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Power System Equivalents

* Background
e Equivalencing in PowerWorld Simulator
e Deleting an External System

e Examples

—small 7 bus case
— 10,452 bus MAIN case

* Merging Systems
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Introduction

* Equivalencing is a general technique for representing one
system by a second system, in which the second system
approximates the behavior of the original system.

e Practically every system used in power flow studies is an
“equivalent.”
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Properties

e Equivalent systems usually

— are smaller and less detailed
e solve quicker
* require less storage
e require less up-to-date data

— contain fictitious elements

e can make modeling/updating more difficult

— only approximate the behavior of the original
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Modeling

 Equivalent systems need NOT correspond exactly to the actual
power system

 Elements can be used to examine limits not typically considered
in power flow analysis
— transient stability limits
— oscillatory stability limits
— voltage stability limits
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Study vs External Systems

e Typically broken up into two systems
— study system represented in detail
— external system represented by an equivalent

 Two systems are joined at boundary buses

 Boundary buses are the buses in the study system that connect
to the external system
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Equivalencing Process
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The “Optimal” Equivalent

* |t depends upon the application
 Requires engineering judgment between

— Size
— accuracy
— complexity
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Equivalencing in PowerWorld

 Based on Ward Injection Method
* Generalization of Thevenin Equivalent

— simple example is representing two parallel resistors by a single
equivalent resistor

— for linear single-port dc subsystem, the subsystem can be represented
by a resistor in series with a voltage source

— multi-port Thevenin equivalent

114: Equivalents © 2024 PowerWorld Corporation



Ybus Reduction

e Partition bus admittance matrix (Ybus) into study and external
systems

YV

Study Ys,s YS,E \%

Study
| " External _ _YE ) YE,E _ _VExternaI ]
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Ybus Reduction

e Eliminate the external buses

. -1 -1
IStudy — (Ys,s _YS,EYE,EYE,S )VStudy +YS,EYE,E I External

Ybus for the study Results in new equivalent

system lines joining the boundary
buses and shunts at the
boundary buses
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boundary buses
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Equivalents Display

e Equivalencing in Simulator is done in the Edit Mode using the
Power System Equivalent Display.

* To view select (in Edit Mode):
— Tools ribbon tab = Equivalencing

[ 5. ) |
@'I B '}%‘E‘ B m E B @ X ¥ Case: BTFLAT.pwb Status: Paused | Simulator 15 =
A
Case Information Draw Onelines Tools Options Add Ons Window D @
y
||:_.;|'|t — ») Abort E | | Contingency Analysis Time Step Simulation == Limit Monitoring... -l'_!,l".-h:udel Explorer.. | Equivalencing...
"_g Log Solve - Sensitivities ax Difference Flows ~ ':'fj,_» Connections - Modify Case -
Eun Mod Single Solution Simulator Line Loadine Replicato
Hnoas %Stﬂpt - Full Newton Options... Restore Fault Analysis : L)% Scale Case... Other - Renumber -
Mode Log Power Flow Tools Run Mode Other Tools Edit Mode
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Equivalents Display

e This display is used to perform 4 tasks on 2 tabs
e Select the Buses Tab

— partition system into the study and external systems (always must be
done)

 Create The Equivalent Tab
— create an equivalent (optional)
— save the external system in a file (optional)
— delete the external system, without creating an equivalent (optional)
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First, partition
system into the
study subsystem
and the external
subsystem

