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Day Time Event / Sessions
Sunday All Day Registration/Information
9:00 AM IEEE PES Scholarship Plus Initiative Golf Outing — Furry Creek Golf Course
AM and PM | Committee Meetings
Companion Tours”
Tutorials™
PM New Attendees Orientation (2 sessions — 3:00 and 4:00 PM)
PM Companion Lounge open for registered companions and registered children
4:00 PM IEEE PES Scholarship Plus Reception
Evening Welcome Reception at the Vancouver Convention Centre, West Building,
Ballroom CD
Monday All Day Registration/Information
Companion Lounge Program for registered companions and registered
children
AM Attendee and Presenter Breakfasts; Poster Presenter Breakfast, Companion
Breakfast
PES Members Meeting (8:00-9:00 AM)
Plenary Session (9:00—11:00 AM)
Companion Tour*
11 AM Committee Meetings start
PM Committee Meetings; Tutorials*, Technical Sessions, Technical Tour*
Evening Committee Poster Sessions, Fellows Reception, Candidates Meet-and-
Greet (all co-located) (5:00-7:00 PM)
Tuesday All Day Registration/Information
Super Sessions, Committee Meetings, Tutorials®, Technical Sessions
Plain Talk Course (co-located event, separate registration required)
Companion Lounge Program for registered companions and registered
children
AM Student Poster Contest and Attendee Breakfast (co-located with the
Student Poster Contest); Presenter Breakfast; Companion Breakfast,
Companion Tour”
PM Companion Tour*
Technical Tour*
Evening Awards Dinner and Ceremony (7:00-9:30 PM)
Wednesday All Day Registration/Information
Plain Talk Course (co-located event, separate registration required)
Companion Lounge Program for registered companions and registered
children
AM Attendee and Presenter Breakfasts; Companion Breakfast
Committee Meetings, Technical Sessions
Technical Tour*; Companion Tour® and Lounge Program
Noon Student / Industry / Faculty Luncheon — Ticket required
1:30 PM Student / Industry / Faculty Job Fair — No ticket required after 2:00 PM
PM Committee Meetings, Tutorial®, Technical Sessions
Technical Tour*, Companion Tour”
Evening WIE Networking Reception; GOLD Seminar and Networking Reception
Thursday All Day Registration/Information
Plain Talk Course (co-located event, separate registration required)
AM Tutorials*
Attendee and Presenter Breakfasts; Companion Breakfast
Committee Meetings, Technical Sessions, Technical Tour*, Companion Tour”
Companion Lounge Program for registered companions and registered
children (until noon)
PM Committee Meetings, Technical Sessions
Companion Tour*, Technical Tour”
Friday All Day Committee Meeting




— ~ IEEE PES & & K& (Members Meeting)

AXFEGHT A 22 H(—)EXI8k P& 5t L4 8:00-9:00 P EIFE gk 1L B (VCC,
East)#27T IEEE PES & & A& (Members Meeting) - i PES 44452 Noel N. Schulz £ ([& 2)

)
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T RSk PES AL THN— B3T3 KOGENYL » Wi M 4B AR AR N 2 BT TIELA
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2 : PES 4%4%35% (Noel N. Schulz)[1]

= -~ &g (Plenary Session)

1 PES & 5 k& 7% » 4 9:00-11:00 [5]—{@Eri5 i PES 484%#H Noel N. Schulz 7%
TFief8 g% (Plenary Session) » 41[&E] 3 &HHE 5T 3 (LB ETSF gk TRE  “ Shaping
the Future of Energy Industry ” {Ef5REFVEEE L - BFE ¢

(1) B.C. Hydro #fic 28 ¥ F9#h 1T EII44 Greg Reimer » 7 F£“Shaping BC Hydro's

Transmission & Distribution for Today and Tomorrow” » 1747 BC Hydro #igifit 88 .47t
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(2) SEL(Schweitzer Engineering Laboratories)gl## A. Edmund O. Schweitzer - F§“The

Future of Protection and Control in Evolving Energy Industry” » S8ZI| KR EE)E T .35

AR PREE ARSI -

(3) EPRI(Electric Power Research Institute) 5 77 {2 & F] A & F9 (PD&U) Bl 42 Mark

McGranaghan » 3-3%“Grid Resiliency and the Smart Grid” » fi&j /)25 4858 4: e FE FI%Y

SRR -

3 & f&ers;(Plenary Session)[1]

VU ~ s BEER 2833 (Poster Sessions)

AR GHREIRS 7 H 22 H(—) T4 5:00-7:00 » jREIFE gk 108 (VCC, East) 81T
(5 B & 2 (Poster Sessions) o AZUErs4E514Y 1600 & paper #2455 » R Faia e 7
W &R G EARBEE T4 1000 i 335 » AT ARz 3R Iam S AT LLIF B DUBE Sy
TREREH W2 2B B R BRI > G5 AE 4 AN E] HE A B35 2 5w (5
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4 FmEEEy 2 (Poster Sessions)[1]

5: HEIAN R (F4E)

f ~ IEEE FEt+4EZ = (Fellows Reception)

s L BERR A RE TN E —IFEL - R — &8558T 2013 IEEE e+ (Fellow)Hy5HES
.- IEEE & & 47 Fy &84 & & (Student member)~ —f& & 5 (Member) -~ = 4%k & = (Senior Member)
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AR A 0.1%1Eeg EFEMb L (Fellow)Fkor ARG it A 35 (LS w HaEie .
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iSE AKX T it
7123(=)AM (1) | ZEE RS hm S E Hr i
(Managing Extreme Events & Developments Affecting
Electrical Power Systems)
7/23(=)PM (2) | HRZIBEIEE T AR B
(Impacts of Geomagnetic Disturbance (GMD) Events on
Electric Power Systems)
7124(=)AM 3) ZERIRE - HEN ARSI R kG #E
(Innovatlon and Advancements in Protection, Automation
and Control for Evolving Power Systems)
7124(=)PM (4) | BN AREZEELE T ALE
(Electricity Supply to Rural and Remote Communities)
7125(I9)AM (5) | EJIEE AR IAVRERI A SERETUE (5)&(6)
(Transmission System Efficiency and Reliability [E]H5 B
Improvements) BT
7/125(P9)AM (6) | HFEEAHEERNS © R AREIRAEEAE 21 HACEERAVPREL | (5)&(6)
(Generation Mix Strategies: Solving Energy Production EiE3E
Challenges of the 21st Century) BT

+ ~ Ffif£:Eh(Technical Tours)

ER S =F 7

7% (Technical Tours) » 2351 THEHEREHAEHIR(25-45 N) » 2IIEFHITRLIEE

SRS R A ATt R B ) T AR AR AVAHAR ~ pRe ] > A1k 3 -

7% 3 Fig£:Eh(Technical Tours)

1751+ IEEE PES 4Rty — KRG By e B 208k 5 (0L RAIRE i 235

\\Xv

TERK ek N
(1) | Powerex Corp. — Energy Trade Floor Tour 30
(2) | Centre of Energy Education and Research (CEER) in BCIT 25
(3) | UBC’s Energy Sustainability Tour 45
(4) | Technical Visit to BC Hydro System Control Centre 30
(5) | Powertech Labs Inc. 45




I\~ HlISRERFE (Tutorials)

RGZHE 13 {H7FRFIMEEC ESMTEI SEEREE (Tutorials) » Z IR REGEKTTE -
BAEREEmRABREMITIEER » Q1% 4 - 58FII#RE n &4 PDHs ( Professional
Development Hours ) Hf#EE#aE Rk CEUs ( Continuing Education Units ) » 1CEU=10PDHs -
oIl SRERAE L 25 B = T A (Smart. Grid) ~ 88 77 5/E (Power Quality) ~ B8 ) Z &R A
(Standards in Power System Modeling) ~ FRRESMEN TR 4 {E (Static Var Compensators) ~ 28/

£ (Electricity Markets)55 » ¥ & FieE A EIRE 2 FEEGRE -

% 4 ¢ HlISRERTE (Tutorials)

AR N Byt 5 F ZH
(1) | DOE’s 7 Traits of a Smart Grid e A+
(2) Smart Grid Implementations and Lessons Learned $240(—f%)
(3) Microgrids — Designing Their Role in Smart Grid S195(-%)

FK 24
4) Distribution Overcurrent Protection and Coordination $75(—4%)
(5) Smart Grid 203: Distribution System $50(F-8)
(6) Smart Grid 308: Distributed Energy Resources
(7) Operation of Electricity Markets — Technical and Economic
Aspects
(8) Power Quality — From Lightning and Harmonics to Variable tEAL
Energy Resources $395(—#%)
2 .
9) Energy Forecasting in the Smart Grid Era $ gé(E’%)
—— — &K 24

(10) Shynchrophasor Fundamentals and Applications: Leveraging $150(—f)

the Investment $100(FLE)

(11) | Application of IEC CIM Standards in Power System
Modeling, Smart Grid and Enterprise Integration

(12) Basic Tutorial on Gas Insulated Lines

(13) Renewable Energy Plant Design and System
Interconnection

10
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(9)

Z= 5@ (Committee Meetings) © 5 IEEE PES &+ 1i7Z: T E A5 -
/N ErER (Panel Sessions) © R Rl B EEEE S B R Be A (HAS BTV EE ek i sm

HAT 5w S 25 F= (Transactions Paper Sessions) : fefitE 23~ IEEE Transactions HiH|

sOCHEE N Gk DR —EOR &

B imIE (Paper Forums) @ FHZAIE & R H Em UG ILEmm o

s L [171t55 7% (Paper Sessions) © FH £ tHIBEE S B LRFED T am 2 1AL %

ELA B E(Student Poster Contest) © $2{LE24E 2 15 SR TR BETLL -

52 s (Student / Industry / Faculty Job Fair) @ FR{itES A pp S35 31 b S FUEEE 5

T T RHREET S

[T A RSB (Companion Activities) : A& b 027k 6 (EERS M HIETT & &

ik #E{ TF£(Companion Tours) -

B A4 EATRIE (Plain Talk Courses) @ K& %4k 3 {E2 KAVE ) R4 ATRE

fRIEE I HE A LA ESIN(ERIST95 ~ WiFl$1510 - 3 F1$2150) » 415 5 -

72 5 : Plain Talk Courses

efE] | K FFHE 1

7/23(—) | (1) | Power System Basics — Understanding the Electric Utility Operation

