e Line D isolated from Line B and Line C

— Modification of planning model is required to
correctly model this condition
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Motivation
Invalid Contingency Simulations

Planning Model would need to insert an additional "bus 3" to handle
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Motivation
Invalid Contingency Simulations

* Problem

— Certain breaker outages in the real-time model
require modifications of the planning model
 New buses needed
 New contingency list to match bus numbers

 Modification of supporting data such as injection
groups or interfaces

e Effects could also be ignored creating incorrect
contingency results
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Motivation
Invalid Contingency Simulations

e Solution

— Simulator Integrated Topology Processing handles
these situations automatically

e Full-topology model is maintained with appropriate
breaker statuses incorporated in the solution algorithm

* No need to modify contingency list and other supporting
data
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EMS and Planning Models

EMS Model Planning Model

e Used for real-time operations e Traditionally for off-line analysis
e Call this Full-Topology model e We call this Consolidated model
 Has node-breaker detail * Has bus-branch detail
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Modeling

e A SuperBus in the full topology model is a group of
buses connected through closed breakers

e These buses correspond to the same electric point
 During Topology Processing, the buses in a superbus

are merged resulting in a single bus. We call this
process Consolidation.

 The consolidated case, as any case used in planning,
consists only of these merged buses

— Consolidation removes the breakers (zero impedance
branches) from the model, which is necessary to avoid
numerical solution problems
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Modeling

— Note that since information about the breaker topology
is lost during the bus merging, it is not possible to
obtain a full model from the consolidated model.

e EMS systems do internally a type of consolidation
that use separate objects and data structures for

buses and superbuses

 We'll describe later on how Simulator uses a single
object (a bus) to model both a bus and a superbus
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FT_11Node.pwb

Modeling

e Example: Full-Topology, 11-Bus Model with 4
Superbuses

1.05pu 37 MW
3.98 deg -6 Mvar
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FT_11Node.pwb

Modeling

e Planning Equivalent with 4 Buses

100 MW
0 Mvar

120 MW
50 Mvar
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FT_11Node.pwb

Modeling

e Same 11-Bus Model with 7 Superbuses
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FT_11Node.pwb

Modeling

e Planning Equivalent with 7 Buses
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Modeling

e Simulator models EMS systems and planning cases
using the same (planning) format

e In the planning format every two-terminal device is
modeled using a branch record

* Full model breakers are also modeled in Simulator

using the branch records. Therefore, Simulator needs
to know:

— The type of each branch: xfrmr, line, CB, etc.

— The branches that can be treated as zero
impedance and that can be consolidated

S10: Integrated Topology Processing © 2014 PowerWorld Corporation 18



FT_11Node.pwb

Modeling

Branch Records

X Line and Transformer Records | ¥ Buses
== | R | dh 28 | “" Records~ Geo~ Set~ Columns~ [~ |H-E" W ¥ 8- H | Options ~
Branch Devii W | Allow From Number | To Number ‘ Circuit | Status ‘ Xfrmr R | X | B | Lim A MVA |
Type Consolidation

1[Transformer 10 11 Closed  |YES 0.00000 0.05000 0.00000 0.0
2|Line 3 11 1 Closed  |NO 0.05000 0. 10000 0.00000 300.0
3|Line 5 1 Closed  |NO 0.04000 0.20000 0.00000 150.0
4|Line g 10 1 Closed  |NO 0.01500 0.08000 0.00000 150.0
5|Breaker YES g 3 1 Closed  |ND 0.00000 0.00050 0.00000 0.0
6|Ereaker YES 2 8 1 Closed  |ND 0.00000 0.00050 0.00000 0.0
7|Breaker YES 3 5 1 Closed  |ND 0.00000 0.00050 0.00000 0.0
8|Breaker YES 5 41 Closed  |ND 0.00000 0.00050 0.00000 0.0
9|Breaker YES 4 5 1 Closed  |NO 0.00000 0.00050 0.00000 0.0
10 |Breaker YES 2 g9 1 Closed  |ND 0.00000 0.00050 0.00000 0.0
11|Breaker YES 10 11 1 Closed  |NO 0.00000 0.00050 0.00000 0.0
12|Breaker YES 7 2 1 Closed  |ND 0.00000 0,00050 0.00000 0.0

