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Linear Analysis

 Power Transfer Distribution Factors (PTDFs)
* Shift Factors

* Multiple Direction PTDFs

 Multi-Element Shift Factors

e Line Outage Distribution Factors (LODFs)

e Qutage Transfer Distribution Factors (OTDFs)

* Flow and Voltage Sensitivities
— Line Flows, Interface Flows, Bus Voltages, Losses

 Loss Sensitivities
* Line Loading Replicator
e Connections Menu
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Power Transfer Distribution Factors

(PTDFs)

 PTDF is a term defined by NERC to indicate the
incremental impact a transfer of power
between areas has on system flows.

 PTDFs can be calculated in Simulator by
selecting Tools ribbon tab = Sensitivities 2
Power Transfer Distribution Factors (PTDFs).

* PTDFs can be

Power Transfer Distribution Factors (PTDFs)...

visualized on the onelines. e

Line Outage Distribution Factors (LODFs)...

................

Driving Point Impedances...
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PTDF Calculation

 PTDFs show the linear impact of a power transfer

— They show what percent of a transfer would appear on
each transmission line in the power system

 PTDFs calculated using the factored power flow
Jacobian
— Ax=[J(x*)]-1 AP

— AP = change in power injections associated with power
transfer

— Ax = change in system voltages and angles, which are
used to calculate flows
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Specifying Transfer Direction for PTDF
Calculation

* Must specify a buyer (sink) and a seller (source) of
power — a transfer direction

* Options for Buyer and Seller

— Area, Zone, or Super Area

* The PTDF calculation will assume that the generators in this
region participate according to their participation factors

— Slack

* Means all power will come from or go to the slack bus

— Injection Group

* |njection groups can include loads and/or generation.
Participation is specified for each element of the group

— Bus
e All power will come from or go to this bus.
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Calculation Method for PTDF
Calculation

* Must specify a calculation method

— Linearized AC —includes the full Jacobian in the
calculation, and thus includes losses

* Note: the PTDF calculation assumes that all losses are made
up for by the buyer

* Exception: if the seller contains the slack bus, then the seller
will make up for all losses.

— Lossless DC — only uses the DC power flow equations,
so losses not included

— Lossless DC with phase shifters — modification to
previous that forces change in flow across operating
phase shifters to be zero.
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Lossless DC with Phase Shifters

230 kV Phase Shifter
-Canada

* Phase Shifters are often used on
lower voltage paths (230 kV or
less) with relatively small limits

— They manage flow on a path that
may otherwise see overloads

— Thus, they constantly show up as
“overloaded” when using linear
analysis if they are not accounted
for

 Example: Border of Canada with
Northwestern United States

— PTDFs between Canada and US
without Phase-Shifters
* 85% on 500 kV Path
* 15% on Eastern Path
— PTDF With Phase-Shifters
* 100% goes on 500 kV Path
* 0% on Eastern Path

'I

California I )
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PTDF Display

* Choose Tools ribbon tab = Sensitivities 2> Power
Transfer Distribution Factors (PTDFs)

Select
Calculation
Method

Select to
calculate
the PTDFs

Percentage change
in system losses
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Power Transfer Distribution Factors (PTDFs) E@
Linear Calculation Method LoEEmrs Seller Type Buyer Type
Linearized AC @ 5'”9!8 @ Area Slad @ Area Slack
@) Lossless DC — Zane Inj. Group Zone Inj. Group
Lossless DC With Phase Shifters Super Area () Bus Super Area () Bus
DC Model B
| [ Ccalolate PTDFs | Options... Seler |2'U'E&;' v| Buyer |3 (Right) v|
Automatically recalculate after each pawer flow | Find Seller... | | Reverse BuyerfSeIlF-r_I Find Buyer...
Increase in Losses (%)  List Display Options Oneline Display Options
Use Area/Zone Filters
0.0 - Calculate ——
Only Show Above (%) 2.0 MW -Distance Visualize PTDFg
I—Linesfl'ransformers |Interfar_es | Areas | Fones | Generators | Phase 5hif'bers|
i =2 R A | dh 24 | “* Records * Geo~ Set~ Columns ~ [Eg- |“.E' . 5 Bl :"
From Mumber | From Mame | To Number | To Name | Circuit | % PTDF From | % PTDF To | %Yol =
i 1]Cne 2 Two 1 -2.10 2.10
2 1 One 3 Three 1 2,10 -2.10
3 2 Two 3 Three 1 3.49 -3.499
4 2 Two 4 Four 1 4.492 -4.42
5 2 Two 5 Five 1 2666 -26.66
& 2 Two & Six 1 -36.67 36.67
7 3 Three 4 Four 1 5.59 -5.59 -
4 F
(2] [fio=)

Results expressed as a percentage
of the power transfer
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Select seller
and buyer

Switches buyer
and seller

Visualize PTDFs on
oneline. Available
if only one oneline

IS open.



PTDFs on the Onelines

Top to Left Sched. Top to Right Sched.

Animated arrows
indicate percentage of
transfer flowing on the

interface. A different
color may be used to
highlight counter-flows

0.00 MW 100.00 MW

Fields now show percentage of specified Pie charts
transaction flowing through the interface indicate %
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PTDFs on the Onelines

Using the Oneline Display Options dialog, the size/color of the pie charts
(both line and interface) can be conditional, based upon percentage flow
through the device

Use to toggle between actual flows and PTDFs

.|
Oneline Display Options — . = | 5] b S o
s - -
Seect Ot Category | e Crarts e | (you can also use the oneline local-menu. )
Animated Flows i .
Display Object Options Show Pie Charts/Gauges in Run Mode 1 )
Display Options w Pi i i i . _ . i
Geopgrzpha'merdinahes Only Show Pie Charts/Gauges if relevant data exists Oneline [E_F”a)‘ Options ] s W \ = |[=]
fﬂgﬁgﬁghlight Unlinked Lines |Inberfaces I Pie Chart/Gauge Styles I General Options (All) | Select Opti tegory Animated Flows |
: Pie Chart Style Gauge Style -
Substation:'——b. @ Total power (MVA) () Amp, Transf, MVA () Total power (MVA) @ Amp, Transf, MVA isplay Object Options Shhm\ Tlo“ Symbols B_ase Flow Scaling on
M| ThumbNail View (") Real power (MW) () Max % Load Cont. (") Real power (MW) () Max % Load Cont. EISDBY %D‘}Ens drate Show Flows On @ Actual MWW Power Flow
i i i i eograpny/Loordinates =) m W
_) Reactive pwr (Mvar) (_) PTDF _) Reactive pwr (Mvar) () PTDF Grid/Highlight Unlinked - Actual Mvar Power Flow
Always Use Limiting Flow [ Display Gauge Values in Percent f“'!El'ﬂ?j () Actual MW & Mvar Power Flow
Color, Size, and Percentage gfb(s:taag;fauges Animate () PTDF Percentage Flows
| Open Parameters | MvA  [Mw [ mvar [amp [cte | ProF | I Thumbhail View Scale Speed of Flow (©) Actual MW &PTDF Flows
Show Value Percent 0.0 = Use Discrete Map Scale Size of Flow () Custom Float 1 Reset Animated Flow Offsets
bl =2 Warning,/Limit Scalars and Colors | X X X
I I Flow Size and Scaling Options
U Mormal Size Scalar 1.0 = Percent Scalar Color i
= 150 [ Set Size, Density, and Reference Values for this oneline Reference Values for Scaling
W Mormal Color - 100.00 2.00 I ) 0= Scaling Based on Max Line Flow 200 =
4 Size T @) Actual Flow
| Density 10.00 = () Percent Flow Max Load Value 200
Maximum Zoom Level to Scale Size 200 = Max Generator Value 200 =
Maintain Density above Maximum Zoom Level <
— Custom Float 1 Value 100.0 =
. g 0 Minimum Size in Pixels for In-service Elements 0=
Mal normal color the same as the N P
[Fline to which the pie chart or DOnI\; Apply Warning/Limit Colors
gauge is anchored (f any) And Resizing to Monitored Elements Flow Appearance Options L
Symbol Shape Symbol Fill Color
@ Arrows (©) Squares Actual MW I PTOF Coler | ]
: () Cirdles () Triangles W
[l [ Ok ] [ Apply ] Si‘:ecgs tions [ X Cancel ] [ ? help E E g Actual Mvar - PTDF Counter Flow -
— Animation Rate Fault P.U Amps - Custom Float 1 -
5
y Use Fill Color Show PTDF Counter Flow I
| Slower Faster
|
[ ¢ 0K ] ’ Apply ] [ x Cancel ] [ ? Help ]
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PTDF: MW*Distance

