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£ 2 2RMTWT I 1A S ¢ PES2010 & ¢ 5 R AT

Day

Time

Event/Sessions

7/25 Sun.

All Day

Registration/Information/Paper Market

AM & PM

Committee Meetings

Plain Talk Courses (co-located event, separate

registration required)

Tutorial*

PM

Companion Tour

New Attendees Orientation (2 sessions — 3:00
and 4:00 PM)

Evening

Welcome Reception at Nicollet Island Pavilion
(6:00-10:00PM)

7/26 Mon.

All Day

Registration/Information/Paper Market

AM

Attendee and Presenter Breakfasts; Companion
Breakfast

PES Members Meeting (8:00-9:00AM)

Plenary Session (9:00-11:00AM)

Technical Tours*; Companion Tours*

Committee Meetings (starting at 11:00AM)

PM

Committee Meetings; Tutorials*, Technical
Sessions (starting at 1:00PM)

Technical Tours*; Companion Tours and

Lounge Program*

Evening

Poster Session, Student Poster Contest, Fellows
Reception, Candidates Meet-and-Greet
(co-located) (5:00-7:00PM)

All Day

Plain Talk Course (co-located event, separate

registration required)

Tutorial*

AM

Attendee and Presenter Breakfasts; Companion
Breakfast

Committee Meetings, Technical Sessions

Technical Tours*; Companion Tours and

Lounge Program *

PM

Committee Meetings, Technical Sessions

Technical Tour*; Companion Tour and Lounge

13




Program *

Evening

Awards Dinner and Ceremony (7:00-9:30PM)

7/27 Tues.

All Day

Registration/Information/Paper Market

All Day

Plain Talk Course (co-located event, separate

registration required)

Tutorial*

AM

Attendee and Presenter Breakfasts; Companion
Breakfast

Committee Meetings, Technical Sessions

Technical Tours*; Companion Tours and

Lounge Program *

PM

Committee Meetings, Technical Sessions

Technical Tour*; Companion Tour and Lounge

Program *

Evening

Awards Dinner and Ceremony (7:00-9:30PM)

7/28
Weds.

All Day

Registration/Information//Paper Market

All Day

Plain Talk Course (co-located event, separate

registration required)

Tutorial*

AM

Attendee and Presenter Breakfasts; Companion
Breakfast

Committee Meetings, Technical Sessions

Technical Tour*; Companion Tour and Lounge

Program *

12-3:00PM

Student/Industry/Faculty Luncheon and Job Fair*

PM

Committee Meetings, Technical Sessions

Technical Tour*; Companion Tour*

Evening

WIE-PES Networking Reception (5:00-7:00 PM)

GOLD Reception and Seminar (5:00-7:00 PM)

Mississippi Riverboat Cruise and Casino Night*
(6:00-10:00PM)

7/29
Thurs.

AM

Registration/Information//Paper Market

All Day

Plain Talk Course (co-located event, separate

registration required)

Tutorial*

AM

Attendee and Presenter Breakfasts; Companion

14




Breakfast

Committee Meetings, Technical Sessions

Companion Lounge Program*

. PM Committee Meetings, Technical Sessions
7/30 Fri. All Day Committee Meeting
BERNAER gL R S AR E8 T MR

v

S4v 0 AR P TRARPLA 5 A F € 3&(Super Sessions) ~ @ v B
% ¢ (Paper Sessions) ~ 3" 3 3k 42 (Tutorials) ~ /% 3% it F (Poster
Sessions) « # ¢ i ¥ € ik (Super Sessions)i:d PES & 4 R ¢ 2 ¢
AT RE FSEF RS A0 A A F ¢ R (Super Sessions) £ § 7
~ 13 (3Fc& 3)> #H 2 % % ¢ (Paper Sessions ® = € % k73
W T AR LABE R AR gRI B IF LS
W~ VR FAZ(Tutorials) = § 9 ~ H = (34 4) Z ¥V (7%
R S 31"\?&—‘5 ¥ JE {¥ PDHs ( Professional Development
Hours ) PF#cat # & = CEUs ( Contnuing Education Units) Z:#c
(10PDHs=1.0CEUs ) /% 3 #it JF (Poster Sessions) | 4& i~ & & ¢ R

FEPAL A ETEARETI VA gL FRT T FRAY
FPEBLTAL o d 3T 5 X 3T 150 BramRARA B AP L LIS 3Rk
Pl 30 BEREY EPEF O mEBLOET A LAPHER
7 BB N F & (R 484 Smart Grid ~ Merchant Transmission -

non-Traditional Transmission ~ on-line DSA % %2 5 % o
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# 3 i ¥ € & (Super Sessions) L 4%