[14: Equivalents

Q\Create The Eguiva.lént |
Mote: This Form is For choosing BUSES. The options regarding Areas and Zones are included to aid the task of selecting or unselecting blocks of buses,
: m I R I . | ?&D T Records + ’: Select what to add to the study and external systems
Make-up of the study and external systems Ex:ternal - i St:udv |
Areas Areas
Buses | areas | Fores | A — il L ‘
I = = — -Find. o -Find. =
Murnber Marne Which system?  [# MNeig » I : . 5 .
fignore = ||| | Zones | | Zones | |
1 13| PEACHETM stujy (Frd... ) (Find... |
2 15 WHITPAIN Skudy il - ; =
3 19 BURCHES  Study Eiese | _ | ELseeyl [(ndd ]
4 24 LIMERICK  Study
E J0CONE G Study Include hows many tiers of neighbors? Filter by kv
6 31 COME G2 Study [ EI -~ N
7 32 KEYS Gl Study | Max | 9999.0 |3
g 33 KEYS G2 Study Set all as external Min [ 0.0 |®
9 34 PCHETM 2 Skudy - >
10 35 PCHETM 3 Shudy [ Set Branch Terminals External ... ]
11 36 SALEM 51 Skudy
1z 37 SALEM G2 Shudy [ Set Branch Terminals Study... l
13 33 5USG 2 Study
14 79 HOPE CG1 Study [ Select buses using a network cut l
15 40 CCLF1 Skudy
16 41 CCLF2 Skudy
17 42 LIMERCEZ Skudy
15 249 SEMECA#1 Skudy E:
.- . s E— - .!
( > I
Switch to the next page to create equivalents [ ﬂ Cloze l [ ? Help

Bus Selection

ower System Equivalents
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Can set buses, areas
or zones as part of
the external or
study subsystem

Allows saving and
loading bus numbers
of external system to
a text file
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Partitioning the System

e Use Buses, Areas, and Zones tabs to change external/study status of
buses or all the buses in an area.

e Use Add to Study System or External System to add ranges of
buses/areas/zones to the appropriate system
* |Include how many tiers of neighbors?

— When a bus is selected to add to either the external or study system, this
value indicates how many tiers of neighbors to include in the selection

e Filter by kV, Max, Min

— If Filter by kV option is selected, only those buses selected to add having a
nominal voltage between the specified Min and Max will be selected
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Partitioning the System

e Set external or study buses by filtering branches and including
the terminal buses of branches meeting the filter

e Select buses using a network cut

e Save Buses stores list of buses in study system in a file (one bus
number per line); Load Buses loads this list.
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Create Equivalent

—

‘W) Power System Equivalents

Select The Buses | Create The Equivalent

= e =

Build Equivalent
Delete All External Generators

Max MW Ratings Above 0=

Builds the

equivalent system,
removing the ™.

external subsystem

[ retain Remotely Regulated Buses
Retain Branch Terminals for
[ Transformers
["]Zero Impedance Ties (X < 0.001)
|:| Area Tie Lines
[7] Zone Tie Lines

’\ Build Equivalent System ]

Save External System in File
(7) Entire External System

(@) Entire External System and Ties

Delete External System
[T remove External Objects from Onelines

Delete empty Areas/Zones/Substations
included in the External System

The following are alternative non-equivalencing tasks that can be applied to the E

-

Max Per Unit Impedance for Equivalent Lines 2.5

-

Two Character Circuit ID for New Equivalent Lines

[ remove External Objects from Onelines
[] convert Equivalent Shunts to PQ Load
[T remove Radial Systems

Delete Empty Areas/Zones/Substations that ocour from
valend
Equivalencing

[7] adjust Area Unspedified Interchange to Zero Out ACE

al System
Merge Bus Shunts Across Zero Impedance Branches
0.0

Y

Save External System Merge Bus Shunt Values Above

-

Merge Across Branches

¥R <

ry

0.00015 andB =0

-

Merge Shunts ‘

Delete External System

Allows saving
_ External

subsystem to a
file

Merge Shunts

Mote: If bus shunt values are merged across area tie
lines, the unspecified MW transactions for the areas
will be adjusted accordingly.

/

Deletes external subsystem without building an equivalent

[14: Equivalents
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fixes a data error
seen in some

models
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Merge Bus Shunts Across
Zero-Impedance Branches

 Feature was added to help fix some problem cases PowerWorld has
seen from clients

— Very large Bus Shunt values were showing up across very low impedance
branches

— They essentially cancel each other out though so it seems to be a data error
— Merge Shunts fixes this data error

Initial System Merge Shunts Applied

\ 0.0 +j0.0001 / \ 0.0 +j0.0001 /
% I ]

I
G and B Shunt G and B Shunt G and B Shunt G and B Shunt
5012 +j6891 -5016 - j6882 -4+j9 0+j0
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Saving External System

e Either just the external system, or the external system and its
tie-lines to study system can be saved in a file.

