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1. Introduction

The Voltage Monitoring and VAR Management application is intended for the Western
Systems Coordinating Council (WSCC) Security Coordinator, located at the California
Independent System Operator (CAISO). One of the primary functions of the Security
Coordinator is the monitoring of real time transmission operations and this application
will serve as an effective tool in support of this critical monitoring function. The purpose
of the application is to provide the Security Coordinator with the necessary information
to effectively monitor all aspects of the system voltage control and reactive reserves
management, such as actual voltage alarming and monitoring, sensitivities, distance-
before-voltage-collapse and reactive reserve adequacy.

2. VAR Management System Overview

Today’s operators lack the singular control of reliability and efficiency processes as they
did in the past. In addition, there are many new players interacting with the network,
each with differing levels of understanding and operating experience. This situation
demands new tools to identify adequacy of suppliers (generation), distribution
(transmission), and retail (distribution). The Voltage Monitoring and VAR Management
application is intended for CAISO Security Coordinators. The purpose of the application
is to provide the Security Coordinator with and integrated solution for geographic wide-
area and local-area monitoring for voltages and reactive resources, voltage sensitivities,
the distance-before-voltage-collapse, reactive reserve adequacy, and the capability for
monitoring compliance with WSCC guides for voltages and reactive reserves. The
following table is an overview of the VAR application major functionality and
corresponding user visualization

Table-1 VAR Management Functionality and Visualization Overview

Functionality Distances Corrective
Monitoring Voltage From Action and
Target and Alarming Sensitivities Voltage WSCC
Areas Collapse Compliance
2D and 3D Multiple, Multiple, Multiple,
Animated Interactive 2D | Interactive 2D | Interactive 2D
WIDE-AREA | Geographic and 3D and 3D and 3D
Displays Geographic Geographic Geographic
Displays Displays Displays
Interactive Interactive Interactive
LOCAL- One-line One-line and One-line
AREA Diagrams Graphic Diagrams and
Diagrams Tabulars
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3. VAR Management Utilization Overview

To respond to operations of larger and more complicated control areas, a fundamental
goal for the design and development of the VAR application was to create both
visualization displays and key reliability indicators that will enhances the Security
Coordinators overall system monitoring function.

An effective use of the applications capabilities is to follow four (4) step approach: 1)
use the wide-area displays to monitor voltages and reactive reserves, upon seeing
indications of trouble, 2) zoom into the local-area displays for further and more detailed
trouble assessment, 3) explore corrective actions and 4) return to the wide-area visuals to
assess the impact on the original trouble.

To support the basic four-step utilization process described above, the VAR Management
application uses three methods (see figures below) to display information. The first
method consists of Wide Area Visualization using geographic and 3D displays, the
second uses the traditional one-line diagram to display local conditions and the third
method is to plot the information on a graph that the engineering staff refers to as a “nose
curve”.

Wide Area Visualization (Figure #1) — The Wide Area Monitoring module of the VAR
Management application displays real time and calculated data in a non-traditional
format. As an example - the view screen displays simultaneously the San Diego area
230KV voltage alarming, patterns and sensitivities using geographic 3D visuals.

Figure #1 Wide Area Visualization
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Local Area Visualization (Figure #2) - The Local Area Monitoring module of the VAR
Management application takes real time data, converts it into meaningful information,
and displays it on conventional interactive one-line diagrams and on a nose curve graph
(Figure #3). Within the VAR Management application, for both wide and local areas, the
user can evaluate the San Diego transmission system for voltage sensitivities, reactive
reserve margins, corrective actions and compliance with the WSCC voltage guideline and

historic replay.

CLRTS VAR Manageimert Eisgine - Certs-etwork-10-0ct-01-1610 (Powel Nelfln] - [Single Line Dlsgrom|

Liaton e e b e

Figure #2 Local Area visualization
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Following is a description of the VAR Management data sources, its collection,
processing and displaying periodicities together of the options available to access the
system. Further sections will serve to guide the CASIO Security Coordinator in the use of
this application for performing their routine operations of voltage control and VAR
management.

Data Sources and Periodicity (scan rate) of the Real-Time Data

The Voltage Monitoring and VAR Management System application was developed as a
working prototype and therefore, the system does not have the capability of a fully
integrated and developed commercial EMS application. Some of the current limitations
of the working prototype system are the direct use of SCADA instead of estimated data,
and the periodicity (scan rate) of the real-time SCADA used. Every ten minutes, a
snapshot of San Diego transmission system is transferred from the CAISO SCADA data
to this application. This application uses the SCADA data to run the internal models,
algorithms and calculations in order to provide the Security Coordinator with meaningful
information relative to the San Diego area voltages and reactive reserve margins.

The following is the time line for the VAR Management System data processing running
in a client using a 1GHz PC:

T+0 T+2 T+2 T+5 T+8 T+10
| | | | | |

Note: Time is in minutes

o At T+0, the CAISO transfers a snapshot of their SCADA data to the VAR
Management data collection and conversion module.

e At T+2, the received and converted SCADA data is presented to the VAR
application algorithms.

e At T+2 , the application calculates the voltage patterns and sensitivities for
each station and updates the wide and local area displays using the new
voltage and sensitivitie data.

e At T+S5, the application calculates the distance to voltages collapse for each
bus and updates the wide-area displays using that information.

o At T+8, the application calculates the MVAR requirement to take each bus-
voltage to nominal and displays that information on the wide-area displays.

e At T+10, the VAR Management System again receives a snapshot of the
CAISO’s SCADA data.

Note: The time to perform the calculations and process the data can be enhanced
with faster machines.
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Accessing the System

Double clicking the VAR Management System - CAISO icon (located on the Windows
Desktop) will open the application. In addition, the application can be selected by
clicking the VAR Management System — CAISO icon from Programs on the Windows
“Start” menu on your PC (see Figure #4).  The workstation user name is “VAR
Management” and the password is “CAISO CERTS.”
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Figure #4 VAR Management Prr Access

4. Wide-Area Display Generic Components

All the 2D and 3D displays described in Table-1 are designed using the main components
shown in Figure-5. The following paragraphs describe in detail each of the major sections

Wide-Area Visualization Components
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Figure #5 Wide-Area Visualization Components
Case Information - On the lower left side of the screen there is information pertaining to

the case data you are viewing (see Figure #6). The appropriate boxes identify if the data
is real time or historical, as well as the date and time of the case.

Figure #6 — Case Information

Navigating Using the Mouse - You can use the mouse to perform a variety of useful
functions in viewing and working with the graphical display. The mouse and view
controls are located in the lower right hand of the screen (see Figure #7).

Wiew Angle  |35.0

Figure #7 — Mouse Control and 3D Viewing Angle

The following are the features and how to launch them:

Function

Mouse Control Icon

What it Does

Zoom In

“ﬂilg% - Click on the

magnifying glass icon, move
the cursor to the viewing
panel, click and hold the left
mouse and move the mouse
forward.

Enlarge the details of a
selected picture.

Zoom Out

“ﬂilg%- Click on the

magnifying glass icon, move
the cursor to the viewing
panel, click and hold the left
mouse and move the mouse
backwards.

Provide an aerial view for a
selected picture.

Rotation

Lﬂﬂilgg - Click on the

open circle icon, move the
cursor to the viewing panel,
click and hold the left mouse

Rotate the axis of a selected
picture.
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and move the mouse in the
desired direction.

Re-position Objects Being ENCl ik the Allows the user to re-
Display crossed arrows, move the position or center objects

cursor to the viewing panel, being displayed in the panel.
click the left mouse and drag
the object to the desired
location in the panel.

Selection Arrow ESHCIE= ik the

selection arrow, move the
cursor to the viewing panel,
click the left mouse on the
desired location on any of the
displays.

3D View Angle — Click on the “3D Voltage Monitoring” button which places the 3D
Voltage Monitoring display in panel # 1. The user has the ability to change the viewing
angle of the 3D displays. This can be accomplished by changing the view angle (see
Figure #8) by typing in a new angle, hit “enter”, and then selecting the N, E, S, W or
center cross point. The default viewing angle is set for 35 for the best viewing results.

Yiew Angle

Figure #8 — Mouse Control and 3D Viewing Angle

Replay Function — Click on the “3D Voltage Monitoring” button which places the 3D
Voltage Monitoring display in panel # 1 or another 3D display may be selected in panel #
1. The VAR Management application has the ability to store up to 24 real-time cases, six
cases per hour, for a total of 4 hours of history. The most recent case or current one is
number 1 and the oldest case is numbered 24. The controls for the replay function are
located on the top right corner of the screen (see Figure #9).

[Py Controller1 | p [ o [m]p[1 [#]24] index|14] Retum| Files|

Figure #9 — Replay Controller

The Replay Controller buttons from left to right:
e Go to start — will rewind to the first case selected.
e Reverse Play — will play the cases backwards.
e Stop
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e Play — will start replaying the selected cases.
e Go to end — will advance the replay function to the last case selected.