Smart Grid Technology Integration

Integration of Plug-in Hybrid and Electric
Vehicles: International Experience

Power System Analytics that Empower the

Super Smart Grid
sessions Deploying Intelligence to the Smart Grid
Optimal Methods for DG Integration
Flexible Distribution Network Planning to
Accommodate DG Integrations
T&D Impacts form High Penetration of PV Solar
% 4 3" 9542 (Tutorials) E ~
Tutorial #1 | Wind Plant Collector System Design
Tutorial #2 | Voltage Sourced Converters
Tutorial #3 | Smart Distribution Systems
, Transient Analysis of Power Systems : Solution
Tutorial #4 . L
Techniques, Tools, and Applications
, Synchronized Phasor Measurements :
Tutorial #5 .
Fundamentals and Applications
, Power Quality-From Lightning to Harmonics :
Tutorial #6 :
Problems and Solutions
Tutorial #7 | Breaker Failure
Tutorial #8 | Smart Grid 101 : The Basics of Smart Grid
, Smart Grid Cybersecurity : Protecting the Smart
Tutorial #9 Grid
1l

S RheRARD B BE R

(C)FETRHIEE

<
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Ere g BRARFRBEREITNREESCAG AL §E S
TERGRINE AR O HRNER IR L LB FET

ILN AP - FFAER R FETRI AN

C"’

FRen: > L 202010 # 17 3 AR P HEHT ¢ (NIST)

i&;éﬁ# R I o i SRR TR W s gk T#_bta—’ & (NIST
Framework and Roadmap for Smart Grid Interoperability

Standards, Release 1.0 ) o 82 AR T X Fcfe g ~HE- T % 3
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FE R AR EEREAEP I DEFHP 2 F

e

NIST # B - ¥4 chS i 3 A I L Ry ET ¢

AT AR AR S e (4o 2)0 1% R ECTR D E A

j’;

PR G ERF RTINS REnR G 2 TR
fvg R o NIST A3 403 e 47 » 1 F
;Jﬁ};\g’;ﬁv’uﬁﬁﬂﬁ‘%‘ﬁ%‘ﬁa?%iﬂd“’lﬂ%

AR F 2}_5"%]‘ (Actors) £ % 4% (Domains )

—— Secure Communication Flows

= we wewr  FElecirical Flows

Dormain
— e | |7 [ =
'.'I"r"r'al | N N
MAIKT; [ - =
l-']f i — _ Operations _
v Markets ; -

Service
-. Provider -~

;.I

fadk

it__ﬁﬁ

Generntlon iy Hi‘]/' -
i Transmission ~—=« Distribution = === Customer -
'-—_.-_;A-_ﬂ"/ . —

MIST Smart Grid Framewaork 1.0 January 2010

B 2% 155 49 547 b T4 B 1R

Fenfho b (o S)> ¢ F &3 W54 REFDF
AEE R aE* o 0] A kK #-d SGIP ( Smart Grid

19




Interoperability Panel )

#r B e SGAC ( Smart Grid
Archetecture Committee ) & — i HE3 E

SGIP A &_2009
2 __‘z 20 N I} 4 ti K D 2
RO B ALA 8 R L
CES R
Foo0 i (Actors ) #2440 (Domains ) R ah 5 d B {4
Domain Actors in the Domain
Customers The end users of electricity. May also generate, store, and manage the use
of energy. Traditionally, three customer types are discussed, each with 1ts
own domain: residential. commereial. and industrial
Markets The operators and participants in electricity markets.
Service The orgamizations providing services to electrical customers and ufilities.
Providers
Operations The managers of the movement of electricity.
Bulk The generators of electricity m bulk quanfities. May also store energy for
Generation later distribution.
Transmission | The carriers of bulk electricity over long distances. May also store and
generate electricity.
Distribution The distributors of electricity to and from customers. May also store and
generate electricity.

2. % AR ) TR L E B

£%

WET R BB R AR T P AR S R R

GBI A T R A ] T
P4 i ighg /o NIST ’}"’:}7*5 FERC 37 £
Nk 3TE_8 B uﬁinti ¥ 32

BT

® ZEF e P kit * »tF (Demand Response and
Consummer Energy Efficiency )
® ;i # %% (Wide-Area Situational Awareness ) °
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® i % s (Energy Storage) °

@ T H 2 iiFE ﬁi%] ( Electric Transportation ) e

® Litif 4 ¢ L (Advane Metering Infrastructure ) °
® fc 7 e ft ¢ 12 (Distribution Grid Management ) e
® il % > (Cyber Security ) e

® ‘% :d 21 (Network Communications ) °

3. ;E-F%'ﬂ%_, K] *-.—«g E-F:of‘h?t#‘ 7 ﬁf_qa ’

A1 E BT ek 2 NIST en® £ 280 - & T 3

<,

T A AREPERE S i 75 L2 TV EY I
FHEEIFED e iRl R 2 P - w254

AGE - HmFRETHDEL V52 250 LR E A

T FET RSk TS LB R A H
LI S B
NIST % B 7 - s3] kdg $A7 2T %3 450 4 8

BofRm O NISTRIFETEI L HFEI R &
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g

