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Multi-Element TLR/GSFs

Line Outage Distribution Factors (LODFs)
Outage Transfer Distribution Factors (OTDFs)
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Power Transfer Distribution

Factors g PTD Fs)

 PTDF isaterm 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 T ools ribbon tab = Sensitivities
- Power Transfer Distribution Factors
(PTDFs). _

 PTDFscan be S

Line Cutage Distribution Factors (LODFs)...

visualized on the ondlines. =i

Loss Sensitivities. ..

©2008 PowerWorld Corporation 111-2



PTDF Calculation

e PTDFsshow the linear impact of a power transfer

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

« PTDFscalculated using the factored power flow
Jacobian
— AX=[J(x*)]t AP
— AP = change in power injections associated with power
transfer

— AX = change in system voltages, from which flows can
be derived

©2008 PowerWorld Corporation
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Specifying Transfer Direction for
PTDF Calculation

e Must specify abuyer (sink) and a seller (source)
of power —atransfer direction

* Optionsfor Buyer and Seller

— Area, Zone, or Super Area

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

— Sack

« Meansall power will come from or go to the slack bus

— Injection Group

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

— Bus
 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 eguations,
so |osses not included

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

— For ahighly detailed explanation of the PTDF

calculation, see the section at the end of this binder
©2008 PowerWorld Corporation
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PTDF Display

e Choose Toolsribbon tab = Sensitivities »
Power Transfer Distribution Factors
(PTDFs)

Select Calculation
Method to Use

£ Power Transfer Distribution Factors (PTDFs)

e inear Calculation Method Directions Seller Type e Type

Select to
calculate
the PTDFs

Percentage change
In system losses

©2008 PowerWorld Corporation

(%) Linearized AC (O] Sing!e (%) Area () slack (=) Area () slack

O Lossless DC O Prize O Zone O Inj. Group O Zone O Inj. Group

(") Lossless DC With Phase Shifters (O 5uper Area (O Bus O Super Area (O Bus
ST Seller |2 {Left ) w | Buyer |3 (Right ) v

i Calculate FTDFs | Options. ..
[] automatically recalculate after each power fiow [ Find Seller. .. ] [ Reverse Buyer Seller Find Buyer...
Increase in Losses (%)  List Display Options Oneline Display Options
z [[Juse Area/Zone Filters . p— —
Only Show Above (%) 2.0 || MW -Distance Visualize PTDF

Liges/Transformers | Interfaces || Areas | Zones | Generators | Phase Shifters

Bl B4k %8 5% dh # *5 Records v Geo+ Set+ Columns v By~ - fE. 9 OBH- W

From MNumber | From Mame | To Number | To Mame | Circuit | % PTDF From | % PTDF To | %o L~
1 1| Cne 2 Two 1 -2,10 2,05
2 1 One 3 Three 1 2.10 -1.98
3 2 Two 3 Three 1 3.42 -3.29
4 2 Two 4 Four 1 4,38 -4.24
5 2 Two 5 Five 1 6. 74 -25.21
6 2 Two 6 Six 1 -36.59 36,00
7 3 Three 4 Four 1 5.27 -5.30
8 4 Four 5 Five 1 9.54 9.29 w

*

User selects
seller and
buyer

Switches buyer
—and seller

¥
-

Used to visualize
PTDFson
oneline. Only
avallableif only

(2] [fiow)

oneondineis

Results are’expressed as a

percentage of the power transfer

open.
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PTDFs on the Onelines

Animated

Top to Left Sched. Top to Right Sched.

arrows 0.00 Mw
used to
Indicate
percentage
of transfer
flowing

on the
Interface

Fields now show percentage of specified

transaction flowing through the interface
©2008 PowerWorld Corporation

100.00 MW

Pie charts
Indicate %

Different
colors can
be used
to high-
light
counter-
flows
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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

© Oneline Display Options

Select Option Category Pie Charts/Gauges
Animated Flows )
Display Object Options Show Pie Charts/Gauges in Run Mode
Display Options Orily Show Pie Charts/Gauges if relevant data exists
Geography/Coardinates =
Grid/Highlight Unlinked Lines | Interfaces | Pie Chart/Gauge Styles || General Options (All)
Memg
S Pie Chart Style Gauge Style
Sbstaons el (&) Total power (MvA) O Amp, Transf, MVA (O Total power (MVA) (8 Amp, Transf. MVA
ThumbMail View (O Real power (MW) () Max % Load Cont. (O Real power (MW) (O Max % Load Cont.
eactive pwr (Mvar) eactive pwr (Mvar)
O Reacti (Mvar) O PTOF O Reacti Mvar) O PTDF
Always Use Limiting Flow [ pisplay Gauge Values in Percent
Color, Size, and Percentage
MVA | pwy Mvar | Amp | CTG || PTDF || Open Parameters
_—— - se Discrete Map
Ehowjiauskarcnt 80.0 Jlv ‘Warning/Limit Scalars and Calors
Normal Size Scalar 1.0 [i& Percent | Scalar | Color |
I SD.'J‘I 1,50
Normal Color ] 100,00 200
Make normal color the same as the S
[line to which the pie chart or ¥l Only Apply Warming/Limit Colors
gauge is anchored (f any) And Resizing to Monitored Elements
[ W Ok ] [ Apply I [ X cancel ] [ ? Help