Inside and Out

7124(=) | (2) | Distribution System — Delivering Power to the Customer

7/25(P4) | (3) | Transmission System — The Interconnected Bulk Electric System

11
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(1) B Hu0a(Single site CC) : FIAIAAEILE 98 i {E G Ib—pE F FHE Ly
IR R TEEE SRS - 2B IE TR AR EUEE » Eh A
MERAER RN
(2) F ~ EIFEE . (Master and backup CC) © [Hh Fy K HS 7388 1A F]EC 1ISO/TSO £/172
FEE2 o BT EMA TERERE T 3R 04T 5 A BB S e B E AT
N E A (e 20 (Backup Control Centre, BCC) » sPH Ra EFHEHITA S -
PEE N SFFHERY - SCADA Bkl ol 1S s Bl - B R R
LR - DI R Z R ST ©

(3) I - KHE L (Main and secondary CC) : SCADA &k} 2 (HiX A AEEL Y ~ BIFHfE

&

AR DT - BB ERF AR T - R0 - GIATINN 1SO FHEEEfIHu oy
T~ KEH > LR O E SRS - BEECE 7 AR DT EDIAR
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(4) 8 32eE 20 3 i R = (Dual-Master Synchronous Operation Scheme, DMSOS) :

AN ] i A AR Ry 5 L o 5 FEE o0 (TCDCC) Bt ey fe o o 5 i o

(KCDCC)PREE T 2[R 20 3 A5 =U(DMSOS) - SCADA A L [E0-{#2X

WA 0 > Z ] AR F A AR A AR L [R] D S HA DR » W 0 B Ry B

itk > B5E EMS 52tk ~ Bl ~ SEEEIEAR KA RIFEAS - DIEdTa

BEANEN L EMEIERE LR o B8 T ORBEREEER > S—Ed

O Z N B R asct v] 3 BIREE Fr BN 3R TR (BILELE) - DLSE iR S0

ZIRIE ~ ZBin] 5 - HoAHR EMS BERG AR ~ BRI h s s A A
(FDEMS BEREAE

Rl EREFEP SRR H AR - F8E T LaR B RGUEER FE By B B P a2

b S RE BRI EEN R A A S (WAN) AR P - T 2

SRy BB R 1L AR S HE T TR T TS A AR e R~ SCHRURAZER - At 7 -

||
. I1Sameas
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- | I (except
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EMS B TG > I G It SR = S E PR 40 JRA] LRI A RPC
YRR G DAL » Bo & B HEISAEEE(WAN) > T fTERE ol - SRR A BN

AR A -

(ZL)EMS BHSTIRE

EMS TigEFR T & kU 5 B G 725 2 4 (SCADA) Hb - i FH R AG B 15 = 77 JiE FH (Powver
Application, PA) - &5 4F i€ il (Network Application, NA) J & & # 2 i€ I (Scheduling
Application, SA) » Hrt NA Kz SA w73 BIEFH(RT) Kebfta (Study) A= - sH4lTIRELNIR 6 -

7 6 © EMS #RASIIAE

Subsystems Functions RT mode | Study mode
(server)
Automatic Generation Control (AGC)
Power Economic Dispatch (ED)
Application |Reserve Monitoring (RM) \Y4
(cowm) Production Cost Monitorung (PCM)
others...
State Estimator (SE) Vv
Power Flow (PF) Vv
Contingency (Security) Analysis (CA/SA) Vv
Network Voltage_ Stabilit)_/ Analysis (VSA) Vv Vv
Application Dynamic Secgrlty Assessment (DSA) Vv \Y4
(NAS) Fault Calculations (FC) Vv Vv
Network Parameter Adaptation (PA) Vv
Network Sensitivity (NS) V
Voltage Scheduler (VS) Vv

Optimal Power Flow (OPF) \Y/
Unit Commitment (UC)
Scheduling [Hydro Scheduling (HS)

Application |Hydro-Thermal Scheduling (HTS) \Y \Y4
(GCs) Short Term Load Forecast (STLF)
others...

M S SRR A D RE B AIESRRARIIG 2 2 B tfAle © - IEEftEmE K
P (B RICAS « Fr T (EH EMS SBIERE N ST R4S - TREC & &R K - 2
BN RFREFEIEREI L RFPMS) > W5 HEE D AGHREENRG(PMY) - T8 EF

B 248 (LLDS) KB A E N A4 (QPESUMS) S - FR{LE Ryl L Rl FE 2 £ H{RI% -

16



SIS B3| 4R i e 23 (Operator training simulator, OTS) 4352 EMS J&EF#ES ~ BR[EE

FRATR L AT A SRR - R SRR PRI A SO - SR B— (T EN
IhEREL  FEIT R

5=

HIRE T 21 (F O] DIESIERE SRV HEY - OTS m FZAHIGREH

FEEEE N\ B —RGRREERAE - R B 5[ R B - T - S R OB -

BT ~ AT - RETENEDIRE - TRFEE B RAEENLRAE -RZFALANE

=27k
HEg

{14

TERE T SRR 2 2 BRI 2 B (T - PR 1P OTS FrEEslllek o 1 75 i i
B o OTS(E (A as iz &AL 0) s (i E | AT Elrh g 3 ot 2 BT E IR

510 Sl EARE HE L OTS MMI [E120#E T s AL EL MR -
(N8 EHEF R EEE A (DMSOS)

(1A' PR [RS8 - FrhBR T 2 [EEREE L LS - 5500

TREATHREE BE B S TR U O(ERCC) > J it &AL (T-site) B2 17 E 7 1418 £ 4t (SBS) -

o2

Corswa | K-site

EMS
(PA/NA/BA)

H je—— 350 km —>|

T-site [ors SDH (50M x 2)

mw (10Mx 1)

EMS K SCADA WAN b
(PAINAJBA) |~
P

83

<_CHﬂLE_WAN_>;

i : —~
<1<\ * ) Telecommunications
: N

RTU

: ICCP RTU

! EHV Power

i Substation ADCC
v

8 : DMSOS Z2##%

17



FEEEFPEREFUT - EMS/SCADA FAHGH E AR (PAINAYSA) - ] il A\ S RIEF U]
BoRt e (E i g DA E FAR— (& o Lo T RIEF (RT mode) s S (75 (4] 9) » B4t -

(1) e E SRS 2 RTU/ICCP -

(2)  FTRNEFOIHE 2 FR AL — {8 b By £ (eI A i TAE R E SR AG (PA/NAJSA,) -

(3) BEEH ({2 EREL(take over) T THAE ©

(4) BREUMES Tl -

(5) MERTAIIREAEA—E LT -

_ r SCADA WAN 1 )
T-site DRCC K-site

———————————

.......... P(gg:)y: o S R
Study mode i ; | Study mode
L I

9 : DMSOS #yhTRE V]
f£ DMSOS 2815 | > &b ke e e [m & F R R Bk e MR AT

SRR - G BAKE 52 A LR MR ERRE R S 3 (3 6 4) I AL

G

ez A Bl w B - B 2 I EITACES H i e B E N L2
FEHT(NA) » 4 L EFTE &R AGC IR - BIRE(E PP f75H) ~ JLEl M il e

PERRE > I HE s | T0E - Al 2GRS 1B = RS TR IE R BRE - S E A

18



KEHEE U ZHRAERET] - NIILE RGE BRSO ORI E A% - 41 > 530K
o AR AN AR R TR SR s > S — R = I LRI A AR RS
AEAZEE > TRERE S RS E L R A5 - EHIEERE T AR T -

22 7 : DMSOS {8 HEsR s E 7520

Day Day+0 Day+1 D+8 D+9
Shift (hr) 1| 2(08-16) 3(16-22) |1| 2(08-16) 3(16-22) 2(08-16) 2(08-16)
Duty T-site|K-site| T-site| K-site| [T-site|K-site| T-site|K-site|T-site| K-site| T-site| K-site

Operation
Supervision ALT B1T AlK B1K | A1T ALK

NA Security
Assessment
Generation
Dispatch (AGC)
IPP & Gen
Coordination
Network(North)
Control
Network(South)
Control

AlK B1K Al1T B1T AlK | A1T

A2T B2K [ [A3T B3K A2K A3K

A2K | B2T A3K | B3T A2T A3T

A3T B3K A2T B2T A3K A2K

A3K | B3T A2K B2K | A3T A2T

() EEEBR R 3R2R

DMSOS LR BRI G - HATC 2R e S E5REE - MHEE MR - U
BB IFRHEAIZR 8°-EMS H 9847 H 10 H paE DA FEAL A HYEF(HINL ¥ % - TCDCC
{EE . EMS E1% ~ 101/03/27 mfAMhRE ~ 101/09/16 pdbr LB - (N &=L
NE et i - B EB A R A I BT JREITAT =R (Availability)

Ko AT 5EFE (Reliability) 52 100% - tE4h OTS SlIIGRAVE TR R > I & A sl SR

uy

S BIAETE B3 R Bt ERRI S+ 87 B A RIS e 2 e
WEARIER  S38i BB stia TS RIMBRSN » IRAR B OTS iRl 25 - MR 2%
ST » 8 SE (6040.1HZ) B F 1 {5 H(SAIDI ~ SAIFI)S » 72 DMSOS #iif4

SRR AR AR 9 -

19



% 8 EMS ZH{ERAE

RTU(EHV S/S and Plants) 58
ICCP(ADCCs) 7
Status Points (DI pt.) 120,500
Analog Points (Al pt.) 23,500
Accumulator Points 800
Main Server (COM) Loading 25%
Multi-site WAN Loading 600 kB/sec

* 9 B AUEEN

Year 2007 2008 2009 2010 2011
SAIDI 23.909 | 20.810 | 19.246 | 17.663 | 18.224
SAIFI 0333 | 0354 | 0238 | 0196 | 0.204
Freq. quality| 97.513 | 98.722 | 97.812 | 98.646 | 98.744