F o

e

5 BF 3 & o NIST f- 3% 5t * iRl 4" K% 2

# G 70 B ez o 2 Ap B R BEALFE TS o 3Tt > NIST 3% 2
TS BAE-BRL IO ETRRLREEREY G
FeJ2 i L 76 % (Priority Action Plans » PAPs) > 15 i
BALFH S ZE RSP Aok 6

o b 10MEE AT 8 o 5 BT ek B AR

Smart meter upgradeability standard (completed)

Common specification for price and product definition {early 2010)

Common scheduling mechanism for energy transactions (early 2010)

Common mnformation model for distribution grid management (year-end 2010)
Standard demand response signals (early 2010)

Standards for energy use information (nud 2010)

DINP3 Mapping to IEC 61830 Objects (20]0}'i

Harmonization of IEEE C37.118 with IEC 61850 and precision time synchromzation
{mad 2010)

¢  Transmission and distribution power systems models mapping (vear-end 2010)
¢  Guidelines for use of IP protocol suite in the Smart Grid (maid 2010)

o  (Gudelines for use of wireless communications in the Smart Grid (mud 2010)

s  Energy storage interconnection guidelines (mid 2010)

& Interoperability standards to support plug-in electric vehacles (year-end 2010)

s Standard meter data profiles (year-end 2010}

G |N|)3—H]E_!_ Iii::;il-:il:-uh_zd \h_z.l'.rr\:-l']{ Protocol 3
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B SAET RS T (IT) 2 &80T B

ZAPRFETFEHTREL 2 KR ERLE > T

KL » %27 WHEERIT AP FHBELT 1 FFH
BRI L R :}x%q’f—‘ﬁ’f‘i B ¥
XRLIREHFTARAGT DL ML - NISTA 4 & 5
2RV T 300 4 A hF R 1A 4% 2 CSCTG( Cyber
Security Coordination Task Group) f # HFET R FEL % >
RGBEFTLEEEg B o 7| Agd BAAET L TR
Fegpl e Bk T FRFEIRFTELE 2R R 2D

HIE AR AT B 30 R R ES R R P AT

fo T AR AR R 168 40 R P SR 1 6l Aa ] S

National Institute of Standards and Technology (NIST) Special Publication (SP). 800-39,
DRAFT Managing Risk from Information Systems. An Organizational Perspective, April

Federal Information Processing Standard (FIPS) 200, Mininnan Security Requirements for
Federal Information and Information Systems, March 2006;

FIPS 199, Standards for Security Categorization of Federal Information and Information
Systems, February 2004;

North American Electric Reliability Corporation (NERC), Security Guidelines for the
Electricity Sector: Vulnerability and Risk Assessment, 2002;

The National Infrastructure Protection Plan, 2009;

The IT, telecommunications, and energy sectors sector-specific plans (SSPs), initially
published in 2007 and updated annually: and

ANSI/ISA-99, Manufacturing and Control Systems Security, Part 1. Concepts, Models and
Terminology, 2007 and Part 2: Establishing a Manufacturing and Control Systems Security
Program, 2009.
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1. Use Case
Analysis

Top-down analysis
(inter-component/
domain)

2. Risk Assessment
+ Vulnerabhilities

T~
P

+ Threats
+ |mpacts
Bottom up analysis
(vulnerability
classes) v
3. High Level
Security
Requirements
. 4b. Smart Grid
4a. Security
. Standards
Architecture
Assessment

Existing
Standards
(CIP, IEEE,

IEC, etc.)

5. Conformity
Assessment

B 3 AR R8T R e R R A e EFR IR

® Taskl iF 24 £ FH & 2enf|* H 12

= B IR F R 4e-F R P 4e Intelligrid ~ EPRI & SCE =




PEBALT R0l B w7 RO R e I
Fh'as®h ~HREFTXFHEETEILE -

® Task2 # 7 ) %=1
b i @ 3533333 B (Vulnerabilities ) ~ ## (Impacts )

21 58 § (Threats ) ;=R S5 A2 FX &2 2 EH B L 2

5N
N

FIMY PAFVEY AFERTRE o RPT TG AR

¢

T4 7 F & =& (North American Electric Reliability
Corporation, NERC ) %:—Hia?l TARA 4 SLehB 4 A AN IR

4L (Critical Infrastructure Protection standards, CIP )

N

%414 »CSCTG ens | ¥ “hFizny e # 2 2 (4 8)

~=b

P rRESFET R HE- A S BRI

'

¢

8 BEA A Bk fp

« NERC CIP 002, 003-009

o IEEE 1686-2007, IEEE Standard for Substation Intelligent Electronic Devices (IEDs,
Security Capabilities

*  Security Profile for Advanced Metering Infrastructure, v 1.0, Advanced Security
Acceleration Project — Smart Grid, December 10, 2009

o UtilitvAMI Home Area Network Svstem Reguiremenis Specification, 2008

o TEC 62351 1-8, Power System Control and Associated Communications - Data and
Communication Security
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® Taskda % 2 7 {5 i B

27 KA

1ES - HRFRIBTHRERALTER A
CSCTG it- #H 1 * FER A BALFEHI* %
BB & 22 AMI fefe T B 8 Wenvh 4o Re3d 3 B O
oI E T i e ( functional architecture for

