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Disclaimer

= The content of this presentation is intended solely to compare and
contrast different modeling approaches for node-breaker
representations in power system analysis.

= This is not an endorsement or critique of any specific commercial
software product or vendor. References to particular tools or
platforms are made purely for illustrative purposes and do not imply
superiority or inferiority of one solution over another.

= All opinions and observations presented here reflect a technical
perspective on modeling methodologies and are not representative of
any organization’s official position.
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Objective

The goal of this presentation is to discuss different approaches for modeling Node-
Breakers (NB) in commercial software such as PSSE, PowerWorld, PSLF, DSAtools, and

TARA, with a focus on transmission planning studies for NERC compliance and
interconnection studies.

— What to expect when moving to node-breaker models for planning cases.
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Node-Breaker vs Bus-Branch

____________________________________
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Merge nodes into buses
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Planning Cases in North ‘

America (MMWG, MISO,
etc.) are all in bus-branch
model
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Planning Cases: A Node-Breaker Imperative

a N
[ Bus-Branch model ]
Line D Line A
< >
Line C Line B
< >

Without knowledge obtained
outside the represented bus-
branch model, it is not possible
to determine the substation
breaker configuration and how it
operates during contingencies

J

[ Topology 1 }

Line A Line B
= I # I =
Line C Line D

IIIII

Breaker Fault would result in
outage of line A & B

~

-

[ Topology 2 ]

Line A
4

Line B
N\ H

Line C
N H

Line D
N\ H

Breaker Fault would result in
outage of all lines

Without breaker information, NERC TPL-001 contingencies must be manually created in large numbers
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Example: Bus Splitting in Node-Breaker vs Bus-Branch

4 Node-Breaker representation A
101 101
Line D Line A Line D Line A
R
Simply Trip
Line C Line B the breakers Line C Line B
Y
101 101
\ /
4 I
Bus-Branch representation
Line B Line A Line B Line A
< > New Dummy line 7
. _ and bus need to be I _
Line C Line D added to simulate SHIEC Line D
< > bus split events
- J
101 101 102
J
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NB Modeling Approaches: User Perspective

101 103

= In this approach, each node in the substation is
simply modeled as a bus

= Switches like breakers, disconnectors, etc. are
modeled as branches (Zero impedance lines)

— They could be in different table other than branch
table depends on the tool.

— For ex: PSSE assign these switches to “system
switching devices” table

Approach 2: Bus is a Family of Nodes

“NB: Available ata >
touch, invisible by }
design” Gl
J
N 101

In this approach, A bus is a group of nodes or
connection points connected by switching
devices (regardless of the status of the switches)

— Family of nodes, no impedance between family
members. Only switches ©

CIM users: Connectivity node Vs Topological node

Introduced in PSSE 34

© 2026 Electric Power Research Institute, Inc. All rights reserved. [ ={r={|
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NB Modeling Approaches: Software Perspective

Approach 1

-

-

From software perspective,
approach 1 & 2 are just ways to
present the network to the user.

{ Topology Processor }

Generate Bus-
branch copy

{ Analysis Engines }

© 2026 Electric Power Research Institute, Inc. All rights reserved.

Approach 2

101

——» line

102

Topology Processor merges
buses/nodes that are connected
through in-service switches or
zero-impedance lines (ZILs).
This is required to avoid
numerical issues related to ZILs
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Building NB models in Planning Cases: Approach 1

= With Approach 1:
— Pros:

= This approach is intuitive and compatible
with any software.

— Cons:

= 1000s of buses will be added to the
network

= Need to update all SLD, code, dynamic
models (dyr/dyd), and other aux files that
uses “bus number” as identifier

= Building SLD for part of the system will be
very time-consuming process.

12 © 2026 Electric Power Research Institute , Inc. All rights reserved . (H=dr=]]



Building NB models in Planning Cases: Approach 2

= With Approach 2:
— Pros:

= No need to add any additional buses to the
system

= All codes, SLDs, dynamic models can be used for
the NB models (no additional buses)

= NB is there when you need it, but out of the way
when you don’t want it

— Cons:

= With bus splitting, all bus sections will have the
same bus number. Need to get the voltage using
bus and node number. This could be confusing.

13 © 2026 Electric Power Research Institute, Inc. All rights reserved.
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Approach 2 is designed to make
it easier to move to node-
breaker models as it doesn’t
require adding any new buses.