©2008 PowerWorld Corporation

PTDFs (you can aso use the oneline

local-men

Oneline Display Options

Selgct Option Category Animated Flows

Base Flow Scaling on

(&) Actual MW Power Flow

() Actual Mvar Power Flow

O Actual MW & Mvar Power Flow
O PTDF Percentage Flows

O Actual MW &PTDF Flows

(" Custom Float 1

Dfsplay Object Options
Display Options
Geography/Coordinates
Grid/Highlight Unlinked
Memo

Pie Charts/Gauges
Substations

ThumbMail View cale Speed of Flow

Reset Animated Fl ffeets

Reference Values for Scaling

cale Size of Flow

Flow Size and Scaling Options

Set Size, Density, and Reference Values for this oneline

. e Scaling Based on Max Line Flow 200 :
BE= 20.0 | @ Actual Flow .
Density 10.00 [$  OPercent Flow Max Load Value 200 |3

Maximum Zoom Level to Scale Size 200 |3 Max Generator Value 200 |5
Maintain Density above Maximum Zoom Level =
& | Custom Float 1 Value 100.0 |+
Minimum Size in Pixels for In-service Elements 0%
Flow Appearance Options
Symbol Shape Symbol Fill Color
@ arrows O squares Actual MW PTDF Color -
Oairdes O riangles Actual Myar - PTDF Counter Flow -
Animation Rate Fault P.U Amps - Custom Float 1 -
J Use Fill Color Show FTDF Counter Flow
Slower Faster
I ' OK I l Apoly I [ X cancel ] [ ? Heln ]
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Remember:
Pie Charts Options Toolbar

« Availablein Optionsribbon tab = Pie Chart

* Noticethat all the settings on the dialog are available

@ Case FirstCase.pwh Status: Running (PF] | Simulator 13 BETA SCOPF, AT
Sam e %tt I n g . Case Information Draw Onelines Tools Options Add Ons Window
Edit Mode ?iﬂ Misc. Power Flow JLL_\ Draw Grid Dynamic |

— c W= Solution - ' - Flowr Viz Type |Actual MW -
CE MDA : hlator _ Oneline Display

Select Option Category Fie Charts/Gauges ™ Case Info Options ~ Opfions... Pie Chart Style |Line Amp, Transf. Powe ~

Animated Flows I S

Display Object Options Show Pie Charts/Gauges in Run Mode Case Op s Use Limiting Flow

Display Options Only Shaw Pie Charts/Gauges if relevant dale exists \ se Limiting rFiow

Geography,/Coordinates - —— "

Grid/Highlight Unlinked Lines | Interfaces I Pie Chart/Gauge Styles I‘eneral Options (All) | I Show Value [80% - I

Memo .

z Pie Chart Style Gauge Style

|Pie Charts/Gauges ||| i . e . =

bstaﬁon;—* (©) Total power (MVA) @ Amp, Transf, MVA (©) Total power (MVA) @ Amp, Transf, MVA Morrmal Scalar |1 -

Thumbhail View () Real power (MW) ) Max % Load Cont. () Real power (MW) ) Max % Load Cont. .
() Reactive pwr (Mvar) ©) PTDF () Reactive pwr (Mvar) ©) PTDF I' Mormal I:IAE]UEI .
[C] Always Use Limiting Flow [T Display Gauge Values in Percent 15t First Warnin g 80% :
Color, Size, and Percentage =
MYVA |I'~"I'\'\|I I Myar I Amp I CTG I PTDF ‘ Open Paramehers| 1st Warning Scalar 1.5 -
Show Value Percent 30.0 = Use. parete Map .I 1st Warning - {custom) T
Mormal Size Scalar . et 2nd Warning |100% :
Normal Color x 7 2nd Warning Scalar |2 z

il 2nd waming -Red T
v | Limit Set Header
v | Style Footer

Make | color th th SR . §
] Iin?a hon'ﬁrh?;i ichoeogie :hsaarTDeras = | Only Apply Warning,Limit Colors Resize On h' Monitored
gauge is anchored (f any) And Resizing to Monitored Elements