Smart Grid) e % = # 1 iT:F % 424 2% WA o 1

® Taskdb FE 7 g anTig

AFE -2 AT LR A R 2 (52 gl v

iRiE R KRFEIL o

® Task5 - ‘M

BRI AFRT AR E - REFRORA 0 T

A2 A e & SGIP IR E3RE L R § T heh- L (7o
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FUAO0E R A Esd T4 PR SRR FTH
FE2EEAR DL 8 > Kk p FERC (Federal Energy
Regulatory Commission ) e/g @Ak O'Nell L x5 4 7 I3
“,Hi%]? ; (Merchant Transmission) —— f&#-2% E £ X %[
FOLEORTE R K S AN AREOT B L g S A
R S R RNl ERE - T ERE
oM AT R A H RS PR HEAAT N E
R ARILIE SR ER G R o
TRERBETLS R LSS L ARF o - L7 B H
TEMPE AP 27 RN THERTE ) (Merchant
Transmission Projects ) > FERC 7% & fofg -3 & ~ PRA+E [

BOFE AT IAESEEG & F LR Flt & RE E LT

5

Be) FHERF RBAPEFEELT AL F M

MR W FEP o FERC 7 ki
(Merchant Transmission ) 3R 75 & & & $150 L 40T

® (it HehiR s o
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@B HH A (FEEHER ) i o
® ik F O AT
® [7 1k 2R ARE
® Lo p % o
&% Fj M85 (non-Traditional Transmission)

PERERLS S G0 F A MHEHE P EEE S &

LEERAMAE B A B 7% (ISORTOs) 7 i@ » 28
@ffbﬁ%}?ﬁ R N RBIF DR b KA F
iﬁ;l %33 (Merchant Transmission Projects) E23] ~ 34
(7 3 @35 % FERC ~ ISO/RTOs ~ OATT (Open Access
Transmission Tariff ) ~ TCCs ( Transmission Congestion
Contracts in NY ISO ) ~ FTRs ( Financial Transmission Rights
in ISO New England ) 7§ #] 2 2.4 > * A ic B 7 #ﬁ?] TF
FACE DTS P AT 3 RE T (HVDC) »
$ 47 % B B (VFT, Variable Frequency Transformers ) ~ #p i

A B E (PARs, Phase Angle Regulators ) % o

28



® Cross Sound Cable

¥ & 2§k 5% New Haven £ %= %'V Brookhaven & 24

B A RTE  Ee T RER 2L § (Long

Island) 2 5 4 300MW » % 2003 # 2 & < 2§ 2 4

B4 o o

® Neptune

B e X Long Island )% % & ' Sayrevillef > & 65 &

e HVDC 2 1T F:d %23 > & NY ISO & PJM = 4

THET ET 4 660MW » £ 2007 £ 7 0 B 4T 4 -

® Linden VFT

e 97 Staen Island 7 345Kv Goethals % & #73] PIM

e11 230Kv Linden Cogen % 7 #72LF # i 24 > & NY

ISO & PIM % 4 ﬁi%%&?ﬁﬁ*i@?ﬁ" 300 MW > {2009

ERIRN: PN §

‘4

ok 7 p NY ISO # & “‘?a'é‘eﬁ%] 24 gy 4

A F

‘H’«
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5l

=
i
¥
=k
=

Ru 2 FEp Hicd 9o 33 ISO New
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53
w

JRR w

B p et 100

720 NY ISOREFHER T EA
Rating Interconnection In-Service
Project Name | (MW) | Type Point Date
Millwood - Farragut/Rainey
CityGreen 11001 DC |343kV 2012/Q3
New York Wire- JCP&L's 230KV Larrabee Sub
Phase 1 5501 DC |- Gowanus 345kV 201312
Champlain Wind Plattsburgh - New Haven, VT
Link 1 G00| AC 230KV 2014/06
Champlain Wind Plattsburgh - New Haven, VT
Link 1 GO0l AC  J3435kV (AlL to #343) 2014/06
Transmission
Developers NYC 1000 DC |Hertel(HQ) - Gowanus 345kV | 2014/Q1
1st 1000MW: Clay 343KV -
Sherman Creek 138 KV
2nd 1000MW: to Singer in N
Clay HVDC 20000 DC JEngland (Conn). 2014/Q1
2 10 ISO New England#8 & ¥ £ &L £ &
Project Interconnection Point In-Service
Name/Alternative Date
Two terminal, 1000 | Hertel S/S i Quebec or Clay | 3/31/2014
MW, 500 kV. de | 8/S in NY and Singer S/S m
line CT
Two terminal, 1000 | Maine Yankee Substation. | 3/31/2014
MW, 300 kV. dc | South Boston Substation
line
HVDC Line Orrington ME and Boston, | 3/31/2014
MA
345/230 kV DC | Plattsburg, NY to New | 6/1/2014
Line Haven. VT
345 kV Tie Line Houlton to MEPCO Line 7/1/2012
345 kV Tie Line Bridgewater, ME to MEPCO | 12/1/2011
Line

2. Rocky Mountain Power =77 Director Lorry Wilson /i X
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Line (MATL) 28382 3 & 35 « MATL » £ 345 2 2@
# 3 ¥ £ | Great Fall, Montana 7240kV § 3| #4c £

~, Alberta 57230kV 7 % > % Lethbrige 3%k & - ~ 300MVA

Hi?