To replay the past 4 (four) hours of history perform the following:
e Click on the “Files” button. On the top left portion of the screen a “Replay
Files” window will pop up (see Figure #10). Using the scroll bar, scroll up to
case 1; highlight it and all the cases down to and including case 24. Click on
OK at the bottom of the window.

= Replay Files X
_ Whiarking Files |

DK Cancel

Figure #10 — Replay Files

e Press the “Go to start” button
e Press the “Play” button
e To return to real time press the “Return” button

Case Data Window — At the bottom center of the screen is a window that contains data
relating to the case being viewed (see Figure #11). The case window has 3 (three)
buttons associated with it and they are located on the top right portion of the window and
that are labeled as follows:

e Full Solution File — This file contains text, in a tabular format, pertaining to
the current case being viewed. The stations are listed by name, with the station
voltage, generation and load (MW and MVAR)

e Differences File — This file will identify the MW and MVAR differences
between this case and the previous case.

e Visualization File — This file also contains text, in a tabular format, but
contains much more information pertaining to the current case being viewed.
Stations are listed by bus numbers, with the bus voltage in per unit and angle,
MW and MVAR load, sensitivities and reactive reserve margins. When a
station is selected from one of the three panels the information pertaining to
that station will be highlighted in this window.

10
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Note — This data window can be enlarged by placing the curser over the small “white
box” (located on the top right side of the data window) and clicking. To reduce the
window to its normal size click the box again.

L

[View Angle

Figure #11 — Case Data Window

5. Wide-Area Display Overview

After the VAR Management application has opened, the first display the user sees is the
Wide Area Monitoring display. This screen consists of three panels that are used to view
the available displays.

Display Buttons — On the top right of the Wide Area Monitoring display there are 6 (six)
buttons (see Figure 12) to select which display will be viewed from panel 1. Selecting a
specific display in panel 1, also selects specific display in panels 2 and 3, as follows:

2D Valt Alarming |[SEMBIMBRIGANG)| 3D \Volt Sensivity | Collapse My Dist| Conective Adtion | Line Flows |

Figure #12 — Wide Area Monitoring - Display Buttons

Panel #1 Panel #2 Panel #3

2D Voltage Alarming 3D Voltage Monitoring 3D Sensitivity

3D Voltage Monitoring 3D Sensitivity 2D Voltage Alarming

3D Sensitivity Corrective Action 3D Voltage Monitoring

Collapse MVA Distance | 3D Voltage Monitoring 3D Sensitivity

Line Flows 3D Voltage Monitoring 2D Voltage Alarming

Display Voltage Selection — By placing the curser in a panel and right clicking the
mouse, a voltage selection window opens (see Figure 13). The user has the ability to
select the voltage levels they would like to monitor. The lower voltages (22 kV and 12
kV) are generator terminal voltages not the San Diego distribution system. In addition to

selecting the voltage levels the user has the ability to select the following:

Station circles — Circles are shown that represents the geographic location for
each of the stations associated with the voltage level selected.

Station names — The station names are shown at the geographic location for each
of the stations associated with the voltage level selected.

Station crosses — On the 3D displays, red crosses are shown that represents the
geographic location of each of the stations associated with the voltage level

selected.

Voltage values — Displays the actual voltage for the selected stations.

11



CAISO-CERTS Real Time VAR Management System — User’s Guide, Version 0.9

o Surface labels - On the 3D displays, the voltage is displayed on top of the 3D
picture.

e Fixed width text — The font of the text (station names and voltages) will not
change as you zoom in or out.

o Scalable text — The font of the text will change as you zoom in and out.

= coniigurlE]

(100 Ky - 199 Kv)
B ki

(BB K - BE KV)

22 kv

(15 Ky - 44 Kv)

12 kv
(4 Ky - 12 Kv)

Station Circles
Station Names
Station Crosses

v “oltage Walues
v Surface Labels

i+ Fixed Width Text
" Scalable Text

QKl

Figure #13 - Voltage Selection

If all the voltages are selected with names and actual voltages, the display becomes
unreadable. It is recommended that if the user desires to monitor several voltages
simultaneously, they should select the desired voltage and only the station circles,
eliminating clutter. When monitoring single voltage levels, the names and/or voltages
can be added without to much clutter. After making the desired selections on the Voltage
Selection window click the OK button at the bottom of the window and the window will
close.

6. Wide-Area Alarming and Monitoring

2D Voltage Alarming Display (see Figure 14) — The voltage scale is from 85% to 115%
of the nominal voltage. Each circle on the display represents a station in its exact
geographic location. To denote an alarm condition the display uses color and the size of
each station circle.

o [RBE - Red circle represents a station with a voltage below nominal
and the circle gets larger as the voltage reduces. In addition, the red
circle will flash if the voltage decays to 95% or below. At this time,
there is no ability to reset a flashing circle.

o [BEBBH —Green circle represents a station with a voltage operating
within the normal range.

0] - — Blue circle represents a station with a voltage operating
above the nominal range and the circle gets smaller as the voltage
gets higher.

12
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3D Voltage Monitoring Display (see Figure 15) — This display uses a 3D colored layer
over the San Diego area to give the user a visual indication of the grids performance.
This particular display shows the area voltage profile. The scale for this display is
located at the top and uses the following convention:

0] — Indicates the voltage is below nominal (85 to 98%).

0] — Indicates the voltage is operating within the normal range
(99 to 102%).
— Indicates the voltage is operating above the nominal range
(103 to 115%).

o

Fiqure #14 and 15— Wide Area Alarming and Monitoring Display

7. Wide-Area Voltage Sensitivities

3D Sensitivity Display (see Figure #16)— The voltage at a substation is sensitive to
changes (up and down) in the MW and MVAR demand. This module of the VAR
Management System is only performing the sensitivity for a MW increase at any given
substation. After the program has performed the sensitivity analysis, assigned each
substation a sensitivity color (as indicated below), then the aggregate of all the station is
displayed as a 3D layer over the San Diego area. This display gives the user a visual
indication of the areas voltage sensitivity. The scale for this display is located at the top
center and indicates the voltage change, in kV, for a 1 (one) MW increase in load. The
color convention is as follows:
0] - — Indicates a higher relative sensitivity to a MW load change —
meaning the voltage will decay quickest at these locations. The ideal
situation is to have a very low kV change (e.g. 0.01 or 0.02) for a
one MW increase in load.
0] ' — Indicates medium relative sensitivity.
0] — Indicates a low relative sensitivity.

13
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Figure #16 — Wide Area Voltage Sensitivity

8. Distance from Voltage Collapse

Collapse MVA Distance Display (see Figure #17) — The distance from voltage collapse
can be expressed in MWs and MVARs, but the most accurate method of represent
collapse is by using MVA, since it takes into consideration both MW and MVAR. This
display, using a colored layer, gives the user a visual indication of potential voltage
collapse areas. At times, the user may observe black holes in the 3D display and that is
an indication that a portion of the calculation could not solve. The scale for this display
is located at the top center and indicates the MVA distance from voltage collapse. The
color convention is as follows:
o BB - Indicates it requires the least relative amount of MVA
increase to cause a voltage collapse.
0] - — Indicates it requires a greater relative increase in MVA to
cause a voltage collapse.
o B - Indicates it requires the largest relative amount of MVA
increase to cause a voltage collapse.

Figure #17 — Distance from Voltage Collapse

14
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9. Corrective Action

Corrective Action (see Figure #18) — This display, using the 3D colored layer, gives the
user a visual indication of the amount of reactive resources required to return an area to
its nominal voltage level. The reactive requirement for each station is calculated
independent of the voltage behavior at the remaining stations and each stationed is
assigned the appropriate color, as indicated below. The 3D layer is an aggregate of the
colors for all the stations associated with the voltage selection the user has made. The
scale for this display is located at the top right and indicates the MVAR requirement to
bring the area voltage back to nominal. The color convention is as follows:
o [ - Indicates a larger relative MVAR requirement to restore the
area to nominal voltage.
o [BEEEH - Indicates a medium relative MVAR requirement to the area
to nominal voltage
o [ - Indicates a low relative MVAR requirement.

Figure #18 —Corrective Action

10. Line Flows

Line Flows (see Figure #19) — There are 2 (two) scales associated with this display and
they are both located at the top of the screen. The first scale “Available Capacity” is used
to indicate the remaining MW of transmission capacity available on a line. The thicker
the line the more line capacity remains available. The second scale “Actual MVAR” uses
two colors to indicate the level of the MVARSs flowing on the line.
0] - — Indicates the MV AR flow on the line is above a pre-defined
range for each voltage.

15
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0] - — Indicates a low level of MVAR flowing on a line, the range
varies for each voltage.