 When used with Tools ribbon tab 2> Modify Case = Append
Case this allows systems to be merged together.

Save External System in File
Entire External System | save External System |
@ Entire External System and Ties

114: Equivalents © 2024 PowerWorld Corporation
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Deleting External System

* Deletes the entire external system from the case, including any tie-
lines.

* Again, when used with Tools ribbon tab 2> Modify Case = Append
Case this allows systems to be merged together.

e Remove External Objects from Onelines deletes any objects
referencing the external system from the open onelines.

* Empty Areas, Zones,

Delete External System

an d S U bStatIO nsS I n t h e Remove External Objects from Onelines | S
external system can be T ot e e
deleted.
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Build Equivalent

e Builds the Equivalent. This section has the following options:
— Explicitly retain generators in the

external system with maximum MW [0ele Al Extemna Generators
ratings above a user-specified M W Ratings Above
threshold. e
— Retain remotely regulated buses e frnind
makes sure that buses that are being Se
remotely regulated by devices in the [ cudcandersmon ]

study system are always retained.

— Retain the branch terminals for transformers, zero impedance ties,
area tie lines, and/or zone tie lines.
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Build Equivalent

o M ax Pe r U n it I m ped a n ce fo r Max Per Unit Imp.eu:leince for Equi'-.-'aler.d Lines | 2.5 =
Eq u !va I e nt I..I n es r.e m .Ove S Two Character Circuit ID for Mew Equivalent Lines (99 -
equivalent lines with impedances ks
above this threshold value Remove Radil Sstens

. ° ° Delete Empty Areas/Zones/Substations that occur from

* Define the Two Character Circuit Fauaencns

Adjust Area Unspecified Interchange to Zero Out ACE

ID for New Equivalent Lines

* Remove External Objects from Onelines deletes objects referencing the
external system from the open onelines

 Convert equivalent shunts into equivalent constant power loads

* Remove Radial Systems results in all radial connections in the network being
reduced to the nearest non-radial bus

e Delete areas, zones, and substations that are completely emptied of any power
system devices

e Adjust the area unspecified interchange to zero out the ACE to prevent any MW
discrepancies from going to the system slack
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Seven Bus Example

e Open B7FLAT case and in Edit
Mode use Tools ribbon tab 2
Equivalencing to open display.
— Select buses 5, 6, and 7 as the study

system; use Save Buses to File to
save numbers to file.

Equivalendng...

Renumber -
Edit Mode

@ Power System Equivalents

Select The Buses | Create The Equivalent
Mote: This form is for choosing BUSES. The options regarding Areas a

>

] B Ak Wl % M T Records - ¥
Make-up of the study and external systems

Buses | Areas || Zones

Mumber Mame Which system? |# Meighbo
{ignore stz
i 1 Cne External :I
Z 2 Two External
3 3 Three External
4 4 Four External
5 5 Five Study
5] 6 Six Study
7 7 Seven Study

[14: Equivalents © 2024 PowerWorld Corporation
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Delete External System Example

e Go tothe Create The Equivalent

(8] Power System Equivalents

— Check the box Remove External
Objects from Onelines s e

— Click Delete External System. [l ves T s

|:| Zone Tie Lines

Select The Buses | Create The Equivalent
T b Build Equiv slent
a Delete All External Generators

[ retain Remotely Regulated Buses

[]zero Impedance Ties (X < 0.001)

e Click Yes when asked “Are you sure ....7?" [ sudeqivdentsystem |

— DO NOT SOLVE the case
— DO NOT SAVE the case © enve el syt

LEIETE EXTEMGl SY5TEM

&1

Save External System in File

(@) Entire External System and Ties

Remove External Objects from Onelines
eelete oty Areas Tones Suhstations
included in the External System

[ Save To Aux ]

ErrS
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Max Per Unit Impedance for Equivalent

Two Character Circuit ID for Mew Equiv

[|Remove External Objects from Cnel
] convert Equivalent Shunts to PQ Lo
[ remave Radial Systems

Delete Empty Areas/Zones/Substati
e
Equivalencing

[ adijust Area Unspecified Interchang:

The following are alternative non-equivalencing tasks that can be applied to the External Sy

Me

Save External System ] !