 PTDF results can be used with transmission line

lengths to compute the sum of MW*Distance

over branches
within each Area
and Zone for the
given PTDF

buyer/seller pair.

Length can come from
individual line records or
Ohm/length estimates by
nominal kV
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MW * Distance Calculations - a X
Line Length Assumptions
Always estimate length
[Joo not use length estimates = Y .
|:| Save estimates with case
Simulator must estimate the lengths of lines whose lengths are not provided. Use the table below to spedify the
values,
kv 1358.0
Chms/Length 0.25
Results
soug
=tk Right (3) Area Mum|area Mame|MW*Distance
= 1 1 Top 76,353
5 W = - -
ze (M) L] 2 2 Left 115780
. . 3 3 Right 16.760
Options ... o OK X cancel ? Help
© 2023 PowerWorld Corporation 11



Remember:
Pie Charts Options Toolbar

* Available in Options ribbon tab - Pie Chart
* Notice that all the settings on the dialog are available

Sa me Setti ng e ]:E Case: BTFLAT.pwb Status: Initia

‘\ Case Information Draw Onelines Tools Options Add Ons Window
= " Misc. Power Flow ~ % Pie Chart — Draw Grid ~ namic
COneline Display Options - - . \@@ I—\ || Dy
pes A - - - 1
Select Option Category Pie Charts/Gauges | B Solution - - Flow Viz Type |Actual W ~|F
Animated Flows ) ] Bimula . Oneline Display
Display Object Options [¥] show Pie Charts/Gauges in Run Mode Options... Options - Options... Pie Chart Style ‘Total power =L
Display C'ij}gns g Only Show Pie Charts/Gauges if relevant dath exists
Geography, Coordinates - Use Limiting Flow
Grid/Highlight Unlinked Lines |Ir1terfaoes I Pie Chart/Gauge Styles | seneral Options {AJI)l \l" =
PeChartstie Gauge Ste . Show Value 80% :
Substations @) Total power (MvA) () Amp, Transf. MVA () Total power (MVA) (@ Amp, Transf. MVA AT
Il | Thumbiail View () Real power (MW) () Max % Load Cont. () Real power (MW) ) Max % Load Cont. Normal Scalar |1 :
(7) Reactive pwr {Mvar) () PTDF (2 Reactive pwr (Mvar) () PTDF Il M | I: Bl
t orma - ue b
Always Use Limiting Flow [ Display Gauge Values in Percent -
Color, Size, and Percentage 1st First Warning |B0% s
| Open Parameters | MVA |MW I Myar I Ar'p I CTG I PTDF | . <
] usd Discrete M I 1st Warning Scalar |1.5 -
= 5| Discrete Ma
Show Value Percent 80.0 = L P R
Warning/Limit Scalars and Colors i I' 1st Warning - [custom) -
U Mormal Size Scalar 1.0 = Pe cent Color B "
I Ind Warning |100% .
L Mormal Color _ 2.00 NG E R "
2nd Warning Scalar ‘2 -
i -
Il 2nd Warning -Red v
v | LimitSet Header
v || Style Footer
Make normal color the same as the Only Apply Warning/Limit Colors
O l;:]; :;ha'?mﬂ;reeﬂl%s;i?)m O And Resizing to Monitored Elements Resize Only Monitored
Max Zoom Resize |5'D'D s
E (Lo | [ my | saveoptons | [ cancel | [ 2 reb Pie Font Size |50% :

Background Method |Oneline Color -

Il Specific Background | |[cu5tu:bn T

Color as Anchor
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Wide-Area PTDF Visualization

These PTDFs
were calculated
using a 23,000
bus FERC 715
case for the

SERC region . "lr, =
| S
Simulated N ‘m‘
transfer from 4‘\"9‘
TVA to NYPP X \A\“;
§ o e

(2
\,x

g s

Pie charts dynamically change
size/color for different PTDF values

[11: Linear Analysis © 2023 PowerWorld Corporation
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Shift Factors

 Sometimes called Generation Shift Factors (GSF) or
Transmission Loading Relief (TLR)

 PTDF calculation determines the impact of ONE transfer on
MANY lines

* The Shift Factor calculation is exactly the same
mathematically, but it determines the impact of MANY
transfers on ONE line

 Think about building a table

— Columns represent many different transfer directions
— Rows represent many different branches

— Then the table entry at Row N, Column M is the distribution
factor of the Mth transfer on the Nth branch

— The PTDF calculation determine a column of this table
— The Shift Factor calculation determines a row of this table

111: Linear Analysis © 2023 PowerWorld Corporation 14



Shift Factor versus PTDFs:
Table of Distribution Factors

List of Transfer Directions
(" <\ N
Dir, | | Diry |-+ Dir,
(Line, | DF, || DRy |---| DR,
I B e Fo—dm————d————————
List of AEREE T A E Shift F
Lines < Liney, | DRy, | -+ DRy |-+ DRye 't ractor
s - ——=-—1-—-r——--- Calculation
ol i’ Forline M
\Llnem DI:nl1 A DFnlN | | DI:nInd

PTDF Calculation for Direction N
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Options for Shift Factor Calculation

e Specify a transmission line or interface
* Specify a calculation method (same as for PTDF)

* To narrow down the choices for directions, specify
one end of the transfer (buyer or seller)

— Shift Factor calculates the impact of transferring power
between each bus and the specified end of the transfer.