Figure #19 — Line Flow Display

11. WSCC Voltage Compliance

WSCC Reactive Reserve Margin Guideline (see Attachment #1) — The WSCC has
established operating guidelines to ensure there is an adequate reactive reserve margin at
critical load busses. The reactive reserve margin provides sufficient reactive resources
(MVARSs) to the system allowing it to remain stable after a likely contingency. The VAR
Management application has the ability to analyze the San Diego transmission grid for
compliance with the WSCC guideline. It is recommended to run this function at least
once per hour, especially during the on peak periods. This compliance assessment is
performed as follows:

e Click on the “WSCQ” button, located on the top right of the screen (see

Figure #20). This assessment can take a few minutes to complete.

Loca

sl

wrsicH

Help

Fepr

Figure #20 — WSCC Guideline Compliance Assessment
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The application will start the 11 (eleven) step process required to evaluate
compliance with the WSCC VQ guideline (sensitivity of voltage to increments
of reactive load).

When completed, a text window (see Figure #21) will appear identifying the
worst contingency that was evaluated, most deficient bus, actual reactive
margin, results for the 20 worst busses under n-0 and the most deficient bus
performance under n-0 and n-1.

Closing the text window will display the portion of the San Diego
transmission system (one-line diagram) that is most deficient with a summary
of the performance displayed in the top left corner of the screen.

To run the second portion of the evaluation click on the “Wide Area VAR”
button located on the Windows application bar, on the lower portion of your
PC. This will return you to the Wide Area Monitoring screen.

Click on the “WSCP” button, located on the top right of the screen (see Figure
#14). This assessment can take a few minutes to complete.

The application will start the 7 (seven) step process required to evaluate
compliance with the WSCC PV guideline (sensitivity of voltage to increments
of MW load).

When completed, a text window will appear identifying the worst contingency
that was evaluated, most deficient bus, required active power margin, results
for the 20 worst busses under n-0 and the most deficient bus performance
under n-0 and n-1.

Closing the text window will display the portion of the San Diego
transmission system (one-line diagram) that is most deficient with a summary
of the performance displayed in the top left corner of the screen.

To return to the Wide Area Monitoring screen click on the “Wide Area VAR”
button located on the Windows application bar, on the lower portion of your
PC.

|

Figure #21 — WSCC VQ Tabular Output

17
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12. Transition to Local Area Monitoring

Transition to the Local Area Monitoring Displays - From the Wide Area Monitoring
displays a user can access a local station by performing the following steps:

Click on the “white arrow” button located on the mouse controller panel.

On one of the 3 (three) panels of the Wide Area Monitoring screen (see Figure
22), point the curser on the location you want to view on the local level (i.e. a
station circle or a point on the 3D layer) and click the left mouse. You will
notice the reference point turns “blue” on all associated displays.

Put the curser on the “Local” button (located on the top right of screen) and
click the left mouse. A “Station Selection” window will appear on the top left
of the screen. On the station selection window, highlight the station name and
click on the “One Line” button below. Note: If there are several station names
in the station selection window and you click on “One Lines” the display will
show a single line diagram that covers all the involved stations. Therefore, it
is recommended that the user remove (using the “Remove Selected” button)
those undesired stations.

A one-line diagram will appear (see Figure #23).

To return to the Wide Area Monitoring display, at the Windows application
bar at the bottom of your PC screen, click on “Wide Area VAR” icon

— = S
oo o S

| ange [201

LIERA®  usam

Figure #22 - Transition to the Local Area Monitoring Displays
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Figure #23 - Local Area Monitoring Display

13. Local Area Monitoring

The Local Area Monitoring main window comprises four main elements:

e The grid presentation window - The grid is presented as a schematic one-line

diagram.

e The main menu line with the general menus for the module. These menus are
not used in the VAR Management module. Pressing the right mouse button
in the grid presentation window background activates the menus and functions

for this module.

e The main button bar, where some of the most frequently used functions are
available with just a mouse click.

e The message line, where messages from the program to the operator are

displayed continuously.

Troubleshooting — Local Area Screen is not open (see Figure #24). Inside the Window
panel (top left hand corner) you find a minimized display labeled “Sin...”, expand the

display by clicking the square box

N

Place the curser over the display

19
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and right click the mouse, which brings up the menu. Scroll down the menu to
“Recall/Save” and click on “Recall Real-Time” and this will bring up the San Diego
system one-line.

Figure #24 - Local Area Monitoring Troubleshooting

14. Local Area Monitoring — Main Button Bar

Main Button Bar:

il - Load flow - this will run the load flow module in the local area
monitoring mode only, with constraints.

and E - Show calculations and results — this is the same information that
is available in the lower center section of the Wide Area Monitoring display.

3| _ Refresh or clean the one line diagram (i.e. remove station names).

foci Adjust network diagram — this button will take the user to a global
overview of the San Diego transmission system.

&1 - Move view — allows the user to manually move what is being viewed on
the screen. To release this function hit the “Escape” key on the keyboard.

] - Zoom — allows the user to zoom into a specific section of the
transmission system. With the left mouse button depressed, drag the mouse
drawing a box around the area you want to zoom into, and release the mouse.
While the zoom function is activated, clicking the left mouse will continue
zooming in and clicking the right mouse will zoom out. To release this
function hit the “Escape” key on the keyboard.

gl and gl - Zoom in and Zoom out - allows the user to zoom in and out, but
not to a specific area. The use of these buttons will require the coordinated
use of the “move view” function.

B - Zoom by ID — allows the user to find a station and zoom in. Used by the
support staff with the appropriate ID numbers.

| - Find Node (Station) — allows the user to find a station and zoom in. A
selection “Find Node” window will open with a blank space for the node
name. Enter the station name and click OK. If you are not sure of the name
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click on the box next to the blank node name field and a selection window
will pop up. After selecting the station, click OK and then click OK on the
“Find Node” window.

o @ . Show Marked Nodes - allows the user to zoom into a specific station.
With the left mouse depressed, drag the mouse drawing a box around the area
you want to zoom into, and release the mouse. The station will change color
indicating it has been selected, and then click the “Show Marked Nodes”
button to zoom in. To eliminate the color over the station just click the left
mouse.

o &. Show Previous — will display the previous display.

. =l Display Voltage Levels — Normally, the color of the lines in the Local
Area Monitoring mode is based on utilization of the available transfer
capability (ATC). See the “Setup” section for “utilization” colors. The
“display voltage levels” button allows the user to select different colors for
three of the San Diego transmission voltages

15. Local Area Monitoring — Menu

Local Area Action Menu - Pressing the right mouse button in the background (not over
a station or line) of the grid presentation window, activates the menus and functions for
the Local Area Monitoring module, see Figure #25.

Mavigation 4
Execute 4

Local Sensitivites 4
Yoltage Collapse 4
Corrective Action 4

WSCC Compliance  *
Qutage Assessment ¢

Savefrecal cases 4

Setup 4

Figure #25 - Local Area Action Menu

Most of the functions available in the module are found using this menu. These functions
are described in the following chapters.
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Exacute ’

Local Sensitivities 4
Yoltage Collapse 4

: ) Crelines 4
Corrective Action 4 =

Clean Onelines

Show Station Mames
Show Mode Yoltages
Show Station Results
Yiew oplions 4
Center current view

WSCC Compliance  »
Cutage Assessment  *

Savefrecal cases 4

Setup v

Figure #26 — Navigation Sub-menu

Navigation (see Figure #26)- The navigation functions allow you to alter the appearance
of the display for the grid area you have loaded, or to load a new grid area. Highlighting
“Navigation” will bring up a sub-menu.

Navigation Sub-menu:

One-Line Diagram (see Figure #27) — This option allows the user to display the whole
grid or portion of the grid. In the current version of the VAR Management Application,
only a detailed grid for the San Diego area, and a simplified grid layout for the WSCC
area can be displayed.

Security Coordinators  »

System overview

Clean Onelines

Show Station Mames
Show Mode Yoltages
Show Station Results
Yiew options 4
Center current wigw

WSCC System
CAIS

PGE

SCE

Fasaderna
YErmem

Interconmecions

Encina 230kY
Escondido 230kY
Imperial Walley SOCkY
Migue| SO0k
Mission 230k

Cld Town 230kY
Penasquitos 230kY
San Onofre 230kY
San Luis Rey 230kY
SoUth Bay 230ky
Talega 230ky

Figure #27 — One-Line Diagram Selection

First recall SD system - Used to get back to the detailed San Diego system from the
reduced WSCC model. It can also be used to get back to the present base case San
Diego.

System overview - Displays the whole San Diego detailed model in a one-line diagram.