Delete External System ]

N
lir
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Deleting the External System

e On the Case Information Ribbon Tab, Click Power Flow List

- g = B —| Power Flow List...
Allobjects | o o o Initial mismatches
external system | |t T e
removed et en —— Buses 1-4 have been
s o /T{M deleted, not

oot . Equivalenced. Hence no
S S e © e ¥ S equivalent lines/shunts

o ra o & oo | o 6 Y e have been added.

[14: Equivalents

Bus Floms

© 2024 PowerWorld Corporation
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e Do NOT SAVE
e Reload B7FLAT

Equivalencing External System

e 8 o~

e Click Equivalencing

e Again Set buses 5-7 as the
Study system.

[14: Equivalents

i

@®

B REEG

Mew Case

Open Case...
Save Case
Save Case As...

Mew Oneline

X - Casi
| Wine
Recent Cases 2
1B7FLAT H
2 BTFLAT stor
3 31decl_D JOHM DAY-MARION BUCKLEY-MARION 501
4 CG 2018 EHW final with contingency results L

@ Power System Equivalents

Buses | Areas || Zones

Select The Buses | Create The Equivalent
Mote: This form is for choosing BUSES. The options regarding Areas a

: OFT. +.0 .00 — =1 »
B g3l Wl S0 e 8 Records ~ .

Make-up of the study and external systems

© 2024 PowerWorld Corporation

Mumber Mame Which system? |# Meighbo
{ignore stz
i 1 Cne External :I
Z 2 Two External
3 3 Three External
4 4 Four External
5 5 Five Study
5] 6 Six Study
7 7 Seven Study
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Build Equivalent System Example

 Go to the Create The Equivalent Tab

— Check the box Remove External Objects from Onelines

— Click Build Equivalent System

* Click Yes when
asked “Create an
equivalent ....?”

[14: Equivalents

(8] Power System Equivalents

Select The Buses | Create The Equivalent |
Build Equivalent

[¥]oelete Al External Generatorsi

Max MV Ratings Above

[(ARetain Remotely Regulated Buses
Relgin Branch Terminals for
[ [%ransformers
[] Z8ro Impedance Ties (X < 0.001)
[] Arel Tie Lines
[C] ZoneYie Lines

’ Build Equivalent System ]

-

Ma¥ Per Unit Impedance for Equivalent Lines 2.5

-

Two Character Circuit ID for Mew Eguivalent Lines

Remove External Objects from Onelines

- L= . L dimid PRI P L
S TR L LU DI T ST IS L T Ll

[ rRemove Radial Systems

Delete Empty AreasZones/Substations that ocour from
: :
Equivalencing

[] Adjust Area Unspecified Interchange to Zero Out ACE
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Build Equivalent System Example

e On the Case Information Rib

D

vam  Oosines  Tock  Optons AdOne Windew

? Netwark =
£atmoce h ?
= Arepaton =
B Miode Madel  AreafTone
Exgorer...  Fitms., | Fiters, Boressons, e =

5[_?,} Cate Desdrignon... [ Power Flow Lst...
L R Erp—— ik Powe TS
Semudator

Optern... | Custom Cage 1nfo.

oon Tab, Click Power Flow List

—=| Power Flow List...

Bus Shunts have . d
also been added
at Buses 5 and 6

7 Seven

I T

BU %
CENERAT
< -
L 29
b} l.ll'.'/* | ; I
Top Area Cost b 130gMwW
0 $/h \/ 40 Mvar
2008MW /,Q
0 Mvar a 0wy
Six 1 Now/ : e Se'
totps & @ oMW 2 W [] 1.04 s
I Nt : L1 2008mw
Left Area Cost ((:_53 200§MwW 2014MwW L&sﬁﬁ W, 0 Mvar

[14: Equivalents
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No Initial mismatches
at boundary buses

. New Branch between bus
5 and 6 has been added
with Circuit ID “99”

No changes to internal
Study system (bus 7)
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Equivalents and the Slack Bus

* Every system requires a slack bus.

 When creating an equivalent, sometimes the slack bus is
“Equivalenced”.

e Simulator notifies user when this will occur.
e When this occurs, a new slack bus must be defined.