— The Area Sensitivities determined will just be a
weighted average of the sensitivities for each generator
bus in the area (weighted by Participation Factors)
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Shift Factors Dialog

* Choose Tools ribbon tab = Sensitivities = Shift

Factors...

With Append on
Calculate, Simulator
will retain the highest
distribution factor
calculated for each bus
or area after each
calculation

111: Linear Analysis

shift Factors — O *
Select Device Transactor
Device Type ~| Sortby O Mame (@) Number Type ~| Sortby ()Mame (@) Number
(®) Line XFMR | | (®) Buyer |
() Interface Search For Mear Bus Select Far Bus, CKT O seller 1o
(O Multiple Elements 1(One) [138.0kV 1{One) [138.0kv] ckT| ~ Transactor Object 2 (Left)
2 (Two) [138.0k 3 (Three) [138.0 kV] Ck ® Area 3 (Right)
3 (Three) [138.0kv] 4 (Four) [138.0kVI CK1 (7) Zone
4 {Four) [138.0 kv] 5 (Five) 18.0KA CKT o e
Current Value 5 (Five) [138.0kV] 6 (Gix) [138.0kv] CKT P
78.74 MW & (Six) [138.0kv] (O slack
7 (Seven) [138.0kv] () Inj. Group
()Bus
PTDF Calculation Method Shift Factor Sensitivities Calculate Shift Factor Sensitivities Close Help
OFull AC (®) Clear before Calculate
() Append on Calculate DC Model Options. .. [Jindude only AGCable Generators
(®) Lossless DC ) ) ;
Disconnected Device Options Set Sensitivities At Out-Of-Service Buses Equal to Closest
() Losslese BT With Phase Shifters Do Mot Calculate

Buses Generators Loads Injection Groups Areas

[Jonly show the primary bus for each superbus

BT B Ak %0 5% #8 % Records - Geo~ Setv Columns - [Bg- gl W S BH- S f- BB options -
Number MName | Area Num Area Name | P Sensitivity
1 1 One 1 Top 0.030
2 2 Twao 1 Top 0.051
3 3 Three 1 Top -0.054
4 4 Four 1 Top -0.081
3 5 Five 1o O -0.482
6 6 Six 2 Left -0.082
7 7 Seven 3 Right -0.349

© 2023 PowerWorld Corporation
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Calculating the whole Table
Multiple Direction PTDF

 Simulator also allows you | Diny | Diry - Dir,
: Line, | DF, || DF, || DF,

to calculate the entire i B L O L O Bt
distribution factor table Liney | DF, | DE, - DR,

* Specify a list of directions . e
. . Line, | DE, ---1DE, 1 DF,

— Simulator will calculate and R "

display PTDFs for each transfer direction

— Must be VERY careful. You may ask Simulator to calculate
too many numbers for your computer to hold.

e 20,000 transmission lines and 500 transfer directions means that
you must calculate 10 million values (actually it’s 20 million because
Simulator calculates the PTDF for both directions of flow on the
transmission line)

* Assuming about 20 bytes per value, that’s around 400 MB of
computer memory
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PTDF Display for

Multiple Directions

Choose Multiple Directions Right-click on list display and choose
insert or Auto-Insert to specify directions
E=B(EoR(E>=
Linear Calculation Method Directions Directions
) Linearized AC () Single Name  [So ::eName| Sink Mame | Include |Pmcessed? |
B e (@) Multiple 1fron o SlackJAreés Top (1) Sladk YES NO
Lossless DC With Phase Shifters ifi: tn Siack :rea ;efﬁﬁ];)g:ai Et Eg
ght to Slack Area Rig & 'ES
[ Calculate PTDFs  §

To save
memory, you

1/
can specify/

whether to
store values
for only lines
or only
interfaces

[] Automatically recalculate after each power flow

List Display Options

[ Use AreafZone Filters AW -Distance

| re Values For Lines/Transformers Store Values For Interfaces

)ésﬂ' ransformers | oy e | / 7\ \
[ B 4k % %[ #4 89, | Records~ Geo~ Set~ Coluns~ EE- |2~ M2 ¥ v P no B 7
From Mumber | From Mame To Mumber To Mame Circuit | Top to Slack Left to Slack Right to Sladk -
From Top to FromLleftto | FromRightto | [ ]
Sladk Sladk Sladk B

1 1]0ne 2 Two 1 30,52 -2.10 0.00

2 1 One 3 Three 1 2.81 2.10 0.00

3 2 Two 3 Three 1 -£.42 3.49 0.00

4 2 Two 4 Four 1 -7.02 4,42 0.00

5 2 Two 5 Five 1 34.87 26.66 0.00

B 2 Two o Six 1 42.43 -36.67 0.00

7 3 Three 4 Four 1 -3.61 5.59 0.00
3 4 Four 5 Five 1 22,70 10.01 0.00 -

? Help I'L Cloze

111: Linear Analysis
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Calculating the whole Table:

Multiple Elements Shift Factors

 Multiple Direction PTDFs work best for

— A small number of Directions
— A large number of lines/interfaces

 Multiple Elements Shift Factors work best for
— A large number of Directions/Buses
— A small number lines/interfaces
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Multiple Elements Shift Factors

 Allows Calculation of Shift Factors for a set of

branches or inte

rfaces

Multiple Elements

Select specific

elements \

Shift Factors

Select Device
Device Type Lines/XFMRs or Interfaces
() LinefXFMR: (®) Lines and Transformers
() Interface () Interfaces
“@ Multiple Elements (JBoth
Which Devices
() Selected Devices

(_) Overloaded Devices
(®) Contingency-Overloaded Devices

| Select LinesXFMRs | | Select Interfaces |

Shift Factor Sensitivities
Clear before Calculate
Append on Calculate

ation Method

(IRl AC

Loss| Dc

® Lossless cted Device Options
() Lossless DC With Phase Shifters Do Mot Calculg

Buses Generators Loads Injection Groups

[lonly show the primary bus for each superbus

= O x
Transactor
Type [+|sortby ()Name (@) Number
(®) Buyer
Seller
.
Transactor Object 2 (Left)
(®) Area 3 (Right)
O Zone
() sSuper Area
(O sladck
Olnj. Group
(C)Bus
FCalcuiate Shift Factor Sensitvites] | Close | Hep |

Indude only AGCable Generators

DC Model Options...

| Set Sensitivities At Out-Of-Service Buses Equal to Closest |

PRI Bk W8 % A8 T

Records = Geo = 5Set~ Columns '

AUKR HE ) ZORT
e ™

fix) ~ BH | Options =

ST = A Dam EILE # WTLR 1T0 3CKT1 |2 TO 5CKT1
1 1 One Top 01913 0.2302 0.1610] 0.0303
2 2 Two Top 0.0545 0.0402 0.0033 00312
3 3 Three Top -0.2615 -0.3075 -0.2080 -0.0536
4 4 Four Top -0.2458 -0.2705 -0.1643 -0.0815
5 5 Five Top -0.5208 -0.3885 -0.0386 -0.4820
b 6 Six Left -0.0893 -0.0662 -0.0072 -0.0821
il T Seven Right -0.3768 -0.2813 -0.0281 -0.3487

111: Linear Analysis
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Line Outage Distribution Factors
(LODFs)

e LODFs are another linearized calculation

— Calculate the impact of opening (outaging) a
transmission branch on all the other branches in the

case.

