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Aggregation of Data

e Areas and Zones

* |Interfaces

— Flowgates, Cutplanes, and Paths can be defined as
interfaces

* Nomograms
* Super Areas
* Injection Groups
e Substations

e Difference Flows to compare different cases
— values in the case (loads, gen MW outputs, etc...)
— Also compare the topology of the case

I5: Data Aggregation © 2020 PowerWorld Corporation



Area and Zone Records

* Area and Zone definitions are part of standard
power system case text formats

* Each bus is assignhed to exactly one area
e Each bus is assignhed to exactly one zone

* Generators, Shunts, and Loads are normally
assigned to the same area as their terminal bus

— However, they may also be given their own area
and zone designation
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Area and Zone Layouts

* Areas and Zones do NOT have to be contiguous

e Zones are often “sub-areas”, but this is NOT

required. They can overlap as shown below

. . Z 1
— Areas (thick lines) venr T mvens

— Zones (shaded/nonshaded) Zonp 2

— A single area may consist of multiple zones, while a
single zone can include buses from multiple areas

I5: Data Aggregation © 2020 PowerWorld Corporation



What are Areas and Zones For?

* Areas and Zones

— Provide summary data about a group of power system
elements (total load, generation, losses, etc...)

— Provide way to filter data (Area/Zone filters)
— Limit Monitoring Settings for Area/Zone
— Toggle settings for equivalencing, scaling, etc...

e Areas ONLY (control settings)
— Ability to perform automatic generation control (AGC)
— Ability to specify MW transfer between areas

— Ability to toggle control settings across a group of elements
* AGC, Generator AVR, Shunts, Transformers

— Ability to enable OPF/SCOPF constraint enforcement
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Assigning Area and Zone Designations

* To create a new Area or Zone

— Open Model Explorer and choose Network =
Buses or open the Bus Dialog and assign an existing
bus to a new Area/Zone number; OR

— Select Insert... from the local menu (right-click) in
Area Records or Zone Records; OR

— Auxiliary files or Copy/Paste from Excel

:I Bus Records

Q % Al *s2 ;% | % ?&n | ’;'__i Records = Geo = Set = Columns = ' |"ﬁ“.,'-’.' "&5' ? %' 1

Mumber | Mame Area Mum | Area Mame | Mom kv | PU Valt | Volt Jav) E nte ranew num be r to
1 1 One 4 [e ...... —_— e create a new Area
2 2 Two 1 Top 138.00 104000 143.5.
3 3 Three 1 Top 133.00 0.99269 136.9¢
= 4 Four 1 Top 133.00 100000 138.00
5 5 Five 1 Top 138.00 1.00865 138.9
5] B Six 2 Left 138.00 104000 143.5.
7 7 Seven 3 Right 138,00 104000 143.5.
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Moving Bus Zones and Creating New
Zones via the Zone Dialog

X Fone Records |)( Busesl

Q % "H“' "_'.;.'3 ;':'_Elﬂ ?&J Records = Geo ~ Set = Columns - E * .Bus.e.s Can be aSSIgned
Filter Advanced = Zone 3 IndIVIdua”y tO Zones
_ Zone Num 1|12|:|nENamE |LLuad__rI'~::.|'nm| Lu:uau:ll':"l::rm| Genl';"l::'c USing the Bus dialog.
5 Displey/Colurn Optons. * Groups of buses can be
24 Find. cueF moved to different zones
ShOW Zone ?&D Search for Text... 1
Information L using the Zong
dialog — Information dialog.
Zone records r .
Geographic Data View 4 ¢ The Zone |nf0rmat|0n
s d iarl]og || S Eyaila blehbv
B Sove As » right-clicking on the zone
& et name on the Zone
B Advanced Sot. Records display.
fl) Define Expression...
FH Refresh Display
Help (F1)
Form Control r
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Edit Mode Zone Information Dialog

Zone
num be r \fone Information [
Zone Mumber % Find By Mumber
Zone Name 1
no labelz
. one Buses Lstom
List of all buses || 2™ o [cwio
. Bus Mumnber Bus Name |Bus kv Area Number [Area Mame
in the zone bome 144.9 1 Top
2 Two 143.5 1 Top
3 Three 137.0 1 Top
4 Four 138.0 1 Top
5 Five 133.9 1 Top
- Six 143.5 2 Left
7 Seven 143.5 3 Right
To move
d gro u p Move Bus(s) to Different Zone
of buses ﬁnznnemumba Name Then click to
to a hew /- [ Mowve Selected Bus(es) to Destination Zone :_L move t h e
zone, set the neW 7ZOAB | [ swe | [Xcane| [ 2 5ep | selected buses

number here -
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Run Mode Zone Dialog

F

i@ Zone Information

Zone Number 1

hd @[Z] Find ...