L3

Max Zoom Resize 500
Pia Font Size |50%

4

Background Method |Oneline Color
II Specific Background White =
200.0

[ e ] [ — Cilur as Anchor I 11_9




PTDFsfor aLarge Case

The PTDFs
were calculated

' 4 _—
using a 23,000 ‘ _ AN ot
bus FERC 715 S WCry o Al

e hr=mo o N E o T
Pt A C A
b

case for the
SERC region

Simulated
transfer is
from TVA
to NY PP "G

o 7 ,
" A 133 &) w

In size/change color for

i

Pie charts dynamically inc

different PTDF values
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Transmission Loading Relief (TLR)

and Generation Shift Factors (GSF)

* PTDF calculation determine the impact of ONE
transfer on MANY lines

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

* Think about building atable
— Columns represent many different transfer directions
— Rows represent many different branches

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

— The PTDF calculation determine a column of thistable

— The TLR calculation determines arow of thistable
©2008 PowerWorld Corporation 111-11



TLR/GSFs versus PTDFs:
Table of Distribution Factors

List of Transfer Directions
- 2 N
Dir, | Diry -+ Dir,,
KLinel DF11 : : DF:LN : : DF]nd
List of B N A
I I S ) I S )
. P Nt == TN TLR or GSF
Lines< Line, | DRy, | --! DRy 1+ | DRy |
< . o= Calculation
: . o - It . .
SR S S VY R For Line M
(Line, | DR, 11 DF i 1 DR,

PTDF Calculation for Direction N

©2008 PowerWorld Corfo. cu 111-12



Options for TLR/GSF
Calculation

» Specify atransmission line or interface
» Specify acaculation method (same as for PTDF)

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

— TLR 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)

e GSFvasusTLR

— The generation shift factor calculation is a specific kind
of TLR calculation.

— GSF impliesthat the buyer isthe Slack bus

©2008 PowerWorld Corporation
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Sensitivities

-

Power Transfer Distribution Factors (FTDFs)...
TLR Sensitivities | Generation Shift Factors. ..
Line Qutage Distribution Factors (LODFs)...
Flow and Voltage Sensitivities. ..

Loss Sensitivities. ..

TLR/GSF Dialog

&

e Choose Toolsribbon tab = Sensitivities=> TLR
Sengitivities/ Gener ation Shift Factors

When you Append on
Calculate, Simulator will
keep the highest distributi
factor calculated for each
bus or area after each
calculation

©2008 PowerWorld Corporation

€2 TLR Sensitivities / Generation Shift Factors

Select Device

Device Type () sort by Name (%) Sort by Number
() Line /XFMR. Define Filter | [ |Use Area/Zone Filters
O Interface | |

Select Far Bus, CKT
2 (Twa) [138 ky] CKT
3 (Three) [138 kv] CKT

(") Multiple Elements Search For Near Bus

2 (Two) [138 kv]

3 (Three) [138 kv]
4 (Four) [138 kv]
5 (Five) [138 kv]

& (Six) [138 kv]

7 (Seven) [138 kv]

Current Value

59.05 Mw

TLR. Sensitivities FTDF Calculation Method
(%) Clear before Calculate @ Ful AC
() Lossless DC
O Append on Calculate () Lossless DC With Phase Shifters

Generator Sensitivities | Area Sensitivities | Bus Sensitivities |

Transactor

Type (O Sort by Mame (¥ sort by Mumber
(& Buyer _—Deﬁne Filter | []Use Area/Zone Filters
() seller
ST
o)
A

(%) Area 2 (Left)
Ozane 3 (Right)
() Super Area
() slack
() Inj. Group
() Bus

| Calculate TLR Sensitivities | []-'L Close ] [ P help ]

DC Model Options. .. []indude only AGCable Generators

’ Set Sensitivities At Out-Of-Service Buses Equal to Closest ]

B Al %0 % @k 84 Records = Geo~ Set~ Columns ~ B~ (B~ M- 5 BH- 30 B options -

Mumber | Marme | Area Mum | Area Mame P Sensitivity |
1 1] One 1 Top 0.508
2 2 Two 1 Top -0.341
3 3 Three 1 Top -0.118
4 4 Four 1 Top -0.166
5 5 Five 1 Top -0.298
5] 6 5ix 2 Left -0.330
7 7 Seven 3 Right -0.309
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Calculating the whole Table
Y uItlgle Direction PTDF