The specific station choices - Encina 230kV, Escondido 230 kV etc. a detailed one-line
diagram of that particular station, including station voltage and line flows.
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Local Sensitivities 4

Yoltage Collapse 4

Corrective Action  »  Qnelines b
Clean Cnelines

WSCC Compliance ¥ ghew Station Mames
Qutage Assessment ¥ Show Mode Yoltages
Show Station Results
Yiew options 4
SetLp 4 Center current view

Savefrecal cases 4

Figure #28 — Navigation Sub-menu (continued)

Clean One Lines - The “Clean One Line” option is used to clear the graphical view of
result presentation bars or other results, or simply to restore the last view if the view for
some reason is not updated.

Show Station Names - The “Show Station Names” displays the names of the stations
currently displayed in the one line diagram.

Show Node Voltages - Displays the node (station) voltages for nodes currently being
displayed in the one line diagram.

Show Station Results - Displays quantities associated with a single node.

View Options:
e One Line — Displays the San Diego transmission system in a classical one-line
diagram format.
e Geographic - As an alternative, the grid can be viewed in a correct geographic
layout.

Center Current View - This function centers the one line diagram viewed on the display.

Executing Calculations - The execute functions are functions to run load flow analysis
and create files for the Wide Area Monitoring 3D visualization program. These functions
are activated in the VAR Management function menu by pressing the right mouse button
in the grid presentation window background, and choosing the “Execute” menu, see
Figure #29.
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O CrRTS VAR Management Engine - CERTS-network (Powel Netflas] - [Single Line Dlagram] B
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Figure #29 — Execute Functions

The execute functions always runs the load flow on the data set loaded into the system
with the changes that have been previously entered. This means that changing e.g. the
load of the entire system will be effective until a fresh data set is loaded or the program is
closed.

Constraints — By choosing the “Constraints” option in the “Execute” menu a load flow
with a predefined set of maximum and minimum voltages is performed. The results are
presented by coloring the components and buses in the window according to the load of
the components (as a percentage of rated capability) and the voltage drop for the buses
(as a percentage of the base voltage). At the message line at the bottom of the screen, the
program displays the total active and reactive power in the system for the load flow,
along with the active losses in the system.

No Constraints — In some cases there could be a problem making the load flow
calculation converge (solve) with narrow voltage limits. The “No-constraints” option in
the “Execute” menu allows the user to run a load flow calculation without the voltage
constraints. The result presentation is similar to the presentation of the results from the
“Constraints” option.

Load Change (see Figure #30) — The “Load change” option allows you to change the load
for the entire system. This is useful for analyzing load changes from the current state.
Selecting the “Load change” function activates a window where the user enters a new
total load. The load in the current system is displayed for the user.
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Sum load [3511.45] .
|39?5

0K I Cancel |

Figure #30 — Load Change Option

All the loads in the network are scaled with the factor Puews Poig, Where Ppew 1S the new
load written in the dialog box and P4 is the current sum load. The load change will be
active for all calculations performed until a new data set is loaded.

16. Local Area — Load Sensitivities

Mavigation 4
Execute 4

Loc 5
Yoltage Collapse *
Corrective Action  * |

WSCT Compliance w
Outage Assessment  *

Savefrecal cases 4

Yoltage to WAR. load changes
Yoltage to MW load changes

-

Setup

Figure #31 — Local Sensitivity Analysis

Local Sensitivities - The local area sensitivity functions are functions to analyze how
each station, within the display window, responds to changes in active and reactive load.
These functions are activated from the menu by clicking the right mouse button in the
grid presentation window background, and choosing the “Local Sensitivity” menu, see
Figure #31.

Voltage to VAR Load Changes - The “Voltage to VAR load changes” displays how
sensitive the stations are with respect to voltage change with an increase in the reactive
load.

The sensitivity is measured in kV/MVAR, and it indicates how much the voltage will
change by a load increase of 1(one) MVAR in the actual station. As a MVAR load
increase always results in a voltage drop, a negative number represents the sensitivity.

The sensitivity is displayed as light blue bars on the buses in the graphical window. The

magnitude of the bus indicates the sensitivity for the station, compared to the worst
station analyzed. The results for the worst and the best node are printed on the screen
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with different background color, the pink background color representing the worst
sensitivity.

Voltage to MW load changes - The “Voltage to MW load changes” displays how
sensitive the stations are with respect to voltage change with an increase in the active
load. The display is similar to the display for the reactive load changes, described above.

17. Local Area — Voltage Collapse

Mavigation ’
Execute L4

Local Sensitvites r
W pota)

Corrective Action »

WSCC Compliance  »
Qutage Assessment  »

Save/frecal cases +
f = Callapse MyA Distance

WWorst Collapse Curves

-

=etup

Figure #32 — Voltage Collapse Functions

Voltage Collapse (see Figure #32)- The “Collapse MVA Distance” option analyzes the
grid displayed in the main graphical window with respect to distance to voltage collapse
for each bus displayed. This is a very time consuming analysis, so make sure you have
zoomed to the buses you wish to analyze before activating the function.

The result from the analysis is displayed as bars indicating the distance to voltage
instability (collapse), measured in MVA. The worst (for the stations being evaluated it’s
the bus closest to voltage collapse) and that stations name has a pink background. The
best bus is indicated with an orange background.

The “Worst Collapse Curves (see Figure #33)” option calculates and displays nose curves
for the four most critical and the least critical bus in the “Reactive adequacy” calculation.

26



CAISO-CERTS Real Time VAR Management System — User’s Guide, Version 0.9

[T timtiuans Cole CRRTS-retwark - [Graphz] IR
M =12 =]
o 3 =T e o 1 5 o ST SN Y B B R R T R R S |
b uatI0n of FRaCtive raEene
4 vonage o
70
65 |
£ .
5 “\"\._\
; "-~.\\ . § RINCN 80.0
< - =
- | N =5 A AVaCOD BaF
\\ o SNTARL B9 E
a0 | | | |
\ .
35
: T ™ T T Losdmcrease v
0
] 50 100 50, 200
Resuits from ORESERVE

Figure #33 — Voltage Collapse Curves

After displaying the curves the user can close the curve window by pressing the ‘x’-field
in the upper right corner of the window, or return to the main graphical window using the
“Windows” option on the menu line.

18. Local Area — Corrective Action

Mavigation 4
Execute 4

Local Sensitivities 4
Yoltage Collapse 4
fion

WSCC Compliance ¥ 4
Outage Assessment  *

Savefrecal cases 4 MVAR To Mominal

Marial Correction

-

sefp

Figure #34 — Corrective Action Functions
Corrective Action (see Figure #34) - MV AR to nominal calculations are performed for
all the selected stations, those located within the display window. There is also an option

to initiate MV AR calculations manually for the selected stations.

The “MVAR to Nominal” calculation results are presented in the one line diagram as, see
Figure #35:
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Figure #35 — MVAR to Nominal Calculation Results

Bars show MVARs required that would bring the actual voltage to nominal. If the
application is not able to find a solution (not enough available MVAR resources to bring
actual voltage to nominal), the MVAR result is set equal to —1. For the latter stations a
circle indicates that no solution has been found. The largest and smallest MVAR
requirements are indicated with a color legend as displayed in the top left corner.

Manual Correction - Selecting “Manual Correction” for voltage and the following
window is displayed, see Figure #36:

Netbas-Calc : Optimal ¥oltage Regulation in one Node x|

Data set : CERTS-network. Year of caleulatiom 2001

Active loed is scaled with 0.0 %, reactive 0.0 %
Load changed in 130 load nodes.

Candidate nodes to increase voltage in node ASH £3.A { 67.182 kV)
Act.prod.  Limit  _ Sensitivity(Q).. . Semsitwity(B).
Fode Object (MVAr)  (MVAr) (RV/MVEr) (MU/MVAX) (RV/RV)  (MU/EV)

NCILA S00.H SH 50443 114.00  114.00 0.00011  0.0000

DOAZZ0 220.H CE 70043 41.27 100.00  0.00012Z  0.0000 0.002 0.000
OTAT 65.1 GE 70807 1.13 .00  0.00011  0.0000 0.007 0.000
SONGS  ZIK.F GE 70751 2z.60  928.00  0.0001Z  0.0000 0.260 0.000
SONGE  ZIK.C CE 70782 -242.7§  $2¢.00 0.00011  0.0000 0.253 0.000
DIVEON 6%.& GE 70773 11.zz 1z.00  0.00001  0.0000 0.003 0.000
DIVSON 1z.& GE 70778 9.4 11.00  0.00000  0.0000 0.000 0.000
NINTG 69.C GE 70805 8.0z 1z.00  0.00005  0.0000 0.006 0.000
CINEDO 124 GE 70777 7.44 1z.00  0.00000  0.0000 0.000 0.000
CENFDO 12.B GE 70776 8.30 1z.00  0.00000  0.0000 0.000 0.000 hd

Select node 45 B34 D
Regulation by using - Selection of rsg nodes Type of Yoktage Regulation:  Simulation
" Capacitor banks oAl + Increase Voltags - Up Edit object GE |70730 @
c c c -
Shuntreactors Marked Decrease Volage -Down (0 ooy e [

€ Capbanks + Shieactors = Inside displap/screen - Increase / Decrease

€ Gensators Loadfiow Numper[20 .
@ All avaisble components [ |\ P - generators ¥ Regulate to nominal vokage ¥ Restiction an 0
Fiish - W List allven s ¥ Convert PE-nodes to PQ-nodes

¥ Graphic results

ﬁ Cah:ulate‘ E ﬂ Luadbackup‘ Ca\culatesevera\..‘ M
Figure #36 — Manual Correction Display
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The heading highlights which dataset is being used, and also included is the information
on the scaling, if any, of the active and reactive loads in the dataset, including
information on how many stations have a registered load change.