— Also can calculate the impact of closing in a branch
(could call this called a Line Closure Distribution Factor

or LCDF)

* Specify a transmission branch, and the calculation
determines what percent of the flow on that line
will appear on all other transmission lines

— If the branch was initially open, then the LCDF will

calculate what percent of the post-closure flow on the
line will appear on other lines
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LODF Dialog

* Choose Tools ribbon tab = Sensitivities 2 Line
Outage Distribution Factors (LODFs)

Action will actually be determined for you
(If the line is presently closed, then it will automatically do an outage sensitivity)

Select
Calculation

Method to
Use

111: Linear Analysis

L:J Line Qutage Distribution Factors (LODFs)

Output Cption Thear Calculation Method [=] Sort () By Name @) By Mumber
@) Single LODF o

) LODF Matrix - Search For Mear Bus
Action @ Lossless DC

@ Outage Sensitgles I Lossless DC With Phase Shifters 3 (Three) [138 kV]
4 (Four) [138 kV]
5 (Five) [133 kv]

& (Six) [138 kV]

7 (Seven) [138 kV]

") Closure Sepativities

Cadilate LODFs | | Advanced LODF Calculation |

[ DC Model Options... I

[F=S{EoR (<)

Sel=stPEr Bus, CKT
1 EOnelz [133 kvl] T{One) [138 kv] CKT 1

2 (Two) [138 3 (Three) [138 kV] CKT 1
4 (Four) [138 kv] CKT 1

5 (Five) [138 kv] CKT 1
& (5ix) [138 kV] CKT 1

D % ‘>| ‘_'.;',3 ;':_'3 | M ?&n| " Records ~ Geo~ Set~ Columns - " | “.E' "&Ev b %" sa?g:, fix) ﬁ | QOptions -
LODFs
From Mumber | From Mame | To Number To Mame | Circuit | % LODF | MW From | MW To | CTG MW From
i 1]Cne 2 Two 1 2.0 9.1 -58.4 52.0
2 1 One 3 Three 1 9.0 42,8 -41.4 49.9
3 2 Two 3 Three 1 15.0 37.6 -36.6 43,3
4 2 Two 4 Four 1 19.0 il -31.5 47.0
5 2 Two 5 Five 1 -100.0 78.7 -76.4 0.0
8 2 Two & Six 1 57.1 40.1 T, 35.0
7 3 Three 4 Four 1 23.9 -32.0 321 -13.1
8 4 Four 5 Five 1 42.9 14.4 -14.2 il
9 7 Seven 5 Five 1 57.1 40.1 -39.4 85.0
10 & Six 7 Seven 1 28.6 20,0 -19.7 42,5
11 6 Six 7 Seven 2 28.6 20,0 -19.7 42.5
4 3
Clear LODF Matrix Results [ ? telp I I J[] Dlose I

© 2023 PowerWorld Corporation
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Closure Sensitivities

O

* Closure sensitivity computes % of the estimated post-
closure flow on the selected (open) line that will
show up on other -

0 single LODF
() LODF Matrix

b ° Search For Near Bus Select Far Bus, CKT
ines and interfaces. | =
L () Outage Sensitivities

—~ " 5 2 (Two) [138.0 kV] 3 (Three) [138.0 kW] CKT 1
O Closure Sensitivities Ol = T = e 3 (Three) [133.0 kV]
) ) 4 (Four) [138.0 kv]
LII-WE Closure Options 5 (Five) [138.0 kV]
Line Status & (Sic) [138.0 kV]
7 (Seven) [133.0kV]

~ Sortby (JMame ) Number

Linearized AC

O Caleulate based on post-dosure flow (LCDF)
() Caleulate based on pre-dosure flow (MLCDF)

Calculate LODFs Advanced LODF Calculation

DC Model Options...

CaICU|ation baSEd LODFs  Interface LODFs

D B %‘ﬂ fg'g ;E'S M ?&n '_ Records = Geo = Set~ Columns = ' H.E' ",‘ﬂ::frﬁ' hd BEEI' E%RE: fix) ~ ﬁ Options -

0 n post'c I OS u re 0 r From Numb971 From MName To Number|To MName Circuitl% LODF‘MW From ‘MW To |CTG MW From ‘CTG WW To |
I fl 1 1 One 2 Two 1 -100.0 101.7 -99.8 61.2 -59.2
p re-closure 1riow 3 2 3 Three 1 -44.6 568  -54.8 387 -36.8
4 2 Two 4 Four 1 -35.4 47.5 -46.2 33.2 -31.9
=z 2 Two 5 Five 1 -13.3 835 -810 78.2 -73.6
b 2 Two 6 Six 1 -6.6 421 -41.7 354 -39.0
7 3 Three 4 Four 1 554 -535.2 535 -32.7 331
8 4 Four 5 Five 1 19.9 5.5 -5.5 13.6 -13.6
9 7 Seven 5 Five 1 -6.6 44.3 -43.5 416 -40.9
Clear LODF Matrix Results Help Close
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LODF Matrix

Select
Line Outage Distribution Factors (LODFs) = | =[] .
LO D F C?uh:nut Option Linear Calculation Method Lines to Process [UUEEI_E or Closure]) =N Se | ect I | n eS to
. \ () Single LODF o @ All ac Lines
M at rixX =b @ LODF Matrix HearsEa Ak () Use Area/Zone/Owner Filter Sl ou ta ge/c I ose
Action (@ Lossless DC ) Use Selected
a Cutage Sens?h.v!hles () Lossless DC With Phase Shifters (© Meets Filter
() Closure Sensitivites . . =
Lines to Monitor —
Calculate LODFs ] [ Advanced LODF Calculation ] @) 5ame &s Lines to Process Se I e Ct | Ines to
[ 5 Model ot ] ) all ac Lines
odel Options... - ) .
I Use AreafZone/Owner Filter
Each row of the results represents the line being outaged/dosed. Each @ Use Selected >- m O n Ito r
T e Of column of ﬂje results represents ﬂ'ue_ line being monitored and the i .
y p corresponding LODF/LCDF for that line. (") Meets Filter
Se n S itivity Done Do not monitor lines that are open ==
m % "| *.'u'u i?g | M ?&n | ‘_ Records = Geo * Set~ Columns = ' | HE' “ggv T %' ﬁﬂ fix) @ | Options = Llnes to
LODFs (jgnore Area/Zone/Owner filter) | / m O n ito r
From | From Mame [To ToMame |Circuit| MW From One (1) TOTwo | One (1) TO Two (A TO  [Two (2) TO Y-
. Mumber| Mumber (DCKT 1 Three (3) CKT 1 | Three (3) CKT 1 (4 CKT 1 K
7l i 1[Cne 2[{Two 1 59.051 -100,00 100,00 -44,565 -35.42
LI nes to 2 1[{Cne 3|Three 1 f 42,802 100,00 -100.00 44,65 35.42
3 2|Two 3|Three 1 37.564 -32.61 32.61 -100.00 43.13
Outage/ 4 2[Two 4|Four 1/ 32.118 -25.95 25.95 43.24 00.00
5 2|Two 5|Five 1/ 78.741 -3.98 8.98 14,96 95
6 2[Tw FED 40.074 -5.71 571 9.52 12,
CIOSe 1 =z e 'I':rl:.:.a F- 3 I:E.(uu- ,11 -31 Qa7 a7 En -37 BN Sy B =y} a4 nn i °
< / './| LODF on Line 2-3
Clear LODF Matrix Results | Prep | | Floese | | f t fLi
- Oor outage ofr LInhe