(JV&ERE

FEEHE AGE TR - BT A A SRR ACTT © R S IEE AR U TRE

S~ POLERE L R N RV R TR ~ R R [ERD A R SRR

TR LR E R fE SRS IR EE > WECSTTEIEEE OB E > MHERR T A E L

EH5E ~ FHEREERA - e A B  IRftH P& BB R EESERESIL > B AR AEE

PR E IR R - DIEERIS 22 RAE TR E Z 32 - SR > B ERID

[ R A TR AR S R ARG T Y — TR > R Rt SRR

20



— ~ 2012/07/30&31 HIfE KIEBER sy

AT 2 SRR A SR SR DA e LA 85 (9140 H AR 2011/03/11 75 $K44585 - 2011/09/08
PG g & (h BE R 5F-8F) K FEE ~ 2011/09/15 w8 SEE 7 Eim it (2R ~ 2011/09/24 ZHAIK
{528 ~ 2011/10/30 =R R IEFH K2 E - 2012/07/30&31 E[IfE A {£E ~ 2012/10/26 EE P K2 E
2012/10/29 S=ER4H&IMESE (Sandy){= 28 » f 2013 W iEIR ZHEAIFES - A2 R K5
Y - FEEAIEERE N Ry » I EE ) 2 St B iV E RGN E 2 - AEstHEEE
RENEHGE R 2 TONIZEMRAZ 3 PRET > BLFEAE supper session [ S. C. Srivastava,
Indian Institute of Technology Kanpur 83 s~ ”"Lessons Learnt from Indian Blackout and
Future Solutions” K 25 HA L EEH N 20T -
(A=

EIREERS 2012 47 H 30 H(EHA—)Z& /% 21 35 70 ke 7 F 31 H(EHI =) NP LA
HIE 2 Regd 2 KEKRE HGBEMEEBE(F(grid disturbance) - A2 B {EES
o - TIFEE I R E K EE A (NR grid)#E ke G5 E AL 8 B (New Delhi) £ HY 9 i
Hles: - (FEEEEL 36GW » 2 B A Bl 3 E(H AL 12.1 (84 1/4) © 5 - RIFE &R
JEEB(NR)EEE SN - B R R #EE 2 AN (ER) R R ILER(NER)EE &S 22 (il - (EEEH
48GW -~z 8 NSt E 6.7 (R(ET RN —2F) » A[EE ABA s DURRRIIE A R ~ 28
UNEL 654 0PN CE g

(D)ENEE S 2 St

5

[ 4B TEC 13 2 R0 (P )  29(& DVC) (B 6 (BB H(A~F) 48] 10-
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LB B 5 (i EREALEEEL NR ~ BEEfE®E ER ~ BRICEN I NER ~ PYELLE I
WR F 5 SR) - #HEAER B S 4R 66KV ~ 132kV ~ 220KV ~ 400KV ~ 500kV(HVDC)
1 765KV » RACHIEH 1200V £4fBa %8 - Wit 2012 2 T4 #| 800kV(HVDC)H NER H 4K
2000km ZHFZEZE NR o 2L Fy 1 {E T 9388 5 0(NLDC) ~ 5 {8 & o0 (RLDCs)
1 33 {EFSEUMERE HLM(SLDCs) =g & # - NLDC #1 5 il RLDCs &E& )8 I3EE A

(POSOCO) & & 2= B e JJaH & 38 T{F > SLDCs HIFFREH S F U -

A< B #ioT B Ep U E Rty A AR G

HAEF - P ERRRES -
B AR LG e RMfie T RRiEd
B A AR 23 P BIORRIES -

# 25 % 2 (NR)
LA % 25 % 5 (NER)
TpnlBhy 718 2%

£ 20 % 13 (ER)

5/6 1 28 (+DVC)
& %% (WR)
5B 202 B 3
% %% # (SR) ‘
N EIEY 2 #

a
{) SRk

10 : HIE B4R R E]
1991 £F 10 F ER 81 NER & e G [EDEHE > 12525 EIEEBIGA] H & B e B
fif R 4R 5 M- {F 2006 47 8 A NR 1 ER/NER/WR U1 AL EI T N-E-W 37 248 (NEW
Grid) ; 1% » HIEE I RGEMER > BIIETTHY NEW T 5 24 BLET I 245 SR » W 247005

#Err e HVDC MR [F2 ol > e AR i e 11 - BoREEa0E 12 -
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North synchronized
With Central Grid

March 2003 e
SJ

Five Regional Grids
Two Frequencies

} August 2006

West synchronized
ith East & Northea

October 1991 \
East and NortheastJ

synchronized

MERGING
OF
MARKETS

[ Five Regional emﬂ Installed Capacity 156 GW

Five Frequencies

11 - BN R s O Rkt A e A [ 2]

i 765kV

GORAKHP ¢//
AURAIVA
BAL'AK\‘-UZ"FF‘RDUR /
agR

%"u agani
- ALAKATI
BARM
5 BIHARSHARIFF SONS Ah
s00 >
ALANPUR MW BASARAWM ALDA
AL ER

S KOR:A -
v, kY ®—»——® 5, ,puPADAR

sIPAY BANCH!
RAPYR !\)URKELA
LEHER
cﬁnuoﬁbnunaauusl ﬁh
KOLHNPUR W
POND : o GAZUWAKA
. \ SILER .
BELGA
NAGJIHARI 7

SR 500kV(HVDC)

7/30=E T ATWR-NR{Z FH 4R 5
Gwalior-Agra-Il 5z Zerda-Kankroli

12 © BN A R e el [1]

23



EIIFE 4 B4R 45 455 75 5 (2012/06/30)45 205GW(5 10) ; {8 POSOCO 2012 4E 6 A4} H

HERHEUR > & A Rm Sy Ry 118GW([E 13) -

Thousands

PEAK DMD (MW) -->

-
e
[=

=t
[
=

80

60 -

PEAK DEMANDS MET DURING THE MONTH OF JUNE' 2012

T r

NR - Max: 38263 MW Min: 30902 MW Avg : 35579 ; 3 ; ; WR - Max: 36645 MW Min: 30888 MW Avg : 34028
ER - Max: 14364 MW Min: 11834 MW Avg : 13369
I I 1 | I I | | I | I I |

SR - Max: 31020 MW Min: 27225 MW Avg : 29728
1 i 1 1 i 1 1 i 1 1 1 i

T T T

(I | N S . . [E T I T T R [ S T
ALL INDIA - Max: 118066 MW Min: 109515 MW Avg : i1 | NER-Max: 1766 MW Min: 1407 MW Avg : 1617

| I 1 | | | | | | | | I | | | | 1 1 | | | | | 1 | | | | |
el e sl s g ol asere ek s s e e e o s s el g s P e e o b Ui st el
T i T v 1 1 T i v 1 T i T i T T I 1 T I v i I i T i T T |

DATE --> [ NR ====\|R === R === ER NER === |NDIA)

13 : B 2] & #4(2012 ££/6 )[2]

(EE G GRS R

Hr 2R o (NLDC, National Load Dispatch Center) i 7/30 |4 11:50 245 2 SEHURETE

— R A E HRFH] 7/30 1225 02:35(5 B 2= 05:05) /244 » JREIEE

24

%2 10 © B[S 2 Bt aH 4845 E 75 5 (2012/06/30)[2]

SL. | REGION THERMAL Nuclear) HYDRO| RES.@ TOTAL
NO. COAL GAS DSL| TOTAL {Renewahle) (MNRE)

1 |Northern 20023.50( 467126 12,99) 3460775 162000 1542375  440a6d| 5605814
2 |Western 41129.50] 825481 17.48) 4940179  1840.00 T447.50)  BD6T.26| 6673635
3 |Southern 228R2.50[ 496278 03032 28784.60) 132000 1133803 1171398 5315661
4 |Eastern 22337 88 190.00 17.20]  22545.08 0.00 3882.12 41071  26837.91
3 [N. Eastern 60,00 824.20 142.74 1026.94 (.00 1200.00 228.00 245404
6 |Islands 0.00 (.00 70.02 70.02 (.00 0.00 6,10 76.12
7 |All India 11633338 1890305  1199.75 136436.18 4780.00) 3929140 2483268 205340.26

U

Mz

=5

S



Fom 0 & H WR-NR A 2 [0] 400KV T ZigEEEesi 5 7/28 BIETE 1412 H (Gwalior-Agra-1l
1= EE R T Ry 765KV Lf2 )z Zerda-Kankroli) - S i dLEL A (NR) &l 35669MW (2 4H &
#; 99768MW) - HEE 3 ZELE(ER) 5 A 2585MW » F7H S ELE(WR)H A 2862MW > i1k
YA LB SAATMW » BRI Z24iRR& (insecure condition) » 411l 14 AL ERLE S
LM(NRLDC)# i 2 B # RG-S TE S F O R EE ST - BB B384
NR @I A INE 24 X EAEEIF > S5l SOE 4155 11 - F{H7 02:33 NEW Grid £t
SER 49.68Hz(50Hz £.4%) » i%1E 2010/05/03 CERC IEGC ¥ 49.5-50.2Hz $aEMA - =il
B REARRANE 15 - 732% Mumbai(WR)FEARFRHE BT > BUR NEW 248 i — I
FREFERE o bR 450MW o 7 sk 22 2 » Hik NR 49 36GW &#I9EE - 28

HkEiE 3 &

o

¥ T e (2012/07/30 02:33)
£=49. 68Hz, 10ad=99768MW
MR load=35669MW( # £ 5A4TMW)

C VAN =)

b 3 A
RATANGARH @ HEEN AN ZBHIWADI
020 W YL AR i
3015 WA BLIAGRIR) i ¥

 BIKANER
4CC/IM W
315 WA

100/220 W

0315 ke BASS)

SIKAR ™ 40/220 v
20315 W

-

i
5315 WA \_TV_N__—____‘;J;S’_/ |

P T I ol )

3 W it AGRA

g ) (PoiERcRD) A\

@
o HEERAPURA
J50+1315 Wh
I

R ooy DHOPR
ur;wﬁ,%ﬂ-@

% i

Charged ot

33 4 SWITCHED
BUS REACTOR

HIDC BACK TO BKCK K

STATIC VAR COMPENSATCR

BBYB SUB-STATION
STATES SUB=STATION

B
THERVAL TR | SERES CAPACITOR

o5 D

PONERGRID SUB-STATION @

400 KV UNSHITCHED

FaT
SV & BUS/LINE REACTOR RATING IN MVeR

Tk i R B M
(1)400kV Gwalior-Agra-I1(128km)
HVOC _ 500 k¥ UNE (2)400kV Zerda-Kankroli(234km)

400 kv TR ON LINES

765 kV TRANSMISSION LINES meesssss

220 kV TRANSMISSION LINES

14+ 7130 FEHEGRUREE
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% 11 : 7/30 Zii SOE