. Dir, i 1 Diry -+ Dir,
Simulator also alowsyou  ppe e s oF.
to calculate the entire RN RSN
distribution factor table Liney | D)) Dfin ) ) Dfin,
* Specify alist of directions  Line, [oF, |65, | Bk,

— Simulator will calculate the PTDFs for each of these
transfer directions and display them

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

» 20,000 transmission lines and 500 transfer directions means
that you must calculate 10 million values (actually it's 20
million because ssmulator calculate 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

©2008 PowerWorld Corporation 111-15



PTDF Display for
Multiple Directions

Choose Multiple Directions Right-click on list display and choose
Insert or Auto-Insert to specify directions

© Power Transfer Disv-ibution Factors (PTDEs)

Linear Calculation Methad Directions Bierhas
Cllirerized hc ) single Marme |Su:uuru:e Marme | Sink Mame Include | Processed? |
@) Lossless DC & Multiple | 1[lop  toSlabk J Area Top (1) Slack YES e
(:; I EETE i Z2|Left  koslack  AreaLeft (23 Slack YES M
SR Ren Slie | a|right to Slack  Area Right (3) Slack YES MO
DC Model ||
[ Calculake PTOFs ] Options. ..
[ ] Automatically recalculate after each power Flov | h | f
e _ Each column shows PTDF for
e adifferent transfer direction
TO we / Store Yalues For Lings) Transformers Store Walues For Interfaces A

memory, you tinesfTrensformers: | ietiaiza) |
)

: Bl Bk %0 % A # ° pecords~ Geov Set- Cu:ulumns[v Eo- M. S oL Ol:%sv
can specify -

From Mumber | From Mame To Murmber To Mame ‘ Circuit | Top ko Slack ‘ Left ko Slack, ‘ Right to Slack. ‘ S
From %% PTDF | From % PTDF | From % PTDF [
WhEther to 1 1] Cne 2 Two 1 30,52 -2.10 0.00
2 1 Cne 3 Three 1 2.81 2.10 0.00
gore Val U$ 3 2 Two 3 Three 1 -6.42 3.49 0.00
. 4 Z Two 4 Four 1 -7.02 4.42 0.00
for only lines 5 2 Tws 5 Five | a7 26,66 0.00
o] 2 Two & Six 1 42,43 -36.67 0.00
Or Only | 7 3 Three 4 Four 1 -3.61 5.59 0.00
. g 4 Four 5 Five 1 22,70 10,01 0.00
I nterf ac% | 9 7 Sewen 5 Five 1 B -36.67 0.00 2

©2008 PowerWorld [ 2ree ] [ Mg | 111-16




Calculating the whole Table
TLR/GSF Multiple Elements

« Multiple Direction PTDFs work best for
— A small number of Directions
— A large number of lines/interfaces

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

©2008 PowerWorld Corporation 111-17



TLR/GSF Multiple Elements

* Allows Calculation of TLR for specified branches or

Interfaces

{0 TLR Sensitivities / Generation Shift Factors

TLRs with respect to

individual elements  ~_

Weighted TLR

Select Device

Device Type

() Line/XFMR.

() Interface

(%) Multiple Elements

TLR Sensitivitie:

Mult. Bus Sensitivities

LinesXFMRs or Interfaces

() Lines and Transformers

() Interfaces

() Both

Which Devices

() Selected Devices

() Overloaded Devices

(#) Contingency-Overloaded Devices

[ Select Lines/XFMRs ] [ Select Interfaces ]

PTDF Calculation Method
(&) Full AC

Mult, Gen Sensitivities

(WTLR) shows
sensitivity asa
weighted sum of MW
relief over al
overloaded € ements

[ & Ak T

Transactor
Type () Sort by Mame (¥ sort by Mumber
©Buyer Define Filter | []Use Area/Zone Filters
() seller
S
A 0
(%) Area 2 (Left)
O Zone 3 (Right}
O Super Area
() slack
Olnj. Group
() Bus

| Calculate TLR Sensitivities | [T_Lclose ] [ ? help ]

DC Model Options...

’ Set Sensitivities At Qut-Of-Service Buses Equal to Closest ]

SORT
124

B, R
& ¥ % HELD

HH | options -
170 3CKT1|2TO 5CKT 1|

Mumber | Mame | Area Mame | ETLR WTLR
1 1] Cne Top 0.1826 0.2219 0.1504 0.0222
2 2 Twa Top 0.0551 0.0457 0.0073 0.0507
3 3 Three Top -0,2563 -0.3061 -0.2150 -0.0418
4 4 Four Top -0.2407 -0.2676 -0.1677 -0.0730
5 5 Five Top -0,5205 -0.3925 -0.0352 -0.4853
& 6 Six Left -0.0824 -0.0606 -0.0029 -0.0785
7 7 Seven Right -0,3709 -0.2790 -0.0239 -0.3470

©2008 PowerWorld Corporation
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Line Outage Distribution Factors

(LODFs)

 LODFsare 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 aLine Closure Distribution
Factor or LCDF)

« Specify atransmission 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

©2008 PowerWorld Corporation 111-19



di T
dx
T

Sensitivities

Power Transfer Distribution Factors (FTDFs)... u
TLR Sensitivities | Generation Shift Factors. .. I O
Line Qutage Distribution Factors (LODFs)...