/ 1-2
Present MW
flow on line
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Outage Transfer Distribution Factors
(OTDFs)

 Not a standalone calculation, but used within other Simulator tools
— Available Transfer Capability (ATC)
— PTDF for an interface with Contingency Element(s)
— Contingency Analysis: Calculate OTDFs from PTDFs
 The setup for the calculation
— Study a transfer between a seller and buyer
— Monitor the flow on line M
— What happens after an outage of line C?
 OTDF: the percent of the transfer that will flow on Line M AFTER the
outage of line C
 Qutage MW (OMW): The MW flow on line M after line C is outaged

e Calculate OMW and OTDF from by using the present flow on the
lines and PTDFs and LODFs
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OTDF, OMW Calculation

¢ Va I ues we 4 | read d y k now PTDF,, = PTDF for the transfer direction on line M
PTDF. = PTDF for the transfer direction on line C
the percent of flow on line C that will j

move over to line M if Line C is outaged

MW,, = (present MW flow on monitored line M)
MW, = (present MW flow on contingent line C)

Monitored‘/.
Line M

The Rest of System

LODF,, . :(

Line C (about to outage)

e Calculate the OTDF and OMW values from this
OMW,, . = MW,, + LODF,, . * MW,
OTDF,, . = PTDF,, + LODF,, . * PTDF,
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OTDF and OMW calculation for

multiple line outages

e A similar calculation can be done when trying
to include multiple-line outage OTDFs

— Finds the percent of a transfer that will flow on Line
M AFTER the outage of lines 1, 2, ...

* Simulator handles these multiple outages
internally
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Flow and Voltage

Sensitivities

* Choose Tools ribbon tab - Sensitivities 2 Flow and Voltage
Sensitivities to bring up the Line Flow/
Interface/Bus Sensitivities dialog

* Single Meter, Multiple Transfers: Calculates the sensitivity of various
values to an injection of real or reactive power, or a change in a
regulated bus voltage setpoint

If not specified, these calculations assume that the absorption of
MW/Mvars occurs at the island slack bus

Line or Interface > P AP,
MW flow sensitivities AP,pjecion  dQinjection
Line or Interface > diQF'ow LIS
MVAR flow sensitivities necion A Quecion
Line or Interface - diSF.OW ,ddSF'ow
MVA flow sensitivities neeion A Quecion
Bus voltage ,  WVa,  dV,
SenSitiVitieS dPinjection innjection
Generator Mvar > 0Qu  dQ,
SenSitiVitieS dPinjection innjection
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Flows and Voltage Sensitivities

—

W) Line Flow/Interface/Bus Sensitivities

F=N{EoR (e

Select Device

Se | e Ct D eVI Ce \ Single Meter, Multiple Transfers | Single Transfer, Multiple Meters | Self Sensitivity |

and Flow or

Device Type Flow Type (=] Sort ) By Name (@) By Number

Voltage Type —

Select

Monitored
Device

Click Calculate
Sensitivities

Represents how the Line 1-2’s MW will change for a 1 MW injection of Power

@) Line /XFMR. —_— @) My Filter [Advanced v][Branch v] [ v]
b Interface < Mvar ®]  [7]use Area/Zone Filters Define/Find. ..
() Bus T MVA
Current Value 59.05 Mw Search For Near Bus Select Far Bus, CKT Set Sensitivities At
MNote, the "Bus Sensitivities” results assume an » | 2 (Two) [138 kV] CKT 1 | |Out-Of-Gervice Buses Equal to
injection of power at the bus in the respective row 2 (Twa) [138 kV] [ 3 (Three) [138 k¥] CKT 1 the Closest Bus
of the results generation is positive) with the power e
4 (Folr) [138kV] Set Qut-Of-Service
5 (Five) [138 kV]
’ Calculate Sensitivities ] & (Six) [138 kv] i
% R ] | dh ?&n | ‘_ Records ~ Geo v Set~ Columns - ' | HE' “%‘;E- T BEH' 1%?;; fix) BH ):
'/BUSES |Generamrs | Loads | Phase Shifters | LTC Transfarmers | Switched Shuntsl
Mumber Mame | Area Mum | Area Mame P Sensitivity | Q Sensitivity | W Sensitivity |
1 1]One 1 Top 0.8155530% -6.03273153
2 2 Twao 1 Top -0.03125550 4.96663284
3 3 Three 1 Top 0.,19108720 -0.00265267
4 4 Four 1 Top 0.14378668 -0,04152116
5 5 Five 1 Top 0.01126085 0.00053437
3] 6 Six 2 Left -0.0210145% 0.01349542
7 7 Sewven 3 Right 0.00000000 0.02061543

at respective bus (with the power absorbed at the slack bus)

111: Linear Analysis
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Flow and Voltage
Sensitivities

» Self Sensitivity: sensitivity of voltage at each bus for P
or Q injection at that bus (withdrawn at the island slack)

) Line Flow/Interface/Bus Sensitivities

The Bus Sensitivities results assume an injection of power at the bus in the
respective row of the results with the power absorbed at the slack bus. The
results give the sensitivity of voltage at the respective bus due to the power
injection.

Mote: Sensitivities are only calculated for the
buses shown in the list below. Filter the list to
narrow the number calculated.

B calaulate dv/dP values
B calculate dv/dQ Values

Caloulate Sensitivities

Bus Sensitivities
R e R A Y M

[_J only show the primary bus for each superbus

Results Summary
Number of Buses

Minimum dv/dP Value 0.00000
Maximum dv/dP Value 0.00013
Minimum dv,/dQ Value 0.00000
Maximum dv/dQ Value 0.00035

Alternative Solution Buses g

B~ | flih, GlER, @ B, S0
Records = Geo~ Set~ Columns ~ BT @ A4 B‘:'E AECD

Single Meter, Multiple Transfers  Single Transfer, Multiple Meters  Self Sensitivity  Multiple Meters, Single Control Change  Multiple Meters, Multiple Control Change

Slack Buses (shown for information)