+/-70 B e Ap R B 0 2005 & B RA R FT4EE 2
¥ & PLASHBETHF E 600MW > MATL © #-& i
RB 7 #ﬁj??%ﬁﬁé}? £ 418 %34 4 2 B Montana ¥

AMBEHER A FT T ETFEP HE 2011 & -MATL

B B 5 SES B4R 4 -

e I A | |

! . Y Albertac Y. | Saskatchewan
ey - I | |
:-_ '-,|I L ; . | ]:_ [ A
| Ja! el [ — I i _-1* e J . ot T
; f'i _:I':'.'!i'_:_;___ - a AR, = : '.-!:
=% =] e IVEATL-230 H"u"

-

Transmlssrun Lme '

Lethbrldge to,. =
Great Ealls wia—
T:m Eank '

~ ! Murrtana
. ' 'I'-f "l ’ ..-. -"-"-‘.‘.‘ii' -
\.‘ = . .‘; -\\\_' .IF -
"ﬁ - = .l. .IF/ , % =
e O sz i :
B Mg : :
h U-_ ! M-.__ LY ] ? ™, 1
ord 8 e e al I
r = '\l j b

8 4 MATLE: B 35 42 8%
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MATL h3 # @44 # Lethbrige ¢ 300MVA +/-70 &
0 %R B4 o 5455 & Great Fall, Montana » % Marias,
Montana =% 2Lxk (midpoint station) ¥ % 3F:;1 » 600MW
SR AR T AR e b L BB R A
Marias @ A %yngt o ¥ b3 Ry d 5% A Marias & %
N EH B R 3 BAT > MATL o8 & 4-fe i 5 4p s fo

Por e 8o A (Falcon $% ) a3 £l #ah

7% P i 600MW o

(= )on-line DSA F 7% 5 5%

BT HT R EAAERPRT S R 29 T

—~

£
SAFAE R HRERET S AR BREF L e

A

ST T I A St

<o
&3
(w

t6 o ot WEEE I L BT AL AR T

R AE -~ B&ER o oo 4 @%?J%Ea”l."! IR TRER = i S
de RARE A R RFETT R HFTRT I A RS
231 L (on-line DSA) k& A 5B B A R M4EET
FERART 2T REELT A A HHLS > 2 FF IR EM
de- e (3o PIMer BSI & 17 < A7 4 4 5t

* e L R AT A AR TR A4 4T 2 4] & 5L ((Transient



Stability Analysis & Control System, TSA&C) &% 7 & ¥ 7 *
WO H U EFRR B AT 2R L B ke

1A 5o R4 P& 2P and *
WA 5.-k 4 (Hydro-Quebec ) i LW RIFRE TI5KV 4
520 2 SVC A4 3K & L %2 2450KV = /HL%J A R
SN LR ET A E M AR Y SRl A 1000

22 chehg o 4 45 38,000MW 0 H 3L SubeF

LG4 LATLAZ Brisay Churchill Falls
LGZ Churchil
H}“““ Manic
'|.'. \ T Tramsler
L e LeMayne
Radlasnrllg_'lc_%l '.II / Norih ’ -
I". I'. ". JamesBay ontagnai
ml_l_l __lf# Transfer | III.-
i ll, f
/ !

m—————
!

/A
- Chib [ GR] |
Abitibi BT \\\ " ou-g:-lmal.l w Manic
Myﬂav ' | ___.ﬂ"'"
N\ —
Il,I' _L| | Transfer
Lavérendryd T T%T
i
/_Jﬂlj
el South

/ Transfer

Chatezuguay [T T Security
=" limit points
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WAk T 4 fE 5 E D R R AR AT f S
B FIRGAT LS o B AET Ao Bl Bs A e
AT RSAEIEF R G R AL Fl o BT A
Tt L2 AP M E g h & P *%/ﬁﬁ»{ér_*fﬁ’—?“ b *
PR D REAITREET EOT 2EE o d 0 R ek d

MERMIHIT S B0 AR %ﬁ“‘é,ﬁﬁl."! BBl S ERAR K Sien

5 B3 &@sE (main corridors) - 27 4 fid 7 774"
SR P E SR VSRR L R R e R R
g F e F R E 1 & —LIMSEL (LIMit SELection) - 2 ##
FHEBArm A in®d > 7 kS Lg% E > LIMSEL #

HEsSHEPR BEL eI By S ETHAR &

HARG 2 FEPEAEE  FA0R 6o

REAL-TIME STUDY
Study model

State Estimator e | L Event studies
S ten‘m erato i anventianal Bt
SN e T Wl

imit" What-if scenariosl

'|

\L

Maintenance
SPS modulation |« scheduling
(daily to yearly)
OASIS L] Interchange scheduling
ATC - Supply-load ‘{ Generation plan
halancing