)
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NB in Commercial
Software

= As mentioned before, Approach 1 is
compatible with any commercial tool

= For PSLF, as of today, reading RAW file
V34 and above will ignore substation
data which will ignore all node-breaker

models.

= For DSATools, some caution is required if
the input file has open switches (more

info in the next slides)

PSSE (234) and TARA
PowerWorld (2V24)
PSLF (as of today)
DSATools

2026 Electric Power Research Institute, Inc. All rights reserved.
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PowerWorld (V24)

= PowerWorld V24 supports Approach 2
when reading PSSE RAW files.

= Bus number in PowerWorld will be:

— Lowest node number will be assigned to
PSSE_Bus number

— Others numbered RAWNodeNum®*1,000,000 +
PSSE_Bus number
= Code, Aux files, dyr/dyd, etc. can identify
components by PSSE bus number or the
new bus number assigned by the software.
This means files used for BB models can be
used for NB models.

Approach 1

New
Number

Number

'

FixedNumBus

N
Approach 2

PSSE Bus
Number

Node
Number

Sub Node
Number

Sub Num

101

102

QO |~ | gh | LN
-

J \.

"is the same as "
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DSATools
= DSATools reads PSSE raw files and

generates: —:\ 2
—| | > DSATools
— Binary power flow file (BFP) which %

. '|
contains the bus-branch model of the "
network

— XML file which includes the node-breaker

and substation data e line A
= If the input file has 2 bus sections, one ﬁ %
of the sections will take a new bus %
number. This could cause issues when

reading dyr/switching files.
- Use Equipment name for this scenario.

BPF File

XML File

16 esearch Institute, Inc. All rights reserved. [ ={r={|



Which Approach to Build NB in Planning Cases?

= PSSE, TARA, PowerWorld, and DSATools users can use approach 2

easily with minimum friction or extra work.

= PSLF users can only adopt approach 1 when building NB for their

planning cases.

~

What is your objective to move to node-breaker? To generate
TPL contingencies? Then use EPRI-ARTS tool

~

© 2026 Electric Power Research Institute, Inc. All rights reserved.
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How to Build NB Models for Planning Cases?

* Generate NERC TPL/User
defined contingencies for
. ) the Bus-Branch planning
/ _\ Planning Case (in BB el i
& NB models) case.
* Generates single line * Consider high-speed
dlagram for stations in — recloser, customized fault
a nice format impedance, derating, etc.

* Compatible with PSSE,
& TSAT, PSLF, PowerWorld,

Copy:
Ontingen® \ and PowerFactory

Commercial Tools

\))O'Xnv

¥

=
S
*~~
&
Q

Planning Case t
with NB models

* Mapping EMS data to
Planning case (no unique
bus number/nameiis
needed)

* Add substation topology
to planning case

* |dentify critical
contingencies and root
cause of instability

EMS Data & [

, Results J
Planning Case

18 © 2026 Electric Power Research Institute, Inc. All rights reserved. [ ={r={|



Using NB model In Contingency Generation

~

\

NB models

~

Planning Cases with

v

19

[ Dynamic models 1

.

—> [ Contingency files } > -
1

Planning Cases (bus-
branch models)
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Example: TSAT Switching Files

Description P42:138.0:XXXX:YYYYYY:77777:1:12M9
Simulation 15.0 Seconds

Step Size 0.25 Cycles

Plot Every 5 Steps

Report Every 999 Steps

Integration RK4

/

/ 'Setup contingency event'

Tap Line ;544 ;940 ;1 ;11 100

Tap Line ;233 ;940 ;1 ;12 100
Remove Line ;12 ;940 ;1

Add Line ;12 ;11 ;1 0.0 ©.0001 0.0
Tap Line ;233 ;12 ;1 ;1 10.0©

/

/

At Time 1.0 Seconds
Three Phase Fault At Bus ;1
/

After 5.0 Cycles

Remove Line ;233 ;1 ;1
/

After 12.5 Cycles
Remove Line ;940 ;11 ;1
/

After 95.0 Cycles
Remove Line ;12 ;1 ;1
Clear Three Phase Fault
Remove Line ;544 ;11 ;1
/