1 N

Branch Dewge Type: Allow Consollqlatlon. Breakers used default

Transformerf Line If YES, then this branch values, including a very

Breaker, Series Cap, is treated as a zero

' low reactance
Phase Shifter impedance branch.
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FT_11Node.pwb

Modeling

e A Subnet is a group of buses connected through
breakers regardless of the breakers’ status

* Subnets are bounded by transmission line and
transformer terminals

e Subnets contain one wospu  aospu oMW
or more superbuses Y
: & e il
e A superbus can be — i |
. |
in only one subnet - \ o
0 Mvar
L1 0.00 pu 0.00 pu
89.99deg 89.98 de
o\
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FT_11Node.pwb

Exploring the Case

 Subnets and Superbuses are set automatically when
the case is read from the binary or aux file

* Open Model Explorer, Solution Details, SuperBuses

i8] Model Explorer: Subnets [= ][ =] =
Explore = X subnets and Superbuses | x Buses|
|Fie|ds|EprDrelOptions| Bk %% | i 9;@0| Records ~ Set ~ Columns = [Bg~- |".5§v LPUE g - R i
HB Oowners g Subnets | Superbuses |
(H substation Sub Mame|Primary Bus |# Buses|| Buses Has Been |PU Volt |Angle Topology Status
H - PEer Areas Consolidated (Degrees)
ﬁ rans rechons 1{5ub2 1 1 (0] 1.0000  0.0000 Mot Processed
Zaones
5 [ Solution Details 2[Sub1 4 -6 MO 1.0500  0.0000 Mot Processed
i Bus Zero-Impedance Br 3|sub3 7 42,79 I 1.0500 0.0000 Mot Processed
(H Islands 4{5ub2 11 2 10-11 (o] 1.0000  0.0000 Mot Processed
HH mismatches
HH outages
dﬁ Post Power Flow Solutic a "
HH Power Flow Jacobian
ated Bu Buses (Rens I Loads I Switched Shunts I Breakers, Disconnects, etc... |
Sunerbuses Mumber ‘ Mame Sub Num | Area Mame Mam ky ‘ PU Yalt | Volt (kv) ‘ Ar
i 1 2| 2 3 Home 345.00 1.049%9% 362,246
2 77 Home 133.00 1.04999 144,893
3 Case Information and Auxi 3 88 3|Home 138.00 104929 144,898
3 Contingency Analysis 4 99 3|Home 138.00 1.04399 144.898
A Fault Analysis . C
[ Optimal Power Flow
[ Transient Stability e Saarch Search Now Options -
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FT_11Node.pwb

Exploring the Case

Superbus Records

Aggregate quantities for

SUbStation Name each Superbus
Superbuses 1 and 4 |
Are in the Substation 2 ( |

Superbuses /

SubWﬂw Bus|# Buses| Buses Has Been |PU Volt [Angle Topology Status|Gen MW|Gen Mvar |Load Mwar |Load MW‘ Switched
Consolidated (Degrees) Shunts Mvar
1{5ub2 1 11 MO 1.0000  0.0000 Mot Processed 50.00  120.00 0.00
2[5ub1 4 4 3-6 MO 1.0500  0.0000 Mot Processed 82,76 40.82 0.00 100.00 0.00
3(5ub3 7 4 279 MO 1.0500  0.0000 Mot Processed  140.00 30.37 0.oo
4|5ubz 11 2 10-11 MO 1.0000  0.0000 Mot Processed 0.oa

T \ Y }

All the buses in each
superbus will have exactly
the same voltage phasor

This bus would
be preserved in the
consolidated model
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Topology Processing

e The buses of a superbus will be merge into a the Primary
Bus (also called the pBus)

e The prlmary bus is selected base on a priority scheme:
Slack bus (highest priority)

Multi-Terminal DC Line Terminals

Generator Regulated Bus

Switched Shunt Regulated Bus

LTC Regulated Bus

DC Line Terminal

Generator Terminal

Switched Shunt Terminal

Load Terminal

Series Capacitor Terminal

Transformer Terminal

AC Transmission Line Terminal

e ZBR, Breaker, and Disconnect Terminals (lowest priority)

e |n case of ties, the minimum bus number is selected as
primary bus
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Topology Processing

* Electrically, merging a bus is equivalent to move all
the devices to the primary bus

