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V&R Energy

e V&R Energy is a leading provider of Next
Generation software solutions for the electric power
Industry

# V&R Energy’s services include:
— Advanced consulting services

— Comprehensive software tools for analyzing power
system behavior

— Cutting edge scientific research

# V&R is located Iin Los Angeles, CA
— WWW.Vrenergy.com :
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VR Energy’s Customers

AEP

ATC
California ISO
CEATI

CFE, Mexico
Con Edison

East Kentucky Power Coop.

Entergy

EPRI

Exelon
FirstEnergy

Idaho Power Co.
ISO New England

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved.

Kansas City Power & Light
KEPCO, South Korea
KEPRI, South Korea
KPX, South Korea
KeySpan/LIPA
Midwest ISO
NRECA CRN TRAS
NYPA

ONS, Brazil
PacifiCorp

Southern Co.
Southwest Power Pool
Tri-State G&T

TNB, Malaysia



User Testimonials

® |I'm convinced you (plural) are the only ones in the industry
giving the proper thought and attention to the problems that
transmission operators and planners are trying to manage
— American Transmission Co.

® When POM is utilized for planning studies, the person-
hours spent could be in the ratio 1:4 compared with the
software presently used, which translates to about $50,000

In productivity gains
— NYPA

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved.



V&R Energy Software Solutions

Extremely fast:
— Full AC contingency analysis: 36000 contingencies/hour

— Time-domain simulation: Execution time for a one
second simulation is approximately 6 sec

» For a load flow case - 50,000 buses, 17000 dynamic models

Handles extremely large contingency/fault lists:
— Millions of N-1-1, N-2 contingencies during one simulation run
— Hundreds of thousands of faults during one simulation run

Provides a reliable and robust solution engine
Determines the optimum mitigation measures

Optimally ranks transmission expansion projects and
performs cost-benefit analysis
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POM Suite

POM - Planning
Package
POM OPM BOR

POM - RealTime
Package

POM-RT|||[OPM-RT]|[BOR-RT

POM-TS|(|POM-PS||BOR-TS

PCM| |POM-SA

POM
OPM
BOR
PCM

Physical and Operational Margins
OPtimal Mitigation Measures
Boundary of Operating Region

Potential Cascading Modes

POM-TS-RT] [BOR-TS-RT

POM-TS - POM-Transient Stability
POM-PS - POM-Project Selection
BOR-TS - BOR-Transient Stability

POM-SA - POM Small-Signal
Analysis
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POM Suite for an EIl case with
50,000 buses

£l POM Studio 2007 .Net (C:\Documents and Settings\Marianna Yaiman\Desktop\Copy of Run POM-OPM Training 2007\atc01spg1.vrp)
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Latest Papers on the Use of V&R
Energy’s Technology

® Three papers were presented at 2010 PES T&D Conference
and Expo, New Orleans, April 19-22, 2010:

— "Implementation of Optimal Mitigation Measures for Transmission
Planning Assessment"

e by Jason Robison, Makarand “Mak” Nagle, Southwest Power Pool,
Marianna Vaiman, V&R Energy

— "N-1-1 AC Contingency Analysis as a Part of NERC Compliance
Studies at Midwest 1SO"

e by D. Chatterjee, J. Webb, Q. Gao, MISO, M. Y. Vaiman, M. M. Vaiman,
M. Povolotskiy, V&R Energy

— "Prevention of Cascading Outages in Con Edison’s Network"

e by M. Koenig, P. Duggan, J. Wong, Con Edison, M. Y. Vaiman, M. M.
Vaiman, M. Povolotskiy, V&R Energy
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V&R Energy’s Awards

e DOE Award: “20% Wind by 2030: Overcoming
the Challenges”, 2010

— Improving Reliability of Transmission Grid to Facilitate
Integration of Wind Energy in Tri-State G&T and AECI

F ARRA Smart Grid Demonstration Grant, 2010

— “Region of Stability Existence” (ROSE) is a part of ISO
New England winning bid

e NYSERDA Award, 2009

— Prevention of Occurrence of Major Catastrophic Events:
Demonstration for Con Edison System
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Current POM-Related Projects

. Prediction of Power System Instability Based on PMU
(with CEATI, www.ceati.com, ISO NE — host utility)

. Fast Fault Screening for Real-Time Transient Stability
Assessment (with NYSERDA, NYISO)

. Assessing Cascading Outages (with ConEd, Entergy,
EPRI, ISO NE, NYPA)