F=1 EoB 55

Use combo box and/or

Zone Mame 1 -

o abels

arrows to view other
zones

Information |T|e Lines | OPF | Zone Buses | Zone Gens I Zone Loads | Zone Switched Shunts | Custom|
Load and Generation
MW Mvar T A
i 00 100 ells range of AGC h ie-li
1 — Zones can have tie-lines,
s 00 20 generation in zone but AGC : I q
oy | ut AGC on zones is not allowe
Interchange 0.0 0.0
Generation AGC Range /
Maximum Gen Increase (MW) 1432.1 /
Maximum Gen Decrease (MW) 317.9 =
8 7one Information EI@
Zone Mumber 1 %
[ ¢ oK l [ Save ] [ x Cancel l ’ ? Help ] [ Print l Zone Name 1 v
| Labels... | nolab
| Information I Tie Lines | COPF | Zone Buses |Zone Gens I Zone Loads | Zone Switched Shunts I Custom |
B &k % g% | dh 44 | “ Records * Geo -~ Set~ Columns - [Bg~ |H.E' - ¥ BE- W i B | Options ~
Zone Mum|Mum & |Name [Area Name|Area Num|Mom kY ‘ PU Volt |\.-'o|t (kV) |Angle (Deg)|Load MW |Load Mvar |Gen MW |Gen Myar |Switched Shur
Mvar
1 1 10ne Top 1 133.00 1.05000 5.09 101.85 5.25
2 1 2 Two  Top 1 133,00 1.04000 4,22 40.00 20,00 170,08 33.24
1 3 Three Top 1 133,00 0,99269 0,95 110.00 40,00
Ca n a ISO Set neW ‘; 4 1 4 Four Top 1 138.00 1.00000 145  80.00 30,00 95.03 19.99
5 1 5 Five Top 1 133.00 1.00865 -1.83 130,00 40.00
[ 1 B Six Left 2 133.00 1.04000 2.1 200.00 0.00 200,33 -6.59
ZO n e n u m be rs 7 1 7 Seven Right 3 138.00 1.04000 0.00  200.00 0.00 200.65 51.29
here
1 [ 3
[ o OK ] [ Save ] l X Cancel ] l P Help ] l Print
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Interface Definition

* |nterfaces are groupings of branches and sometimes
other elements

e The sum of the flows on these elements can then be
monitored in the analysis tools

e Common interfaces are the grouping of tie lines
between areas, and groupings of lines between
important parts of the system.

* |nterfaces can be used to model several commonly
described groupings of lines
— Flowgates —term used in the Eastern United States
— Cut-Planes —term used in the Western United States
— Paths — term used in the state of California
— Nomograms — Used throughout the industry
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Interface Records

* Interface records can be used to show flows
hetween areas and/or zones.

* |Interface records showing area to area flows
can be automatically inserted by

— Open Model Explorer and choose Aggregations 2>
Interfaces to display interface records

— Select Interface records = Auto Insert Interfaces
from the local menu to display Auto Insertion of
Interfaces Dialog
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Interface Records

| Interface Definitions |

Auto Insertion of Interfaces ﬁ

Type of Interfaces to Insert
(@) Area to Area

wer, S AlliR . AlE 0T .
PRI _ ->H(— tug ?'3:3 | M g_’é | RECO(dS e COIS @: | B @ ? % ¥ @Eﬁ ﬁl prcns ; ) Zone to Zone
Interfaces | Interface Elements |
— = . - 3 - - = ptional Prefix (3 characters maximum)
Mumber| Mame |Interface MW [MW Limit|Percent|Monitor Direction|Monitor Both|Lim A MW |Lim B MW |Lim C MW |Has Contingency |C
Flow Directions [| Delete Existing Interfaces
il 0 Left-Right] 40,1 0.0 FROM -=TO MO 0.0 0.0 0.0 No ) _
5 0 Left-Top, 0.1 0.0 FROM = TO NO 0.0 0.0 0.0 No ["] only Insert Area/Zones with Area/Zone Filters Set
al 0 Right-Toj 40.1 0.0 FROM -=TO NO 0.0 0.0 0.0 Mo
£l 2| ||
—_— — () Automatically calculate from component ratings
Elements |Branches || Hanch Gpen || Branch Close | DC Lines | Generatars | Loads || Injection Groups || Multi-Section Lines || Inb 4 * @ B .
= @) Use these: Limit & 0,000 =
Description |  Fow | Limit B o000 ||
1[Tie lines from Agea 'Left (2)' to Area Right (3)' | 40.07 Il Limit © 0.000
Limit D 0,000
i Limit E 0000 _
[
i Segsch Noa Ctions = I ’ Insert Interfaces l ’ X cancel ] [ ? Help l

i !

32 vy

Right-click and select Interface

records = Auto Insert
Interfaces
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or Zone to Zone flows
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Defining Custom Interface Records

* Open Model Explorer and choose Aggregations 2
Interfaces to view the Interface display.

* Right-click and select i
Interface Name  new interface + = [ Fndinterface..

Inse rt to a d d a n eW Interface Number 1 Add New Interface | | Delete Interface |
Labels ..

L]

I n te rfa C e Limits (MW} Maonitoring Direction
. Limit A 0.000| » | @ FROM—>TO

Limit B 0.000

. Limit C 0.000 Total MW Flow 0.7
 The Interface Dialo e oo '
Monitor Both
Limit E 0.000 T " Directions PrzEEEE) | G
. Interface Elements | gpF Custom
IS S h own Eiter {rsert New Bt Element dentfers
. @ Mame (Number) Mame

| Clone Elements From Another Interface |

TO —=> FROM

or Right-Click to show the Element Dialog Number (Name) Number
V4 Description Flow Weighting |Pre-Weight
¢ e ll Sset up an row
1Line MW How from bus Two [2) to bus "Six (6] drcuit 1 40.07 1.00 40.07
2|Line MW flow from bus 'Five (5)' to bus 'Seven (7)' crcuit 1 -39.41 1.00 -35.41

interface showing flow
on two parallel lines. e =) e Om L
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Monitored Interface Dialog

* Change Interface Name: Top Export
 Modify Interface Limit A (MW): 400

e Click Insert New Element button to add a new
Interface Element

— Type: Line/Transformer
— Near: 2 (Two)

[®] Interface Element Dialog = | E
. Element Type [®] 7 entries
— Far : 6(Six) CKT 1 A - N
I Area to Area Filter IAd'u'anced v“Branch v] I vI

_ Zone to Zone B [7]Use Area/Zone Filters [ Define/Find... | [ Remave |
* Repeat For )L QpenContweney | (ygiiin ] [ SemdhAl ]

) Line Close Contingency
) DC Line

— Type: Line/Transf. e

‘You can use wildcard characters *or ?