The Select node function provides the user with an option to filter and select a specific
node that can be analysed with respect to voltage properties.

For analysing the voltage in the node the following components and combination of
components can be used: (bottom left column): “Regulation by using”

Capacitor banks

Shunt reactors

Cap.banks + Shunt reactors
Generators

All available components

The second column from the left “selection of reg. Nodes™ allows the user to select which
area the regulation nodes come from:

o All

e Marked

e Inside display/screen

The third column from the left “Type of Voltage Regulation” gives a choice between up,
down or both up and down voltage regulation mode.

For the last column to the right, “Simulation” there are 4 options:
e [Edit object (edit any chosen object)
e Update object (apply voltage regulation to the chosen node)
e Load flow (apply a load flow solution as an alternative to sensitivity
approach)
e Number (number of candidates to be considered one by one in the load flow)

In addition there are the following tick/ no tick alternatives:
e List of PE generators, which are at their max MVAR limit and are considered
as PQ nodes during the MVAR calculations. (Can be switched off by
removing the tick List PQ Generators)

e Regulate to nominal voltage (applies MVAR resources to regulate the voltage
up or down to nominal values)

e Restriction on Q (applies limits to MVAR resources produced in components)

e List of all reg. nodes (in the window above a list of all the regulation nodes
appear)
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e Convert PE-nodes to PQ-nodes (convert during the simulation the PE-nodes to
PQ nodes)

In the window is a display for converted generators, list of best candidates for regulating
the selected node, list of the best candidate within each subgroup, e.g. best generator, and
a result of the MV AR calculation for the same node.

S0BAY 15.F GE 70214 E0.E7 Lg.0o 0.00041 o.ooo0 0.02E8 0.o00
EZCO 539G GE 0750 4.77 1z.00 0.012587 o.ooo0 0.537 0.o00
S0BAY 15.C GE 7o0sl3 E6.3E Eg.00 0.00003 0.0000 0.003 0. 000
SAMPEN £2.W GE 70811 7E.02 100,00 Q.oooa7 Q.o0o00 0.0z3 0. 000
DIVSON 1Z.C GE 70780 13.52 15.00 0. o0ooo00 o.ooo0 o.ooo0 0.o00
TIIZ30 230.J GE 70044 -11.358 100,00 0.00054 o.ooo0 0.012 0.o00
HGELAPS S00_A GE 70003 137.10 Z00.00 0.00013 o.ooo0 o.ooo0 0.o00
HNGZILA E00.H SH 0443 11l4.00 1l4.00 0.00011 o.ooo0

E&CO 9. G GE 0750 4.77 1z.00 0.01857 o.ooo0

EZCO 539G GE 0750 4.77 1z.00 0.012587 o.ooo0

Hode Volt. Volt.sens. Q-act Q-max Q-step Q- sum Q-tot
Hame (kV) (KV/MVAr) (MVAr) (MVAE) (MVAr) (MVAr) (MVAr
ASH 63 _A 67.183 0.0z801

EZCO E3_.GC CGE B7.3E3 0.018587 4. TEE 1Z._000 T.234 T.E34 =001z
ENCINA E4. A GE &7.3E3 0.001&4 1E7.720 Z1lE._000 o.ooo T.E324 -0.0L1z
ENCINA 22 A GE &7.333 0.001E0 142 375 150000 &.5639 1z2.874 -0.0lz
TIIEZZ0 230.J GE &7.439 0.00054 -11.3E51 1l00.000 111.981 125854 -l.&08

Figure #37 — Manual Correction Results Display

Above:
List of candidates at the top, the best shunt reactor (SH), the best generator (GE), and the
best candidate (total), in this case the ESCO generator.

Node Tolt. Wolt_sens. Q-act Q-max O-step —sum Q-tot
Name ¥ 40 (EV/MVLr) (MVAYr) (ML) (MWAr) (MWAr) (ML)
ASH E9_A £7.189 0.0Z801

ESCO £3. G GE B7.323 0.01857 4_7BE 1Z.000 7234 7234 -0.013
ENCINAL Z4. 4 GE 6£7.3E3 0.001&4 1&7.7E0 zlz._000 o.ooo 7234 -0.013
ENCINAL ZZ.A GE 6£7.333 0.00150 143.37& 150.000 E.639 13 874 -0.01z
TIIEZ30 Z30.J GE 6£7.439 0.00094 -11.951 1lo00.000 111.981 1z5_854 -1.&08
EEAPNY 1z.M GE &7.440 0.000&k0 30,708 3E.000 1.343 1E7.197 -1.&08
EEAPNY 1lz.B GE ©7.440 0.00050 20,705 2E.000 1.343 1E8. 540 -1.g07
SOBAT 15.F GE €£7.443 0.00041 ED.EeE Ez.000 7.941  136.481 -1.g07
OLDTWN 1z.4 GE ©7.444 0.000ZE 10,983 1z.000 l.087 137.548 -1.g07
NGLAPS E00.A GE ©7.448 0.000132 137.105  z00.000 21.7z8  led E76 —-Z.410
ROAZ3Z0 Z30.H GE ©7.448 0.0001z 41 Z74 100.000 E.16l  174.4326 —Z.443
SONGE Z1E.F GE ©7.5E&3 0.0001z ZE.601 S9Z2.000 906,037 1020.533 —-Z.501
SONGE  Z1IE.G GE £7.686 0.00011 -E4Z.747 9Z2.000 117&.577 ZzE7.110 -Z.5l1
OTAT €2, I GE g&7.887 0.00011 1.127 2.000 Z.4Z0 ZzE9. 520 -Z.glz
NGILAR EO0O.H SH &7.639 0.00011 114,000 114.000 114.000 2372.E530 -33.113
PTLOMAL £2.C GE £7.700 0.00010 E.zl7? 1z.000 7.888 E38l.412 -33.113
EYCORL E0.A GE g7.708 0.00002 —Z.687 1l00.000 103,507 2484.9Z5 -33.1132

Above:

For MVAR calculations with reference to the ASH 69.A node, it has an actual voltage
value of 67.189. By applying candidates for MVAR regulation in merit order starting
with ESCO the voltage in ASH is regulated up to 67.323 and ESCO is at it’s limit of 12
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MVAR. The total MVAR generation for the whole model Q-tot has been reduced by
0.013 MVAR.

Data =set : CERTE-network. Tear of caleculation 2001.

Active load iz scaled with 0.0 %, reactiwve 0.0 %
Load changed in 130 load nodes.

Besults from loadflow :

Node ... Woltage ... Q-step
Name Loadfl. Sens.

AEH 59 R &7 967

ESCO 3.5 GE £8.101 &7.3E3 7.23
ENCINA =Z4. 2 GE 58._101 67323 0._aa
ENCINA =zZ. A GE 58111 57333 & 54
TITIZ30 Z30.J GE E8_Z16 £7._439 111.98
EELPNT 12 .M CGE 58_Z17 577440 134
ASH 59 & 58._109

Besults generators
MNane Voltage Aot () Max._ 0

Above:

As an alternative, a load flow solution can be performed step-by-step using the regulation
candidates in merit order. Due to non-linear ties in a power system, the load flow results
might differ slightly from results obtained via the sensitivity method.