THRK Sequence of Events (SOE)
(1) | BSETEEESREMAT - NR BN E 5447TMW > 2580557 R 2 4R AR
ER->NR 2585MW, WR->NR 2862MW -
WR-NR [E]A 2 [2] 400kV dgiEEe45 (Gwalior-Agra-11 2 Zerda-Kankroli){Z f o -
JEERE A H L (NRLDC) 85 fffi 2 B # PRI L Eb F O R R E T -
(2) | NR %A & (over-drawing) » JiH Z 1L 75 FF(Uttar Pradesh)
HRENFE grid code 7572 A Y - i &4 A4 & WISy NE 4 A B (EIL RN
IPP (S EIT - MEEGEEATES B TREEIR SR - I AE R rsR MR e -
(38) | Gwalior-Agra-l E#f(heavy loading) Bk
Gwalior-Agra-1 (765kV %t LA 400KV ZEE) 4R % B 3k (L000MW) - EECHIFE EE 52 55
3 IR REERENEDLAR » /i DFR 408k 4R EE AL BKAR ATl i (F i f g A -
(4) | NR-ER [H584: 8777 (power swing)E 28 sE kA (cascading)
Fe WR>NR 4R L Gwalior-Agra-I Bkfii - BEJJH WR &€ ER 2X1E NR -
NR-ER [H3 4= 88 HEHER 52 - HEL ER #7> 400KV LRESHRHR » NR FEAHARZ %
i 1% NR BLELA NEW .48 (WR+ER+NER) AL 773 -
(5) | NR &AL EmIZAERIZ
NR BRSNS 247 - UFLS K dffdt frEg R R A R S s EIFR DA - ik
A S HRAH IR S TEAPASE » 4528 NR B4 RS AR RIT -
=
glmnﬂr
Te
gm
.l —!
9,3 Line Trippings dua to large™ angular
separation
49.2 Probably system separatad at this point
30-07-2013 62:33:10 IST — 30-07-2012 02133312 IST~ 30-07-2012 62:33:14 IST ~ 30-07-2012 02:33:15 IST S

LIT Bombay .

r-amls;tine -—=>

15 = 7/30 S AR GSHRE[1]

26




2. B BHERE T E I 7/31 T F 13:00(57EHHE [F 15:30) /4 > FHAEIAS
{PrEFE PR IT ] EETE 30 HUR RAIFEERLZARNT 6 [HI8R(Z 220KV 3£ 7 [m)) i AR5 -
FE(E NEW Grid 23 & a0 (L ()N R E0HE P] REME 3 BB R - SEEEOK GRRy NR 250MW
KTIPEHBI - B2 5 [ R - WR B ORIEHIENF - S AT — RATAIZ B
% > FUSIFEEHIIE R NR EAE ER K NER FrElE i -

5 NLDC i 7/31 T4 18:30 &% 2 BRI 7/31 T4 13:00 ZEi# i NR 8k 27320MW -
ER &#; 12164MW > NER & 1142MW (48 &%, 100558MW) - NR K [E 7 173
3925MW -+ [ ER #j AL 1825MW > Hf WR i A 2100MW - ZE#i 12:57 NEW Grid Z 458K

49.84Hz(27% & 16) » #{EF L SOE 4155 12 -

FoxF& $ 5 (2012/07/31 12:57)
£-49. 84Hz, 1oad=10058MW
NR 10ad=27320MW( 7 £.3925M0)

NR
27320MW
( A )

Fwew (2012/07/31 12:57)
ER load=12164MW( % 966MW)
NER load=1142MW(# &_181MW)

TRPIERT A EZBARETY)

(1)400kV Balia-Patna-1(198km)

765 kV TRANSMISSION LINES e (2)400kV Balia-Biharshariff-I(242km)
(3)400kV Balia-Barh x2(244km)

HIDE - 900 K L (4)400KV Ranchi-Sipat-I

(5)400kV Zerda-Kankroli(234km)

220 kv TR ON LINES (6)220kV Kota-Badod-I

400 kV TRANSMISSION LINES

16: 7131 FEHGIRUREE
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% 12 1 7/31 =5 SOE

K

Sequence of Events (SOE)

1)

FHAETSIMERIER T > NR BT )E 3925MW > Z&tha i 27 2iRRE

ER->NR 1825MW, WR->NR 2100MW -

(SRS 7 [0 R © (& 7/30 FHERIEE)
ER-NR 400kV Balia-Patna-I ~ Balia-Biharshariff- £z Balia-Barh x2
WR-NR 400kV Zerda-Kankroli ~ 220kV Kota-Badod-I
ER-WR 400kV Ranchi-Sipat-I

JEEBE A B L (NRLDC) 85 fffi 2 S SR L Ee F A AR E T -

)

JEEPE E(NR)250MW X TR B (CFOK 48)

AT 10 48 L ER I (NR)250MW K FJHE4H Bk » 283 WR-NR [ 2 {6
220KV LR PR R BkAS -

@)

Gwalior-Agra-1 E#f(heavy loading) Bk

J13:00 Gwalior-Agra-1 &S A B 8 R 58 A MR B 56 3 L el Prag sR R BkAs -

(4)

WR-ER [H#8 4 ARV RS

WR JEZEEE T ESGEALE ER 157 NR » WR-ER I3 B AP IR -

()

WR H (Ri%HIEHE

WR H (Ri%HIEH{ESLEAL NEW(ER+NER+NR) 224873

(6)

(ER+NER+NR)ZRiHE S AaH R (cascading)

WR H R °

NR & ER l&dsk 2 UFLS K dffdt (Re&HHIR T e 5.2 SEkElfRE - 1 NEW
G AR R THRE R S - ST ARESINBE R - I HERE B 3 W fRaE R
PRS2 AR - TER s S B MBS B - SN AR N g -

()

NR SIS 2 F

7t NR BL(ER+NER) 73 R A flS I AR 215 -

(8)

(ER+NER)f & A 215

1% (ER+NER) S 2 iR 21T -

28




AR 2 TEH RS TR 13 -

7% 13 : 7/30&31 #H4E 2 EEH T

%P F-oaxBTER FoaBitk
5409 2012/07/30 2012/07/31
B4R # £02:35 = £13:00
T AR (02:32) (12:57)
47 % (Hz) 19. 68 49. 84
& f Q) 99768 100558
NR# (D] 35669( 3 4 2 3384MW) 2732003 4. 2 3912M1)
ER->NR(MI) 2585 1825
WR->NRCMI) 2862 2100
WR-NRi% * 2 400kVats:  [WR-NRi% * 400KVZ 220KVAEs: £ 1 v 4
EE R ER-NR#% * 4 400KkVALE:
ER-VR % * 1% 400KV E
¥ e 3 B (50 46l + 2 50 92lz  |50. 2THz+ ™ % % 47. 69Hz
B Ew S NR(z %%~ LB B ~ T 28) [NR/ER/NER(H 45~ L@ B ~ 208 28)
BB 366N 486N
12 2 LE3 3 6. Tk
(UYE a7 2 e

NIFEELG B HEMRRE - PREATSEMETE > 208 - B BRI IR £
BHE - SrEElEE T s RS e s s & s s -

1. 7130 FH—REHFES PSR EILERNR) Frigtls - BEEHEEER) - 8
AOTEE R > RS IS - MEEOEgy - S E(EE - UENTE -~ AU~ A ORE - b
ZEFEET T EFSE O (EHhlE > 2B A\ 3 BEEHE =B AT 121 1/4) - R T
DER T HERLY AS0MW S ECR SZ(F R BN B Badarpur TPS 3 #if&{itE Delhi &y

250MW -~ Narora f#4H{LEE Simbhauli 25 100MW -~ K 4% Bhinmal fi£Z8 Rajasthan Z%74Y

29



100MW) - A JLESEEAE(NR Grid) ATl ik R ik 36CW 2 {Z % -

[EEFHEEEYKEFHEAT - BB R TRE RS - &0 P
5 180 & AHYHTIE BLAth g i S 400 R LB G A B 70 $R R Y IS 4R - p T L imE R A
R BARIESIAENE - (FREC T BV EE OIS E RRel - 18 E IR
SrARAER > B A SRR B CHYER - R ZHE -

iBsE 2001 LA > BN ILEAY B I BEIE S 4 R Tl  RARBUS - & FEBE 2 ILHED
EEAEETER 12 /NEF - BN TSR E (5T > BXIEERFGRRIERA 1 {8 750 E327T(89 32 (8
3100 &) -

2. 7131 R EHFE L P B (E I B (NR) I A R ESE A (ER) K AR L ER &
GNER)FTIEERSL - FRE G EE) K BB sh - HAteE] 29(& DVC){EFi

A 20(& DVC)EFS - 4514k 22 (a2 (F B2 - BFE NR 7 (EFGFEL - 15 EHuody -

=

W - A ~ A0~ EEE-AORE - JE % ER) 0 ER 6 (EFS(ELISE ~ HIKfE - B

c

HiE ~ $se » HE0RL ~ DVC) - NER7 {EFN(FIEAMEH - Pz ~ S e -~ Mg

SRVERLA ~ FLINRE ~ Fr L) - BN ARGSE 6.7 BEYSHERBEAL—F) - BrT

DER Gyl RS2 AE R BN (ELAE Delhi H57 2.4 ~ Narora fE&H £ =E Simbhauli && ~ €€H

Strelite/IBTPS ft85 7 Z:45¢ + 2 CESC %4%) » A NR ~ ER J NER SE4EFTHEEIE (5T S

4y 48GW 12 Easp 8 - AlaH NJHA SE DU R ~ s B N BUR S HIRIFEEL -

[ERESN EREREE T E T - SOBESE ILEE > BRI GRIEN R

B FEEIRMZAE ZEE - P& INALFE(West Bengal) 5 75 8 15 4 8 T ¢ I £ 20 {2 AL

30



(Burdwan) BT T - BB TALIS FEL AN 252 (Kolkata) P 1L 54 180 2 Hjgz - [RF
AT BN SRR -

EIFEZ 849/ 5] (POWERGRID, Power Grid Corporation of India)4&34h 50 72 (R. N. Nayak)
EIFFRoR - BN E IR AR T > RS EARAGEE N A WAE B I HEE - I H &
STRBAR AR L E > N BB SR REEEr = S -