Flow and Voltage Sensitivities. ..

* Choose Toolsribbon tab = Sensitivities 2>Line
Outage Distribution Factors (LODFs)

. : . Select the
Action will actually be determined for you ¢ .
(If the lineis presently closed, then it will automatically do an outage sensitivity) ransmission
© Line Outage Distribution Factors (LODFs) branCh

Cutput Option inear Calculation Methaod () Sort by Mame () Sort by Number /

(®single LODF Define Filter | []Use AreajZone Filters
(O LODF Matrix
Action @ Lossless DC Search For Near Bu Select Far Bus, CKT

©Outage Sens 4 _Es (C) Lossless DC With Phase Shifters 1 (Cne) [138 kV 2| 1(0ne) [138 kV] CKT 1
() Closure Sepftivities 3 (Three) [138 kv] CKT 1
2 3 (Three) [138kv] 4 (Four) [138 kV] CKT 1
ulate LODFs | [ Advanced LODF Calculation ] 4 (Four) [138 kv] 5 (Five) [138 kv] CKT 1
7 [ —_— ] ?EF@»-‘e]- [138 V] & (Six) [138 kv] CKT 1
& (Sig) [138 kV] 2
7 Cawany 138 LW
C ] B dF et s% 4 8 T Records v Geo - Set- Coumns - B~ HE- UWE- 5 BH- W B | optons -
Select
T Fram Mumber | From Name | To Number To Name | Circuit | Y LODF MW From | MW To | CTG 1~
Cal CUI atl On il 1|One 2 Two 1 4.0 -58.8
2 1 One 3 Three 1 2.0 s -41.4
M ethod to 3 2 Twa 3 Thres 1 15.0 -36.5
4 2 Two 4 Four 1 19.0 32.0 3
U % 5 2 Two 5 Five 1 -100.0 78.9 -76.6
] 2 Two & Six 1 57.1 40.9 -40.6
7 3 Three 4 Four 1 23.9 -32.1 32.2 \L OD F Val ueS
8 4 Four 5 Five 1 429 14.5 -14.3 .
g 7 Seven 5 Five 1 57.1 1.7 -32.0 v N per Cent
< >

[ clear LODF Matrix Resuits | Prep || FLgose | (Or LCD F)
©2008 PowerWorld Corporation 111-20




Select
LODF—
Matrix

Select

type of

sensitivity
Lineto___

outage/
close

Present —
MW flow

LODF Matrix

ine Qutage Distribution Factors (LODFs)

Qutput Option Linear Calculation Method
() single LODF

(%) LODF Matrix

Action (%) Lossless DC

@ QOutage Sensitivities

O Closure Senitivities () Lossless DC With Phase Shifters

’ Calculate LODFs ] [ Advanced LODF Calculation ]

[ DC Model Options... ]

Each row of the results represents the line being outaged/dosed. Each
column of the results represents the line being monitored and the
corresponding LODF/LCDF for that line.