Besults generators -

MNames Woltage Aot 1 Max. 0
ESCO =l E8.Z95 -5.000 1z.000
ENCINA Z4_2 Z4_000 E8_681 Z1z._000
ENCINA ZE.A 23,445 130,67 1E0.000
TIIZ30 230.7 E31.774 1aa.000  100.0ad
EEARNT 12z .1 13.439 Z9.774 3z._000
EEARNY 12.EB 13.391 28,344 32.000
SOBAY 15.F 15_ 536 40_965 Lg_o0o
OLDTUN 1Z.4 1E.832 2.8732 lz.000
NGLAPS EOO0_A &E0_000 120.31& E00.000
BOAZ30 Z30.H ZL50.000 —-0_&600 100.000
SONCE Z1E.F Z0. k22 -EEB2.040 S2ZE.000
S0NGE  Z1K.G Z0. 556 E2_EZ8 SE8.000
OTAY 59.T £9_800 o._ooo 3000
PTLOMA &2.C 71l.E6E -E.000 lz.000
EYCORAL ZO0_A Z0.154 S6.514  100.000
SAMPEN &9 E9_L53L 39_.604 100_000
NINTC g9 £9. 854 -E.000 lz.000
S0BAT 15.¢C 15.753 Ez.130 E&.000

Above:
Finally a list of the generators containing voltage, actual MVAR generation and MVAR
limits is presented.
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19. WSCC Voltage Compliance

Mavigation 4
Execlta 4
Local Sensitivities *

Woltage Colapse *
Corrective Action 4

OuUtage Assessment  *

Yoltage Reactive Criteria
Savesrecal cases r Woltage MWW Criteria

Setup k Selective Analysis

Figure #38 — WSCC Compliance Guideline Analysis

WSCC Compliance Guideline Analysis (see Figure #38) - The WSCC voltage stability
assessment guideline will determine whether the transmission system is in a state close to
voltage instability or not. The WSCC uses two guideline, VQ (voltage-reactive) and PV
(voltage-MW), to evaluate the system for voltage instability. The VAR Management
application supports both methods. Clicking the right mouse button in the grid
presentation window background, and choosing the “WSCC Compliance” and clicking
on “Voltage-Reactive Guideline” activate the WSCC criterion in the Local Area
Monitoring function menu.

Click on the “Voltage-Reactive Guideline” activities the analysis and takes a
few minutes to complete. The application will start the 11 (eleven) step
process required to evaluate compliance with the WSCC voltage-reactive
guideline.

When completed, a text window (see Figure #39) will appear identifying the
worst contingency that was evaluated, most deficient bus, actual reactive
margin, results for the 20 worst busses under n-0 and the most deficient bus
performance under n-0 and n-1.

Closing the text window will display the portion of the San Diego
transmission system (one-line diagram) that is most deficient with a summary
of the performance displayed in the top left corner of the screen.

To run the second portion of the evaluation click the right mouse to open the
menu, select “WSCC Compliance” and click on “Voltage MW Guideline”
This assessment can take a few minutes to complete.

The application will start the 7 (seven) step process required to evaluate
compliance with the WSCC sensitivity of voltage to increments of MW load.
When completed, a text window will appear identifying the worst contingency
that was evaluated, most deficient bus, required active power margin, results
for the 20 worst busses under n-0 and the most deficient bus performance
under n-0 and n-1.

Closing the text window will display the portion of the San Diego
transmission system (one-line diagram) that is most deficient with a summary
of the performance displayed in the top left corner of the screen.
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When the analysis is completed, an alarm window will appear if the analyzed data set
does not comply with the WSCC VQ criterion.

& AL &R M :The analvzed data set does not comply with the WSCC YO criteria,

After clicking the OK button, the results of the analysis are displayed in a text window.
If the data set complies with the criterion, the results will be presented directly.

|

|

Figure #39 — WSCC VQ Tabular Output

The tabular output of the analysis indicates the most deficient bus was Japanese 69 kV
bus “F” for the worst-case contingency, and it has an actual reactive reserve margin of
3.79 MVARs. The WSCC only requires an assessment of the worst station. Pressing the
Print button can print out the results.

After closing the tabular output window, the one-line diagram (see Figure #40) will show
the distance to voltage instability by displaying bars for the worst five nodes. The results
for the worst node are printed in a pink background color. The result for the best of the
five nodes is printed in an orange background, while the other results are printed in a
yellow background. If the data set complies with the criterion, the bars are colored blue,
for non-compliant data sets, the bars are colored red.
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3
1
AR OWS 68.)
o2 5]

EULYED 60.0]
e}

Command logaing turned off 11900885 |56228.57, 475757.03

Figure #40 - WSCC VQ One-line Output

20. Outage Assessment

avigation »
Execute »
Local Sensitvitdes k

Yoltage Collapse »
Corrective Action r

Songs — Talega 230ky line

Songs — Encina 230k line
WWSCC Compliance ¥ Songs — Mission 230k line
o ent Escondido — Encina 230ky line

Escondido — Talega 230k line

Savefrecal cases L ) _
Escondido — Sycamore 230ky lin

Sefup ¥ n-z * San Luis Rey Tap 230ky

Figure #41 — Outage Assessment Functions

Outage Assessment (see Figure 41) - The “Outage Assessment” functions allow you to
load a fixed set of contingencies for more detailed analysis. To perform the desired
analysis, select the desired level of contingency (N-1 or N-2) and then select the actual
contingency to be evaluated.

34



CAISO-CERTS Real Time VAR Management System — User’s Guide, Version 0.9
The following contingencies are available in this version

e N-I: Songs — Talega 230kv line
Songs — Encina 230kv line
Songs — Mission 230kv line
Escondido — Encina 230kv line
Escondido — Talega 230kv line
Escondido — Sycamore 230kv line
San Luis Rey Tap 230kv

e N-2 N.Gila—P.Verde + Songs—Talega
N.Gila—P.Verde + Songs-Mission
Songs—Mission + Songs—Encina
Songs—Talega, both 230kv lines

21. Save and Recall Cases

avigation »
Execute »
Local Sensitvitdes k

Yoltage Collapse »
Corrective Action r

WSCT Compliance *
OlUtage Assessment  »

T Save To Working Files
Savesfrecal cases e

Recall From VWorking Files
Setup k Recal Real-Time

Figure #42 — Save and Recall Cases

Save and Recall Cases (see Figure #42) - By selecting the “Save” option in the
“Save/recall cases” menu, you are able to store the current case you are working with into
a working file. Saving a case to a working file means saving all relevant component data,
loads, generating values etc. After clicking on “Save to Working Files” a window will
pop up (see Figure #43) and you are asked to select a location to save the file. Do not
use file #1. Look for a file that does not have a case residing in it, if none exist, select a
file with an older case date and your case will overwrite it. Highlight the file you wish to
save your case in and click “save”. Once a case is in a working file the user can run some
specific analysis and review the systems performance.
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& Save Working Files X

Please select alocation to sawve vour work.

MNate: Any location selected will hawe it's contents remaoved
prior to creating your new working files.

MNew Working File: GMGraphDB-22-0ct-01-1635.m

Current Visualization Files Giorim Fllz Lasstiem

: GMGraphDB1.m - m
: GMGraphDB-17-0ct-01-1317.m

: GMGraphDB-18-0ct-01-1136.m

: GMGraphDB-18-0ct-01-1134.m

GMGraphDB.m
. GMGraphDB.m
: GMGraphDB.m
: GMGraphDB.m
: GMGraphDB1.m
10: GMGraphDB-18-0ct-01-1322.1
11: GMGraphDB.m

12 GMGraphDB.m

13 GMGraphDB.m

14: GMGraphDB.m =l < AddLacation |
Save | Cancel |

Figure #43 — Save to Working Files
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To recall a previously saved case of the transmission you select the “Recall” option in the

“Save/recall cases” menu. An “open working files” window will appear, highlight the
case you desire to open and click “open”.

Recall Real-Time — By selecting “recall real-time” in the “Save/recall cases” menu, you
will return the local area Monitoring to real time.

22. Setup

Mavigation 4
Execute 4
Local Sensitivites 4

Yoltage Collapse 4
Corrective Action ’

YWECC Compliance
Outage Assessment  *

Save/frecall cases ’ voltage level display

Selectad voltages IUtilization color palette

Figure #44 — Setup Functions

Setup (see Figure #44) - Color Setup allows the user to determine if the lines, stations
and electrical devices are colors based on ATC utilization and voltage drop or
independent of those factors. The color setup “voltage level display” was discussed
earlier under the “main button bar” section. Selecting (left clicking the mouse) color

setup “utilization color palette” will cause the color palette (see Figure #45) to appear on
the top left hand side of the screen.
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lor pallette device utilizatio:

tilization between 100% arwd 120%46)

tilization betwe en 60% and 80%6
tilization betwe ern 40% and 60%%
tilization betwe en 20% and 4076
tilization less thar 2086

olor pallette voltaze drop

oltaze drop between 20%% and 2496

oltaze drop between 129 and 1694
oltage drop between §%% and 12%4)
oltaze drop between 4246 and 8%
oltazxe drop less than 496

Figure #45 — Utilization Colors

The “Selected Voltage” option is for the support staff in setting up the voltage levels for
MVAR calculations.

23. What If Simulations

DCata Field k

Connect
Cisconnect
Cperate Breaker

Modify Data Calc. ...
Show Archive Data...