— Programmatically, each bus contains a pointer to the
primary bus. For the primary bus, this pointer points to
itself.

e By accessing not the actual bus pointer, but the
pointer to the primary bus, Simulator makes the
application believe that all the devices are connected

to the primary bus

e We call this method Device Relocation and is the basis
for consolidation
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Topology Processing

Device Relocation to the Primary Bus

Gens
Neme Bus Bus
Gend —— Nuom Pbhus
Gen’ o 3] =T —8
2 .
Loads — 3 W \‘1
Neme Bus —> 4 %-‘éf. I||
Load3 . P > 3 e
Loadl *— Ny ./
— 7 =<
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L6-8 «— o— 210 »
19-10 -———-—;ﬁf.——}u B
L3-11 o o]
T1-10 o—

S10: Integrated Topology Processing © 2014 PowerWorld Corporation 25



Topology Processin
POIOgY g

e Device relocation allows every Simulator application
to see a consolidated, smaller, planning-like
representation of the full system

— In this representation all the devices appear as connected to
the primary buses

 Working with a smaller representation will allow for
faster calculations and more numerically stable
solutions

S10: Integrated Topology Processing © 2014 PowerWorld Corporation 26



Topology Processing

 Example: Assuming all the CBs are closed, device relocation
would result in the following system

120 MW
50 Mvar

* Note that after relocation, the breakers could be removed
without affecting the power flow solution!
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Topology Processing

Full-Topology Jacobian

s{Angle

FT_11Node.pwb

Mame| Jacobian Equation |Angle Bus|Angle Bus| Angle Bus{Angle Bus| Angle Bus|Angle Bus|Angle Bus|Angle Bu: Bus|Angle Bus| Yolt Mag |Volt Mag | Volt Mag |Volt Mag | Volt Mag |Volt Mag | volt Mag |Velt Mag |Valt Mag | volt Mag
1 2 3 ] 7 8 10 11 Bus 1 Bus 2 Bus 3 Bus 5 Bus 6 Bus 7 Bus 8 Bus3 | Bus 10 | Bus i1
1 Real Pawer 19.81 -19.81 -1.22 I -1, 19|
2 Real Power 6613.06 -2204.86 -2204.42 -2203.99 126 -1.75 -0.07 0,58
3 Real Pawer 4417.36 -2204.45 -2204.41 -8.50 5.04 -0.18 -0.84 -4.17
5 Real Power -2204.45 4409.27 0,65 0.11
5} Real Pawer -2204.41 4414.40 -5.21 0,00 1.85 -1.36
7 Real Power -2204.66 2204.66 0.91 1.75
3 Real Pawer -2204.42 -5.36 2209.73 0.77 0,66 1.43
9 Real Power -2203.99 221693 -12.94 -1.40 2,80 -1.45
10 |Real Power -19.81 -12,59| 2072.23|-2039.83 1.22 -3.16 2.69 -0.59
11 |Real Power 8.47 -2039.83 2048.30 -4,08 -0.22 444
1 Reactive power -1.20 1.20 19.14 -19.62
2 Reactive power -1.32 1.54 0.07 0,59 5299.03 -2095.659 -2099.69 -2099.69
3 Reactive power -5.29 0.20 0.83 4,22 4207.70 -2099.65 -2099.565 -8.41
5 Reactive power 0,69 -1.88 -2099.83 4199.65
5} Reactive power 0,00 -1.94 1.43 -2099.73 4204.62 -4.97
7 Voltage Magnitude 1.00
3 Reactive power 0.81 0.69 -1.50 -2099.75 -5.11 2104.30
9 Reactive power 1.47 -2.94 1.47 -2099.34 2112.02| -12.81
10 |Reactive power -1.20 3.32 -2.72 0,59 -20.16 -12,000 2052.06 -2019.66
11 (Reactive power 4,27 0.22 -4.43 -8.07 -2019.97 | 2028.05
CO nso I | d ated Ja co b|a n r{Mame|Jacobian Equation | Angle | Angle | Angle | Velt | Volt | Volt
Bus 1 | Bus 7 (Bus 10| Mag | Mag | Mag
Bus 1 | Bus 7 |Bus 10
L{1 Real Power 12.32] -19.82 -1.22 -1.19
7 Real Power 13.31 -12.95 4,72 -1.45
1110 |Real Power -19.82 -12.60 40.89 1.22) -3.17| 6.33
L{1 Reactive power -1.20 1,20 19.15 -19.62
|7 Voltage Magnitude 1.00
S10: Integrated Topology Processing ©|10  |Reactive pawer -1.200  3.32 -6.39 -20.17 -12.00 40.48
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Bus View

e Visualization of the Full Topology Model is also
Important

e For users of traditionally consolidated planning
models all the new information must be brought
to them in a familiar environment

e To meet this, several new enhancements and
features have been added to Simulator’s Bus