Nomore

Generated by EPRI-ARTS tool

20

/

T 233 N\
Stuck-Breaker

940 544
‘- |

Node-Breaker
model

925 Y.

e 233

940 Stuck-Breaker

\

544

14 U t,
L]

Node-Breaker
model

K 925

e 233 I

940

544

124 ‘

Bus-Branch
model

\_

925 Y,

Setting up the case
for this
contingency

e 233 I

124 o

/

© 2026 Electric Power Research Institute, Inc. All rights reserved.
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- setup the contingency
* Splitting bus 94 */
C S el
@:2 = rep(“busd”, casepar(8].nbus-1, 1)
€22 = rep(“volt", casepar(e].nbus-1, 1}
@busidx = bix(948)
Enew_idx - casepar[8].nbus-1
busd{@new_idx].extnum = 11
busd[@new_idx] "848 - 11"
Busdlgnen._tax] ¢ = busd[Bbusidx].basekv
busd@new_idx a
et o SoTbiN (AL, Enem tdx)

volt{@ner_idx] . vm=volt(@busidx] .vm
volt[@new_idx] . va-volt[@busidx].va

/7 Add zeroc impedance line between bus $40 and bus 11 */
@22 = rep("secdd”,casepar[e].nbraec-1,1)
@newline = r1<r‘r1\ 181 .Abrsed-1

psspy.splt( ,
psspy.movebrn(
E=SHiATERE st

secad[@newline].aloss

. Erannaniine) aras
psspy.ltap( R LT
B e

s aen iR S

Secaotbnentine] sreck

secdd[@newline].bsec

=R o

Script
{ psspy.set_zsorce_reconcile_flag(1) Gindex orec index(ey1,233,898 1 2y aveD)
e SR

@old_idx = bix(948)

secdd[@newline]. ifrom = @busidx
= @new_idx
s

=d[Ebusidx].area
dl@busidx] | zone

EnterMode (EDIT); S ennae e o)
10985 23078, tndex]. Hrom = fald ey
- secdd[ @ index].ifrom - @new, Ldx

SplitBus([BUS 940], 11, YES, NO, Line); SR
Move([BRANCH 233 940 1], [233 11 1], 16e); psspy.strt 2([1,1], i B
Move([BRANCH 544 940 1], [544 11 1], 1ee); e i

@old_idx - bix(94@)
if(@index >=

EnterMode (RUN) ; &S
SolvePowerFlow(); T T T
e & tmiet i = et

—F

endif

TSContingencyElement (Contingency,Time,Object,Action) psmw run(_i, te, ) gretasotnc

i

/% 18MBLDNGH

fault_ck
[fault_sec

"P42-xxx-12M9" 1.883333 "Branch '233' *11' '1'" "OPEN NEAR" =
"P42-xxx-12M9" 1.291667 "Branch '948' '11' '1'" "OPEN BOTH" PSspy.run(_i, t0+5.0x1./frequency, sEdmT L S
"P42-xxx-12M9" 2.875 "Branch '233' '11' '1'" "OPEN FAR" , 7 = =

aYpar(e] T from clear - Etesss.e/efrequency
< Clear 18HRNET In @tesas.e/@frequency cycles

"P42-xxx-12M9" 2.875 "Branch '544' '11' '1'" "OPEN BOTH" B R S O

Run simulation =/
7

"P42-xxx-12M9" 1.0 "Branch ‘233" *11' '1'" "FAULT 10.0 3PB IMP 0.0 0.0" ———

Script psspy run(_i, to+ * /frequency,
/e Rum 0 € - t8417.5 cycies o
etpause etoea7.s/@irequency

{ , o cpmne SR

TSSolve("P42-xxx-12M9", [@, 15.8, ©.25, YES]); Laetleey

Run i1l 1.2916666666666667 Seconds o/

TESt That Time Is Correct =

grest - etpause - ayparfe].delt
1f Error Terminate EPCL -

Send Error Back To DYTODLS %/

psspy.run(_i, to+ *1./frequency,
= psspy.dist_branch_trip(11,1,
7 G £ @ o O D

Aux file for PowerWorld ierr = psspy.sist_clear_fault(1) e e

psspy.dist_branch_trip(

/* Trip branch 1 from bus 948 to 11 =/
@ret = rec_index(1, 1, 948, 11, "1, 1,

Test That Time Is Correct =

- dypar(®].delt
If Error Terminate EFCL LY

LfC(eret < 8) or (dypar(e].time < @test)
1ogdy(" ERROR RUN TERMIMATED<<c™)
logterm(™ ERROR RUN TERMINATED<<<™

mailbox[e].number[e] = send Error Back To DYTOOLS %/

nd

endif

dypar[e].faultan = @ /% Turn Fault off

psspy.fact() £ T By £ e o 293 6 £33
p%pytwl() AT R R NE Y 0 -

Ringdomn

EPC Code for PSLF

Python Code for PSSE

Contingency files are generated by EPRI-ARTS tool

O 2026 Electric Power Research Institute, Inc. All rights reserved.