Shiow Loadficw
Current measurement
Selectivity

Delete Section

Figure #46 — What If Simulations for Lines and Equipment

What If Simulations for Lines and Equipment (see Figure 46) — The VAR
Management application provides the user to perform some “what if” scenarios. In order
to perform this function the user can select specific lines and/or equipment they desire to
have taken out of service or returned to service, prior to running a power flow and other
analysis. There are several ways to get to a specific station to operate equipment, but as
a reminder here are two of the methods, using the buttons on the “Main Button Bar™:

- Zoom — allows the user to zoom into a specific section of the
transmission system. With the left mouse button depressed, drag the mouse
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drawing a box around the area you want to zoom into, and release the mouse.
To release this function hit the “Escape” key on the keyboard.

o | _ Find Node (Station) — allows the user to find a station and zoom in. A
selection “Find Node” window will open with a blank space for the node
name. Enter the station name and click OK. If you are not sure of the name
click on the box next to the blank node name field and a selection window
will pop up. After selecting the station, click OK and then click OK on the
“Find Node” window.

Once at the desired station, click on the line or equipment that you wish to operate and
click the right mouse to get the “What If Simulation” menu. Scroll down and click on the
desired operation “Connect”, “Disconnect” or “Operate Breaker”. There will be a visual
change in the line or equipment status (i.e. breaker will change from solid box to open
box) to confirm the desired operation. To return the line or equipment to its previous
status repeat the above step and click on the desired operation.

Once the line or equipment status has been changed, any of the simulation options, such
as sensitivity, distance-to-collapse, WSCC voltage compliance, n-1/n-2, and corrective
action can be executed for the “what if” condition. The “what if” results are shown both
at the Local Area level via the vertical bars on the one-line display and at the Wide Area
level via the 2D and 3D displays.

The balance of the items on the menu is for viewing and modifying some of the data
associated with the lines or equipment and should be only modified by the support staff.

24. Application Utilization

The following is a suggested method for utilizing the VAR Management System:

e On the Wide Area Monitoring display select the “2D Voltage Alarm” button
to display 2D Voltage Alarm in panel 1. This will also place the 3D Voltage
Monitoring display in panel 2 and the 3D Voltage Sensitivity display in panel
3

e Using the “Voltage Selection” menu (right click of the mouse) select the
voltage level that you believe is the most critical for the area and should be
continuously monitored. Keep in mind that selecting to many voltage levels
will clutter the screen.

e While at the Wide Area level the Security Coordinator (SC) can review the
other displays, such as:

0 Voltage Monitoring

0 Voltage Sensitivity

0 Collapse Distance

0 Corrective Action and
0 Line Flows

e As voltage problems are observed or suspected trouble the SC can transition
to the Local Area displays (see Section #17).
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At the Local Area level the SC can perform a more in depth analysis of
problems such as:

o

O O0O0Oo

Voltage Sensitivity

Collapse Distance

Corrective Action

WSCC Voltage Compliance and
Outage Assessment

After the analysis phase the SC can go evaluate his next step by going to the
“Corrective Action” menu, select “Manual” and on the pop up window select
the manual action to be taken and click “calculate”. SC can review the results
on the tabular display, Local Area one-line, and also the Wide Area displays.
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ATTACHMENT # 1

Security Coordinator Enhancement Suggestions and
Trouble Report Log
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Security Coordinator Enhancement Suggestions and
Trouble Report Log

Purpose of Report Log — This report log is for bi-directional communications between the
Security Coordinator and CERTS/EPG.

How to Access the Report Log — On the Wide Area display, top right of screen, click the
“Reprt” button, see below, this will open an interactive reporting data base.

Loca

wsCl

wsicH

Help

Repd

Security Coordinator will provide trouble reports and enhancement suggestions as
follows:

Click on “Add New Record” button.

Enter first name and initials.

Check the “Current Date/Time” field, if you are reporting a problem that occurred
at a different time please enter the date and time of the problem in the field below
“Operator First Name” field.

Enter a brief description of problem or suggested enhancement.

Click the “Save and Add Another” if you wan to save this entry and make an
additional entry.

Click the “Quit (save is automatic)” after completing all entries. This will close
the report data base application, avoiding any negative performance of the VAR
Management System.

& Problem Tracker _|- _|D ﬂ

Search By CA-1S0O Security Coordinator
| | El Messages From CERTS |

Add New

Record 11/7/2001 2:43:46 PM

Operator_First_Name: | User Initials Problem Report #
Mike MC | 1 Add Screen Shot
|Enter the date and time when problem occured. |
[11/07/01 2:43PM N Ot

Click in the text field and type in description of problem |
Utilization of this report system will be in this Friday's revision of the User's Guide. Availa ble

Double-click to enlarge

Save and Add Quit First Time
Another (save is automatic) README

Record: 14| 4] 1 |enfrs of 1
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Review of past problems and suggestions:

e If you wish to do a search by Security Coordinator name, at the top left corner of
the form, enter the first name and click “Go” and you get a list of the reports
submitted by that person.

e If you desire to review all of the reports, at the bottom left corner of the form,

el BRI ik the rewind button (far left button) and

this will bring you back to report #1 and display the comments in the text
window. To advance to the next report click the “next” button (third from the
left) and repeat for additional reports.
Review messages from CERTS:
¢ In the top right corner of the form, click the “Messages from CERTS” button and
a message window will appear, see below.

&8 Problem Tracker JE'&

Search By CA-150 Security Coordinator

| ] E' ‘Messages From CERTSl

GULIL G & Message From CERTS - o] x|

HECEI - [11/7/2007 233:50 PM o

Operator_First Header ITD Security Coordinatars
Mike - - En Shot
tessage  |The callout procedure will be the fallowing:

Enter the date 1. During normal hours call Frank Carrera or Carlos Martinez at (626) 685-2015

11/07/01 2:43F 2. Duting off-hours, enter your concems in here. \We will respand first thing in the moming

P of the following day.
Click in the tex

Utilization of th

Record: 14|« [[ 1 v |va]p#] of 2 able

Save and Add Quit
Another (save is automatic)

Record: 4] 4 | 1 v |erlv#of 1

First Time Double-click to enlarge
README

e To search all the messages from CERTS, at the bottom left corner of the message

window, LI | I A T click the rewind button (far left
button) and this will bring you back to message #1 and display the comments in
the text window. To advance to the next message click the “next” button (third
from the left) and repeat for additional reports.

If you have a question and need assistance contact please Frank Carrera , CERTS/EPG,
during normal working hours, at the following phone number: 949-337-0489
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ATTACHMENT # 2
WSCC VOLTAGE GUIDELINE
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Summary of WSCC Voltage Stability Assessment
Methodology

This document 15 intended to provide clear summary gudehnes to WSCC members as 1o
how these types of analysis should be conducted. 1t also provides additional gusdance by
suggeshing a path for the user at instances where the WSOU Report on Voltage Stability
Crteria, Undervoltage Load Shedding Strategy, and Reactive Power Reserve Momtonng
Methodology, dated May 1998 (hereafter referred to as the RRWG Report) offers
choices. For more information members should refer to the RRWG repont

Among the methods for assessing vollage stability, the most reguently used are P-Y and
W) analysis. Two lowcharts are provided in this sumimary, one describing P-V analysis
and one describing V-0 analysis. Many of the assumptions used 1o complete the power
Mow simulations in these types of analysis are common 1o the two methods and are
provided in Aftachment A and referenced in the Nowchars. Even though the description
here only covers load imcrease (liem a) and transfer path Now increases (Ilem m) out of
the eighteen tems hsted in Section 2.3 of the RRWG Report and repeated below, the
rasponsible entnes should also investigate the remaming uncertanties (o ensure that all
raasonably severs operating conditions are covered.

The uncertainties Tor establishment of the voltage stability eriteria in Section 2.3 are

[a) Customer real and reactive power demand greater than forecasted

(b) Approcamations i studies {Planming and Operations)

<) Outages not roulinely studied on the member system

(dy  Outages not routinely studied on neighbonng systems

(=) Unit trips following major disturbances

N Lower voltage line tnps following major disturbances

lz] Variations on néighbonng svatem dispatch

(h) Large and variable reactive exchanges with neighbonng systems

i) More restrictive reactive power constrainis on neaghboring system
menerators than planned

() Variations in load charactenstics, especially in load power factors

(k) Risk of the next major event duning a 30-minute adjustment period

Iy Mot baing able to readjust adeguately 1o get back o a secure state

(mp  Increases in major path Dows following major confingencies due 1o
various factors such as on-system undervoltage load shedding

it} On-svstam reachve resources not rasponding

() Excitation limiters responding prematurely

P Possible RAS fmlure

iq) Prior outages ol system facilities

ir) More restrictive reactive power construnts on internal generators than
planned.