Search For Mear Bus Select Far Bus, CKT
7 Load » | Four {4) [138 kV] CKT 1
o : I M5 Line Four (4) [138 kv] Seven (7) [138 kV] CKT 1
— Near : 5 (Five ) Interface One (1) [138kV] Two (2) [138 kV] CKT 1
Seven {7) [133 kv]
Six

Monitor Flow at Far En (8) [133 kY]
— Far: 7 (Seven) CKT 1 Erorronstert | [ty ot ]

I x Cancel I I ? Help
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Interface Element Type

* Line/Transformer

— Monitor the flows on a line (direction is important!)
* Areato Area, and Zone to Zone

— Monitor the sum of the flows on all tie lines
* Line Open/Close Contingency

— When defining these, it means that all monitoring on this interface is done after
this Line Open/Close contingency

* DCLine
— Monitor the flow on a DC Line

* Injection Group, Generator, Load
— Monitor the output of a group of generators or loads
— Allows you to put a limit on the sum of outputs

e MS Line
— Monitor the flow on a multi-section line
* Interface

— Monitor the flow/output of another interface
— Be careful not to create circular references

: Data Aggregation © 2020 PowerWorld Corporation
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Monitored Interface Dialog

[ Interface Dialog Iﬁ
Interface Name | [Interfaceame  Top Export "
Interface Mumber 1 [.ﬁ.dd Mew Interﬁér_e] J_Delete Interface ]
Add a new element R A —— Menitaring Direction Add
] LimitA 00E » @roM—>TO -
to the interface e 0.001 81| @ ro > e ~ or delete
' Total MW Flow 0.7 .
\ Limit D 0.000 Moritor Bath interfaces
N LimitE 0.000] ~ Dpirections PTDF Value (%)  0.00
Inbecface Elements | OpF | Custom |
Either | InsertNew Element | E_IE"”E Identifiers )
[ Clone Elements From Anaother Interface ] a Ngfme: (Number) -:-Name
or Right-Click to show the Element Dialog umber (Name) (2 Number
Description Flow Weighting Pre—';lﬁreight‘
Flow
. 1ine MW flow from bus Two (2) to bug Six (6] drouit 1 40.07 100 40.07
Line MW flow from bus 'Five (5)' to bjis 'Seven (7)' drouit 1 -39.41 1.00 -39.41
Lists all elements 2
ininterface. ~—
Right-Click and
ChOOSE ShOW ’ \/DK ] [ Save l /[ x Cancel] [ ? ﬂelpl [ Print ] \
Dialog to modify ] i |
Use spin button to view other Set weighting of
interfaces individual elements
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Interface Element Weightings

* Right-click on the list of elements and choose
Display/Column Options

* Add the columns Weighting and Pre-Weight
Flow

* This allows your interface to monitor the
weighted sum of flows instead of the pure sum

* This will be used extensively with Nomogram
Definitions
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Nomograms

Nomograms allow definition of 2-dimensional
limit spaces using 2 interfaces

Interface B W
% 06A +08BE-=104
L

(0,100) (40,100

\ /(74 3,74.3)

Nomogram (100,40) %
Breakpoints - t‘
“
Qperating \ o
Region A =100
(100,07
& y-
Interface A
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Nomograms

* Open Model Explorer and choose Aggregations 2
Nomograms to bring up a list of Nomograms

* Right-click and choose Insert... to bring up the
Nomogram Dialog for adding a new Nomogram

A nomogram is defined by
— Interface A
— Interface B
— A set of breakpoints

* Breakpoints MUST create a “convex” region

* Nomogram limits can be used in ATC, contingency
analysis, and OPF/SCOPF
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Nomogram Dialog

Interfaces are defined the same
as before

Define Interface A —_

[®] Nomogram Dialog

Define Interface B

\ 1) ine MW flow from bus Two ()" to bus Four {4} drcuit 1 32.12 1.00 3212
e

Specify
Breakpoints

graphical representation of the
breakpoints; operating region
may span 4 quadrants

I5: Data Aggregation

= [ B |
Momogram Mo nomograms defined. Click Save to create one.
Save ] l Save As ] l Rename ] l Delete ]
Interface A I Insert New Element I I Clone Elements From ... ]
Description Flow Weighting [Pre-Weight
Flow
1Line MW flow from bus Two (2} to bus Five (5) circuit 1 78.74 1.00 78.74
Interface B Insert New Element I l Clone Elements From ...
Description Flow Weighting |Pre-Weight

Flow

Momogram Breakpoints

Int A [MW] FntB [Mw]

£
0 100 H
40 100 o
74.29 74.29 g
I 100 40 E
100 0 =
Ml Operating Region
o OK

Momogram Limiting Boundary

Interface A [MW]
@ Operating Paint

[ x Cancel I I ? Help

© 2020 PowerWorld Corporation
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Nomogram Interfaces

* For each nomogram, Simulator creates a list of
nomogram interfaces which are managed internally

— This is done by using Interface B |
element weightings
based on Interface A,
Interface B, and

% 0.6A +08EB=104
bt ]

. Each line
the Breakpoints | a0t represents
— “number of breakpoints | s, nomogram
minus 1” nomogram i a0 *  interface
interfaces are made e
* The “monitoring” will then occur for each nomogram

interface level.