(R ARGEEFR

1. 7/30 iz 02:35 SH—RIFTEHHEEAR - NR ILHIEREVHEIEEARZ > PR ER &
WR $ ATHBRSRESHEERAL » I BT TRCEED o IRAH A RE - 45608 5 (E-/ N 24 - FYE H 08:00
BILSEpicsiEg ~ AORE S, ~ 1855 K B R B 2 B T F © 11:00 {EEE R 60% ; 12:30
735 POWERGRID S5EEFT (I EE £ AH 09 5 8L 19:00 SERlRER s HITE 8 TAF (B
%47 30GW) -

2. 7/31 4 13:00 55 —EE SR - NR/ER/NER JRIZRISREUHEE B2 - NR
A T RI—RIEES g - &0E 2 (B NG - FYE H 15:30 BIEST5e slissis - 18 e
KA EETIF ; 19:30 NER Hitse = iifE®E TIF ¢ 20:30 NR 52 EH = H{EE
TAE 5 m#& ke H (8/1) 09:30 525K NR Kz ER £ EEE TAF » Z&uPi{E 1EH (Normal)R%E& -
SEIELMEEERIEE 96464MW - Erft NR &#; 30081MW(&/EH 3351MW) « ER &
30081MW ~ NER 3k 1435MW - H&(E 2 R SEHE B IR0 14 > 55 7181 55 K (F

B AR T 64 SR 17 ¢
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%214 7/30&31 #4E 2 WEMIEEIHT
P | B v bt e i [ LR %3
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SURGE IMPEDANCE LOADING (SIL) OF AC LINES

S.No | Line voltage Conductor SIL
(kv) Configuration (MwW)
1 765 Quad Bersimis 2250
2 400 Quad Bersimis 691
3 400 Twin Moose 515
4 400 Twin AAAC 425
5 400 Quad Zebra 647
6 400 Quad AAAC 646
7 400 Tripple Snowbird 605
8 400 ACKC(500/26) 556
9 400 Twin ACAR 557
10 220 Twin Zebra 175
11 220 Single Zebra 132
12 132 Single Panther 50
13 66 Single Dog 10

% 16: FEmIkE R RS AEIRHI[2]

Power System Operation Corporation Limited

National Load Despatch Centre
Dated: 1°" August 2012

Total Transfer | Reliability | Available Available
Inter- Capability Margin Transfer Margin for
regional {TTC) (RM) Capability (ATC) | LTA/ MTOA | STOA
Corridor MW MW MW Mw MW Limiting Element
West to
North* 1250 200 1050 260 790 400 kV Bina-Gwalior
East to 400 kV Kahalgaon-
North 3850 200 3650 1158 2492 Biharsharif
West to 220 kV Budhipadar-
East 850 300 550 0 550 Tarkera
East-North
East 440 35 405 135 270 220 kV BTPS-Agia
East-South 300 0 900 170 730 400 kV Rourkela-Talcher
West to HVDC Bhadrawati link
South 1000 0 1000 992 8 capacity

*only one circuit is available presently on 400 kV Bina-Gwalior-Agra. The other line is under upgradation to 765 kV
level. 400 kV Zerda-Kankroli and 400 kV Kankroli-Bhinmal lines are under forced outage.

34



K EZ 16 » NLDC ji* 8/1 Mz ATC B » FEILES B4 (NR) BLPE i EEAE(WR) A 3 [H]

400KV 4R fs A T (7/30 S A 2 [2] 400KV 435S » 7/31 =il HE5F 400KV K2 220KV £

1 [IEREE) > PEEPEEAE s EILAFE A (West to North) 2 8 {EiiaE /1 (TTC) & 1250MW - HIFR

22 A SRR (RM)200MW 5 A H] i & (ATC) (£ 1050MW - B R3H K AR )2 5

(LTA/MTOA) 5% 260MW 51 » = /I 5 55 (STOA) &R 790MW -

MMk NLDC SEiEREUR - 2 RERATEE R ILE R NR)E I A e b E B

(WR)ifi A 2862MW & 2100MW -+ HHER E[EE48(ER)H A 2585MW & 1825MW - E[I{E 7/30 =

& B NR B WR 5245 0E 8/1 % 7 —[0] 400KV 435% » t: WRONR 22 ATC {fE &4 2000MW

A MBI R 2862MW > 48 1l {HiHEE /7 2000MW H25 - JiH: Gwalior-Agra-1 &

HCHI R ZE 1000MW > 8 28 5% SRS 28R PH T S B (SIL)69IMW > Z5 pl 2 St B RE A TR IE

(power swing)ifii 5 [FEZE SR SEET © 55 7/31 [ NR B ER 7 4 [5] 400KV £RER{F IS iR

B IERRRTAUE Ry 1825MW - i 8 (il ae Ty eimi s sE Jat & 1E - Kb ER WA Z K SIL

S515MW 7 i B & s & sl 22 S50MW > Jill_E NR #¢2H kAR 250MW > JEZ: 7/31 FE IS RY

ZERA TR EEEDKER - NS T AR E R (ER) A ERILE BHE(NER) -

ARRARUAEERHCH ENE S (EH ORI S - & A T% > 8 THR

R - NI TE RS N <ot CERC EEM R EHEZR AT HBEREN -

RS ER B ORREERIEREL - FERNEHERESER RS — EFlEEL

PSS > W7 BB FI BRI ER T e B8R T RS HENF R 2 2IEET -

Al EAE 7 R TR T S R Y B I B - SRR NR SR UGHE 05 <

35



TEREEIPR ZE1E » BIAI{ESF R AR D RS T - (RERIEUR 7/30 FHEATHIRER ALY

i AFRFAT 8B0OMW /A5 - 41T fEl 18 Aok » 55 CERC Jit 8 H 1 H{73 POSOCO Zk— 2 1

e MY R

1. FHATRGSRRIEY

N

. BSEPS ARSI

w

SRS AR A SR ER

SN

. BRI EES RS E R ER

(62}

- BEBEREHENR(SOE)H &

(2]

. BTEBEIECHkEAC IR AR R

MW 6000

20125783085 % (Pun jab) F E D &l @ H#R
WY\ EERAE )

[T T ®hsAsEE

4000

3000

2000

1000

B%E%D 1 2 3 4 ) 6 @ 8 9 100 11 312 13 14 15 16 17 18 19 20 21 22 23

18 = 7/30 S5 FEE I AR AR [3]



() EHURR ket

DLt EI(BRICS, 278 ~ (ERHT ~ EIE ~ PR - IR .2 —HEHVEIE - HIEBRKE
HRAEFEEL ARELIZE 2001 FLIK > ILEYE I HE LG E Tl - TR
RIEE - BRHERIEEEIIERE - BN E R AR AR T -

1. JRENEERITHK(MOP)FE(S. K. Shinde) o » sfom/E s MERRHEREEI
B LRI 1 28 F B A B T e R Aol B A S S R SR S R B B AR SR 2
JRNZ— -

2. REMFNKEBEAN R E@RFDE 22%) > BIRMHUE T /CERArFEHEE A -
HI/KIJs¢ B EMHBIRED -

3. EEIEBEER MR E R E A e (WU 8~12%) » SAIR FAOR R -

4. EHAREHIE R - BRI AN « REIRERSEUR R BT TBCEETT A -

5. MIFRESER RGN THIHZ SR - BT R ~ BB EEF & - s (R
Fithls - fEETHERAREZE 50% -

i NLDC it 8/1 S&ffii 2 faad EiskoR - (IREIE 9B JJ/F(CEA, Central Electricity
Authority)> 1994 = 6 FHRAT.Z B eE S AR EAE IR - BeaRis 2 2 87K & (safe
loading limit){ {{ Z&fid e PR Al (stability  limit) SEE R FEE S IR (thermal limit) jo DAY
il o — R Ry TR BER I AT 2L 285/ [H TSk SIL (Surge Impedance Load).Z _F (PR &

HERAERER) - MEEEEREE AEEEE SIL 2 N (FRBEERE) » DR RG24

NEEEA RS - 9140 400kV Quad Bersimis 488 4F 40 £ C ZIREE T » 2R E4Y 2200MVA

37



(4x800A) - ifif SIL {2 Fy 691IMW » BUR-REEHERES 2 2 2 R B (RN R A S 2 BVE

il

PR - 1 YRR E FE PR A E AR IR 20 SR B oo AT
ENEAE RS2 S A MBI IZ B ER Y » Hh 28 B IR B B IS A RR S 4R P
HEE S AR AR - NLDC Cigat s el iRsT R FERLT

1. REEEERERIBRE RIS 9t H#Hpk T (cascading failures) AR HY £ 2 H N
Z— o RENF R RE R EEESCE N E R ~ BN 2R B AN B B T FAR A S A
(power swing blocking) -

2. FEHRECRIRG | HARSFHEUEE T S AFER - HEECE8 R E | T (sag) g/
Py s A B PR A -

3. SERAEEHEEN T MUENFREEFBHER)IEA - HELZ HEABRRRNET
EE > BEGERE T (voltage dips) » A% 525 S BN RE SRR R AR R
(voltage collapse) iy -

fR#% NLDC Jit 8/1 i Z i BN » 2 REBELZ HIEEDK SR ATRE Ry R ILE 4

(NR Grid)E2pHESEA(WR Grid). 2 —1{ 400KV [Fa i S Rr47 (Bina-Gwalior-Agra-1) & &aTit
2 1000MW - 2 i a% SRR 2R P T & 5k (Surge Impedance Load, SIL) 691IMW > #55% %
FEREATRE - HIPES 3 @RIPRE EEEAFh (FRkR - FEIBEHh AR EE4E(ER Grid) NEF 21k
SIL 515MW B BB 4R P& Ea M /R S550MW » SR 2 RSB E ) 25 e[S TR
AL EARGE - FE L Bina-Gwalior-Agra-11 7 7/28 (S8 THH &y 765kV T4 » =

BCHT—K 7/29 T4 15:10 JLELEA R G 4E HIR AR E RN - EIARISR A SAE S -

38



LA > 45 2010 - NLDC/POWERGRID R FAGHHTIRET#H S2m[4] » HE LEIE
1E 3 4ER(2009/11/28 13:26) i ¢4 iE A WR-NR —[a] 400kV I #4245 (Bina-Gwalior)R AHEH,
S BIAE (N-1) » 3% 4R E% 1000MW 17T (WR->NR) I B[RS 235172 220KV SR8 2 E Ek
SHBEAR - JEERN R E I 4P WR &8 ER R FHEEE(4T 4000km)&Etsid WR HIFEIBEREE (XY
2000km)JL7% % NR (L2 (400KV HEARERES) - B 4R Bl K BB BE N (voltage dip) - SEE5E]
FERRER MRS i E i 2 - S EIRENEEE BB E(DAVR) » SVC MR ER i 1 3% i R 5 3
o NEFEEERSRESE - MR RS E R EKIFEER(Near Miss) -
OANE==So G B e B i) i