4L Load forecasting

% 6 fidb &k Hon-line DSA% 2 M
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TR TR R A AT 0 AT AR - SRR %
THTE A el > LIMSEL 0yt - L b i @4
B PR S AR AR o A sk A R R
A R BT NP a4 - 0t Tl % A - 7
BoRBP Aoz A f P AR PRG3R 2 (P=P
% (V/Vo)"") » # % & LIMSEL e LR AR S
A e 5 o LIMSEL @ * enBl 4245125 1 Lengend ~ 3F
iR UG s TERTATRBEEEASAT TR
A FEEETE R B FIRRE L Sy £ (on-line

corrective SPS action) % o

EHEFRIAE S B F 23221 2 (on-line WSAT)
A EERT A AR TRE PR OFAT o doie B

AP R R gAaFsokEom iV iEe g 2 E

VSC #jiFer & BT 4 3 B eh 500KV HVDC # ¥ i sc

EirGrid e = % Suif B b & i 4 o

fery
)
=

a4 b 4 bt 212 ((Wind
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penetration Secure level Assessment Tool, WSAT) B w0 d
EirGrid Plc = Powertech Labs Inc. & & B 3 » #-85 Bo< it

Bl X qpaF g g gadd g 2@ o1 Ly

f}\

PREBAFILFHELOL R G ERLR A 475 2
# > % on-line WSAT & * + > WSAT j&_% 3L SCADA/EMS
B IR S REAR  E PR UM T EETTELR
T AR TR TR > R s BRI PR THR
WSAT & 4c 8 % # ™ Powertech 7 DSATools {r
DSAManager % 2 # > 4c® 7 - WSAT j&_SCADA/EMS
B T ET L P T R 4R TR

Corporate LAN J& ¥ o

User's workstation

EMS LAN WSAT Monitor
Real-lime T
snapshot | ] WSAT ClLient

\(_____—____:} =
N “*> WSAT Manager
“E]ala I :

Corporate LAN ‘ DSASIE'V'CE |

Day-ahead . | |
RCUC | vsaT cient| | TsATclient

I I

Forecast - |VSAT Server | |TSAT se
F T EirGrid on-line WSAT&E % &

WSAT %8 PRz AZi L & > R 7% E % 28R
TR BAFIFDBEBEILAIRL - 2P
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EirGrid &7 EMS » WSAT #-4t % (TR % 2 fd )k SLif * %

CTYPHRESERAZ>EIGEEFIE o

RN

.m

M Z 2T E

“;
.V
_E
&3
N
i}

i

bR G

=

@ = ¥ (British Columbia Transmission
Corporation, BCTC) % # E & 4 £ ~ & H R b I 4
18,000 ¥ & 2> 2 ﬁs?l 4 (60KV~500KV) %2 260 i % 7 1
T AR FRRTELE AT T RE ERARL R

4 F= A (BPA) T 43 8 > BCTC 500KV #7 4 i s

Al 8 -

Fort Nelson
BRITISH COLUMBIA %A
Peace Canyon
G.M. Shrum
Harueiisy
mgaice Glerannan
Tirlbawrn
Mawas Mich ALBERTA
TR 2 Ruvistobn
Helty Lake-
Crosisice
Cheekys
Burrard
Cunsmmuir /L (= 2
:.;: Sumercan Seve i Mile .
- Kootenay Canal

B 8 BUTC HS00KVER £ & 4 45 44 )
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BCTC % i« i"ﬂ} Tt 4 5 11,000MW 22 H i 3 B3 e X

7 2200MW @ EE o A BA &SRS TR ED
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TREHE IEMT RS ERE >y @ BCTC 7 23 A &

AT R AR B S R DR B oy~ D

BCTC #1722 @B AP IR L2E & #é;\gf,}?_ £ oar R
7w s (BMS)» 237 EMS $H & 28 fp 2 c * 4258
{78 2 a 4 A% XK & Powertech # 4 iE
DSATools » 5 ¥ AE TR B TRIcHAZELE 2| AU

2ox M IE R ER B LE 2% (on-line DSA) -



LEX PR L E - REEFEL > FLT PR
AR OEEA-R O - LT T A H R K SRR
C RN ek R W gl Sk

4@ 8 Bgor > BCTC 7 d & B 23t 302 L fRehd &
k4 2% (North Gen~EstGen) % < 8 &5 F il # &
%ﬁﬂﬁi‘“"u (BC Load) 2= o 2 ¥ Bi-inx 43