View
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Full-Topology Example

MAIN Node 1266

270

THWEST T
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Full Topology vs.
Consolidat r

© Bus View MAIN_1266 for [ ][B)X] B © Bus View MAIN_1266 for
g Bus |MAIN (1268) E{ Find... |Full Topology V| QOptions = ﬁ - Bus |MAIN {1268) Eﬂ Find... |Consolidated Superbus Vl Options >
0.000 MWW 0.000 MW
Bus: MAIN (1266) 0.000 Mvar Bus: MAIN {1266) 0.000 Mvar
Nom kV: 345.00 1266-1275
Area: NEPEX (1) Nom kV: 345.00
Zone: CMP (4) Area: NEPEX (1)
D1 oH D1
Zone: CMP (4) 126
1.0363 pu 12.0 MW 1111 MW 99.0 MW 1.D3E3|;u 127 62,5 MW TETE 11101 MWW 1263 136.0 MY 12T 1845|'l:|W
357.53 KV . ' ' ITEIKY | o i . I A
54.17 D 9.9 Mvar 14.1 Mvar 4.2 Mvar 5417 D -1.1 Mvar 14.1 Mvar -19.4 Mvar 6.4 Mvar
Al ved 15.6 MVA 112.0 MVA 99.1 MVA SR 1f Ueg 62.5 MVA 112.0 MVA 137.3MVA | 184.6 MVA
0.00 $/MWh 0.00 $/MWh
-
. WMo
CKT 1 1251 CKT 1 (
MAIN1 [ | WEST
1280 A
1268
1.0362 pu 1903 CKT 1 o
1.0363 pu CKT 1 ' EAST
J57.53 KV MAING ] 35749 KV ry
1304 1249 CKT 1 g
1270 1.0339 pu SOUTH
1.0363 pu CKT1 356.69 KV 1343
35753 KV VAT
MAIN1 1.0389 pu 1409 CKT 1
1274 358.41 KV NORT
1.0363 pu 1403
357.53 KV 1.0322 pu
Full Topology Consolidated Superbus 3611 KV
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Bus View

 The large number of buses in the full model makes
the bus view much more difficult to use and
navigate

 Hence, two new options have been added to the
bus view to make it more useful when viewing full-
topology models

— Option to show the breaker symbol only for branches
marked as Allow Consolidation = YES

£ Bus View ORRINGTN_345_50_9 for

% -.ﬁgﬂ - Bus |ORRING‘I‘N_3—1S_SD @ E{ Find... |Ful Topology | Options > Views > History

Color and Field Options
Mumber of Tiers

v Show Serial Buses
v Show Eguivalent Lines
w Represent Multi Section Line Objects

Open Multiple Bus Views #
v Show Hints
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Bus View

e |n addition, other features have been added to
enhance the bus view look:

— Show radial-connected generator, load and
switched shunt buses above the main bus

— For series-connections of buses, the main
branch shown will be the first branch that is
marked as NOT available for consolidation (i.e.
Allow Consolidation = NO)
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Bus View:
how Consolidat r View

 The behavior of the bus view changes so that
ONLY the primary buses are shown

e All generator, load, and switched shunt devices

will appear connected to their Superbus instead
of the actual bus

 Only branches that connect between different
superbuses will be shown:

— This means that closed circuit breakers will not appear
on the Consolidated Superbus view because they
connect two buses that are in the same Superbus
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Sample Superbus View