114: Equivalents © 2024 PowerWorld Corporation
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Western Example

e Open ACTIVSg10k.pwb
* Click Single Solution
e Case has 10,000 buses across 16 areas

* In example we’ll reduce this number substantially, looking at
accuracy of results

— requires studying contingent response of equivalent versus original
system

— wide variety of cases should be studied

114: Equivalents © 2024 PowerWorld Corporation
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Original System Contingency

e Open the Bus View ﬁ* to Bus 70009 Take Line from 70003 — 70009 out

_ of service and Solve. In Difference
Before Contingency

Flows = Set Present as Base

BIG PINEY 1

[Bus: E3D FINEY 1 (MDD

BIG PINEY 1

INEY 1 {F0009)
Nom kV: 138.00

'cwn FITCKT
Tooy T0003
10158 pu 0.9935
140,81 KV ponT 137.11 KV

[FIREDALE -} ]
.l
160240 pu
11111 L 'ﬂﬂ' 1
[LANDER 14{]
Tooze
11111 pu
140,38 KV [ g
T4
048 pu
Hyetem Biatz 4364 KW 43.7T2 KV
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Wyoming Area Equivalent

e Return the line to service, Solve Power Flow, switch to Edit
Mode, and Open Equivalencing

e Click Set all as external
 Enter 13 under Study Areas

{) Power System Equivalents

Select The Buses  Create The Equivalent

Mote: This form is for choosing BUSES. The options regarding Areas and Zones are induded to aid the task of selecting or unselecting blodks of buszes,

and Click Add

[14: Equivalents

m T Ea AR G 5% 44 ?&D Records » | 7 Select what to add to the study and external systems
Ma of the study and external systems External Sty
Buses Areas Add ) Areas 13| Add
MName ‘ Which system? |# Meig Find... i
lignore | Zones
Add
1 10001 MBAH BAY 1 Study _— = .
2 10002 FOR Study Find... Find...
3 10003 OCEAN 5 E Study Buses Add Buses add
4 10004 WESTPORT 1 jBaudy o~ Find. .. Find
5 10005 WESTPORT 2 Stu
& 10006 LONG BEACH 15tudy Add First Meighors to External Add First Neighors to Study
7 10007 LONG BEACH 1 Study Indude All in Same Substation Indude All in Same Substation
8 10008 OCEAM PARK 15tudy Filter by kv
q 10009 OCEAN PARK 2 Study Indude how many tiers of neighbaors? Tter by
10 10010 HOQULAM 1 Study e @ Filter by Kv:
11 10011 PORT AMGELES Study

Set all as external

Max  9999.0 =

-

Min 0.0

Switch to the next page to create equivalents Close Help
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Build Equivalent System for Wyoming

 Go to the Create The Equivalent Tab

— Set Max Per Unit Impedance to 4.0 to eliminate high impedance
equivalent branches T —

'-Select The Buseg-_ Create The Equivalent l

° e e | ~Build Equivalent
C I C B u I E q u Iva e nt yste m | Delete All External Generatars Max Per Unit Impedance for Equivalent Lines 1 40 =

- Two Character Circuit ID for Mew Equivalent Lines |99 =

Max MW Ratings Above 0
— A ”Y ” t ”C t I t “‘i I Retain Remot I-"R lated B | Remave External Objects from Oneli
nswer Yes 10 Lreate an elecCtrica s ot T ARl

Transformers Remove Radial Systems

equivalent, permanently removing AT P —

) Equivalencing
Area Tie Lines

9809 buses, ....?”" NG

Build Equivalent System

Adjust Area Unspedified Interchange to Zero Qut ACE

e New Case has 191 buses now.
— See this under Case Summary...
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Contingency Result
using the 191-bus equivalent

Shunt equivalent element has been Take Line from 70003 — 70009 out of service and
added for tie line to Montpelier Solve. Switch to Difference Case. Results are similar

(except on new equivalent lines).
BIG PINEY 1 i

Bus: BIG PINEY 1 (70009) 0.000 Mvar

BIG PINEY 1

Bus: BIG PINEY 1 (70009)