— Everywhere you see references to interfaces you will now
also see references to nomogram interfaces
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Nomogram Interfaces

* Once you have defined a Nomogram, then the
Aggregations 2> Nomogram Records tab will have a
second sub-tab that lists the Nomogram Interfaces

— Note: you can not edit Nomogram Interfaces directly. You
must modify the Nomogram itself instead

— Nomogram Interfaces are identified by their Nomogram
Name
* Nomogram Segment

{ Momogram Records |

@ % Al a0 00| B 24 | Records * Set = Columns - * |'%HE* HE;E* ? %* i%ﬂ HH | Options ~

RELCD

Momograms Momogram Interfaces

Nomo. Name | Nomo. Seq. |Interface MW Flow| MwLimit | Percent  |Monitor Direction| LmaAmMw | LmBMwW | Lmcmw |He
1[Example Nomogram ] 1 32.1 100.0 32.12 FROM -> TO 100.0 100.0 100.0 Ne
2|Example Nomogram 2 72.8 104.0 70.12 FROM > TO 104.0 104.0 104.0 Ne
3|Example Nomogram 3 82.3 104.0 79,10 FROM > TO 104.0 104.0 104.0 Ne
4|Example Nomagram 4 78.7 100.0 78.74 FROM > TO 100.0 100.0 100.0 Ne

< ¥
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Area/Zone/Interface
Oneline Graphics

* Oneline diagrams traditionally contain
information regarding individual power system
elements (buses, lines, generators, etc...)

* Simulator also allows you to create diagrams
based off the aggregate data objects

I5: Data Aggregation © 2020 PowerWorld Corporation 23



Area Fields

 Area fields can be added to onelines to show a
number of area fields.

* Area fields can also be used to specify base
transactions.

#% Area fields are inserted in Edit Mode from the
Draw ribbon tab, choosing Field 2 Area Field

* By default, area fields are linked to the area
associated with the closest bus on the oneline.
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Anchor the field to
the area object so
that both can be
moved together;
include units suffix_

Area Field Dialog

Use combo
box to select
an area or
entire case

Other

[ : i TEE— \
Area Field Options ﬁ
Area Number _~ | Find ]
Total Digits in Field 4
Digits to Right of Dedmal 2 Tota
Rotation Angle in Degree gkl  DeltaperMouseClicc [ p.000
Field Prefix (2.q., field name) Field Value 0,00
oy
‘ Anchored Indude Suffix
Type of Fiel
F () MW Losses () Mvar Flow to Other Area
7| Murnber () Mvar Losses (71 Sched. Flow to Other Area
d (@) MW Load () ACE (MW) () Load Schedule Multiplier (MW only)
() Mvar Load (1 Hourly Cost ($/hr) (71 AGC Status
() MW Generation () Total Cost (§) (") Select a Field: | Find Field ...
() Mvar Generation (1 MW Flow to Other Area
o OK ? Help

AGC Status can be toggled on the oneline

Area number 0O (zero) represents the whole system!

I5: Data Aggregation
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Area Field Example

* Add several area fields to the B7FLAT case
— Area Name
— Area MW Flow to Other Area (or case)
— Scheduled Flow to Other Area
— Load Schedule Multiplier
— AGC Status
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B7FLAT with Area Fields

Scheduled AGC ON
MW flows One

\ Top
Sched Flow Left 20.00 MW
Generation 387.14 MW

Y Load 360.00 MW Sl
/ AGC Status /Part. AGC

Left-click /
to toggle AGC
in Run Mode

Text fields Tot

Area fields
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Area, Zone, and Super Area Objects

e Separate oneline object types for Areas, Zones,
and Super Areas

* On B7FLAT case

w — From the File Menu, select New Oneline to make a

new oneline
@ — Add area objects for each of three areas

iz — From the File Menu, select Save Oneline to save
the oneline. Use b7flata for the name.

e Zone and Super Area objects are similar
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B7FLATA Display

1 “E_"%’Q_[&_%f = Ba B - ¥ Case: BTFLAT.pwhb Status: Running (PF] | Simulator 15 | o |E] &3

. . ' Case Information Draw Onelines Tools Options Add Ons Window @
nght click on = T — TP
object, then select | ..... =~ e

Default Drawing

I nformation 10de Quick Insert Individual Insert . SE-I;ct F} Formatting (]
Dialog... for the

(" Newones pwd == :" Cost
Area Display
O pt I 0 n S ~il\ [ Area Display Options ‘ @1
Top .
Number | [l -
Mame Right -
[~ show Record Type Prefix
Prefix Text
0 x 0 Display Appearance
Leﬂ: .. :S@t?::edangle -C;-DI‘:]:n:e
. = H () Rounded Rectangle () Number
() Ellipse (71 Name and Mumber
Width 10.00 =) Height 5.00 2
Same procedure for zones or
[ ' OK ] ’ X cancel ] ’ ?Help
super areas

P o, ’
2008MwW
Left Area Cost é MBEMW OMW l 0 Mvar
AGC ON AGC ON Right Area Cost

5025 $/h
500 $/h

Edit Mode |!( =64.33Y = 71.54 Selected object ¥ = 59.00Y = ?5.00| Viewing Current Case
\
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Area or Zone Palette

* Similar to the Bus Palette, you can Ry -

alette | Default Drawing..

also bring up an Area or Zone Palette “.-

Buses

— On the Draw ribbon tab, select Show S

Insert Palette For - Zones (or Areas)

Insert Connected »

Zone Palette for Midwest.pwd

E

History List v | DefieaFiter... |
Displayed (7} Displayed Meighbors Undisplayed Meighbars all Undisplayed (169)
190 {190) WEST 8C (238) EASTERN (201) 655 (655) ~
TVAWEST (265) AP (1) WESTERN (208) BIKV (142)
AEP-AP (50) AEFP-OF (51) DUKE.DUK, (210) AE RIVER (180)
WEST BC (238) AEP+P (54) SOUTH 6B {235) AEC (250)
AP (1) WEST 84 (238) AEP-CS (53)
AEP-OP (51) VP 500KV (239) AEP-IM (52)
AEPKP (54) TVAEAST (267) AEP-IM-I (56)
OVEC (8) AEP-OP-I (55)
AEP-CS (53) APC (241)
AEP-OP-I {55) ASEC (546) w

I5: Data Aggregation
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Interface Fields

* Several types of objects are used to display
interface data on the oneline

— Interface Objects: like transmission lines
— Interface Fields: like line fields

— Interface Pie Charts: like line flow pie charts

I5: Data Aggregation © 2020 PowerWorld Corporation 31



Auto Insertion of Interface Objects

* |Interface objects can be auto inserted (just like
ine objects).