Seven (7); in Area Right (3)

fig ~

Number | Name | Nom kV | Area Num | Area Name dv/dpP dv/dQ MNegative | Has closed |Likely Alternativel PU Volt
reactance |gen, load or |Solution (First
lines J‘ shunts Neighbaors) T
1 1 One 138.00 1 Top | (0.00000000] 0.00000000 NO YE 1.05001
2 2 Two 138.00 1 Top 0.00000000 0.00000000 NO YES 1.04000
3 3 Three 138.00 1 Top 0.00008909 0.00023701 NO YES 0.99269
4 4 Four 138.00 1 Top 0.00000000 0.00000000 NO YES NO 1.00000
5 5 Five 138.00 1 Top 0.00012582 0.00034731 NO YES NO w665
6 6 Six 138.00 2 Left 0.00000000 0.02000000 NO YES NO 1.04000
7 7 Seven 138.00 3 Right 0.00090000 0.G0OD00000 NO YES NO 1.04000
Close

dV/dQ is a measure
of how close a bus is
~ toQV instability;
negative values may
indicate a low-
voltage solution

Negative dV/dQ is
normal if bus is

~~ incident to a
negative reactance

Regulated

111: Linear Analysis
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Loss Sensitivities

* Choose Tools ribbon tab = Sensitivities = Loss Sensitivities
to bring up the Bus Marginal Loss Sensitivities dialog

* This models an injection of 1.0 MW at a bus with this power
being absorbed at the island slack bus

 The Loss MW Sens value for each bus represents how much
the losses as specified by the Loss Function Type will
increase for the 1 MW injection at the respective bus

Bus Marginal Loss Sensitivities E@
Spedfy Loss Function =
loss Fumction Type | Calculate Bus Marginal Loss Sensitivities | | M1 Close | | ? Help |
@ Do Mot Calculate Bus Loss Sensitivities
Each Electrical Island Buses | Just Genera tors
Each Area OPT. +,0 .00 2% 14 ] Akl -
5o+ Records * Geo * Set~ Columns v EHH~ | ge T
Each Area or Superarea D e AR T 5 | 5, | | =
Areas Selected on Loss Sensitivity Form Mumber Name | Area Num Area Name Loss MW Sens | Penalty Factor | Loss Mvar
User-Spedified (leave at present values) 1 one 1 Top 0.0604 1.0643 C
2 2 Two 1 Top 0.0394 1.0410 C
Selected Areas 3 3 Three 1 Top 0,0012 1.0012 I
5 4 Four 1 Top 0.0092 10093 C
Murmb M Indude?
il ki o 5 5 Five 1 Top 00170 0.9833 <
Top Mo ] 6 Six 2 Left -0,0064 0.9935 C
2 Left Mo i 7 Seven 3 Right 0.0000 1,0000 C
3 Right Mo
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Loss Sensitivities

* Penalty Factor Column equals 1/(1 — Loss MW Sens)
* Loss Function Types

Do not calculate — All Loss MW Sens values will be zero
Each Electrical Island — how do losses change in the island

Each Area — For each bus it calculates how the losses in the bus’ area
will change (Note: this means that sensitivities at buses in two different
areas can not be directly compared because they are referenced to
different losses)

Each Area or Super Area —same as Each Area, but if a Super Area exists
it will use this instead (Note: this means that sensitivities at buses in
two different areas can not be directly compared because they are
referenced to different losses)

Areas Selected on Loss Sensitivity Form — Calculates how the losses in
the selected areas will change

User-Specified — Values will never be recalculated. Also the Loss MW
Sens column will become enterable (blue) on the bus displays.
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LODF Screening

e Can help identify pairs of contingencies that
are significant without actually solving all of
the contingencies

* Methods based on the technical paper - C.
Matthew Davis and Thomas J. Overbye,
"Multiple Element Screening," IEEE
Transactions on Power Systems, vol. 26, no. 3,
pp. 1294-1301, Aug. 2011
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LODF Screening

Choose sets
of lines to
Outage and 9
to Monitor

111: Linear Analysis

LODF Screening

Select Area/Zone. ..

Select Lines...

Select Area/Zone...

— O X

Lines to Process (Outage) Options
O All ac Lines I:‘ Indude Phase Shifters /
Defined Contingencies
/ ® g [ indude Open Lines

() Limit Monitoring Settings

(O Use Area/Zone/Owner Filter LODF Threshold =

Use Selected = =
8 == EEIC [ overload Threshold  Between | QS.DD| - and | 999.Dﬂ| =
Meets Filter
Calculate
@ Same as Lines to Process
(O all ac Lines
Calculate LODFs Help

O Limit Monitoring Settings

S I (c--ies o |

Selectlines... | (Ouse selected
Define Filter () Meets Filter
File Information
. ) . . N - Use Availabe Contingency Mames for
File Location  |C:\Weers\Public\Documents'PowerWorldl22\Sample C Browse... Save to File Il

MNew Contingency Mames

Summary Information

Mumber of Lines to Process Mumber of Combinations Without Screening I:I
Mumber of Lines to Monitor Processing Time I:I
Mumber of CTG Combinations

m % ‘>||‘(' fo'g ;",3 M E‘&n Records = Set = Columns - ' “.E* "%’EE' E‘:'El' ﬁﬂ ) = ﬁ Options =

Assign Summary to  Original CTG Name Highest LODF Value Highest LODF Line Highest Overload Value  Highest Overload Line
BenchiCrism ek |N0ne w | |N0ne w | |N0ne w | |N0ne w | |Cusb3m'»,'3t'ing 1w |
Populate
Summary —
Contingency Original Contingency Name Highest LOD} Highest | Highest |Highest Overload
Line LODF Line | Overload |Line
1121 L_0000010ne-000002TwoC1 100,00 131 156.70 131
2|131 L_0000010ne-000003ThreeC1 100.00 121 1
3261 L_000002Two-0000065ixC1 -100.00 751 10787 251
41751 L_0000075even-000005FiveCT -100.00 261 10787 251

_ Optionally use
LCDF for Open
Lines

Screening
thresholds
(LODF% and/or
Limit%)

\

Results (columns
populated
according to

~~ options selected
above)

© 2023 PowerWorld Corporation
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Driving Point Impedances

 Compute impedance at each bus, looking into
the system

Bus Driving Point Impedance = O x
POWEI’ FIOW B3| B fk %8 5% #8 Records~ Geo~ Set~v Columns~ B~ i~ U8 ¥ B~ U0 fo- B options -
Model Type to Use
MOdEl uses Y- (O Transient Stabiity without Bus Local Shunts Calculate Driving Point Impedance Help Close
. i) Transient Stability Induding Bus Local Shunts
b us; Tra nS I e nt (®) Power Flow (Results Depend on Slack Bus Location!) Calculaton Result |\.-'a|id Solutien |
Stability options
. . Mumber |Name Status Mom KV | Area Mum | Area Mame | Driving Point | Driving Point Driving Point Driving Point
|nCI Ude |nte rnal Impedance R | Impedance X | Impedance Mag | Impedance
. Degrees
|mpedance5 of 1 1 One Connected  138.0 1 Top | 0.0444 0.1301 0.1374 7117
2 2 Two  Connected 138.0 1 Top 0.0283 0.0827 0.0874 1.1
generators and 3 3 Three Connected 138.0 1 Top 0.0437 01280 0.1352 1.4
|Qad5 4 4 Four  Connected 138.0 1 Top 0.0420 01231 0130 f1.15
S 5 Five Connected 138.0 1 Top 0.01e7 0.0495 0.0522 .36
6 6 Six Connected 138.0 2 Left 0.0261 0.07 7M1 0.0814 71.26
7 7 Seven Connected 138.0 3 Right 0.0000 0.0000 0.0000 0.00