. Develop methodology and tools for providing settings for
safe operation of the Bridger RAS (PacifiCorp)

. CIM for POM (ConEd, EPRI, NYPA)

10
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POM Use In Planning

# NERC-compliance studies:
— Massive N-1-1, N-2 AC contingency analysis
— Automatic remedial actions
— Database output
— Fast transient stability analysis with FFS
® AC transfer/load pocket and contingency analyses with
visualization
— Determines available transfer capability for each contingency
— Determines interface flows
— Automatically builds PV-curves

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 11



POM Use in Planning (cont.)

e Reliability analysis
— Using results of POM-OPM to compute reliability
Indices
® Voltage stability analysis:
— ldentifying the causes of voltage collapse

— Determining optimal mitigation measurs to relieve
voltage instability

® Phase-shifter settings optimization to relieve post-
contingency violations

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 12



POM Use In Operations

e N-1 Studies for Outage Coordination
r Voltage Stability — Fast P-V Curve Analysis

® Power Transfer Analysis with Visualization Tool
Implemented for N-1, N-2, ..., N-K

®r Emergency Mitigation Measure Process — Load
Shedding

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 13



POM Applications In
Operations/Real-Time

e New applications include:

— Use of PMU data to predict instability and alarm
operators

— Predicting cascading outages
— Real-time transient stability analysis

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved.
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Integration with Other
Applications

e Reads power flow cases in Siemens PTI PSS/E rev.
23-30 and GE-PSLF versions 16.1 and earlier

# Reads dynamic model data in PSS/E and PSLF
formats

# Reads existing contingency lists

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 15
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Visualizing Contingency
Analysis

e User-specified graphical and tabular output

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 17



Complying with the New NERC
TPL Standard

e Automatic AC contingency analysis and
visualization to assess system performance
following Planning Events:

— N-1 Contingencies — Categories P1, P2

— N-1-1 Contingencies — Categories P3, P6

e Loss of one element followed by system adjustments, and then
loss of the second element

— N-2 Contingencies — Categories P4, P5, P7
e Loss of multiple elements simultaneously

— Fast fault screening for three-phase and unbalanced faults
r System Performance Following Extreme Events

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 18



Ability to Perform Massive
Contingency Analysis

e Ability to handle very large contingency lists:

— MISO analyzed approx.
In the end of 2009

— SPP runs seven cases each year (~ 60,000-bus model)
e 5 different cases for Near-Term assessment
e 2 different cases for Long-Term assessment

e N-2 contingency list range from
per run plus identification of corrective
actions for each contingency causing violations
— Con Edison and Entergy run multiple cases each year for
Long-Term assessment

e Each case approx. 100,000 contingencies

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved.
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Reading/Creating Contingency
Lists

N-1 contingency lists:

— Reads existing contingency files

— Creates generic files based on specified criteria

— Combines existing files with generic files

N-2 (N-k) contingency lists

— Combines all contingencies from N-1 list

— Combines contingencies based on generic rules

— Combines contingencies based on user-defined rules
— Combines two N-1 contingency lists

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 20



POM Suite Flexibility

e The user may set up different options and monitored
elements files within the same runs for:

— Base case/transfer analysis (N-0)
— N-1 contingency analysis
— N-2 contingency analysis

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 21



Multiple Contingencies

Multiple Contingencies

N-2 (Double) Contingencies N-1-1 Contingencies
Categories P4, P5, P7 Categories P3, P6

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 22



N-2 Contingency Analysis

Copyright © 1997-2010V&R Energy Systems Research, Inc. All rights reserved. 23



N-1-1 Contingency Analysis
with System Adjustments

N-1-1 Contingencies
Categories P3, P6

System
Adjustment 1
()
(J

System Adjustments 2:
f *MVAr Dispatch

- i : *MW Dispatch
System Adjustments 1. PGS W : - Capacitor/ Reactor Switching
*MVAr Dispatch * MW Dispatch :

i : *ULTC Tap Change

* ULTC Tap Change * PAR Adjustment ' .PAR Adiustment
 Capacitor/ Reactor Switching J

. o ) : «Line Switching
ine Switching ¢ Load Curtailment ! . Load Curtailment

System
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Determining Optimal Remedial
Actions (System Adjustments)

e Fast, powerful and efficient opure ] ——

Solution Parameters | Stressing and Power Compensation |

remedial actions tool ontor Constams | Contls| OPM | Genest

[[] Voltage f Thermal Constraints ] Voltage Stability
l‘ Auto mati Cal Iy al I eV i ates opProc Pri;:rity Max Steps Pricority
violations during massive AC | »= 0

contingency analysis: P ] :
— Alleviates thermal, voltage and ’ :