* In edit mode, from the Draw ribbon tab, select
Auto Insert = Interfaces.

* Allows insertion of interfaces and pie charts.

* Interfaces are automatically anchored to
area/zone objects.
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Auto Insertion of Interface Objects

=@ =

@.l TR RHTRE ® )5 Case: BTFLAT.pwb Status: Initialized | Simulator 15
e
Case Information Draw Onelines Tools Options Add Ons Window @
SETr Palette for Network Field Select Region Anchors | Alignment Undo Oneline Move/Formatting | |
Run Mode Selectby | = Format... : —
Default Drawing... | | Layers C C o
(7] Clipboard Zoom F}

EXa m ple Mode Quick Insert E?:-.E-.I:n-t.:;-i-:l:it:lual Inser:_: — SEE-I-:ct = F} Formatting
. [®) e7FLAT [= === Set d efa u |t
interface , )

[& NewOne2.pwd [SIE]x] }3 Hourly Cost pie chart

O bJ e Ct 107 f Automatic Insertion of Interface Objects @ .
AG' Options S I Ze
Mumber of Interfaces not Shown g “

showin
g \.\ Insert Pie Charts on Interfaces /
fI OW TOp Default Size of Interface Pie Charts 5.00 =

Auto Insert Interface Types
fro m Area to Area or Zone to Zone Interfaces
[ Line/Transformer Interfaces
TO p a re a Minimum Length of Line/Transfomer Interfaces I w
to < . 0,00 = E

Left area

\

[ \/OK ] [xCanceI] [ ?ﬂelp ]

Left N / Right

D MW
Mvar

o | II4[J MW

Y

0 BIAT
Edit Mode |3< =23.18Y = 75.17 | Viewing %rent Case | L
y A

Select OK to auto insert the interface objects
I5: Data Aggregation © 2020 PowerWorld Corporation 33
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Text field
and
area field

Pie charts
require that

interface limits+—"

be defined

™~

With Interface/Area Fields

Ad

[®] NewOne2.pwd

Top to Left Sched. Flow

50.00 MW

-40 MW

Top

Interface
field

|

40 MW

(=E=s

se Hourly Cost
6939 $/h

sofmw
30 Mvar

r 3
@] [ g EEEE X s Case: BTFLAT.pwb Status: Initialized | Simulator 15 = | B S
Ay =
Case Information Draw Onelines Tools Options Add Ons Window @
5% - ipti i Ed 7]
e E ? o Network A.Tq Case Description... | Power Flow List... ?;f_‘f. D
L 4L -
e Aggregation - X Case Summary... Quick Power Flow List... L1 ﬁ_
Run Mode Madel AreafZone Limit X . Difference  Simulator Bus  Substation Open
Explorer..  Filters... Monitoring... | Solution Details -~ Flows = Options... | Custom Case Info.. | AUXExport Format Desc.. | yjgy Viev Windows -
Mode Case Information Case Data Views /
[®) B7FLAT, [o === /

Left —{ S Right e
40 MW bu
B0 MW
0 Mvar
200MW % l:m MW /?&/
Fun Mode |5°"‘”"-°': Brimation Stopped S [ac | viewing current o "‘T — N\

Right-
click

on object
to

view
area
dialog

I5: Data Aggregation
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Super Areas

e Super areas are groupings of individual areas;
analogous to an area being a grouping of
individual buses

e Super areas can be used to control several areas
together

* Open Model Explorer and choose Aggregations
— Super Areas to see the Super Area Records
— Right-click and select Insert...

— Super Area Dialog is displayed with default name
assigned to the new super area
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Super Area Dialog

Control for
S = Su.per Area;
this control

Super Area Information

)
Areas Narme [Defﬁults.ﬁ.l =) [ Add New ] [ Renarne ] [ Save ] [ Delete ] .
L overrides all
a I rea d Area in Super Ares | Sumrmary Information I OPF | Custom | . L.
. I d yd Areas in Super Area Super Area Control Options / N d VI d u a I a rea
INnciude B AE 3 g% # | Records ~ Set~ | ¥ » (@ Mo Super Area Contral .
Yy = | | | | | = | ¢ ~) Participation Factor Control co ntrOI Settl ngs

. Area Mum + Area Name Part, Factor . : | Economic Dispatch Control u n |e55 O n NO Super

H 2 inEt () Optimal Power Flow Control

E 3 Right B Area Control

2dd Mew Areas by Mame or Mumber

[ Add Mew Area by Name
Mew Ares #'s 1-3
[ Add New Areas by Mumber { \

Add by name
’ V’ OK ] [ x Cancel ] [ Print ] [ ? Help or add by
numbers
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Area Interchange

Super Area Dialog

Information

I5: Data Aggregation

i e .
Super Area Information ﬁ
MName [Defaultsnl - % [ Add Mew ] [ Rename ] [ Save ] [ Delete ]
Area in Super Area | Summary Information |OPF | Custom|

Transactions Cost Information

ACE Total (M) | 0.00] Lambda Off ED

ACE Tolerance (MW) 2.00 Hourly Cast (&/hr) 0.00

Total Scheduled Transactions 0.0

Load and Generation

MW Mwar

Load 0.0 0.0

Generation 0.0 0.0

Shunts 0.0 0.0 S

Losses 0.00 0.00 \ uper area

Interchange 0.0 0.0 T—summary

information

|| ’ v" 0K ] [ x Cancel ] ’ Print ] [ ? Help
. 1 —
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Super Area ED Control
for B7Flat Case