Results show R, X, Magnitude, and Angle of impedance from
each bus; slack bus is always zero using Power Flow model
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Line Loading Replicator

* Available from Tools ribbon tab = Line Loading
Replicator

* Uses linear transfer sensitivities to calculate injection
changes required to achieve desired MW flow on a
selected line

* |njection groups used to select the generators and loads
that can participate in the injection changes

* Net injection change is zero; same amount of MW
injected into the system as taken out of the system

* Generator and load min and max always enforced

* |njection changes can be implemented in the power
flow case to determine the actual impact of the changes
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Line Loading
Replicator Dialog

Choose the
device

Setthe ———
Desired Flow

Participating
elements and
required
injection
changes

o

Select Device
Device Type
(@) Line XFMR.

Present Flow (M
59.051
Desired Flow [MW)
65,051 =

-

Calculation Method
(@) Lossless DC

'®) Line Loading Replicator

[= ]

Available Injection Groups
(=] Sort () By Mame (@ By Number

IMJGRF:0 Areal
IMIGRP:0_Area 2

IMIGRP:0_Area 3

[=] Sort (") By Mame (@ By Number

Search For Mear Bus Select Far Bus, CK

2 (Two) [138 kv] CK
2 (Two) [138 kV] 3 (Three) [138 kv] C
3 (Three) [138 kv]

4 (Four) [138 kv]

5 (Five) [133 kV]

& [Sin) [138 kv]

7 (Seven) [138 kv] [T only Indude AGCAble Generation and Load

Max and Min Load Limits for Injection Changes
Set Max and Min Load Yalues

(@) Use Max and Min Load Values

() Lossless DC with Phase Shifters _ — =
- () Use Multiplier on Present Yalue 1.000

| Calculate Injection Changes | 1.000 |

Implement
injection
changes in
the case

Injection Changes -—
m % Al o g% | ?&n | Records = Set -~ Columns - ' | "E' "é},{;@' T %' E%'E] fix) BH }:
Element Type | Bus Mumber Bus Mame jin} Distribution Injection Present MNew Injection
Factor Change MW | Injection M MW
1§5en 1 One 1 0.811 7.124 101.853 108.977
2|Gen 2 Twa 1 -0.031 -7.124 170.078 162.954
L
Total Injection Increase/Decrease (MW) 7,124 Flow Achieved (MwW)  65.051
Implement Injection Changes
Global AGC contral and global phase shifter control
— are disabled when choosing to implement changes.
Implement Injection Changes
and Solve Power Flow
[ ? Help ] [ IL Close ]

Select the
injection group
that contains
participants

>_Deﬁne Max and
Min load limits

MW Flow

" value that
can be
achieved on
selected
device

111: Linear Analysis
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~.®  Tools: Other Ribbon Group

Determine Path Distances to Buses._.

Determine Shortest Path Between .. )

Find Circulating MW or Mvar Flows... CO n n e Ct I O n S M e n u

Facility Analysis ...

Branches that Create Islands...

* Features in this menu analyze the connectivity of
the power system model

— Determine Path Distances to Buses...

 Determine the path distance at each bus to a particular part
of the system

— Determine Shortest Path Between...
* Find the shortest path between points in the network
— Facility Analysis...

* Find the minimum number of branches to remove to separate
two parts of the network

— Branches that Create Islands...

* Find a list of branches that if removed will split the network
into two islands.
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Tools in Connections Menu:

Graph Analysis Tools

Determine Shortest Path Between
Result: Returns a list of branches

Determine Path Distances to Buses

Result: Labels every Bus

Facility Analysis
Result: Returns a list of branches

111: Linear Analysis

Branches that Create Islands
Result: Returns a list of branches
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Determine Path Distances
From Bus or Group

* This tool allows you to choose a single bus or a group of
buses, and then determine the distance from that to all the
other buses in the group

[ Determine Path Distances to Buses E@

Start

C h O O S e E_IementType [=] sortby @ Mame  (7) Number
@) Bus
“Start”

© subsiation

L Four (4) [138 kv]
7 One (1) [138 kv]

() Zone . H
element " II.. | =eoimw Specify which
() Injection Group Three (3) [138kv]

ooty [ paths to consider
Distance Mezsure Lines to Progyts Bus Field to Populate PO p u I ate

Choose &x @ Al Custom\Floating Point 1 - aS a bus

® 121

. - () Only dosed
d Istance R @ Fiter  [Choose Filter f| e I d
@) Number of nodes - B Calculate
measure L~ e
Results
D % A el 2% | i ?&D “" Records * Geo v Set~ Columns - ' |H.E" "%.’}E' T BE'EI' f;%?;; flx) B | Options ~
Number Name | Area Name Zane Name Nam kv | Cust Float 1 |
i 1]Cne Top 1 133.00 2.000000
2 2 Two Top 1 138.00 1.000000
3 3 Three Top 1 133.00 2.000000
4 4 Four Top 1 138.00 1.000000
3 5 Five Top 1 133.00 0.000000
] 6 Six Left 1 133.00 2.000000
7 7 Sewven Right 1 133.00 1.000000

ErsiE e
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Determine Path Distances
From Bus or Group Dialog

* Start Group
— All buses inside this group will be marked with a distance of zero
* Distance Measure

— Each branch in the network will be treated as having a distance
equal to the choice made here

e Lines to Process

— Specify a filter to limit the branches that can be traversed during
this process

* Bus Field to Populate

— After clicking Calculate, the shortest total distance to the Start
Group will be calculated for EVERY bus in the system.

— Result of calculation is pasted into this Bus Field and this bus Field
is automatically added to the case information display at the
bottom

SCRIPT: DeterminePathDistance([start], BranchDistMeas, BranchFilter, BusField);
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Determine Shortest Path

* This tool generates a list of nodes which has the

shortest length to connect the “Start” element to
the “End” element

‘M Determine Shortest Path Between

s

Start End Three
Element Type Element Type (=] Sortby @ Mame  (7) Number | One
— - = = 0.99 pu
@) Bus @) Bus
(7 Substation () Substation Five (5) [138 kv] . Four
() Area () Area Four (4) [138 kv] 1oopu
) Zone 4 (©) Zone e e
() Super Area Six (5) [138 k] () Super Area G (2 =T
(7 Injection Group Three (3) [138kv] () Injection Group Three (3) [138kV]
Two (2) [138 kv] Two (2) [138 kv] Two
pu
Distance Measure Lines to Process Five
A X @ al (=) T 1.01pu
o 1zl ) Only dosed

() Length

(@) Mumber of nodes ©Filter  |Choose Filter Calculate /
() Other () Selected / /f

Results Six even
s _ 1.04 pu u
m % ‘>| '_'53 ;'3_8 | M ?&n | ~ Records ~ Geo~ Set~ Columns ~ ' |“.E' ",.%EE' b %' fix) @ | Options = L
Y
é Number | Mame | Area MName Zone Name Mom kv |
1 7 Seven Hight 1 138.00
2 6 Six Left 1 138.00
3 2 Two Top 1 138.00
4 1 One Top 1 133.00

[ Preo | [ lgese |
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Determine Shortest Path
From Bus or Group

e Start Group, End Group

— Specify a start and end group to determine distances
between

e Distance Measure

— Each branch in the network will be treated as having a
distance equal to the choice made here

e Lines to Process

— Specify a filter to limit the branches that can be
traversed during this process

* Click calculate to determine the shortest series of
branches that goes from the Start Group to the
End Group.