PHEARANIZ 'R EIE T RE S F(CEA)EITRAINTAE - f2H T ERAM A -
HIFETE ~ TARIAD ~ A R4 S 19 TGS T

1 SrHRERFFREEZ 2 FHEN -

2. A BRGSO R A BRI MRRET B RTEY UL R -

3. MECRIFEM —TURREE GRS DIRE R -

4. HECRIESHEFITIEEIER - B4 UFLS & df/dt EakElbRid] -

5. tetRaREnEs JJ(TTC)H R HIIE Fe R ZE 2 FIAYETHE T = -

6. WEEAERSETE T B RATG -

7. HSE R HIEFRE R BRGSO A R A

8. 1&1i 2003 FEAHIET 2 EE AR SO TECR LDCs FIHh 22 B & A SRRV BER E -

0. T IR (R (LRIFT > 40 HVDC ~ TCSC ~ SVC Sl -

39



10. BE LUFEDHHEEMN(PMU) B 2 FHSPE R G0 (WAMS) - DIHIRFE 1 ~ fra
FAZERI 23T

11. 1£ LDCs i EIIREZ 2at il (DSA)FIEE PREEAIRAE M55 H(SE) TR -

12. BEERERA LS (Islanding schemes) - DUFIFEEEHERREAVIEL M RETRIR(EE -

13. $HE A2 M A RHHYEEA SR - JlT LDCs B 2RI H £HE

14. Foltt 00 25 FRREI Y (il s LSRR - JE(EE B BV T s BRI R -

15. % LDCs [EAFtEry EHAIE S5 -

16. 4kt 5% R BUENHFE -

17. S At RER 28 > it H AT e A e SRR

18. 5L et e ot I AR -

19. 4H&IB LAY (25 2/ Nl (Task force) - gt H AT SE A HET T S SFAMIY 70 Arimas - DU G

FESERIEES -

(L)&EsE

7130 Jz 31 iERIREEEHURy 2001 - DUAREIEILH S ] S8 i R Pl - 2 S SR il K
RUSEHE R - 5 [t 5O e i A ER BIRE - AKX IEEE PES & 7/MEt
BZEE » AN ] 88 FREEAE 729 ~ 921 RIFEIHM - 2R AEEE 3R EE B AT 2 7
PRI ERT  Als  PIATE BB R RE 24 PR LA ah A = -
FH BIHF BE 48 27 2= oo M s 24 A IR - WHRE R T B - I THIIRRIFs A
HIAERIEL 2 7 il 3 B - RN EEBRE AN EISEE ZRILAK -

40



1]

2

» KB EHZ RS
ENEE RS R HUR N (BB ER B K 4R AT - AP e RS EHE AN TS

» Pl fedEiEatss - 2G0EERIRGIRNEIRENE - REERRE KAV f#RE—E

RIRPREEREHI oS > D altdlE

1)

)

©)

R e R E R A

H AT Bl R e s B A U T e AR e e (SR U - ST MK Rt o

SNBSS DGRIR R © S A PR B A1 T B AR e IS R AP & i am - B

WIS F R RGENEREE  WNERMEEREZEFE > NIRRT (E

& > DEfRtE 2 -

R B4 2 o3 AT

A CDCC EMS HLESIHZ S AMINAS » T BIFZ 2 (SA) - Mt

(FC) ~ EhiZ 2 ath (DSA) BB E LM (VSA)TE » M T AHRIHE SRR F AT 2

B > BRERIE & 24 /Ny s BUS S0l BRIV B D AR & 2 0 TR THRI e it

FRSH > PREUHBE A FERS I > fECR N-1~ N-2 A 205 A SR DU SRR S ECE K EIEE -

AR BN H R B S R S A P M e (FE TR e T R e = = M T H

RN REZE - KA SR HEEHE 7> 5 ADCC

W

% o

BT B IR

HEENZGHGEENGERR AR T —F& "HRHEEEEEHELN > B P

a RV AHRREFTRE R (LAY (R A B (F M S e s > $R R BRI 2

41



BERREEEE - DAHHE Gy B RS IR > B O R B fREZE

et -

(4) R R TEE T

H iz H BIRTHE M B = AR - iesd KO B L EHE ST HEHRN

[FEREMESEEMERE - IR EaaefiE EERE - B#RRGEARN LS

IRRE o O ITEE RN A FROC IR (LA B P MRS 25 - & Rl (e RS -

(5) EEMEZ A

REORE ) R SUEEIEE 22 > Rt PRE ~ rISeZ&E )] - At 101 5 1 HHlET

114

"R RN (R B AR R E R R IF R AR ZARR - HEAR

PR R T e ] S I AR B R T — (B — SR R A B (N-) A 25 [RERFERE
i HEHHRE T —E R84 2 B (N-2) I 2 Sk g SR 0 » 1 AR AT {0 7R
TEE AL~ (R TR E iR B - LS i 2R R AR R AR IEE

APy o RISRHUERINIEIE G - DAHEORE T St
(6) PREEERERLT

AN EI3ASKVERERER R H AIER I E LIRGE - 55— BB R TR EIRE (I L3
MHIEE & R OReE © 58 B (Ral B LPOTTRYE N S5 (& B I HERABMES]) » AL
BISREE AR SR > EITHERRME APOTT EORGEE M Zp(— Mt (H Ry Z2 8 Z3FE ) B
5 > (BRI MR R i Rl (e R RIS R FE R RR BN (F 2 ATRE » RAHEIEII R
M =R EIRE - BRSPS NEERIRE - EA A NEDERREFE
ENGE S

42



(7) FIRIRE R

AN EIHTY ATRES S AF R (FE 2 Fi > S TRERE - Corpldatkll ~ K

B S TIRFIRORTE S0 (SPS) ~ R Z8t b TP B0 A8 (R EASH)SPS - A E&R(EA & %

L~ KRB St 2 B 28 SPS JREI TP/ - HAr e 5% =442 SPS

ol

HETRAFRE G T o IO > BT St SPS X FEREAH T RESL SPS 2

TR (lookup table) » ISR EE ) S 4 i EE [ & m SERYREE -

(8) A&fE A

RN EIEERARESEOE > PR/ B @RS R R RE AR E MR > AR IR A R B

B s BRI T - REANEEE A AEEN o 0L AT EIR S A

MR FARIRIRGE R (E Rtk —ERIEI T s 4 e o] R iRk

PREUVHER R RSN - FRIFSE A L ARSI RIE 20 2 Wi B 38 S0 > s A4k

E ISR IE R R A K -

43



{h~ OFFEEER

1

+ IEEE PES fFi> STTRM 40 4 » BT A 4n Fisi i 5 A B Y BNt 157

W

BEETTERE A LIS BB E B2 - ARGHEF 2 PEIRES S\ BEER T

=

\

A TEINEERA > BFEARE 2 ARBER ~ B~ ik ~ SRREESTTEAE

Mz TiREA D - BN FIRKIEEMRIR A S8 & 25 E A E 200 E A

FHRAE > NG EERRZERE -

» AR E] L v O A A ((DMSOS) 2 B B e B RE

AYSEHPELTAE - HREERIIN N R B RSP ECAYIEFESS T - R AR ARG %

IRELIIZE RS0 2013 1EEE PES & AFRER - HREE IR « FRTEAL

DMSOS 73 » Bt 55 B e ) B SR B2 A s R B b o [FJIRF S 2 B EE R

G > ARIRERIRST R IR B & - S B 2 udEl B T am S ItH R

PEMER s - W A B REEE STt E 4Ry MHR LB & 2 STETEE - DIAIE

(R RE AR HH B 2 B P

» DMSOS A AR AEEA - 7~ 2009/10/7 TE=(R5HE - PIM (1SO) #2E7A 2011/11/08 JRELFY

F9F&1E52AL Dual-Primary Control Centers jE#Ze ks F g8 » 5 B dLFE HAiME— -

TS E e e O RS - NERIE SR S UK E - MHERK DMSOS jRE Ryl

Rt - BN EESE B B IR TS HEEh | - R 1SO BL5fE4ERr H Al DMSOS

e > HAL ~ S e AR E -

44



» R SRR OTS FI6R & 22 ~ flaRt G - UG BEE 2 58ld - DIMEpREE D FE TIEZ A]

{ERANE - HAT R o0 (CDCC) AR UL » ARACE R HE RS 22 AN B M S 4 i

L (ADCC ~ DDCC ) - #Hgf— Z S S g Nl E PR, - A s LA S/l et -

ST BT » WIS » DU EEA AR -

» TACEHE RS - FHE 0 R BT S8 s e P E AR - RAEDRETRT T BE

W HS BERKNERE ZFR - EANELZ AR =0 & &1 F AT LA

(Visualization) - RAGHE Bi%H & AT SR ZMRE - B G L2 EEREE

H - AN R EEREAE - iR EEEHZ FE -

~ HATA A EIEEGR 2 MR PMU 32 > 5RERF PMU ZERNNLUER] - 45 &1 B 240

(GIS) - FEFT mIF Lieifr - FELIRNF AR 3 ) S ER R ~ WAt/ Contour 2 » LA

FREHRY B 2SR B A B S » SR R R A T 2 %005

ENRFIREIZ SR -

+ AL EEE 2 SPS A#SEy Event based sat » JRRIA BRI TE S S i 551y

AT o el i sE R s A R E R A #{E R 552 (look-up table) o K2R A iH5¢
PMU 7 JE F 1A SPS fi# LT REFZ 2 S HE » DL Response based HY{{ Event based £/~

AR o AR VBRI AT B RS R B A D R HIE GBI (F -

45



SHE LR

[1] 2013 IEEE PES GM Website. http://pes-gm.org/2013/

[2] POSOCO/NLDC Website. http://www.nldc.in/; http://www.nrldc.in/ etc.

[3] Gordoncheng's Blog Website, http://gordoncheng.wordpress.com/

[4] Mohit Chandra Joshi and Nripen Mishra, “A Near Miss: 200911281326, TRANSICA, the

technical journal of POWERGRID, 2010.