Conclusion

= ARTS tool build NB models in transmission planning using
Approach 2

= We use this NB model to generate NERC TPL contingencies for the
original bus-branch format for different commercial software.

— For PSLF, there is no need to build the network in PSLF/EPC. We will use
only the bus-branch model in PSLF.

= With approach 2, building planning cases with NB requires no
efforts to update existing code, SLD, dyr\dyd files, con files, etc.

© 2026 Electric Power Research Institute , Inc. All rights reserved . [ ={r={|
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Transmission Planning Conting

ency Criteria (TPL-001)

Interruption of COns:::;ntial Interruption of Non-
iti iti 1 2 3 Fi issi . 7 Firm Consequential
Category Initial Condition Event Fault Type BES Level * Firm .Transmlssm: Load Loss Category Initial Condition Fault Type?  BES Level ® ny q
Service Allowed Allowed Transmission Load Loss
Service Allowed * Allowed
PO
No Normal System None N/A EHV, HY No No P5 Delayed Fault Clearing due to the EHV NGO No
Contingency Multiple failure of a non-redundant
. ; 13
Lo of one of the following: Contingency compor}ent of a Protection System
: (Fault plus protecting the Faulted element to
p1 1. Generator non- operate as designed, for one of the
2. Transmission Circuit 39 -
single Normal System 3. Transf s EHV, HV No® No2 redundant Normal System following: 516
Contingency - franstormer component 1. Generator v v y
ice® es es
4. Shunt Device ofa 2. Transmission Circuit
5. Single Pole of a DC line SLG gro;ectron 3. Transformer®
; ) ) stem
1. Opening of a line section w/o a 4 icab
fa!:h 7 & N/A EHV, HV No® No!? failure to 4. Shunt Device'
apergte) 5. Bus Section
) EHV No® No
P2 2. Bus Section Fault 5LG Y Ves Ves Loss of one of the Loss of one of the following:
Single Normal System S P6 following followed by | 1 Transmission Circuit
i 3. Internal Breaker Fault® EHV No No i 9
Contingency ) Y SLG ) System adjustments.” | 5 Tohctormers 3@ EHV, HV Yes Yes
(non-Bus-tie Breaker) HV Yes Yes Multiple 1.Transmission 3.5h e
- Contingency Circui -Shunt Device
4. Internal Breaker Fault (Bus-tie slG EHV. HY ves Yes ircuit
Breaker)® ’ (Two 2. Transformer 5
Loss of one of the following: a}rea:,!a;jpmg 3. Shunt Device® 4.Single pole of a DC line
singles,
RS Generator 4.Single pole of a DC SLG EHV, HV Yes Yes
P3 :OITS ofge‘:e;atct)r unit | 3 Transmission Circuit 3@ EHV, HV No? No'? line
Multiple ollowed by System 5
Contingency | adjustments® 3. Transformer . P7 The loss of:
4. Shunt Device . . .
u i Multiple 1. Any two adjacent (vertically or
5. Single pole of a DC line SLG Contingency | Normal System horizontally) circuits on SLG EHV, HV Yes Yes
Loss of multiplemelements c?used by EHV No® No (Common common structure **
a stuck breaker®(non-Bus-tie Structure) 2. Loss of a bipolar DC line
Breaker) attempting to clear a Fault
on one of the following:
P4 1. Generator sLe
EAU“!NE 2. Transmission Circuit HY Yes Yes
{ ontingency |\ @ al System 3. Transformer’
A et All but P5 & P7 tomatable th h model
4. Shunt Device'
stuck , u dare automataple throug ode
breakert®) 5. Bus Section
6. Loss of multiple elements caused
b tuck breaker!® (Bus-ti
v a stuck breaker™ (Bus-tie SLG EHV, HV Yes Yes
Breaker) attempting to clear a
Fault on the associated bus
26 June 3, 2026
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27

Bus-Branch Contingency Process

Bus

Branch

Branch

Branch of

Station Bus KV TPLCat Con Name Lines Lines TXs Gens  Capbanks FACTS Loads Others  Valid From Valid To