1 LA
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-V Methodology
Part 1: Developing the P-V Curves

A, Develop a sernies of svstem normal condition base cases with increasing loads or transfer paths to
run contimgencics from (Assumption Set A)

. Faor load Serving Svsiems: Develop a A2 For Transfer Paths: Develop a senes of
serics of load increase basc cascs starting mierface Mow increase base cases

from the expected load level starting at rated transfer and extending (o
the point at which voliage collapse is
cxpoected to be reached following
contingencics. {Assumption Set B)

A

corrcspomding (o the planning standards
and extending to the point at which
voliage collapse 15 expected to be reached
following contingencics. {Assamption

Sct B)
Mote:  All Transfer Path{s) info the receiving

Mote: The interface paihds) should measure region should be monitored,

all irports into the receiving reglon.

B. Foreach of the base cases from the series created above, select several contingencies
Judged to be the most severe, Run the Post-Transient power flow for cach of the severe

contingencics. (Assumption Set O)

. ldenify the entical bus{cs) —
Select a group of 2-5 buses in the load arca or that are expected to be severcly
mmpactzd by the transfer path Bow for cach of the selected contingencics studied 1n
B above to monitor voltage, These may be the buscs wath the lowest voltage or the
highest voltage deviation. The buses electncally close to the outage mav not be the
ones that would be closest to the collapse point (c.g., Table M s closest to the
collapse point for DC Bi-pole outage, but not elecincally close to either DC termimi).

. Prodece the P-V Curves -
For cach selected contingency m B, develop the P-V curves by plotiing the post-
contingency voltages (af the buses selected in C) against the syvstem load for the
load area sindies, and the post-contingency voltages (ot the buses selected 1 C)
against the pre<contingency flows for the transfer paths studies, uniil the voliage

collapse peint 1s reached.

: T LA
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P-V Methodologv:
Part 2: Determine the Maximum Load or Transter

allowable using the P-V Curves
{Alter the P<VY curves are run)

A Assess performance under vanous operating conditions
The maximum load or transfer hmi operating point should be the lower of the
following:
1. 5% below the load (for load areas) or path flow (for transfer paths) at the
collapse point on the P-V curve for Category A
2. 5% below the pre-contingency flow or load corresponding (o the collapse
pont on the P-Y curve for Catcgory B contingencics
3. 2.5% below the pre-contingency flow or load corresponding to the collapse
point on the P-V curve lor Category € contingencies

MNote: The catcgories named above refer to the disturbance catcgories descnbed m Table |
of the NERC Planning Standards.

i LA
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W-0) Methodolooy:
Part |: Setting “Reactive Power Maroin Reguirements™

I-!'.. Create the 100% load or 100% transfer path base case (Assomption Set A) I
Al For load area studies, ercate the 103% or A2 For transfer path studies, create the 105%
102.5% load arca basc casc {Assumption or 102 5% transfer Now basc case
Set B) {Assumption Set B)
Mote: The interiace pathis) shonld measure_all] | Mote:  All Transier Path{s) mto the receiving
imports o the receving region region should be monitored

B. By running the post-transient power flow, develop post-contingency cases Tor cach of the most
severe contngencics for the cases with 10075 load or transfer path flow and for the cases with

105% load or transfer path Qow. (Assumption Set C)

|
. Identifv the cntical busics)

*  ldentify the sub-set of the most eritical buses (3-5) for each of the sclected contingencics
stndicd in B above. These may be buses with the lowest veltage or the highest voltage
deviation, The buses electrically close to the oufage may not be the ones that would be
closest to the collapse point (2.z., Table Mt 15 closest (o the collapse pomt for DC Bi-pole
outage, but not electnically close to cither DC Terminal)y,

0. Produce the V-0 Curves for cach contingency:

»  Apply a hictitious synchronous condenser at each critical bus identified carlier; one at a
time

»  Solve the power fow casc (cither a standard or posi-transient power flow solution can be
used )y,

»  Record the bus voliage (V) and the reactive output of the condenser (0)),

¢ BReduce the condenser scheduled output voltage in small steps (eg., = 001 puw)

»  Continuc varving the condenser’s output {or scheduled voliage) uniil sufficient pomis to
identify the voltage collapse pomnt have been collected

E.  Establish the Reactive Power Margin Eequirements,

» Reactive Power Margin is defined as the value of the condenser output at the voliase
collapse point on the V-0 curve where d0/d V=10,

#  The change m the reactive power margin between the two different load levels (100% and
L¥5%) For the same Category B contingency and al the same bus is the Reactive Power
Margin Eoquircment at that bus for that Category B contingency.

#  The change m the reactive power margin between the two different load levels (100% and
L1032 5%} for the same Category C contingency and at the same bus is the Reactive Power
Margin Eoquircment at that bus for that Category C contingency.

»  ldentfy the Reactive Power Margin Requirement for other study vears as desired by
repeating the above steps for other vears a5 necessary

Mote: The categories named above refier 1o the distwrbance categorios described in Table [ of the NERC
Plamiing Standards

T
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V-0 Methodolooy:
Part 2: Assessing Performance against the “Reactive Power
Mareimn Reguirements™

(After the Reactive Power Margin Requirements have been established for the years
of interest, the system can be tesied to see if it meeis these Requiremenis)

AL Create the 100% load or 1009 transfer path base case (Assumption Set A)

B. By runmng the post-ransient power fow, develop post-conungency cases for cach of the
mosl severs contingencies (Assumption Set )

", Plot V-0 curves and assess performance agamst the margin requirements

¢ Create V-0) curves for the selected contingencies (Categones B and O i the study arca
fior the siudy vear (o be investigated at the 10025 load level or 100% transfer path ow
level

®  Cheok to see oif the VAR margin meets the Beactive Power Margin Requirements
established previoushy for the same study vear, bus and contingency

» Il the required VAR margin 15 not met, sdditional facilites, immplementation of
appropriate remedial achion schemes, or reduction in load or iterface Dow would be
requirzd.

] T
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Attachment A Power Flow Assumptions or P-Y and V-0
Analvsis

Assumption Set A: Modeling the 100% load or 100% Treansfer Base Cases

¢ For load area studies, the load in the area of interest should be modeled based on
the load forecast normally wsed for planning that area. {For the purpose of
developing an extended P-V curve, base case may be developed af less than 100%
load level.

¢ For transfer interfnce studies, the interface transtfer should be modeled at ns
maximum rating and under the most eritical system conditions for which the
interface 15 rated {a range of conditions may be necessary lor nomograms ratings).

¢ Assume constant MY A load models unless more accurate load models are
available,

s  Move the area slack and system swing bus outside the study area.

»  Use standard power flow 1o solve the base case, Post-transient power Now should
not be used o develop these cases

Assumplion Set B: Modeling the Load or Transfer Inerease Casels

»  Ceneration 1o supply the increasing load for load serving systems should come
From generation that would normally have been dispatched 1o meet the load
increase, Generation o supply increasing translers should come from generation
that would place the highest siress on the facilines of interest. The generajors’
outpuls should not excead the generalors” maximum capability.

#  The system swing bus can be used to account for system losses but its oufput
should not exceed the generator’s capability, otherwise the generation should be
ra-dispatched.

»  When increasing load, also increase loads in closely neighbonng systems i they
have sinular climatic or geographic charactenstics

#  Although the load power factor 15 typically held constant when the load 15
increasad, the power lactor may be adjusted based on engineenng discretion

¢ As load is being increased, adjust automatic and manwal deviess (including
ceneraters) as neaded that would operate within 30 minutes. Tenore overloads that
cannot be corrected using such automatic and manual switching action. The 30
minute limit assumes that the load increase can be anticipated wathin a few hours
i allow operator action. However, 1115 intended 1o avoid the addition of thermal
units to the load increase cases without being specifically identfied.  1f these
units are needed, they should be included in the 100% base case,

#  Astransfer is being increased, adjest automatic devices as needad that would
oparate within 3 minutes. Ignore overloads that cannot be corrected using such
automatic switching action. The 3-minute limif assumes that transfer path MQow
increasas cannofl be anticipated with enough time 1o allow corrective action(s) by
the operator. 1t 15 intended 1o avold the addition of warual devices o support the
increasa in fransfer path fAow wathout being specifically identified 11 these
devices are neaded, they should be included in the 100% base case

fi T
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Assumption Set C: Modeling of Contingency Cases

*  When the contingency involves load shedding, gensrator tripping, or a large change in
system losses, a post-transient power flow should be used (o re-gstablish the
ceneration-load balance based on approsamated govemor action. therwiss a
standard power flow can be used.

e Inaccordance with WSCC's post-transient power Tow methodology, allow switching
of only those automatic devices that can complete switching in 3 minutes {e.g.,
automatic LTCs, autematic phase shifting transformers, 8V 0s, and other automatic
switching devices)

#  Ifthe post-transient solution indicates that automatic actions would oceur {(such as
automatic RAS, load shedding and generator tnpping schemes), then rerun the case
applyving those achions

o If discrele devices are requirad 1o solve contingencies for the 105% or 102.5% load
(or transfer) case, these devices should be modaled in the 100% load {or transfer) case
as well.

7 T
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