ARG IMTEIIM-DSATEY AN HET R AR

\\\xr

i

#< (North Gen ~ Est Gen ~ BC Load ) & f#iif it % & T ehg
PRS- BEIFR oA FL AR PIRAR S FRTE
2 e R @85 £ RAS § A5 it BCTC R 4 )
g p PR F Mk d o BCTC k523 RN 1)
*p TR E SR Y 42538 TSAPM ( Transient Stability
Assessment by Pattern Matching ) ki % RAS = pF ciofie
% #-;% (arming pattern in real-time ) » ¥t3% EMS/ DSA i
&7 K> - TSAPM ~ RAS Ji # 4258 3= 5 kiR Uen

on-line DSA = > & & > Pl m A E - faP ¥ o
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> ";F: 4 /3‘4‘ 3:‘?-"40\ “}"’I"I’TE'.-',H\P g%ﬁ-

TERHRERLFARNCAR 57 BETHL2HF S FL RN
BoAT AR A ARPEARFRE 4 HIT - B AFTA R
TR blheRBIR T B F R EFMET SR PR FE(RH)
BT AMERE - FARATERAZ LB HRFRTEHEFEDT

Ak R4 KBRS 0 M0 T @ TR L B A 7L

)
Séi

FAETA PSP R RBE AFFLAEREN A A RT R

- ~BSIZ* s e A
BSI (Bigwood System Inc.)ed # & 33 A 475 & 4758 4
GBRARYNF A 1L ar ke T pF B FE LA
(TVA)# I 3 7 28 0% LT > meb 041 7 FF 387 1 1F2%
Foofe— A FIN-1"N-2F g™ > f|* 5- RN U

TR TRERA CERFE I ERTRSBGE

Ul R R TR A B TVART Lt &

<,
"

i e g T RS S A AT T R
FEPER o e R F @ 3R
® ift'J fs. °
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® LT E o
® A WEHA Y FH A -

® i L B E AT AR AR R 4R

PELL BV - BRRERIEE ,T};}%Lm@:ﬁx T

[ % LA LE

=3

® i & T ¥ _7 & T4 Voltage limit violations e

® i & T B4 7% *A4|Voltage drop limit violations °

® & & 7% ¥ U4 Thermal limit violations °

® 7 it #2 T_& Transient stability ©
® 7 B £ ¥ A& Voltage stability °
® | % 5Lf2 T & small signal stability problems °
PLEEE A7V~ 7 TEPCO-BCU fad it ¥ LR = B — &
ER 2R ERITARYE | B TR SN AL TEPCO-BCU %

BLEFRAETEMRI AT &N X

!
>
(H}
{w

A -
|k
st
1}4 N

rEHE PESRLEERA P C B R EEH) A F R G
FRFHL L FEEE Aot A A b R T
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= SE
BHcR AP e ZRINT R T ¥ 2K A4 N2 - H
2ot VRIEAIN2 ik o 1 E R E 4o a4

@ LARFTELIFFTIRMAAFTTERT RIS R

P-V~Q-V 2 P-Q-V # 4 o
i T HY BT RE > PR -
PRSP BT NE K HH a4 AURARE 10 5 B

B enT 4k ko 3% PTI (version 31 2+ 5% ~)~EPRI 2 IEEE

\

TAPRATREETIER VRIS FE L HE
BRI el S AR ,m%] @ # ~ FACTS % % % Reactive

power capability curve °

R

N

FTUEHE - BRE BB DL ﬁ%?@‘i CRRE T
TFER CIBMERE LT CFRBIXRFORESTE LT R
Moo - BERTUFFIESOBF ) £ F iR o
AAEIETARE L3 G 0 g4t gk(between bus and
bus) ~ ¥ ¥ ¥ % & (between area and area) ~ B-¥t ¥ & (between bus

and area) ~ B 7 R F 5 H N H R S ohR 4 gl 35

FTHEEBSIT A AT ERAITELEAANT Y S5

42



® PJMRTO (PJM Regional Transmission Organizations )
® CAISO ( California Independent System Operator )
® TVA (Tennessee Valley Authority )

® TEPCO ( Tokyo Electric Power Company )

CARBE AR BB LA F b3
T 5 i B4 L ehiFE 1 2 BSI 7 TEPCO-BCU #:E * fic i

PIM 7 TSA s seenfdiy » ¥ 3 # k29 B - B ERTAE A
17 22 141 % s ( Transient Stability Analysis & Control System,
TSA&C) » PIM 11 TSA i i % - B A AT REARY «H Feh
APAAEL TR A1 E - TEPCO-BCU T % PIM 714,000 3 %
MHETREOWERL IR AITHFEL L anTRiE R 4T

O Al FEwmafE T RS AT AR R

1 -

@ 7 i AT EIRN NE IR E o
® i ERANTEIOREHT M EL
® 3000 BEw=Y TIHERBERIFERS L -

® EEMS B S -
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R BT FE T R =% (on-line Transient Stability Assessment,

TSA )

%u L}i FF '

PR AR EFEARARDFRFE

s (11)

RAEH T o &

<
=~

X~

SR HLAE TR T 2 S R e 9 -

?,;*galﬁﬂﬁg]‘r

Real-Time Data

=
‘\H—H FPredictive Data
A A

x\l
e ; s

Topological
Analysis

A List of
Contingencies Monitor

State
Estimation

State

L] L] L] L]

Dynamic Contingency Screening

[}

Dynamic
Contingency
Classifiers

Marginally

Highly Stable
Stable Cases | -

Cases

¥

Unstable and/or Undecided Cases

v

Detail Time—Domain Stability Analysis

LJ

Time-Domain Stability Analysis

¥

Energy Margin Calculation (Optional)

L] Y

Ranked Stable
Contingencies

Ranked Unstable
Contingencies

¥

Corrective Actions Available?