SUB 1 123123 230 P4-2 Breaker Name 13;200 7/1/2015 7/1/2059
suB2 123124 115 P4-6 Breaker Name 500 7/1/2015 7/1/2059
suB2 123124 115 P4-6 Breaker Name 613 7/1/2015 7/1/2059
SuB3 123125 69 P4-2 Breaker Name 92 7/1/2015 7/1/2059
SUB3 123125 69 P4-2 Breaker Name 1 7/1/2015 7/1/2059
SuB 4 123126 230 P4-5 Breaker Name 45 1 7/1/2015 7/1/2059
SUB S5 123127 230  P4-3  Breaker Name 88 7/1/2015 7/1/2059
SUB S5 123127 230 P4-3 Breaker Name 256,257 7/1/2015 7/1/2059
SUB S5 123127 230 P4-3 Breaker Name 96 7/1/2015 7/1/2059
SUB 5 123127 115 P4-2 Breaker Name 561 7/1/2015 7/1/2059
SUB6 123128 230 P4-2 Breaker Name 333 5/20/2027 7/1/2059
SUB 6 123128 230 P4-2 Breaker Name 297 5/20/2027 7/1/2059
SUB 6 123128 230 P4-2 Breaker Name 162 5/20/2027 7/1/2059
suB7 123129 230 P4-2 Breaker Name 7 4/30/2022 7/1/2059
SUB 8 123130 500 P4-4  Breaker Name 624 7/1/2015 7/1/2059
SUB 8 123130 500 P4-3 Breaker Name 519 7/1/2015 7/1/2059
SUB9 123131 69  P4-2  Breaker Name 387 7/1/2015 7/1/2059
SUB9 123131 69 P4-2 Breaker Name 1 7/1/2015 7/1/2059
SUB9 123131 69 P4-5 Breaker Name 356 6/1/2023 7/1/2059
suB9 123131 69 P4-6 Breaker Name 25 7/1/2015 7/1/2059
suB9 123131 69 P4-5 Breaker Name 64 7/1/2015 6/1/2023
SUB 10 123132 230 P4-5 Breaker Name 29 7/1/2015 7/1/2059
SuB 11 123133 115 P4-5 Breaker Name 56 6/15/2017 7/1/2059
SuB 11 123133 115 P4-5 Breaker Name 358 6/15/2017 7/1/2059
SUB 11 123133 115 P4-5 Breaker Name 159 6/15/2017 7/1/2059
SUB 11 123133 115  P4-5  Breaker Name 3;987 6/15/2017 7/1/2059
SUB 12 123134 230 P4-3 Breaker Name 12 7/1/2015 7/1/2059

Contingency file (.con)

27

June 3, 2026
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Bus-Branch Contingency Maintenance Difficulties

Manual Process subject to large amounts of human error
Forced assumptions

Difficult to track change history

Long and tedious update process

Strict formatting for generating contingency leads to difficult error troubleshooting

28 June 3, 2026
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Node-Breaker Model Build Approach

Translate existing
Layer EMS topology proposed
over In service bus- contingencies and
branch case using Preliminary one lines
script into node breaker
IS

Map In Service Consider Edge cases

Planning Buses to due to modeling
EMS case difference

Map load forecast to

node locations

29 June 3, 2026
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Mapping the EMS case To Planning Case

s o
susd'se an T30
&8s e
— .
5 .
SuB4 @
Borm
5 i .
— W iRt = St m
. .
L]
T .
/ 4 1
\ s 5% o
v/ SUB1_MH SUB1_IR .
¥ L]
¥
50
Lo
@
13 . 31 BF 58
SUB1_1B " & SUB1 BUST ;"W‘ w0 . g‘bu! 8
. Lo 3o B bt .
2 1 . 5 . *
s .
SUB2 SUB1 7 .
% sumt Bl
A N N {,
Zen
gl »
< D>
" "
" | Som1 10c "
. . SUB 1071 &
T A 63 = * o
A \.\ ,f .W ! sUB1_TM
.
.
\/ "
1 SUB1_10F
Soer 1
[ ]
3 M
| e s
SUB3 % i .
Yot iy ”
. SUB1_11G
.
18
- suedlse
St e i
.
.\. I
N/
AV
v
o
s %

30 June 3, 2026

Dominion
Energy-

\\

© 2026 Electric Power Research Institute, Inc. All rights reserved.