») R ”‘ = ga H ® )3 Case: BIFLAT.pwhb Status: Running (PF) | Simulator 15 =HECIAC X
<7
Case Information Draw Onelines Tools Options Add Ons Window @
¥ (L - ! D | i ing - 3 g
Bl e B ‘- R E = Layers |@n an| #4  Dynamic Formatting Toggle Full Screen ?4—} E
== g J e Save View ~ |@ @| Y | Custom Hint Values... =11 FHHA
Run Mode Oneline Display Contouring GIS List . . Keyboard Shortcuts Bus Open
Options... - Tools * Display ~ Snllicw o || Default Drawing... View.. Windows =
Mode Active Zoom P} General Options Views
BTFLAT = E =
110EMW Case Hourly Cost
140E8MW 40M 16447 $/h
var
AGC ON = a5 mw a7
one % & > ¥ Three sofMw
- 3 0.9% pu 4 30 Mvar
1.05 pu 37 MW 38 MW
95 M ; Four
40MW i 1.00 pu
L./ 20 Mvar oy A 151w
Y f AGC ON
93 My A
* 98%
23 MW
Two ¥ ot
1.04pu W W53 mv
T A .
97 Nk 152 W 144 WY N Five
@ ¥ - 1.00pu
W 2498MwW &7 1308MW
AGCON  Top Area Cost o #
10922 $/h ¥ 40 Mvar
= \pss
200@MW
A |95 K
0 Mvar W 72 MW B3 MW B4 MV
N oa P S N
Six iy Seven
i 72 MW 8 MV 1.04
R A Q T v 2o:ﬁmw
I R N )
Left Area Cost @ 248w OfjMw V. 0 Mvar
5025 $/h AGC ON AGC ON Right Area Cost
500 $/h
Run Mode Solution Animation Stopped |.-'-\C | Viewing Current Case |
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Injection Groups

* Represents grouping of injections of power
— Loads
— Generators
— Switched Shunts
— Other Injection Groups (be careful of circular references)
e Useful for defining more specific groups of sources and
sinks in many tools

— Especially useful for ATC, PVQV tools; also for Sensitivities
(PTDF, TLR, etc...)

— Also useful for general reporting, e.g. make an aggregation
of generators and show the sum of their output
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Injection Groups

 Open Model Explorer and choose
Aggregations =2 Injection Groups
— Right-click, select Insert...

— Injection Groups Dialog is displayed with default
name assignhed to the new injection group

— Right-click in the Participation Points grid and Insert
elements into the injection group or click Insert
Points

e Auto Insertion also available from the local
menu in Model Explorer
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Injection Groups

Add loads,
generators,  \

Click to Add

/

[ E) [ |

. Elements
already in
the
injection
group

Shunts’ @\Add Participation Points - /
h Points for Injection Group DEFAULTIG1
or Ot er Gens ||-°3d5 I Shunts I GI'0UI3|5| @ Sort by Name () Sort by Mumber
H : [%] 5 entries Particinstion Facto — P
|nJeCt|0n [=] Sort ) By Mame (@ By Mumber articpation Factors =N One | brost t-on0a
roups Filter [Advanced - ][Generator v] [ v] ©) Spedfy a value:
g p ] [TJuse Area/Zone Filters Define/Fin @ Use present participation factor e
3] [ searchiext || Searchal | =B " N
- () Base on positive reserve
You can use wildcard characters = or ? -
() Base on negative reserve
i () Base on MW capability
i .
2 (Two) #1 [138 kV] () Use Custom Field: | CustFloa
4 {Four) #1 [138 kv] [ rRecalculate factors dynamically
B (Six) £1 [138 kV]
7 (Sev M) =1 [138 k]
[ Edit Area/Zone Filters ]
A [Cscectal ] [ cearall | | setSelected Fied... |
Elements |
available ' = =

for adding

I5: Data Aggregation

Choose how to determine the
participation factor for each element

© 2020 PowerWorld Corporation

41



Injection Group
Participation Points

* |Injection Groups are made up of “Participation
Points” which have two main attributes

— Reference to a generator, load, switched shunt, or
another injection group

— Participation factor

* Note: this participation factor is independent of the generator
object’s participation factor

* When you create a participation point, you can
define the initial participation factor for the point
using various methods.

— This is depicted on the following slide
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Injection Group Participation Points:
Participation Factors

* For a generator, the choices for participation factor are shown to the
right
— Specify particular value
— Use generator’s participation factor

— Base on positive reserve (Max — Present MW) O specify a value:

e All units will hit their maximum at same time (8 Use present participation factor
— Base on negative reserve (Present — Min) e

) I . ) (") Base on negative reserve
e All units will hit their minimum at same time N
. () Base on MW capability

— Base on MW capability (Max MW) O Use Custom Field: | CustFloat 1 |9
— Use Custom Floating Point Field [ ]Recalculate factors dynamically

* Recalculate Factors Dynamically
— Normally the participation factor will only be calculated at this time.

— Check this box to automatically recalculate the factors EVERY TIME they
are used

— This way, if you use the injection group with a different case or different
system state it will still be what you intend.

Participation Factors
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Injection Group Display Objects
* You can also insert display objects which
represent Injection Groups

* On the Draw ribbon tab, choose Aggregation
- Injection Group

* Click on the oneline where you would like to
place the injection group

* Display objects show the generation and load
which exist inside the group

() 767.94 MW

Generators
{/ 360.00 MW
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Substations

 Some substations in a power system have a large number of
buses in them

— Large power stations
— Other important places in a power system

e Traditional Power System Cases do not have any reference to
which “substation” a bus is inside.

e Simulator allows you to define this relationship and then
create substation-based diagrams

>

27 Grand Coulee
Buses are placed
in a single
substation

Grand Coulee 500 Kv Switchyard

500kV
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Creating Substations

* To create a new Substation
— Make sure you’re in Edit Mode (for all methods)

— Open Network = Buses in the Model Explorer or open
the Bus Dialog and assign an existing bus to a new
Substation number; OR