Gen 50

e i i i ] Unit Commitment [] Unit Commitment
voltage stability violations in o 0
approximately 10 seconds for Remove " Remere -
one contingency for a 50000-bus | cxe 0 2 0
Case 1 IFZI S.::Irting . ::j El-‘;.c:.r’[ing .
OPM Threshald, % 5 [7] Automatic Priorities
[T Mismatch Minimization [] Post-Stability Violations
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[] Apply Measures
[ OK ” Apply ” Apply to all H Cancel
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Remedial Actions Used in OPM

E Applies a minimum amount of mitigation measures
based on a user-defined priority schedule

e Available remedial actions include:
— MW Dispatch
— MVar Dispatch
— Capacitor and Reactor Switching
— Transformer Tap Change
— Phase Shifter settings

— Line Switching (In and Out)
e Switching Not Affected Lines

— Load Curtailment
— Optimal Capacitor, Reactor Placement and Size
— Defined Operating Procedures

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 26



POM-OPM Mitigation Process after 1t N-1 Contingency: MISO’s Example

Thermal Overload NO S
< ?
and/or Voltage Violation? Stability Violation

Yes
Vsch; ULTC; C T et Vsch; ULTC; Yes

PAR; SVD i Vsch-MVAR Dispatch | PAR; SVD
Successful? : UTLC-Transformer Tap Change 1 Successful?

| PAR-Phase shifter Angle Regulation :

1 SVD-Capacitor and Reactor Switching

: (set these four items as the same Priority) !

_______________________ 1 NO

Yes Redispatch
after 4 measures
Successful?
STOP:
Load Shed Report Contingency & Load Shed Yes
after Original Violations Original Post-Contingency after Original Violations
Successful? Violations; Successful?
Proceed to next N-1-1
Contingency

\ AR 4
A

Proceed to 2" N-1 Contingency

;



POM-OPM Mitigation Process after 2"d N-1 Contingency : MISO’s Example

NO

Thermal Overload and/or Voltage Violation? Stability Violation?

NO
Yes Yes
Vsch; ULTC; PAR;
- ’ ’ ' sch; ULTC; PAR;
D) ’ ’ ’ _
Yes ‘SVD Successful’ SVD Successful? Ves
NO NO
| Redispatch after 4
Yes gasures Successful? Redispatch after 4 Yes

Measures Successful?

NO Trip the overloaded branches and every

subsequent overloaded branch (>100%)
until no future overloads

Original Overloads >125%?

Yes

NO Load Shed
after Original Violations
Successful?
otal # of Tripped Branches Yes

Yes >3 OR Stability Violation? NO NO

Y
FlagCascading = F | FlagCascading=T | | FlagCascading = F |
< Y A\ 4

) 4

Y

add load shed after the 1%
and 2" contingency

Load Shed
after Original Violations
Successful?

Yes NO
FlagCascading?

Yes

Next N-1-1




Analysis of Cascading Outages

Predict Cascading Events

Branch/Generator Outages (Steady-
State Contingencies)

| Spread of Cascading (

Succesive Li

Succesive Line Tripping

(Thermal Overloads) Tripping Frequency _ Relay .
Voltage Collapse Voltage Problems Misoperation
8 Collapse
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Analysis of Extreme Events

e Analysis scenario:

— Quantify a power system’s ability to withstand cascading
outages caused by successive tripping of lines

e Quickly identify initiating events that may lead to

cascading events

e Impractical to apply all N-k contingencies in a bulk power
system

r Automatically identify potential cascading modes

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 30



Analysis of Cascading Outages

Tier 0

Initiating Event

Contingency i
Contingency j

'l

Thermal
Overloads

Branch 1

L

Branch N0
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Tier 1

Open Overloaded
Branches

RemoveBranch1

RemoveBranch N0

1 |

Thermal
Overloads

Branch1

!

!