=2l



Mapping the EMS case To Planning Case

Planning PSSE model uses bus numbers as unique key while EMS uses substation names
- Determine which bus number matches to what substation/kV/node group
- Match initially using fuzzy matching

- Manually validate fuzzy matched stations and fix low confidence matches

- Explicitly define nodes for split bus scenarios

Anode Name EMS Name Match Heuristic PSSE SUB Bus Number kv Nodes (Split Bus)
SUB 1 SUB 1 1003SUB1 123123 115
SUB 1 SuUB 1 1003SuUB1 123123 69J,K,H,G,E
SUB 1 SUB 1 1003SUB1 123123 69N,P,L2,L
SUB 1 SuUB 1 1003SuUB1 123123 69
SUB 2 SUB 2 1003SUB2 123124 230
SUB 3 SUB 3 1003SuUB3 123125 115
SUB 4 SUB 4 1003SuUB4 123126 115B,F,A
SUB 4 SUB 4 1003suUB4 123126 115D,C,G,E,J,H
SUB5 SUB 5 1006SUBS 123127 230
SUB 6 SUB 6 1003SUB6 123128 115
SUB 7 SuUB 7 1003SUB7 123129 115F,D,1,B,C,A
SUB 7 SUB 7 1003SUB7 123129 115E
SUB 8 SUB 8 1003sSUB8 123130 115
SUB 9 SUB 9 1003SUB9 123131 115
SUB 10 SUB 10 1008SUB10 123132 500
SUB 10 SUB 10 1008SUB10 123132 115
SuUB 11 SuUB 11 1008sUB11 123133 500
SUB 11 SUB 11 1003SUB11 123133 115
31 June 3, 2026
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Edge Cases Mapping Considerations

Edge Case consideration when there is no “one-fits-all” assumption possible

Double Circuits No simple way to Identify circuit 1 vs 2 through automation

N.O. Switches/Breakers EMS operating status likely different than the normal status

Tie Lines No good mapping for non-DVP owned station

Zero Impedance Lines These lines don’t exist on EMS case but do on planning case
Generators No simple way to map which gen(s) are tied to which transmission point

These cases require explicit definition of which node the object to be placed
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Managing Future Node breaker files

—

Project Name,Baseline Upgrade,Planned,

<PHASE>, Project Name,2030-09-16,2025-06-24,

BUS,ADD, 999999, ' 6TEST ',230.0000,1,345,353,312,,,1.10000,0.90000,1.10000,0.90000 @!

BRANCH, DELETE, 999997,999998, '1 *,2.29846E-03,1.79951E-02, 0.06495, " ',1572.00,1572.00,1808.00,0.00,0.0
BRANCH, ADD, 999997, 999995, '1 ',1.60900E-03,1.25970E-02,0.04546, ' ',1572.00,1572.00,1808.00,0.00,0.00,0.
BUS BranCh—‘ BRANCH, ADD, 999997, 999996, '1 ', 6.90000E-04,5.33900E-03,0.01949, " ',1572.00,1572.00,1808.00,0.00,0.00,0
. BRANCH, MODIFY, $999984,999985,'1 *,,, " Y iissceeererreois1,2,,312,0.9608,312,0.0392,0,,0, @!

Projects BRANCH, MODIFY, 899895,999887,'1 *,,,,' Yy riiisserrrrrrriel,2,,312,0.9608,312,0.0392,0,,0, @!
TRANSFORMER,ADD, 999998,998997,0,"1 ',1,1,1,0.00000E+00,0.00000E+00,2, 'TX$3_271 *,1,312,1.0000,0,1.0000,0,1.0000,0,1.0000,"
1.00000E-04,9.300005-03,100.00

1.00000,0.000,0.000,0.00,0.00,0.00,,,,,,,,,,0,0,0,1.10000,0.$0000,1.10000,0.20000,33,0,0.00000,0.00000,0.000

1.00000,0.000

I I T Rremm—p——

o

NODE, ADD, 99999%,201, 201", 999%97,1,,, @!

NODE, ADD, 999999, 43,
NODE, ADD, 999999, 42,
NODE, ADD, 999999, 41,
NODE, ADD, 999999, 40,

NODE, ADD, 989999, 207

NODE, ADD, 999999, 200,

NODE, ADD, 999999, 202,
NODE, ADD, 999999, 211,

NODE, ADD, 999989, 206,

1200°,999997,1,,, @!
*43%,999999,1,,, @!
*42%,999999,1,,, @!
*41v,999999,1,,, @!
"40%,999999,1,,, !
'202°,999997,1,,, @!
'211°,999997,1,,, @!
'207*,998997,1,,, @!
'206',999997,1,,, @!