Lines to Process (Outage or Closure)
(®) all ac Lines

() Use Area/Zone/Owner Filter
() Use Selected

() Meets Filter

Lines to Monitor

@ Same as Lines to Process
() all ac Lines

() Use Area/Zone/Owner Filter
() Use Selected

() Meets Filter

J\

&

| Select linesto
outage/close

_ Salect lines

AV 4

Done Do not manitor lines that are open
D % Al %l S0 gk ?&n 7+ Records ~ Geo = Set~ Columns ~ ' .E' H%}}E' T % b3 1%?;; Options ~
LODFs (ignore Area/Zone/Cwner filter)
From | From Name |To To Mame |Circuit| MW From One (1) TOTwa | Cne{1)TC Two (2) TO  |Two (2) TO Four
Mumber MNumber (2) CKT 1 Three (3) CKT 1 | Three {3) CKT 1 {4) CKT 1
1 1|0ne 2|{Twa 1 59,429 o0 pLy s Rl Gk E
2 1(Cne 3|Three 42,817 100.00 -100.00 44.65 35.42
3 2(Two 3|Three 1 374964 -32.61 32,61 -100.00 43.13
= 2(Two jm 1 32.003 -25.95 25,95 43.24 .00
5 2|Two P 1 78.944 -8.28 .28 14.96 \
6 2[Twg~ 6 |5ix 1 40.920 -5.71 5.71 8.52 12.06
7| _Affres 4|Four 1 -32.073 37.50 -37.50 -62.50 64.00
), 4|Four 5 |Five 1 14,544 20,93 -20.93 -34.83 -44.19
L~ o 7|5even 5 |Five 1 39,704 -5.71 571 .52 12,06
10 B15ix 7|Seven 1 20.024 -3.07 3.07 5.11 6,47 4
< ¥
[clear LODF Matrix Results ? telp ] l ] Clos= ]

]

to monitor

- Llne_s to
monitor

L LODF on
Line 2-3 for
outage of

online

©2008 PowerWorld Corporation
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Outage Transfer Distribution

Factors gOTDFsz

o Simulator finds these during ATC Calculations

* The setup for the calculation
— Studying atransfer between a seller and buyer
— Monitoring the flow on line M
— Studying 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

¢ Outage 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 linesand PTDFs and LODFs

©2008 PowerWorld Corporation 111-22



OTDF, OMW Calculation

e Valueswe aready KNOW  pTor, =PTDFfor thetransfer direction onlineM

PTDF. = PTDFfor thetransfer direction on lineC
MW,, = (present MW flow on monitored lineM )

the percent of flow on lineC that will
MW, = (present MW flow on contingent line C) LODF,, . =

moveover tolineM if LineCisoutaged

LineM

The Rest of System

Line C (about to outage)

e Cdculatethe OTDF and OMW values from this
OMW,, . = MW,, + LODF,, . * MW,
OTDF,, . = PTDF,, + LODF,, . * PTDF,

©2008 PowerWorld Corporation 111-23



OTDF and OMW calculation for
mul tl Qle line outages

« A similar calculation can be done when trying to
Include multiple-line outage OTDFs

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

« Simulator handles these multiple outages
Internally

 For more details, see the section near the end of
this binder on Linear Analysis Techniques.

©2008 PowerWorld Corporation 111-24



Power Transfer Distribution Factor

. Flowsand Voltage

TLR Sensitivities | Generation Shift Factors. ..

Line Qutage Distribution Factors (LODFs)... S - t i V i t i

Flow and Voltage Sensitivities. ..

Loss Sensitivities. ..

e Choose Toolsribbon tab - Sensitivities 2> Flow and
Voltage Sengitivitiesto bring up the Line Flow/
Interface/Bus Sensitivities dialog

» Calculatesthe sengitivity of various
valuesto an injection of real or reactive power

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

Line or Interface APeow  APrigw
MW flow sengitivities dPyiection dQinjection
Line or Interface dQrow  9Qrw
MV AR flow sensitivities dPyiection dQinjection
Line or Interface dSrow  ASpew
MVA flow sensitivities AP, ecion AQinecion
Bus dVg, AV,
voltage sensitivities dPyection dQinjection
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Flows and Voltage Sensitivities

© Line Flow/Interface/Bus Sensitivities M=
Swalc Meter, Multiple Transters | Single Transfer, Multiple Meters | Self Sensitivity

Select Device and
Flow or Voltage

select Device

Device Type Flow Type () Sort by Mame {(#) Sort by Number
T e (® Line/¥FMR @ mw [Juse Area/Zone Filters
yp O Interface O Myar [ Search Mext ] [ Search All ]
OBus Omya Y¥ou can use wildcard characters *ar ?
CurentValue | 53.43MW | | [Set sensitvites At
Note, the "Bus Sensitivities " res Search Faor Mear Bus Select Far Bus, CKT Out-Of-Service Buses Equal to

£ bus in the respective row 1 (One) 133 k2 [ 2 (Two) [138 k¥] CKT 1 the Closest Bus

of the results generation is positive) with the power 5 > — . =
%I eCt absarbed at the slack bus, 2(Two) [138ki] 3 (Three) [138 kV] CKT 1 Set Qut-Of-Service

3 (Three) [138kV] —
D e\/ | Ce J Calculate Sensitivities ] _51 iﬁ:’; [[11;88 Ii{.:]] Z

Bl B <Ak %8 5% &% #  °7 Records~ Geo- Set- Columns -~ [Eg- | gl WA- ¥ BH- WU B options -

Bus Sensitivities | Generator Sensitivities | Phase Shifter Sensitivities nsitivities || Switched Shunt Sensitivities
Mumber | Mame | Area Mum Area Mame P Sensitivity Q Sensitivity | W Sensitivity |