10,371 MW
2471 Mvar

Nom kV: 138.00 Nom kV: 138.00
Area: Wyoming (13) Area: Wyoming (13)
Zone: 1 | 20.26 MW Zone: 1 (1) 20.25 MW
18.94 Mvar 18.92 Mvar
1.0341 pu -0.0030 pu
14270 KV 14.3 MW 6.8 MW 4.4 MW 6.4 MW 04ZKY 12.8 MW 5.8 MW 0.9 MW 0.0 MW 0.5 MW 0.2 MW
42,78 Deg 2.4 Mvar 0.0 Mvar 1.4 Mvar 1.7 Myar 3.0 Mrar 5.2 Mvar 3.1 Mvar 0.15 Deg 2.2 Mvar 0.1 Mvar 1.6 Mvar 0.0 Mvar 2.2 Mval 0.3 Mvar 0.0 Mvar
20.83 $IMVH 14.5 MVA 6.8 MVA 1.3 MVA 19.0 K VA 304 MVA 6.8 MVA 7.1 MVA 0.00 $/MWh 13.0 MVA 5.8 MVA 1.8 MVA 0.0 MVA 26.0 MV 0.5 MVA 0.2 MVA
! CKT99 - ! CKT99
KEMMERER Zf KEMMERER Zi|

70122 B CKT 99 I 70122 W CKT 99

v0294 pu 20013 pu

355.15 KV 70423 ! CKT 99 0.45 KV 70123 ! CKT 99

1047pu  [WILSONT ] 00016py  [WILSONT ]
169.00 KV 70000 !CKT1 0.25 KV 70000 [I]CKT1
woospu | [aFToNZ__] 20070 pa
139.43 KV 70003 ! CKT 99 -0.96 KV 70003 ! CKT 99
. . 10191 pu | [KEMMERER]] 00062pu  [KEMMERER]]
Equivalent linesto ==~ | = 7t RIS L
104t8pu | [PINEDALE11] 00014pu  [PINEDALE1]]
143.78 KV 70010 !CKT 1 0.19 KV 70010 !CKT 1
1.0241 pu |LANDER 1 41 | -0.0035 pu |LANDER 1 41 |
other boundary buses s o B
1.0173 pu -0.0031 pu