BranchN1

Tierk

Open Overloaded
Branches

RemoveBranch 1

RemoveBranch Nk

Voltage Instability

Loss of Load/
Generation

Islanding




“N-1" Contingencies Forming
“N-2"" Initiating Events

"N-1" Contingencies Participating in Initiating Events

[ I T =]

on

Frequency of Being a Root Cause
2 [} e

- = 1w o = o O = I o T - =T
:«—-Nw—’cuﬂFL;;EEmmlyjﬂ'ﬂmmmﬁﬁﬁggg gﬁzmgﬁd%rm
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Contngency Name
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Preventive Measures/Islanding

Control

Actions for * Optimizing Reactive

Sources in the System
Steady- =
State . Dptlmlzlpg Real
Stability Sourcesin the System

. * Under-voltage load
Preventing Control shedding MNsufficipn,

Actions for
the Spread ——— * Under-frequency load

Stability shedding
* Generator tripping

of Cascading Intentional ___| * Minimize the size of

Islanding the island

Optimizing p 3 rel insufficient
L ]
Relay roper zone 3 relay

settings

Setteings
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Advanced Voltage Stability
Analysis

Determine Critical System Parameters that Impact
Steady-State Stability

Identify Part of the Region of Existence of Power Flow
Solution (Voltage Stability Region) where Operationis
Secure (Operating Region) and Its Boundary

Display the Operating Region on the Plane of Critical
Parameters

Compute the Exact Value of Voltage Stability Limit

Apply Remedial Actions to Increase Voltage Stability
Margins

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved.
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Summary of the Benefits

Capabilities of the Proposed Framework

N | | | | | |

Determine Exact Voltage Increase Voltage
Stability Margins Stability Margins

Predict Blackouts | Predict Cascading Outages

) _ . Identify Parts = Identify Optimal | _
Determine Determine | : hr o ' f? p . l Successive Line Deficit of
: : L of the Network Mitigation ESR SR
Operating Secure Maximize Interface | e L Tripping: Reactive Power:
_ : Affected by Measuresto i
Voltage | Operating AT Voltage Prevent Nualians Fouse
Stabili J gi e o olla ‘ olla
tability Limi Region colla Colla Collapse ! Collapse
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Advanced Voltage Stability
Analy3|s

e ldentifies the “operating”
voltage stability margin:

— Important when PV-curve
analysis does not yield useful =
Information; for example,
when the voltage profile (PV ...
curve) remains almost
unchanged, and then Is
followed by a sharp decline

— Operating the system beyond . | EHiSE iR aaEes maaneaiens

the “operating” margin and
until the point of voltage
collapse would be undesirable

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 36



Boundary-Based Solution

e Automatically identifies operating region that
satisfies N-1/N-1-1/N-2 reliability criteria

e Addressed conditional firm requirements
(Order 890)

e Finds AC limits for transfer scenarios based on
voltage stability, voltage constraints, and thermal
constraints

e Computes dynamic security region

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 37



Ranking Contingencies

e Computes an index that corresponds to area of each
projection, S
— S index Is computed for each contingency
— Contingencies are ranked based on the S index
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Operating Region that Satisfies
Reliability Criteria

e Automatically determines the
most limiting contingencies

— Secure operating regionmay be £
formed by several contingencies

|

|

|

e The area formed by the most |
limiting contingencies is the area |
that satisfies N-1 and/or N-2 |
reliability criteria |
|

|

|

|

|

- /.
e Power system is secure only "1\ e
when operating within this area

— Can be used in real-time, on-line
and planning environments
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Region of Stability Existence
(ROSE): Utilizing PMU Data

® ROSE utilizes phasor o
measurements to predict "=

Update Stability Boundary

) o with SCADA data rate
steady-state instability and | |
. N Update Trajectory of Operating
alarm the operator about j Point with PMU data rat
the i mpend i ng CriSiS C_lunstrm:t the Stability Boundary
with SE data rate
¥ ROSE uses PMU, SCADA Power flow o

Angle

and SE data for on-line

Figure p. 27, see http://ewh.ieee.org/reg/1/809/Litvinov.pdf.

calculation and
visualization of the current
operating point and its
proximity to the stability
boundary
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ROSE Data Sets

r State Estimator case to compute an initial operating point
and the boundary of stability existence

— Every 3 to 15 minutes

# SCADA data to update the boundary of stability existence
— Every several seconds

# PMU data to compute the current operating point
— Average 30 times/sec

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 41



ROSE Analysis

Read a SE case using ROSE-based POM Suite each X-minute
Interval.

Compute ROSE boundary and display it on the plane of two phase
angles.

Show the current operating point within the region.

The position of the operating point changes at the PMU sampling rate.
Thus, the continuous trajectory of the current system condition (e.g.,
regime) is displayed within the boundary.

The boundary itself is updated every several seconds (e.g., sampling
Intervals of SCADA).

The boundary is shown on the plane of two most rapidly changing
phase angles.

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 42



ROSE Analysis

Each second to several seconds ROSE determines system conditions —
closeness of the current operating point to the boundary of stability.