NODE, ADD, $99989,205, '205",999897,1,,, @!
NODE,ADD, 999959,204, '204",999897,1,,, @!
NODE,ADD, §99989,210, '210",999897,1,,, @!
NODE, ADD, $9998%,203, '203",599897,1,,, @!
NODE,ADD, 599989, 39, '39",98585%,1,,, @!
NODE, ADD, $9998%,208, '209",599897,1,,, @!
NODE, ADD, 999999, 208, '208",999897,1,,, @!
STATIONSWITCHINGDEVICE,ADD, 999999,207,208, '*1', 'Switch Name',3,1,1,0.00010,9999.00,9999.00,999%.00 @!
STATIONSWITCHINGDEVICE,ADD, 999999,201,202, '@1", 'Switch Name',2,1,1,0.00010,9999.00,9999.00,999%.00 @!
STATIONSWITCHINGDEVICE,ADD, 999999,40,41,'*1', 'Switch Name',3,1,1,0.00010,9999.00,9999.00,9999.00 @!
STATIONSWITCHINGDEVICE,ADD, $96999,10,43, '*1', 'Switch Name',3,1,1,0.00010,9999.00,9999.00,9999.00 @!
STATIONSWITCHINGDEVICE,ADD, 998999,1,39, '*1', "Switch Name',3,1,1,0.00010,9999.00,9999.00,9999.00 @!
STATIONSWITCHINGDEVICE,ADD, 995999,200,206, '*1", 'Switch Name',3 .00010,9999.00,9999.00,99$%.00 @!
STATTONSWITCHINGDEVICE,ADD, $99999,200,201, '*1", "Switch Name',3 .
STATTONSWITCHINGDEVICE,ADD, 999999,208, 209, '*1", "Switch Name', 3 .
STATIONSWITCHINGDEVICE,ADD, $99999,210,211, '*1", "Switch Name',3 .
STATIONSWITCHINGDEVICE,ADD, 999999,39,40, @1, 'Switch Name',2,1 .00010,9999.00,9999.00,9999.00 @!
STATIONSWITCHINGDEVICE,ADD, 998999,204,205, '@1", 'Switch Name',2,1,1,0.00010,9999.00,9999.00,999%.00 @!
1
2
2
3
3
3

1,1
1,1,0.00010,9999.00,9999.00,999%.00 @!
1,1
1,1
1,0
1,1
STATIONSWITCHINGDEVICE,ADD, 998999,42,43,'@€1", 'Switch Name',2,1,1,0.00010,9999.00,9995.00,9995.00 @!
1,1
1,1
1,1
1,1
1,1
1,0

0
0
0
0.00010,9999.00,9999.00,999%.00 @!
0.00010,9999.00,99599.00,99%%.00 @!

Node-Breaker —

STATIONSWITCHINGDEVICE,ADD, $99999,209,211, '@1", 'Switch Name’, .00010,9999.00,9999.00,9995.00 @!
STATIONSWITCHINGDEVICE,ADD, $99999,206,207, '@1", 'Switch Name’,
STATIONSWITCHINGDEVICE,ADD, $9$999,205,210, '*1", "Switch Name',
STATIONSWITCHINGDEVICE,ADD, $99999,203,204, '#1", 'Switch Name’,
STATIONSWITCHINGDEVICE,ADD, $99999,202,203, '#1", 'Switch Name',
STATIONSWITCHINGDEVICE,ADD, $99999,41,42, '*1', "switch Name',3,1,
STATIONSWITCHINGDEVICE,MODIFY,999999,201,202, 1", "Switch Name',
STATIONSWITCHINGDEVICE,MODIFY,999999,202,203, *1", "Switch Name',
STATIONSWITCHINGDEVICE,MODIFY,999998,40,68, '*1', 'Switch Name',3,
STATIONSWITCHINGDEVICE,MODIFY,999999,205,210, *1", "Switch Name',
STATIONSWITCHINGDEVICE,MODIFY,999999,203,204, 1", "Switch Name',
STATIONSWITCHINGDEVICE,MODIFY,999998,33,39,'*1", 'Switch Name',3
STATIONSWITCHINGDEVICE,MODIFY,999998,39,40, 61", 'Switch Name',2
STATIONSWITCHINGDEVICE,MODIFY,999997,3,5, '*1", "Switch Name',3,1,
STATIONSWITCHINGDEVICE,MODIFY,999997,4,5, '*1", "Switch Name',3,1,

3

2

0

0.00010,9999.00,999%9.00,99%%.00 @!

0.00010,9999.00,999%9.00,999%.00 @!

,0.00010,9999.00,9959.00,999%.00 @!

0.00010,9995.00,9595.00,995%%.00 Q!

00010,9999.00,9995.00,5999.00 @!