— Select Insert... from the local menu (right-click) in
Substation Records; OR

— Auxiliary files or Copy/Paste from Excel

Bus Records

(] B Ak teR 59 bk 8 | ST Records - Geo v Set+ Columns v |

Sub NumlSub Name|Number| MName |Area Name| Mom kv | PU Volt |b‘0|t kV) |Ang|e Dy
i 1 One 10ne Top 138,00 1.05000 144,500 15, Enter d hew num ber to
2 11 Eleven 2 Two Top 133.00 1.04000 143.520 13, .
_3D(—-—-!—w R o create a new Substation
4 Cdrour Top 138.00 1.00000 138,000 11.
5 5 Five Top 133.00 100071 138.097 3
& 6 Six  Left 133.00 1.04000 143.520 a,
7 7 Seven Right 133.00 1,04000 143.520 o,
< b4
Search Search Mow é
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Substation Display Objects

* You can also insert display objects which
represent Substations

* From the Draw ribbon tab, choose Aggregation
- Substation

* Click on the oneline where you would like to
place the injection group

e Note: You can also auto-insert transmission
lines between Substation objects

Symbols indicates
whether Generation,

Name of Substation — ¢k Load, or Shunts exist
Number of buse NG Substation inside the substation
which are assigned
to the substation 2 138kV ==
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Difference Flows

* Simulator allows two different power system
cases to be simultaneously loaded

— Present Case

— Base Case

* Difference flows allow viewing of either case or
of the differences between the cases

* Changes in status are shown using
OPEN/CLOSED fields (present case status listed
first)
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Difference Flows Dialog

* The Difference Flows dialog is used to control
which case is being viewed.

* The Difference Flows dialog can be viewed by
either

— Difference Flows option on oneline local menu
— Difference Flows on the Tools ribbon tab

Maodel Connections
Monitoring... | Flows
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Difference Flows Dialog

Select to

set present
case as

the base case
and enable the
other options

\

Difference Flows

X

Select to
change
which case
is being
viewed

/

Key Fields to Use
(@) Present Case @) Primary
Base Case Secondar
Difference Case Labe
o OK 7 Help
Difference Flows @l—ﬂ

| Set Present as Base Case | ’

Clear Base Case k
N

Case Type to Display

Key Fields to Use

Ly @ Present Case (@) Primary
(") Base Case (7 Secondary
() Difference Case (71 Label
[ W OK l [ Reset Case ... ] ’ ? Help ]

h —

The difference flows options affect

the onelines AND the case information displays

I5: Data Aggregation
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Once base
case has
been set, its
values can
not be
changed

Clears the
base case
from
memory
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Load
increased
by 20
percent in
the top area

S~

Load Increased by 20%

Area Load Multiplier

i\\

1.20

s 35 Mw

180@MwW
AGC ON

60 MV

26 MW

SuperArea AGC Status TWO
ED
1.04 pu 57 NI
93 1w 154 MW Five
E: ZETMW Difference Flows
E: AGC ON TOP Area COSt Set Present as Base Case ‘ Zear Base Case
l%l 11921 $1rh Case Type to Display Key Fields to Use
& (@ Present Case (@ Primary
ZUDHMW (") Base Case (7 Secondary
[ 0 Mvar (") Difference Case () Label
R Six i
104pu g [« o] [ Resstcase.. | [ Prep|
Left Area Cost sl @ % OMvar .
5264 $/h AGC ON AGC ON Right Are C
Th ase

—

|AC Viewing Current Case

Run Mode |Soluhon Animation Stopped
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@II B R e E xS B # Case; BTFLAT.pwb Status: Paused | Simulator 15 - =R xe)
(> S R ) ’ N -
- Case Information Draw Onelines Tools DOptions Add Ons Window @
& . . i i 2 imi itari
i e[ Abort @ |. ‘ #. Contngency Analysis... (AT sen st Limit Monitoring... | B
g Log == Solve - E_?Seﬂsil:ivil:ies 2 \x Difference Flows ~ "\;'_} -
Run Mod Single Solution Simulator Line Loading Replicator... s
i E| %Script = - Full Newton Options.. Restore - fg'/'ﬁauitAna\wsis = TS SOC SR RS phCaite Zl% Scale Case.. Other - Renumbe:
Mode Log Power Flow Tools Run Mode Other Tools Edit Mode
{E?Fw [=EE
=
O Case Hourly Cost
E . 132mw
151 Mw 17752 $/h
F L 40 Mvar
AGC ON 50 MW 49 Mw
i PN 4 ¥ Three 96MwW
= ne x
o 0.9 pu. 30 Mvar
1.05 pu SoARN @ 50 MW
101 i Four
1.00 pu

Click to
change view

Viewing
the Current
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All fields now
show the
difference
between the
present case
and the base
case

I5: Data Aggregation

Difference Flows

O

_@|

Area Ngad Multiplier

& M

0.204

w e m = ﬁ% ﬁ () s Case: BIFLAT.pwh Status: Running (PF) | Simulator 15 = | 5
Case Information Draw Onelines Options Add Ons Window @
E ? S5 [E— 7 o] Case Description... | Power Flow List.. m [z
110 h o
—— geregation ~ AX ﬁ Case Summary... Quick Power Flow List... -1l ﬁ
Maodel AreafZone Limit B Difference  Simulator Bus Open
Explorer..  Filters.. Monitoring... | Selution Details - Flows = Options... | Custem Case Info.. | AUXExport Format Desc. | yigy, Windows ~
Case Information Case Data Ca Se
EIEI=] .
Case Hourly Cost 4nf0r| | Iatlon
22BMW Y /
1301 $/h .
0 Wvar Displays
AGC ON 5w 5 M p y
o ¥ Three /]\ 16ffmw
ne I h
=" 0.00
':— P — . 0 Mvar alsO SNoOw

‘W Model Explorer: Buses

Explore I
Explore | Fields ‘

[ Recent -

* Bus Records ‘ X Branches State I x Zonesl

Q % Al 0 ;”,glﬂ ?&D‘”j Records ~ Geo v Set v CDlumﬂS'é' |“ﬁ)‘.{.u' "Q‘,E' ?