1 1| One 1 Top 0.81570911 -6.03597641

Z 2 Two 1 Top -0.03125382 4.96321726
CI i Ck Cal Cul ae 3 3 Three 1 Top 0.19109221 -0.00265997

= 4 Four 1 Top 0.14377945 -0.04241433
&r]stlvities 5 5 Five 1 Top 0.01125991 0.00052708

o G Six 2 Left -0.02101953 0.01362232

7 7 Seven 3 Right 0.00000000 0.02044589

Represents how theglLine 1-2's MW will change for a1 MW injection of Power
at respective bus (wfith the power absorbed at the slack bus)
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]
ensitivities
Power Transfer Distribution Factors (FTDFs)... u u u u
TLR Sensitivities | Generation Shift Factors. .. O$ S t I V I t I %
Line Qutage Distribution Factors (LODFs)...

Flow and Voltage Sensitivities. ..

Loss Sensitivities. ..

* Choose Toolsribbon tab - Sensitivities > L oss
Sengitivitiesto bring up the Bus Marginal Loss
Sengitivities dialog

e Thismodelsan injection of 1.0 MW at a bus with this
power being absorbed at the island slack bus

 TheLoss MW Sensvalue for each bus represents how
much the losses as specified by the L oss Function Type
will increase for the 1 MW injection at the respective bus

© Bus Marginal Loss Sensitivities

Spedfy Loss Function =
D [ Calculate Bus Marginal Loss Sensitivities ] M1 Close ] ’ ? Help ]
") Do Mot Calculate Bus Loss Sensitivities
(%) Each Electrical Island Buses | Just Genera tors
85:3: i::z or Superarea D B ik el 5% d ?&n i1 Records * Geo~ Set~ Coumns~ ¥
O Areas Selected on Loss Sensitivity Form Nurnberl Mame |Area Nurn|.-!\rea NamelLoss MW SenslPenaIty Facb:ur|Lnss Mvar Sens
") User-Specified (Jeave at present values) 1 1 One 1 Top 0.0694 1.0746 0.0000

Selected Areas 2 2 Two 1 Top 0.0437 1.0512 0.0000
3 3 Three 1 Top 0,0099 1.0100 -0,0063
Mumber Mame Incude? 4 4 Four 1 Top 0.0175 1.0178 0,0000
Top Mo 5 5 Five 1 Top -0.0130 0.9871 -0.0097
i <] & Six 2 Left 0.0325 1.0335 0.0000
: Le o 7 7 Seven 3 Right 0.0000 1.0000 0.0000

3 Right Mo

©2008 PowerWorl
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L oss Sensitivities

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

Do not calculate — All Loss MW Sens values will be zero
Each Electrical 1sland — how do losses change in the island

Each Area— For each bus it calculates how the lossesin the bus' area
will change (Note: this means that sensitivities at busesin two
different areas can not be directly compared because they are
referenced to different 10sses)

Each Areaor Super Area— same as Each Area, but if a Super Area
existsit will use thisinstead (Note: this means that sengitivities at
buses in two different areas can not be directly compared because
they are referenced to different osses)

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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Line Loading Replicator

« Available from Tools ribbon tab - Line Loading
Replicator

» Useslinear transfer sensitivities to calculate injection
changes required to achieve desired MW flow on a
selected line

* Injection groups used to select the generators and |oads
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

e Generator and load min and max always enforced

 Injection changes can be implemented in the power flow
case to determine the actual impact of the changes
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Choose the
device

Setthe ——

Desired Flow

Participating
elements and
required
Injection
changes
| mplement
Injection
changesin
the case

Line Loading
Replicator Dialog

£ Line Loading Replicator

Select Device

Available Injection Groups

Device Type

Ling XFMR.
O Inter

Present Flow {(MW)
59.051

Desired Flow (M)

() Sort by Mame

(%) Sort by Number

Define Filter [Juse AreajZone Filters

Search For Mear Bus Select Far Bus, CK
Tl ~ | 2 (Two) [138 kv] cK
2 {Two) [138 kV] 3 (Three) [138 kv] C
3 (Three) [138 kv]

) Sort by Mame (%) Sort by Number

Define Filter [JUse AreajZone Filters
IMIGRP:0 Area 1

IMIGRP:1_Area 2
IMIGRP:2_Area 3

65,051 (2

Calculation Method
(#) Lossless DC

(") Lossless DC with Phase Shifters

4 (Four) [138 kV]
- 5 (Five) [138 kV]
A fSiv) 138 kvl

[Jonly Indude AGCAble Generation and Load

| Calculate Injection Changes

Injection Changes

—
Max and Min Load Limits for Injection Changes
() Use Max and Min Load Values [ Set Max and Min Load Yalues ]
() Use Multiplier on Present Value