1,1,0.00010,9999.00,9999.00,9999.00 @!
1,1,0.00010,9999.00,9999.00,9999.00 @!
1,0.00010,9999.00,9999.00,9999.00 @!
1,1,0.00010,9999.00,9999.00,9999.00 @!
1,1,0.00010,9999.00,9999.00,99992.00 @!
1,0.00010,9999.00,9999.00,9999.00 @!

,1,1,0.00010,9999.00,9999.00,9999.00 @!
0.00010,9999.00,9999.00,999%.00 @!
0.00010,9999.00,9995.00,59995.00 @!

STATIONSWITCHINGDEVICE,MODIFY,999998,33,38, '*1", 'Switch Name', 1,0.00010,9999.00,9999.00,999%.00 @!

STATIONSWITCHINGDEVICE,MODIFY, 999998,36,38, '61", 'Switch Name',2,1,1,0

STATIONSWITCHINGDEVICE,MODIFY, 999999,204,205, "€1", 'Switch Name',2,1,1

TERMINAL, DELETE, 999994,999993,215, 'B', 899995, "1 @!

TERMINAL, DELETE, 999995, 086895,3, 'B*, 9990663, '1" @!

TERMINAL,ADD, 999999, 999985, 41,'2',899997, '1" @!

TERMINAL,ADD, 9$9999, 999997, 203, 'B', 999955, '1" @!

TERMINAL,ADD, 8%9995,5989567,200, '2"',5958988%, '1" @!

TERMINAL,ADD, 8%%994,598963,215, 'B", 5958557, '1" @!

TERMINAL,ADD, 5%9995,599965,32, 'B', 9958957, '1" @!

TERMINAL,ADD, 999999,999997,208, 'B', 999993, '1" @!

.00010,9999.00,9999.00,999%.00 @!
,0.00010,9999.00,9999.00,9939.00 @!

—
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File Management and Case Build

Propose new
project

Add changes to
project database
and check for
dependencies

Make associated
node breaker
changes in model

Update project model
based on one-lines
when available

34

Use Specific Date @

Target Year

Builds for past years may fail if Load Profile is turned on.

PJM Gl Project Status
¥ In Service

v ISA

¥ Uprate ISA

@rsA

@ Planned

@ Suspended

Model Type
e RTEP @ MMWG

BUILD

Load Profile @
Include Node-Breaker @D

Project Review Status
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Unexpected Hurdles

- Difficulty in translating already proposed

contingencies into a node-breaker format

- Importance of load and generation locations
when determining contingency definitions '

- Initial software upgrades needed to maintain the
model

Stuck-Breaker

- Distribution side protection and transfer bus
consideration

Y I I I Y HOME CASE BUILD TOOLS PROJECTS CORRECTIONS REQUESTS ADMIN

Projects

Project Bus Branch Transformer Load Generator FixedBusShunt SwitchedShunt FACTSDevice Ratings Equipment Terminal

Node

Station Switching Device

Substation

35 June 3, 2026
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Overlaying Node-Breaker on Bus Branch

Change IDV Command

ﬁ BAT_STATION_NODE_DATA,2,99,12345,1,'TEST_SUB_2_2

BAT_STATION_NODE_CHNG,2,1,12345,1,'NEW_NODE_NA
ME '

*Node-breaker should have same bus branch topology as extern BAT_STATION_NODE_PURG, 2,2

BAT_STATION_SWD_DATA,2,1,99,'1",1,1,2,
0.00100,0.00,0.00,0.00,' iy

Case 2 file:

| BAT_STATION_SWD_PURG,2,1,2,'1"

Powar SystemModet . BAT_STATION_BRANCH_TERM_CHNG,12345,123123,'1

@ Bus-Branch @ Node-Breaker 1
,99,0

ADVANCED OPTIONS v

Output format:
[ . ®
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37

Transmission Planning Benefits

Visual view of each substation in a familiar model format

No need for manually written contingency (Excluding P7 and P5)

Clear explanations for how each contingency gets generated

Change history tracking through project versions
Alignment with SOC

mmmmmm

@ o -
o ~ I3 b4 °
Sl-alT Ko N

v
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Future Improvements

- Breaker rating methodology to determine derates from case topology
- Regular base case updates to align with SOC
- Visual limitations of PSSE

38 June 3, 2026 2 Domini
’ ominion
= E

nergy*

38 © 2026 Electric Power Research Institute, Inc. All rights reserved. [ ={r={|



39

Questions?

39
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