Radial Connected
Generator Superbuses are
shown above the main

| 345 4

T

..". \"TONI905

Actual Terminal bus

Bus: COLESON 345 4 (384 :
——— ey numbers shown in
mnarkr\\é%cag gray text
Zone: NBEPC (2 1
iy @] QIMW 90 AB3MW w0 259NN 00MW
e BT AW s a0
O.mﬁ:/MV\h A . :
| A : : MW
i T e : : Superbus is
List of buses at . - nasmo oo AN p
this Superbus / / ! shown as an
e o unfilled rectangle
819 2 892 . .
Tolopu %?49 A (RO i = Jo ¥oq1 801 msteao.ldoffl‘lledlto
F256KV pu L138 ;- rovide visua
BTUKY 10163 pu 804 ﬁb P
. 081KV 108%pu [1© clue
All buses listed e b 9999 14347KV
i o Homnemds 9999 0.0000pu
8 bug il e wes S e T 000/
—iEsnacs 4 | s
represent a o [ 00 | iy | SOl
Superbus o ERE s 2 _%%L@ME:S 892 38 0999
Db o - Peg_308
e 7
System Sate
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Another Sample Superbus View

Option to only show breakers on
branches marked as Allow
Consolidation = YES is set

ALBANY 115 1060AMW  I030BMW 104391 MW DMV

Bus: ALBANY 115 2 (16779 18Ma -legMa  -Le3Ma Mvar
10774-10776, 1077810784
Nom kV: 11500
é\roﬁg:’?\wmppa(sz%(m soz) D1 oz D1 4 ID1 o) ID1

Because we’re only
showing branches that
are not consolidated,
then you will only see
open breakers

%% L7 93MW 7] 1324MW 078] 287 MW 1078 668 MW
221 De -105 Mvar -20.8 Mvar -125 Mvar 148 Mvar
0d)$’|\/|?/\h . JA0OMVA 1A0MVA 3L3MVA 684 MVA
Aps, - i |
Aps
Aps
1
11152 10894
10802 [m&&]ﬁ_ﬁ 1001
10266 pu 1082 5 5 -
HB0eKY 10321 pu loo4 — 5
11869KV ]ﬁ%l%%]/ e =
—LPLST VLY 115 18 - 101%pu
— 117.24KV
115 15 —INew soorhis 21
T B e 0 [ aERosis
| EerEahs 8 _E%ﬁ“&@'ﬂﬁ_ﬂ —veCElits 7
- 10966 L Name s 15
1115 4 10032
System Sate 1115 8
1115 15
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With new features sometimes the Full
Topology Bus View looks better

0000 MW 104.391 MW 108.083MW 130604 MW 08OMW
0.00Q Mvar - 1843 Mvar -1.843 Mvar -3 Mvar 636 Mvar
Note: Viewing same bus Sy @ @
. . D1 ID1 | |
as the previous slide n - Breaker symbols are only
SLANCIR D AN 1= A shown on branches

marked as Allow
Consolidation = YES

ALBANY 115 2

Bus: ALBANY 115 2 (16779
Nom KV: 115,00
Area NYPP(9)
Zone: NV EST (35) 8% m
10271 pu '
11811kV
-62.21 Deg =Ll /115 ¢
000SMAn s i%%%l\/lvar élzgl\/h/ar | oW | cremw
 M4OWA - MVA 13MVA N | Lsha
- _2 M; Arps
18 1 11156 For series connected
(115 " ‘
i?}j%pu RIS T QL1151 buses we show as the
2 . )
11820KV ]ﬁ%%%%]/ 088 - > 1 0F “main” branch the first
10321 pu 0010 ~ 1
| s o 11860KV 10150pu g - - one marked as Allow
5y [oEmesEls g N73KY L0i%pu Consolidation = NO
0087 - - | gl 1 —ew soarhis 26 :
1154 SIS e = | s .
115 NS 4
115 8 115 23 0914~ - LR s 5
System State s 22 10937
15 4
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Topology Processing Algorithm

* |In order to perform numerical solutions using Integrated
Topology Processing, Simulator does the following:

— Consolidates the system relocating the devices and removing not
needed breakers and non primary buses

— Performs the numerical calculation

— De-consolidates the system by restoring breakers and relocating
the devices to their original buses. This step also maps the values
of the primary buses to all the buses in the superbus.

e Thisis transparent to the user, who only needs to tell
Simulator to use consolidation
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Topology Processing Dialog

e Add-Ons Rlbbon —> Topology Processmg

Main Topology
Processing Option

A\ 4

ITP Information for

Contingency Analysis

Option is actually set in :
Contingency Analysis

Dialog — Options —

Modeling B
Save Consolidated
Case Tool —

S10: Integrated Topology Processing

Power Flow Solution Options
|Use Consolidation (This is a Full-Topology Model)

Check this option to use Topology Processing when doing numerical analysis:

power flow, sensitivity analysis, contingency analysis, etc,

Contingency Analysis

reakers Induded in Active CTG Actions

(@) Preserve

m

ntal Topology Processing

Set this option in the Contingency Analysis Dialog -= Options -= Modeling,
The option is presented here for information purposes only.