/ Eq‘ differences

O [ Network i Filter Advanced v Bus L o] Eee e
5 MW 3 Branches By PU Volt Wolt (kv) Angle (Deg) Load MW Load Myar Gen MW Gen M:
HH Branches Ir| =
SuperArea AGC Status EH Branches 5 1 0.00000 0.000 0.65 10.72
Two 2 0.00000 0.000 0.45 .00 0.00 17.94
ED Buses
0.00 pu DC Transmi 3 -0.00157 -0.272 -0.06 22.00 0.00
_ £ 0.00000 0.000 0.14 16,00 0.00 29.39
- s Generators 5| 000387 0,534 0.3 26,00 0.00
o [ 0.00000 0.000 0.61 0.00 0.00 13.34 |
v 7 0.00000 0.000 0.00 0.00 0.00 3.90 |
= Load! 1
“ ﬁ M?:m:bdwes Difference Flows |@—§3|
. .
e Vv th
E zg" - Set Present as Base Case ] [ Clear Base Case ] IeWI n g e
HH Case Type to Display Key Fields to Use .ff
DEMW s [ - | Present Case 0 Primary 1 D I e re n ce
0 Mvar =l (" Base Case () Secondary i MNow
(@) Difference Case () Label L C
six ' ase
_—
0.00 pu
o OK
-
|50Iution Animation Stopped |AC l | ‘JJ

&

—

You can NOT change values in the difference mode!
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Comparing Two Different Case Files

* Simulator only allows one case to be open at a
time.

* When you open a case, all information about the
previously opened case is removed, with one
exception
— The Difference flows information is kept

 Thus to compare two cases, you
— Open case #1, and go to Run Mode

— Open Difference Flows and choose Set Present as Base
Case

— Open case #2
— Open Difference Flows and change to Difference Case
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Topological Comparison of Cases

* On the Tools ribbon tab, choose Difference Flows =
Present Topological Differences from Base Case ...

Go to tabs
for

(===

2
¥ § Elements Added I Elements Removed | Elements In Both | Create Bus Swap List |]

detﬁed
lists

Element Type | New |Remo\re

Below is a summary of the comparison between the present case
and the base case saved from the Difference Flows Dialog.

o
@
&
SF

A
Assume base case Areas /Zones which are no
Save and Send Option

[ ists =

[[] use Area/Zone Filters when saving to Auiiary File

o] v] 7

Load [u} a [

Switched Shunt 1} Q 0
Genera tor a a 5
Branch 0 a 11

DC Line o] v] 1]

Are o] 1] 3

Zon o 1] 1

SuperAre a a 1]
Transformer 0 a 0
Interf; 0 i} 3
[ —— n A

tin present case meet the AreafZone Filters

l Send To Excel ] l Save to Text File J

l Save To Aux File ] l Load Aux File J
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Columns show the number of
new, removed elements

New: elements in the present
case which are not in the base
case

Removed: elements not in the
present case which were in
the base case

Both: element in the present

case and the base case
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Topological Differences:
Elements Removed Tab

e Tab provides a list of removed elements

* Also provides a reason why they were not found
in the present case.

© Present Case Topological Differences from the Base Case

Summary | Elements Added | Elements Removed | Elements In Both | Create Bus Swap List

Elements which exist in the base case: K:\Transmission Atlas\FER.C 2002WWECCY03hsp1ap va0.pwh
but not the present case: K:\Transmission Atlas\FERC 2002WECC\06hs2sap.pwh

Areas (0) Zones (5) Superfreas (0) Transformers (341) Interfaces ()
Injection Groups (0) Substations (0) MNomograms (0) MT DC Records ()
Buses (364) | Loads (590) | Switched Shunts (35) | Generators (113) | Branches (1041) | DC Lines (0)

I5: Data Aggregation

By Al %8 ;% # | Records v Set+ Columns ~ - b . BH. 7
Link Status From ‘ Mame Mom kv |Area Name | Area Mum [Zone Mame |z #
Mumber

Mo Branch with ID 22132 CHOLLAS 59,00 SANDIEGO 22 SDGEEAS
Mo To Bus 22218 ELLICTT 69,00 SANDIEGO 22 SDGE EEA
Mo Branch with ID 22227 ENCINATP 230.00 SANDIEGO 22 SDGE NOR
Mo Branch with ID 22232 ENCINA 230.00 SANDIEGO 22 SDGE NOR
Mo Branch with ID 22258 ESCMDIDO 69,00 SANDIEGO 22 SDGE MOR
Mo Branch with ID 22256 ESCMDIDO 59,00 SANDIEGO 22 SDGE NOR
Mo Branch with ID 22258 ESCMDIDO 69,00 SANDIEGO 22 SDGE MOR
Mo From Bus 22268 ESCMDOS51 138.00 SAMDIEGO 22 SDGE MOR
Mo Branch with ID 22306 GARFIELD 59,00 SANDIEGO 22 SDGEEAS
Mo To Bus 22315 GEMESEE 69,00 SANDIEGO 22 SDGE EEA
Mo Branch with ID 22372 KEARNY 59,00 SANDIEGO 22 SDGE BEA
Mo Branch with ID 22404 LILAC 59,00 SANDIEGO 22 SDGE NOR
Mo To Bus 22408 LOSCOCHS 69,00 SANDIEGO 22 SDGE EAS
Mo Tao Bus 22420 MAIN 5T 59,00 SANDIEGO 22 SDGE CON

Mo From Bus 22428 MAIMNSTS1 138.00 SAMDIEGO 22 SDGECON &
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