L] (]

Preventive
Actions

Corrective
Actions

0

g
] .

o5 AE 4%

L bl ah B A A b
-g ] G A A A2 K

V2 L%

cériE o H

i
.

ae
R

na
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g BB A T il PR A AR

TEPCO-BCU 3 & 45 £t BCU i tr3@ % A # > BCU ;2 ¢hi@

X

> )

W2 bE- T KRBT ARKA G- ARBCUZE

Wen kSRR > BCU 2 407 3 4358 Rk Suic) b engrd) 2 4E
T =2l (controlling Ustable Equilibrium Point, controlling UEP ) » 7]
3R R K AEA Y i I BER 3 R controlling UEP e 4
B TR RN DRSS 20 2 2LY FEE - BCU 2

A Fé}szi-lir%] 10 -

0A(X) Step 1: From the fault-on trajectory X'(f) . detect the

exit point at which the projected trajectory
exits the stability boundary of the post-fault
reduced-state model.

Step 2: Use the exit point, detected in Step I, as the
initial condition and integrate the post-fault
reduced-state model to an equilibrium point.
Let the solution be Xyzp.

Step 3: The controlling UEP with respect to the fault-on
trajectory of the original model is ( Xqprp, 0).

The energy function at (X {'LEPO) 15 the
critical energy for the fault-on trajectory X'(£).

B 10 BCUsk a9t & )

(LA

BCU i 7 # X4/ > R LEAAMAYE =% > 225 BCU
classifiers = BCU-guided time-domain method > = —‘F'T 72 5

TEPCO-BCU B 4 = i o 443 5+ 45 fi £ *_& += % » TEPCO-BCU

A

FEAEedE 3 BAR AR H - %o m# ¥ & E D BCU

classifiers » H = 5 P-i& ¥ FochpF s o 7 97 1L 48 TR R AR U 2
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BCU-guided time-domain method - TEPCO-BCU =77 2 Bl 4o @] 11 -

AList of
Contingendes
e

=i+

Network___ L

[ Contingencyi |
BCU Classifier| |
Istlanding Froblem
Classifier
BCU Classifierll |
SEP Frodem
Classifier
BCU Classifier lll |
A Large Stalbility
Regions Classifier
B: Bt Paint Problem
Classifier
BCU Classifier IV |
Fay Adiustment
Problem

Islanding T )
Erergg,f IViargin

¢ Wiargin

1=+

BCU Classifier V

Energy
Froblem

FLInchion
Classifier

BCU Classifier V

Energy
Froblem

Function
Classifier

BCU Classifier VI

-

Froblem

CUEF Corwvergence

Classifier

BCU Classifier VIl

-

Stability Assessments
and Energy Margins

Critical Energy Computation Lsing
Golden-Bisection to Intervd [, £)

PCO-T

U Ay 25 4 ]
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%3z TEPCO-BCU i% % on-line TSA # it ¥ wc éFiF 1 & ehld

7

R ER A RE AR RS GEFZAFRRE 2T

® i B4 14000 BEILESK F - mFant PR R

’I) %" 1 %/'/‘ﬁ o

5

® ii:

Fﬁ‘a

D 43000 BE &Y B A ERE RS T ES

T ok BiEi k8 (assessment cycle) & i F] 15% o

& PIM eh+ A3 4 k 508 (7 0 805,273,691 B e A 5P o
MR RS GEF =M e o s T 5 - &%
Loz B PR R K 13556 ) 0 TEPCO-BCU ehif i 5 §° B &
0.5%~8%z2 FF » iy 2 B HFEHE 15% 5P = B P anth
PERFAL 13 - HEE OB T RMREAR T > TEPCO-BCU i 5z

? AR skedf B 2 100% o & B TEPCO-BCU o fi %

FEFE T FEE P PR ER S E R E oA 11

ﬁﬁ,ﬁ‘ﬁ Baolb@m g o A iTn R AT R TR % P ILH (stability

regions ) ~ ® 2 7% (direct methods) ™ 2 BCU j2 cha@ 35 A & >
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5

N e TR K 4 A FE

E- {? "jﬁ'ﬁt%’)‘?
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Requirements

Performance

Reliability measure

100% (capture all
unstable contingencies)

Efficiency measure

92% - 99.5% (screening
out stable contingencies)

On-line Computation

Yes (does not need to tune
any parameters of the
BCU classifiers)

Speed measure

1.3 second per
contingency

Robustness measure

Yes. the performance of
TEPCO-BCU is consistent
over a range of operating
contiditions
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