Consolidated Case Save Options

¥ | Open Mon-Energized Branches
Save Consolidated Case : .

Convert Shunts to Blocks

Contingendes
@ Do not save contingendies {will make smallest case size)

(71 Save contingendies (must preserve all elements induding breakers)
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Topology Processing Dialog

e Use Consolidation Option
— Used for all Simulator Applications

— If unchecked you will be trying to solve the full-topology
model without removing the CBs (very large Jacobian)

— For EMS models option should be ALWAYS checked
— For planning models it should be ALWAYS unchecked

— This option is repeated in the Power Flow Solution Options:
Options Ribbon, Simulator Options, Power Flow Solution
Page, Common Options tab
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Power Flow Solution

e Check Use Consolidation
e Solve the power flow: Single Solution

e Solution will automatically involve a
Consolidation = Solution = Deconsolidation process

Starting Solution using Rectangular Newton-Raphson

Consolidated 11 Buses into 4 SuperBuses at 1/31/2008 5:07:37 PM
Number: O0Max P: 128.113atbus 7 Max Q: 100.377 atbus 11
Number: 1 MaxP: 1.015atbus 7MaxQ: 8.728atbus 1
Number: 2MaxP: 0.015atbus 1MaxQ: 0.044atbus 1
Finished voltage control loop iteration: 1

Deconsolidated 4 SuperBuses into 11 Buses at 1/31/2008 5:07:37 PM
Solution Finished in  0.026 Seconds
Simulation: Successful Power Flow Solution
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Sensitivity Analysis

* Consolidation will take place automatically for TLR,
PTDF, LODF, etc.

* Line Sensitivities will be calculated for non-
consolidated branches only

e Bus sensitivities of non-primary buses will be made
equal to that of the primary bus
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Contingency Analysis Options

e Select Tools — Contingency Analysis — Options — Modeling

Centingency Analysis = Eah <

Contingencies | Lines, Buses, Interfaces I @DﬁDHSE SuUrmmary

Modeling | Advanced Limit Monitoring | Advanced Modeling | Monitoring Exceptions | Report Writing | Miscellaneous
Calculation Method Make-Up Power
i@ Full Power Flow When a contingency involving generationfload MW changes or
- outages does not specify how to compensate for the lost power,
import the required power from these sources:

(7 Linearized Lossless DC

() Linearized Lossless DC With Phase Shifters Determine Make Up Using

Topology Processing Mode @ Area Participation Factors spedified below
@ Preserve All Breakers Included in Contingencies (") Generator Participation Factors From Entire Case Directly
() Use Incremental Topology Processing Mode (™) Same as Power Flow case

7% \

Only availal?le when FuI.I Power Flow repeated in the Topology Processing
Calculation Method is checked Dialog
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Contingency Analysis Options

e EMS systems model contingencies through a list of real system
actions. For instance, opening a line involves opening the set of
breakers that electrically isolate the device.

 Preserve Contingency Breakers Option

— Contingency analysis will not treat contingency breakers as zero
impedance branches and will keep them in the model

— The consolidated representation is obtained only once upfront
before the first contingency, and this representation is used to
solve all the contingencies

— Using this option, the consolidated representation is smaller than
the full model, but is not the smallest possible
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Contingency Analysis Options

* Incremental Topology Processing does the following:
Begin
Consolidate entire case
for each contingency do
Apply breaker actions and identify subnets with changed topology
Expand affected subnets to full-topology detail
Reconsolidate affected subnets with post-contingency topology
Solve post-contingency power flow
Determine and store limit violations
Reset affected subnets to pre-contingency topology
Restore pre-contingency power system state
end;
Deconsolidate entire case
End;
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Contingency Analysis Options
gency Y P