46



b5 (S REwm )

Dual-Master Synchronous Operation Scheme in
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Abstract—Control center with appropriate monitoring, control
and management systems is essential for power system
operations. This paper introduces a Dual-Master Synchronous
Operation Scheme (DMSOS) of control center implemented in a
high density longitudinal power system. It is not master-slave,
but a peer-to-peer scheme that probably the first one used in the
world. With multi-site functions of energy management system
(EMS). the control centers are set at two sites located at
northern and southern of Taiwan, and fully redundant not only
the EMS facilities but also the dispatching operators in control
room. An overview of the operation scheme, including EMS
architectures, application functions, multi-site configurations,
and operating experiences is presented in this paper.

Index Terms--Control center, energy management system (EMS),
operator training simulator (OTS), supervisory control and data
acquisition (SCADA).

L INTRODUCTION

Taiwan is susceptible to earthquakes, typhoon. and
tsunami because it is about 70% Mountainous. located in
western Pacific. and surrounded by water. In 1999. two power
outages on 29 July and 21 September, due fo a fransmission
tower collapsed as a result of heavy raining in southern area,
and a devastating earthquake in central area respectively, have
led to the worst blackout in history [1]. A lesson learned is that
control center function is essential during disaster recovery.

Taiwan Power Co. (Taipower). organized in 1946, is a
state-run and the only electrical utility in Taiwan. Beside
purchasing power from independent power producers (IPPs).
cogenerations and renewable sources. Taipower is basically
operating in a vertically integrated power system framework
and taking the responsibility for the electricity supply of the
whole island. The installed capacity at the end of 2011 is
41401MW. and system peak load is 33787MW. To provide
good power quality and ensure the secure and reliable
operations of the generation. transmission and distribution
systems. a three-tier hierarchical dispatching control structure
including central, area. and distribution dispatch control
centers (CDCC/ADCC/DDCC), responsible for the
generations and trunk networks (ie.. 345kV and 161kV tie

978-1-4799-1303-9/13/$31.00 ©2013 IEEE

line among ADCCs). 161/69kV networks. and 22.8/11.4kV
distribution systems respectively. is adopted.

As the central nervous system of an electric power
network control. the energy management system (EMS) and
relevant applications were implemented in various control
centers for maintaining the power system reliability. stability.
security. and efficiency over the past three decades. Even new
EMS installed in the 1990s was adequate at that time. now
might be a decade old in technology base and functionality [2].
[3]. The advanced EMS and analysis tools in a fantastic
control center are now a trend [4]-[7].

Different operating schemes of control centers are adopted
by utilities, they might be (1) Single site scheme like the one
used by Taipower prior 2009; (2) Master and backup scheme.
a popular one in which the backup site receives system data
from the master site with no operators running in backup site
at normal operation condition: (3) Main and secondary scheme
that the data flow might be the same as master and backup
scheme. and a few operators in the second site share the partial
task of the main site and are ready to assume control of the
grid within minutes if required as adopted by California ISO
[8]: and (4) Mulri-site dual-master operation scheme in which
the supervisory conftrol and data acquisition (SCADA) system
sends the data or information of field devices to different
control centers simultaneously so that each center is capable of
running the power system either independently. or merged as a
single virtual center and running synchronously. The last
scheme is adopted by Taipower and introduced in this article.

The EMS was first installed at CDCC of Taipower in 1980
and replaced in 1990 by a second-generation system. A large
earthquake occurred in 1999 and other events. such as the
September 11 terrorist attacks in the United States. SARS. and
HINI natural disasters. have led to the consideration of the
deployment of backup CDCC. Based on this idea. Taipower
has updated the EMS of CDCC in Taipei (TCDCC) located in
the north of Taiwan. and deployed a fully copy EMS and
control center in Kaohsiung located in the south of Taiwan as
the second (backup) site. However, with the increase need of
operators and advanced multi-site functions of EMS, It finally
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decided to set up equal personnel in both sites. and thus
Kaohsiung site (KCDCC) is upgraded to master level

The idea implied here is that KCDCC plays not only the
backup role, but also a peer-to-peer control center corresponds
to TCDCC. This means that except the EMS facilities are
redundant in different places. operators are also identical in
both sites. When any site stops functioning. the other site can
immediately take over all real-time fasks to ensure the
continuity of the system operations. This new third-generation
EMS with dual control centers was completed in July 10. 2009
just during the HINI influenza virus pandemic periods and
thus has no impact of power system operations. Affer
refinement tuning of various functions of the new EMS. and
the supplement of the staffs. especially operators in K-site, a
Dual-Master Synchronous Operation Scheme (DMSOS) has
been successfully operated in Taipower system. This paper
describes the configuration and functions of the new advanced
EMS and illustrates how the DMSOS running in dual-master
confrol centers.

II. EMS CONFIGURATIONS AND FUNCTIONS

A.  Hardware Architectures

Fig. 1 shows the architecture of the new EMS/SCADA
system which collects. coordinates. analyzes and disseminates
operational power system information to serve as a decision
support tool for utility personnel. The EMS running at the
CDCC is based upon modular components and distributed
processing techniques that reduce implementation risks.
ensure simplified future upgrades. and provide the basis for
added functionality without total system replacement. About
40 sets of IBM server host for different functions and
peripheral storage devices are connected to each other via
Ethernet local area network (LAN) in each site. To meet the
demand of high availability. the servers that run critical
functions are backed up by redundant hardware. The computer
network management function monitors the status of the
active processors and friggers automatic failover to the
standby or spare processors when needed. Except man-
machine interface (MMI). a video projection system (VPS)
display wall with 2x10 sets of 84-inches screen allows
operators to assimilate large volumes of real time information
at a glance.

Real-time data communicator (COM). one of the main
servers of EMS. contains automatic generation confrol and
communicator that performs the data processing. supervisory
control and alarm dissemination for the EMS. and distributes
the desired information to the historical information system
(HIS) for data collection, calculation. retention. and archiving
to information storage and retrieval (IS&R) system. The
administrator server (ADM) uses information maintained in
the relational database management system (RDBMS). and
distributes primitive and operational data to the EMS database.
It is the database administration master for all servers. and
disseminates the appropriate information to the servers in the
EMS based upon software application residency. The network
application (NAS) and generation control (GCS) servers
handle the application software functions described in next
Subsection.

The Tele-control Interface (TCI). consists of tele-control
servers (TCS) and tele-control boards (TCB). applies DNP3.0
protocol to provide the interface to the remote terminal unit
(RTU). Utility communication server (UCS) supports the
Inter-control Center Communications Protocol (ICCP) for
bidirectional data exchange over wide area network (WAN)
between CDCC and ADCCs. IPP udlities. and other
standalone application servers. Web UI Servers enable the
user interface for several applications by serving Worldwide
Web compatible web pages. Configuration & development
system (C&DS) installed at TCDCC provides an efficient
environment and tools that enable to develop. test and
integrate applications and fo maintain all EMS software.
Cyber security has been required to both the EMS and
information controls. The EMS features include firewall
(F/W). role based access control. password length and change
policies. security remote connection management. disabled
unused ports and services. and antivirus support for windows
platform. For information control. Taipower has been satisfied
by the ISO 27001 Information Security Management Systems
requirements (ISMS).

B. Application Sofnvare Funcrions

The EMS is equipped with a complete set of most
advanced applications for power system operation planning.
Table I summarizes the main application functions of the EMS.

TABILEL EMS MAIN APPLICATION FUNCTIONS
f----------------ll----
:E Kopec i‘gﬁ;ﬁlems Functions RT mode | Study mode
11 5ameas Automatic Generation Control (AGC)
11Tencc Power Economic Dispatch (ED)
11 (except Application |Reserve Monitoring (RM) W
|1 15&R) (COM) Production Cost Monitorung (PCM)
others___
State Estimator (SE) W
Power Flow (PF) v
Contingency (Security) Analysis (CA/SA)| Vv
Notwork \L:;oltage Slablllt?' Analysis (VSA) WV v
Application ynamic Secgnty Assessment (DSA) v \'4
(NAS) Fault Calculations (FC) Vv Vv
Network Parameter Adaptation (PA) v
Network Sensitivity (NS) v
Voltage Scheduler (V3) v
Optimal Power Flow (OPF) v
Unit Commitment (UC)
Scheduling |[Hydro Scheduling (HS)
Application | Hydro-Thermal Scheduling (HTS) | v v
Figure 1. New EMS/SCADA architectures (GCS) Short Term Load Forecast (STLF)
others...




It consists of power application (PA). network application
(NA) and scheduling application (SA). Other significant
capabilities include alarming upon detection of abnormal
conditions. storage and retrieval of snapshots of real time data.
logging and reporting capabilities efc. Automatic generation
control (AGC). the main function of PA. performs the
dispatching functions of the EMS, including the regulation of
the real power output of electric generators. and monitoring
the cost of generation (PCM) and system generation reserves
(RM). In response to changes in system frequency and/or tie-
line loading. the program issues confrol commands every 4
seconds to units. within pre-determined limits. AGC control
can be transferred to any site any time and supports the
capability to sinwmltaneously handle multiple control areas
caused by network islanding. Economic dispatch (ED)
allocates the generating demands among the committed units
to minimize operating costs every 20 seconds.

For NA. besides the state estimation (SE) combined with
fault current calculation (FC) and contingency (security)
analysis (CA/SA) for steady-state vulnerability assessment.
other advanced analytical tools. such as voltage stability
analysis (VSA) and dynamic security assessment (DSA). are
also implemented in the new EMS to aid operators and
engimeers for monitoring, controlling. and planning the power
network to a more secure and optimal operation in dynamic
fields.

Unit commitment (UC). the main function of SA.
determines the schedules at specified time step (15 minutes)
for thermal generating units while minimizing the total
operational cost. and satisfying system load requirements and
operating constraints over the study periods. UC interfaces
with other modules through the operational RDBMS database.
Short term load forecast (STLF) function running the periods
of next 15 days in a time step of lSminutes. assists the
dispatcher in forecasting the loads of total system and
individual areas within the system. A current forecast
representing the dispatcher’s best estimate of future load
behavior will reside in the current operating plan (COP) and
may be accessed by other system functions.