In addition to displaying the boundary on the plane of two phase
angles, the boundary is also displayed on the plane of “critical” power
systems parameters (for example, on the plane of the critical
Interfaces).

Operator should be alarmed if the operating point and the boundary
are moving towards each other.

If the operating point and the boundary are moving towards each
other, the operator is able to initiate preventive actions before the new
SE case arrives (and before system collapse).

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 43



POM - Transient Stability
(POM-TS)

Fast and user-friendly dynamic simulation — execution

time for a one second simulation is approximately 6
seconds for a 50000 bus case and 17000 dynamic models

Fully integrated into POM

Supports Library of dynamic models in Siemens PTI’s
PSS/E and GE’s PSLF formats

Allows for easy inclusion of user-defined models through
use of POM scripting

Satisfies NERC/WECC criteria

Performs fast fault screening in order to determine the
most severe three-phase and unbalanced faults in the

! Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 44




Transient Stability Performance

Criteria
® Having the capability to 5

Solution Parameters | Stressing and Power Compensation |

simultaneously monitor oo SuesingibomGmegssin]

Rotor Angle
- - - - Prin, MW 0
multlple criteria durlng

_ 0-none Damping. % 5
massive fault analysis: e e+
y . 0 2-all units Control Area Monitored 4

Rotor angle

90 | o0-nene |

@ 1-in Control Area Control Area Monitored 4

- Damping O 2-allbuses

Cycles 40 Entire Simulation
—_— VO I tage d i p Load Bus Norgtgad Load Bus Nogtgad
VMmin, pu 0.85 0.8 0 0
- Frequency VMmax, pu 115 12 0 0
VMdrop, % 10 10 0 0
- 1 o 79 BASKVmin. kv 69 69 0 0
e Reporting “critical” faults o T Em] &

that cause criteria violations | o) s oy ) e |

— =
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Massive Transient Stability
Analysis

E Massive fault

analysis using
conventional
time-domain
simulation

— 100,000s of faults

may be applied
within one run

— Performance criteria are monitored
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Fast Fault Screening (FFS)

® Quick scanning of the | TowlCaseRITndex: Top S Faul
system using FFS: A
— Quickly scans thousands of .~ \\
potential transmission fault  * N
locations and identifies the
most severe locations

CCCCC

B FFS analysis is performed in two steps:

— Identify top N fault locations using heuristic approach with several
criteria, including:

e Difference between power flow through a bus and generator power output in
the vicinity of the bus,

# Magnitude of real power leaving a bus

— Rank these fault locations using a Ranking Index (RI) based on
analytical calculations
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Fast Fault Screening (FFS)

FFS has been used by Entergy for NERC-compliance studies

— SERC 2007 Audit report recognized Entergy’s proactive efforts in utilizing the
innovative methodology

— The current TPL standard TPL-003-0, R.1.3.1 says that "The rationale for the
contingencies selected for evaluation shall be available as supporting
Information.

— An explanation of why the remaining simulations would produce less severe
system results shall be available as supporting information™.

— FFS provides this "rationale" and "supporting information*
Direct Benefits to Entergy

— Reduction in computation time of at least 50% on average

— Saved about 300 man-hours for NERC Reliability Standards compliance-related
studies

Copyright © 1997-2010 V&R Energy Systems Research, Inc. All rights reserved. 48



POM-Project Selection

MAIN

g Automates selectionand .. =

Activities:

p r i O r i t i Z at i O n Of ® ConvertIDV-files to New Base Cases

(" Rank All Flans and Select Best Flan

transmission system
expansion projects

(" Detailed Analysis

Analysis Mode:

(@ Base Case Analysis
(" Base Case Analysis with OPh
(" Contingency Analysis
(" Contingency Analysis with OFh

Ranking Plans:
(8 Rank Plans with Specified Years

([ SelectBestYears for Every Flan

([ Automatically Generate Flans

Automatic | Basic | Bor | BasicTS ProjectSelection
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Cost - Benefit Analysis

e Determines the cross-
dependencies between
benefits that the selected
reinforcements will
provide, and the amount
of necessary investment

in US$ (or other currency

— Benefit Is user-specified:
» Additional load served

e Additional wind
generation penetrated

e Additional flows on the
Interfaces

-5

Benefit. k'

-300

s 17 375,159 456 453 458 45.97M

£ 31.4M

220 B 29.0m

B 23.2M

$17.90

-150

F17.904

Ll

$ 3

Froject Cost
” Limit, b%
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