* |Incremental Topology Processing provides a more
robust solution and should be used whenever
possible

 However, if the number of contingencies is not too
large, then preserving the breakers will run faster

* Incremental topology processing cannot be used for
applications that use linearization and that require a
constant size sensitivity matrix. For instance, ATC will
automatically use the Preserve Breakers option.
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Incremental Topology Processing

Full-Topology Representation

Subnet affected by contingency:
OPEN Breaker 8 to 12
OPEN Breaker 9 to 13

H10.00 My
0.00 Mvar

e

95.00 MW/
AGC ON 80.00 MW 110.00 MV
21 W O 21 MW 0.00 Mvar @ AGC ON
12 b1z 14 "
PR 1.02 10z 102
LW 5t 30
29 3402
1,77 Deg 1.78
1.020 pu
129 MW ,y  AMW 2
019[]54 '
' 25
1.04
0.95
5 MW
2404 1.04
0.95 0.88
1 MW
50 1.04
11.7 Mvar 0.28
129.00 MW 52 4 04
0.00 Mvar 0.38
1.04
418
180,00 MWV 0.00 MWV
1 W 1MW 1.04
AGC ON o0 i 0.00 16.29 MW 0.00 Mvar
N AGC ON
2200[;[;:::': e . . 20.00 MWV
s 34 33 1 MW 1MW 1.04 4 44 0.00 Mvar
0.00
1.04 1.04 1.04
0.19 0.18 0.00
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Incremental Topology Processing
Consolidated Representation

No contingency breakers preserved
1.03
o o 110.00 VY 1 '03
62 MW 62w 0.00 Mvar
1

00 Mw @— 28 MW 21 Mw . G
62 MW
0

AGC ON 33 MW
1 10
. 21 1w
79 21 MW
amw : 4w
12000 am 135 MW e
- 28 vy
. 33 faw 1.04 1 0
17 0,80 0.95
-25.51 17 W
L 10w ~ 1
o 117 Mvar
129.00 MW 145.00 VY .
0.00 Mvar AGC ON 50 ,
0.88
(3 7w
1.04 1.04
018 0.00
7 MW : 0.00 MVY

180.00 MW — O 0.00 Mvar

Son 10w ~ 10w 16.31 W
secon () G oo

200.00 MW 1 1w [ 1M 20.00 MW

e 0.00 Mvar
43

0.00 Mvar
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Incremental Topology Processing
Incremental Expansion

Consolidation prior to contingency implementation

110.00 MW

10
105

-0.51

10
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62 MW

-0.51

21

1,05
4,58
62 VY e 0.00 Mvar
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“Open with Breakers”
Contingency Action

e Open a device using breakers instead of
changing the status of that device

e Ensures that accurate modeling of real-time
system is achieved

* Breakers that need to open to isolate an
element are automatically determined

e Breaker failure scenarios can be modeled
by applying this action to a breaker
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Saving the Consolidated Case

Save the case in If the terminal buses of a Needed because some
any of the line are not energized, the systems have several one
supported formats assume the line is open shunts in a superbus, and

some formats (PSSE) support
only one shunt per bus

Consolidated Case Save Options

Open Mon-Eneraized Branches
— Save Consolidated Case [@loe J

Convert Shunts to Blocks <+—

Contingencies
@ Do not save contingendies (will make smallest case size)

1 Save contingencies (must preserve all elements incuding breakers)

. Use if you want the case to include the
Use if you won't need to solve contingency list and all the devices

contingency analysis on the included in the contingency actions
saved consolidated model
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Saving the Consolidated Case

 The saved consolidated case can be reopened in
Simulator (or in other Simulator instance)

* Recall that the consolidated case will depend on the
assumed statuses of the breakers in the full model

— Since breaker statuses change in real-time, superbuses
merge and split dynamically

— Thus the topology of consolidated cases will change a little
from minute to minute
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Script Commands

e Set option to use consolidation

— SETDATA(SIM_SOLUTION_OPTIONS,
[ SEOUseConsolidation],["YES"]);

e Set option to use incremental TP
— SETDATA(CTG_OPTIONS, [RTCTGAnaMode],["'YES"]) ;

e Save the consolidated case
— SAVECONSOLIDATEDCASE("fi1lename™ ,FileType);

e Other TP options
— RT_STUDY OPTIONS
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