C. Operator Training Sinnlator

Operator training simulator (OTS). a function of EMS. is a
tool designed to provide hands-on training for system
operators. It shares the EMS database. application software
and display map data. and provides an environment in which
the behavior of the power system is mathematically
represented by computer simulation and thus will not affect
the actual power system operations. The OTS installed
Taipower CDCC is with a fully copy control room of real-
time system that has the same scale MMI consoles and scale
down VPS (2x6 sets) as shown in Fig.1. The software tools
(PA. NA. SA..)) and the associated hardware that the
operator uses could be replicated and retrofitted in the OTS
environment for normal. emergency. and restorative control
fraining purposes. It also has a recurrence function of the
accident and black start simulation when the power system
blackout. Furthermore. the consoles of TOTS can be
reconfigured for real-time system operation in case of control

room MMI failure or EMS system update need. Although the
OTS server is set only at T-site (TOTS). the operators in K-
site could be trained simultaneously with T-site through on-
line synchronous video system and thus do not need to go to
Taipei away from about 300km of Kachsiung. This training
scheme not only saves a lot of money. but also simulates the
environment the real operator communication between two
control centers.

III. DUAL-MASTER SYNCHRONOUS OPERATION SCHEMES

The tasks of the CDCC are to operate the national power
generation and the transmission grid of the whole country.
including water resources coordination. thermal (coal. oil. and
natural gas) and nuclear power plants dispatching. and the
EHV substations and network control. The Dual-Master
Synchronous Operation Scheme (DMSOS) adopted in CDCC
is described as follows.

A. Mulri-site Configurations

Fig. 2 shows the multi-site configurations of Taipower
CDCC. An open protocols and distributed systems platform
architecture is used to build a computer system that can
operate in Taipei or Kaohsiung site independently. and two
sites are connected to each other via three independent routes
of high-bandwidth WAN. including two fiber-optic SDH
(synchronous digital hierarchy) backbones (50Mx2) and one
microwave channel (7*T1, 10M) to ensure the reliability of
SCADA data exchange and synchronization. Moreover. two
video systems are running all the time simultaneously. and the
telephones systems are redundant (master-hot standby)
through an office WAN via fiber-optic and/or microwave
channels connected between two sites. For operator’s
communication, when any phone calls from the field. the
corresponding operator will first pick up the phone no matter
where he is.

T-site

SDH (50Mx 2)
mw {10Mx1)
SCADA WAN

Figure 2. Multi-site configurations

In addition to this configuration. the MMI console also can
be used by remote termunal with a dedicated WAN. It provides
an alternate control center for the operation personnel to use
the EMS remotely. Two emergency remote control centers
(ERCC) are installed nearby both sites. and a simplified
backup system (SBS) of SCADA from independent
microwave channel to monitor the generation is set at T-site as
shown in Fig. 2. This scheme enhances the backup capability
and strategy in case of operators could not enter the main
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(master) control center for any reason or simultaneous
malfunction of EMS at both sites.

B.  Multi-site Funcrions and Services

Fig. 3 shows the multi-site functions of SCADA and
services of application. The data collected from the
RTU/AICCP of power plants. extra-high voltage (EHV)
substation. and ADCC are sent to two sites simultaneously.
and in normal condition only one site. named DRCC (Data
Responsibility Control Center). to receive and exchange for
each other synchronously so that the operators in two sites
could see the same real-time information. In case of the
SCADA WAN disconnected. DRCC could be assigned to
each site and the operators can still monitor the whole system.

SCADA WAN

T-site ) DRCC

P e
SCADA 2

N DRCC )
T RT n?"“ Primary P

Gevied | N
> e | G
Study mode (Sav;@ Study mode
— Primary’ ) g

QF';A:\’ o ™~ ] ~(SAD
Study mode @ ! Study mode

Figure 3. Multi-site fimetions and services

Both sites have the same on-line applications. PA. NA. and
SA (COP) applications are run actively (in primary mode)
only at one site. In study mode. NA and SA can be run
concurrently at both sites. Although study application does not
have multi-site features. it could save the cases and propagate
the data files to the other site. Most of functionality provided
by EMS multi-site functions is fransparent to users (operators)
so that they do interact with multi-site functions when:

e defining which control center has the active link to an
RTU or ICCP.

e changing the control center that is primary for an
advanced application.

e selecting a control center to take over full control.

e switching the database master from one control center
to the other, and

e checking the status of various multi-site services.

C. Operator Dutv Cycle Arragement

The operators (dispatchers) in CDCC are on duty 24 hours
a day. divided into three shifts. to monitor the system
operating status. meet the power demands. and maintain the
stability and security of the power system. Table II shows the
duty cycle of operators adopted in Taipower CDCC.

TABLE II. OPERATOR DUTY CYCLE OF DMSOS

Day+1 D+6 D+9
2[0B-16) | 3(16-22) | 2(0B-16) | 2(08-18)
T-sitef K-site| T-site| K-site] T-site] K-site| T-site] K-sitef
mn AIT BIT A1K B1K| AIT AIK
il ATK BIK| | A1T BIT AIK | AIT
e el o B2k | [a3r B3K AZK
e AZK | B2T A3K | B3T AT A3T
Do) | IR BaK| | A2 B2T A3K A2K

Metwork({South)
Do 23K | BaT A2K B2k | AaT AT

Day Day+0
Shift (hr) 1| 2(08-16) | 3(16-22) |1
Duty T-site|K-site| T-site| K-site|

A3K

There are six operators. each site three operators. in one
shift. Two chief managers are in charge of operation
supervision and NA security assessment. and four operators
handle generation dispatch, IPP coordination. and network
control of north and south areas. To ensure the operators
familiar with all operation tasks so that if any site does not
work the other site can immediately take over all real-time
tasks including generation and network controls, a flexible
shift rotation scheme is arranged as shown in Table II. Two
different jobs will be rotated by each chief manager and
changed between two sites every day. For example. operation
supervision is executed by chief manager AIT in T-site during
shift-2 period. and then changed to AIK in K-site next day.
For manager A1T. the jobs of operation supervision and NA
security assessment are rotated in every duty day.

Similarly. each operator in every eight days cycle.
mcluding six days on-duty and two days off-duty. will
alternately carry out four different jobs every two cycles (1e.
about half month). For example. operator A3T deals with the
jobs of north area network confrol. generation dispatch. south
area network control. and IPP coordination in the same shift of
Day+0. Day+1. Day+8. and Day+9 respectively. The AGC
function is executed and changed immediately to the site that
the generation dispatch job is executed every shift. As shown
in Table II. AGC server is run at T-site and controlled by
operator A2T during shift-2 period. and then changed to K-site
and operator B2K during shift-3 in the same day.

IV. OPERATION EXPERIENCES AND BENEFITS

A. EMS Performances

After testing and tuning. the provider has revised the EMS
structure by vertical expansion (i.e.. upgrade of processors or
workstations. efc.) and horizontal expansion (i.e.. adding extra
processors, workstations. peripherals. or connections to other
LAN or WAN, etc.) to meet the capacity and performance
requirements of specification. Up to date. the measured points
and the main server (COM) loading of the EMS are shown in
Table III. Where the multi-site WAN loading means the
average data transfer between the TCDCC and KCDCC.

TABLE MI. EMS MEASURED POINTS AND LOADING
RTU(EHV S/S and Plants) 58
ICCP(ADCCs) 7
Status Points (DI pt.) 120.500
Analog Points (Al pt.) 23.500
Accumulator Points 300
Main Server (COM) Loading 25%
Multi-site WAN Loading 600 kB/sec

50



B.  Multi-site Benefits

Experiences show that with the new advanced
EMS/SCADA systems and various application functions.
operators under DMSOS could monitor and control the system
in a more reliable, stable, safe and efficient staus. For
examples. we have experienced that loss of supply power in
T-site MMI due to dual-UPS all shut down caused by
maintenance misoperation. the K-site fully took over the
operation jobs with no delay. Availability and reliability of
EMS are almost 100% since it was put in service. A good
example occurred on 16 September. 2012 that the SCADA
WAN between two sites was disconnected at near north area
resulted in about one fourth of SCADA information sent to T-
site and the rest to K-site. In this case. the operators decided to
wansfer the AGC function from T-site to K-site for
maintaming stable frequency without causing any impact to
the power system operation. Besides. during the HINI
mfluenza virus pandemic periods. it has very low impacts to
power system operations.

C.  Simulator Training Experiences

Most EMS deployed in the 1990s already include OTS
functionality. however due to the lack of extra staffs required
to maintain the data base and models. develop or conduct the
fraining programs. and exfra operators to receive (raining.
most of them are not actually in use. In Taipower. we use it for
summer peak contingency analysis, prevent/correct actions
verification. system blackout scenario replay. and especially
operator certifications exams. A simulation event just
happened next day after the operator training program such
that it was easy for the operator to take the appropriate actions
immediately to relief the system emergency. In addition. the
operators now in CDCC must be qualified through the OTS
test for system operations.

D. System Operation Profiles

After about two year tuning periods of the new EMS.
Taipower has demonstrated a new frequency quality record
that 98.744% of the time is within the 60+0.1Hz range using
sampling rate of 10pt/sec. in 2011. The supply reliability
SAIDI (system average interruption duration index) was
18.224 min/customer-year and the SATFI (system average
mterruption frequency index) was 0.204 freq./customer-year.

Both indices are the second-best records in Taipower’s history.

Despite the increase of load demands and power transfers
between the supply areas. the line loss was controlled at a high
standard of 4.76% and large area blackout did not occur in the
past few years.

E. Future Prospects
Power system operations in Taipower are now facing

many challenges. such as the implementation of the smart grid.

the development of renewable energy. the capacity increase of
wind power. solar energy and natural gas units. the impact of

the greenhouse issue, the measurement of compound disasters.
and the competition comes from private power plants. With
the DMSOS functions and related measurements developed.
especially visnalization framework of phasor measurement
unit (PMU) wide area monitoring system. meteorological
information system. and natural disaster integration system for
enhanced situation awareness. we have confidence that these
issues will be well managed in the future. Furthermore, it is
expected that the two master control centers can be easily
transfer one site as the ISO/TSO to meet the future need of
deregulated power market without affecting Taipower CDCC
operations.

V.
Power system is vulnerable to natural disaster and attack.
With the new advanced EMS schemes and functions
implemented in Taipower CDCC. A Dual-Main Synchronous
Operation Scheme (DMSOS) has been successfully operated
in two-site control centers and is fully redundant not only
EMS facilities but also operation staffs. It is anticipated that
the service reliability of Taipower system will be greatly
enhanced and the probability of blackout incident due to
nature disaster and attack could be minimized. The authors
believe that this novel operation scheme is the first system
operated in the world. and will become a model for future
power system conirol center design and operations.

CONCLUSIONS
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