SCRIPT: DetermineShortestPath([start], [end], BranchDistanceMeasure, BranchFilter, Filename);
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Find Circulating MW or MVAr Flows

* Circulating power flows in power systems can lead to
unnecessary losses and voltage drops

* Flow cycle- A series of branches with positive flows that
can be traversed to form a loop

e Common example- Circulating MVArs caused by
transformers with unbalanced tap ratios

“Fransformers with different -
tap ratios causing circulatingJﬂ‘ffiWs

r - TTH.;_.-.-.:M(--.
y f— .

T

See the PowerWorld help documentation for more details.
111: Linear Analysis © 2023 PowerWorld Corporation 45



Find Circulating MW or MVAr Flows

O

Mvar and MW Flow Cycle Dialog
Cyde Type to Find =
i B Flaw Threshold 0.10 Mwar
Find Cycles (@) Mvar Cydes =
©) MW Cydes Maximum Related Cydes =
i % AF s A | 7] f&n | Fecords = Set~ Columns - BT “%{;E' - ﬁ - E%E fix) HH | AR Estimate
 Filter Advance] = | Flow Cycle E|/ (=] Esnd—premmore— improvements if
& :
Flow Cydes | Branches in Any Cyde | Busesiriny™ cycle is removed
1
Related Cyde Mames Loss Mvar W [Loss MW |Cyde Cyde Min. [Lines in|Min Bus Mum|Max Bus|Min Tap Ratio[Max Tap Ratio|Max Perceni =
Group Reduction  |Reduction|X-Weighted|Flow Cyde Mum MV A Flow |:|
Ave,
7 T NYISO 14.06 0.72 85.91 42.64 7 130755 130840 0.90625 1.05346 449,95
3 2 IESO, NYISO 13,96 0.39 194,25 14244 6 147834 157063 0.91667 1.04545 83,50
9 2 [ESO, NYISO 13.96 0.39 194,22 142,44 =] 147334 157063 0.91667
10 2 IESO, NYISO 13.71 175.18 112,89 7 147834 157063 0.91667
11 2 IESQ, NYISO 13.71 0.39 175,158 112,69 7 147334 157063 0.91667
12 2 [ESO, NYISO 13.71 0.39 175.18 112.69 7 1475334 157063 0.91667
< I
Branches in Selected Flow Cyde | Buses in Selected Cyde |
Mear Bus|Mear Bus Name [Mear Bus|Far Bus Mumber |Far Bus Mame |Far Bus Mom kV|Circuit| Cyde Flow|Cyde Flow|Loss MW |Loss Mvar|Tap Ratio|Phase (Deg)
Murnber Mom kY Direction |Reduction|Reduction
1| 157051 BECKE 345.0 147334 NIAG 345 3450 1 201,35 From-To 0.00 0,13 1.00000 0.00
2| 147834 MIAG 345 345.0 147841 NIAGARZE 230.0 1 112,69 From-To 0.03 1.40 0.S&500 0.00
3| 147841 NIAGARZE 230.0 147542 NIAGAR2W 230,01 126,68 To-From 0,00 0,00  1.00000 0.00
4| 147842 MIAGAR2W 230.0 157063 BCK2PAZT 230.0 1 190,71 To-From 0.24 2.28 1.00000 0.00
5( 157063 BCK2PAZT 230.0 157052 BECK2 DK 220.0 27 195.86 From-To 0.07 4,93 1.04545 0.00
8| 157052 BECK2DK 220.0 157059 BECK2PAZ 2200 1 231,02 To-From 0.00 1.00000 0.00
7| 157059 BECK2PAZ 220.0 157051 BECK B 345.0 02 231.05 From-To 0.03 4,89 0.91667 0.00
11 Glose
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Facility Analysis

e Determine the branches that would isolate the
Facility from the External region

* This dialog allows you to choose two sets of
buses on the Select the Buses

— Buses with
Which System? = EXTERNAL &

— Buses with Selected? = YES
* To define the Facility, set

Selected? = YES and |
Which System? = Study it
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Facility Analysis

Facility Analysis =]

When you then switch &=
y Select The Buses | Fadlity Analysis
L ] L] L]
t O t h e Fa C I I I ty A n a | yS I S Mate: 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 H D % A %8 5% | ih ?&n | * Records - Geo v Set~ | v )v) Select what to add to the study and external systems
db, you Can CIIC N Extem Sty

Make-up of the study and external systems

e e : Buses | Areas | Zones frees Areas
Minimum Cut to find . .
. . MNumber MName syvihbleﬂ? Selected? #hrzslr%:‘?gers omes Zomes
the minimum number of ————=+="= =
- e = :
branches to remove to = - o
g g g:;e %:@5 i Include how many tiers of neighbors? [#]Filter by Kv:
te th e tWO Sets Of 7 7 Seven External MO 2 S Max 9999.0 =
Separa

Mir 0.0 =

-

b Set Branch Terminals External ... ]
USesS
Set Branch Terminals Study... ]

Select buses using a network cut

Three
0.99 pu

Set the bus Selected field to define the Facility [ Moo | [ 2 Hep |

Four
1.00 pu

acilty Analysis =5[>
Facity Analyss

D % L | ih ?&D | ** Records - Geo~ Set~ Columns + ' |"ﬁ“gv "%‘;E' T %' f;%ﬂ fix) E | Options =

External Region Facility - 2
[ FindMinmumcut  § AL Cose

Mumber of Buses 7 5
Status: PATH 2: 1 branches
Capacity 2 2 Min Cut Found
Show Paths
LT - —
LR -
- e - From From Mame |To Area Name | To Mumber | To Mame |Circui{ MW From | Mvar From Status Lim MYVA
Number
i 2| Two Left 6 Six 1 40.1 -15.5 Closed 200.0
2 7 Seven Top 5 Five 1 40,1 42,5 Closad 200.0
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Branches that Create Islands

* Find a list of branches that if removed will split the
network into two islands.

 Click Determine Branches button to execute.

* Lines to Process
— Specify a filter to limit the branches that will be checked for
creating islands

 Middle part of dialog will list the branches that if
opened will create an island

* When you choose a branch from the middle list, the
bottom portion of the dialog will list the buses that
become islanded as a result of the selected branches
outage
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