System State 140.38 KV System State 043KV

[14: Equivalents © 2024 PowerWorld Corporation



Compare Contingency Flows

Branches in

¥ Branches State (Filter:Quick) 3 Transformer Contrals X Areas

X Buses

Filter |Ad1.ranced - IBranch

- | Quick

- | Find... Remove Quick Filter -

PRI B AR W % a2,

Difference Mode

T Fpde s S0RT
Records = Geo = Set~ Columns = ' %HE' “&i&- "? %' Iz

fiy = B Options -

&

From Mumber From Mame To Mumber To MName ‘ h § CiI‘SEtL.IS Branch Device Type ‘Xfrmr MW From (Mvar From |MVA Fr W |Lim MVA | 96 of MVA  |MW Loss|Mvar Loss
. . . Lirnit (Max)
(W I t h C I rC u It I D - 9 9 1 FO177|MEDICINE BOW 2 1 70178 MEDICINEBOW 22 1 Closed Line NO -2.3 0.0 2.3 0.0 0.0 -0,00 -0.00
2 70113 ROCKRIVER. 1 2 70178 MEDICINEBOW 22 1 Closed Line NO 1.6 -1.6 251.9 0.6 -0.05 -0.24
- 3 F0112 ROCKRIVER. 11 70116 ROCKRIVER. 15 1 Closed Line NO -5 0.3 -1.5 0.0 0.0 -0.00 -0.00
r‘e m Ove d by Qu | C k 4 70113 ROCKRIVER 12 70112 ROCKRIVER 11 1 Closed Transformer YES =1 0.3 1.1 266.2 0.4 -0.00 001
5 70157 POINT OF ROCKS 7 70122 KEMMERER. 2 1 1 Closed Line MO 0.1 2.3 -0.6 1257.2 -0.0 -0,00 0.15
. 3 70151 POINT OF ROCKS 1 70157 POINT OF ROCKS 7 2 Closed Line NO -0.0 2.0 -0.6 0.0 0.0 -0,00 -0.00
F I Ite r) 7 70151 POINT OF ROCES 1 F0157 POINTOFROCKES 7 1 Closed Line NO -0.0 2.0 -0.6 0.0 0.0 -0.00 -0.00
8 F0004 ALPIME 3 1 F0006 JACKSON 3 1 1 Close 1L NO -0.5 -0.4 -0.6 231.0 .3 -0.00 0.05
9 70132 GILLETTE 5 1 70101 GLEMROCK 2 7 1 sed Line NO 0.6 0.1 0.6 14617 0.0 0.02 0.33
10 70011 DUBOIS 1 FO005 JACKSOMN 3 1 Closed Line MNO 0.6 0.7 0.6  250.9 0.2 0.03 0.19
11 70116 ROCKRIVER 15 70101 GLEMROCK, i Closed Line NO -0.6 0.2 0.6 1380.9 0.0 0.02 0.19
2 GILLETTE 5 1 F0134 GILL 53 1 Closed Transformer YES 0.0 -2.1 0.6 601.3 0.1 0.00 0.02
4 ALPINE 3 1 o AYMNE 1 i Closed Line MO 0.5 0.4 0.6 2320 0,2 -0.,00 0.03
MEDICIME BOW 2 2 70129 ROCKRIVER 2 2 1 Closed Line NO 0.9 -0.0 0.5 230.7 0,2 001 -0.03
2 GILLETTE 5 70117 WRIGHT 2 1 1 Closed Line MNO 0.1 0.9 0.5 10771 0.1 0.00 0.01
7 WRI 1 70101 GLEMROCK 27 i Closed Line NO 0.5 0.0 0.5 1370.1 0.0 0.02 0.26
EMROCK 27 70161 ALCOVA 21 1 Closed Line NO 0.4 0.0 0.4 1223.5 0.0 0.00 0.04
9 ROCKRIVER 2 2 70042 SARATOGA 3 1 1 Closed Line MO -0.4 0.1 0.4 2216 0,2 001 -0.04
2 BURNS 2 1 70082 CHEYEMME 4 1 1 Closed Line NO 0.3 -0.1 0.3 236.5 0,1 0,00 -0.02
PINEDALE 1 70009 BIG PIMEY 1 1 Closed Line MNO 0.5 -0,2 0.3 266.7 0.1 0.00 0.06
7 LARAMIE 2 1 70082 CHEYEMMNE 4 1 i Closed Line NO 0.3 0.0 0.3 2554 0,1 001 -0.06
7 LARAMIE 2 1 70129 ROCK RIVER. 2 2 1 Closed Line NO 0.3 -0.0 -0.3 2677 0.1 -0.02 -0.09
9 CHEYEMME &6 3 70051 LARAMIE 11 1 Closed Line MO 0.3 -0,2 0.5 250.0 0,1 001 -0.07
29 70151 POINT OF ROCKS 1 70153 POINTOFROCKS 3 1 Closed Transformer YES 0.0 -1.0 0.3 7936 -0.0 -0,00 -0.01
25 70116 ROCKRIVER 15 70135 CHEYEMME 7 1 i Closed Line MNO 0.3 0.0 0.3 13710 -0.0 -0.01 -0.09
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Area Equivalent with a Few Buses

e Sometimes it is useful to retain an area, representing it by a few
buses, or even a single bus

— with total load and generation for the area
— allows modeling of interchanges between areas
— can explicitly retain key tie-lines between areas

e Select a few buses in area to retain. Usually these buses contain
large generators or connect to important tie-lines

 Equivalence the rest

 Modify equivalent load/generation to match original load for the
area
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General Equivalencing Tips

 Tends to be a trial-and-error process

* Continually compare accuracy of equivalent versus original
system

* Avoid equivalencing automatic controls close to area of interest
— PV generators
— LTC/Phase shifting transformers
— DC transmission lines
— Switched Shunts
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Merging Systems

 The ability to merge several systems together is often
important. For example, merging a detailed model of own

system with a less detailed external system (e.g., the MAIN
model).

* |In Edit mode use Tools ribbon tab 2> Modify Case = Append
Case

e Append command completely overwrites any duplicated
records.
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Merging Systems

[14: Equivalents

Tie-lines, usually stored with
appended system

\

Original System Appended System

Appended system can be saved using Equivalents
display using the Save External System in File option
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