—

] Bkt 5% # | Records - Set~ Columns - - gie MB. S BE- W0 B optons -
Element Type | Bus Number Bus MName ID Distribution Injection Present Mew Injection
Factor Change MW Injection MW M
1§zen 1 One 1 0.811 7.124 101.853 108.977
2|Gen 2 Two 1 -0.031 -7.124 170.078 162,954
Total Injection Increase/Decrease (MW) [ 7.124 Flow Achieved (Mw) | 65.051 /

Implement Injection Changes

Implement Injection Changes
and Solve Power Flow

Global AGC control and global phase shifter control
are disabled when choosing to implement changes.

?Help l [ j-'LQIDse ]

Select the injection
group that

" determines
participants

Define Max and
Min load limits

MW Flow

~ value that can
be achieved
on selected
device
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7 e |
“°® _ Tools Other Ribbon Group

= Connections Menu

Eacility Analysis ...
Branches that Create Islands. ..

e Featuresin this menu analyze the connectivity of
the power system model

— Determine Path Distances to Buses...

« Determine the path distance at each busto 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

— Branchesthat Create Idlands...

* Find alist of branches that if removed will split the network
Into two islands.
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Tools 1n Connections Menu:
Are Graph Analysis Tools

Determine Shortest Path Between Determine Path Distances to Buses

Result: Returns alist of branches Result: Labels every Bus

Facility Analysis Branches that Create |slands

oResthy Retumsalishof-branches Result: Returns alist of branches 111-32



Determine Path Distances

From Bus or Group -

e Thistool allowsyou to choose asingle busor a
group of buses, and then determine the distance
from that to all the other buses in the group

Determine Path Distances from Bus or Group E] @|E|
Start
Element Type ) Sort by Mame (#) Sort by Number
0= Define Filter [[JUse Area/Zone Filters
() Substation
Oarea 41071 (THE DALS) [115 k¥ A
O Zone 41073 (TILLAMOK) [115 ki
O Super Arca 41075 (TILLAMOK) [230 kV]
T 41077 (TIMBER) [115kV]
O Injection Group 41073 (TMBLCR T) [230 k¥]
41081 (TOLEDO) [69 kV] v
Distance Measure Lines to Process Bus Field to Populate
Ox @al Custom\Floating Point 1 w
@1z () Only dosed
) Length )
() Mumber of nodes OpFilter Calculate
) Other () selected
Results (filiered)
% Al %0 5% dh ?&n Records = Geo ~ Set * Columns = ~ .E < "&E i Eﬁ @ s;.%“g; HH | options ~
Number| Mame | Area Mame | Zone Mame |N0m kv | Cust Float ,.L| -~
1| 41073 TILLAMOK  MNORTHWEST Portland Area 115.00 0.000000
2| 49934 BEATIL11 MORTHWEST Portland Area 115.00 0.029137
3| 41075 TILLAMOK ~ MNORTHWEST Portland Area 230,00 0.031283
4| 47277 TRASKRY  NORTHWEST Portland Area 115.00 0.036575
5| 40455 GARIBALD  MNORTHWEST Portland Area 115.00 0.05233
6| 40131 CARLTOM MNORTHWEST Portland Area 230.00 0.093590 v
l-'L Close
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Determine Path Distances

From Bus or Group Dialog
o Start Group

— All busesinside this group will be marked with a distance of zero
e Distance Measure

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

 Linesto Process

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

e 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

©SCRI PhyRetermineRathbistance([start], BranchDistMeas, BranchFilter, BusField); 111-34



Determine Shortest Path
From Bus or Group

o Start Group, End Group

— Specify a start and end group to determine distances
between

 Distance Measure

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

e Linesto Process

— Specify afilter to limit the branches that can be
traversed during this process
e Click calculate to determine the shortest series of
branches that goes from the Start Group to the End
Group.

©SCRI PhyRetermineShorestiBath([start], [end], BranchDistanceMeasure, BranchFilter, Filename);  [11-35



Facility Analysis

e Thisdiaog allows you to choose two sets of buses
on the Select the Buses
— Buses with Which System? = EXTERNAL
— Buses with Selected? = YES

* When you then switch to the Facility Analysis
Tab, you can click Find Minimum Cut to find
the minimum number of branches to remove to
separate the two sets of buses

* Theresultswill be shown in alist of branches at
the bottom of the dialog
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Branches that Create | slands

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

e Click Determine Branches button to execute.

e Linesto Process
— Specify afilter 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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