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F L= RS IS - NERC (RIS ~ | RO I #mg sy o Sns A g &

% TR 'Mr*-”?lﬁﬁ&pﬂ TRy A

i 4]l £ (X7)

i E3p] $41,000

?ﬁﬁ F% B $72,000

i Jr EAR SRS $90,000

= é‘ﬁ%ﬁig $2,000,000

[’ﬁ Bl b $2,580,000
B2 $6,480,000
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F: > U IZIFR] DST S3 e fsss HE %lfﬁ ﬁlﬁﬁm‘/ﬁi i ﬁ i HR e R
3?5¢$h?@’FI%w¢ﬁ%#ﬁﬁh@@&%UwEﬁ SRR A o

i 'F F RIS 5 ) 40 | PELH F TR ] o TR 4
100MW » £1 1%, FEEET .l 5 o4 RS 3KWH > JFFVET 915 4 £ 40x100x1000x3=1,200 F4 7%

™ 155 TESO PO BRI 5] - TESO #5148 b ¥ (Ontario) % ISO » ff1 ™ [EE841
PRI AR 2 RIS [ TR 7] P R O i
CRIFOISTI SPS U T [ 2 ol IR 24 ] FBIYEI R -

@ FREmE
e © T
S | o f * 8 A o wHEEET
S
£ T pEVSAT i 85 "L
5 o
5 @ T s SSAT @ 5 241
B & ]
& )
l_
s gt
UL
Time

i IESO - = AR 24 | Ry
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6~ DSA Tools 7 ERCOT Vx|

ERCOT =185 VSAT ~ TSAT 4% Areva fi9 EMS - $1 gl fir 3 £RA[IFf 60
= (Real-time mode) ') b*ﬁzfﬁlﬁ (Study mode) » ™ [ &% 73 S0 TR -

EMS

Results for
Operation

RT or Study data for
VSAT/TSAT

Message
Communication

VSAT case
{ and all data

DSA Monitor

TSAT case
and all data

¥/\

Off-line data for
VSAT/TSAT

ﬁ‘?ﬁ‘ VSAT ~ TSAT = EMS (AREVA) f Sk [l‘?ﬂ'

E\IHE\jJ:ﬁ?Q » 2 E'E'Jﬁf\?{‘ﬂ?ﬁf'ﬁj %F[UEE]I@?@B}LTF“IJB%E%%{%:@ @ﬁ@ﬁﬂﬁuﬁ
fT e #0BF_ 5 ERCOT | "] VSAT A HL - F‘F@"Fl[ﬂﬁ ERCOT < 1|12 i

Fl < Houston ~ Dallas ~ Austin S35 ([ foldsf [y » [NI=seaf (U FpPRaR e g s psinfiad L
£ [SACITEAR A g w5 i) - P IR R EIFR ORI S Pl = RS -
ERCOT [t b prail s gy T e T R R I'i L‘}H TSAT = £ Eijﬁi*h VSAT

S pIE ARG ] 14 5 5388 - TSAT s pre I ] |47 25 53 3
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S P IRG 07] VSAT S TSAT » [0l LIRS % 9 iera b Al
FURTRT o PHABL 2RI TSRLE o5 3 A7 1] 38 (day-ahead market) J smfipd - [l i 7]
IS I ORI ORE T o 8 T

I g R DSA PR SbR= » PGt FIIErR] G2 DSA Manager » 2E[0)
DSA F' A [F=eRlE 7 53 47 » gl g

* PSSE PR HIRUFH (PSS/E raw file)

o %ﬁﬁ 78 (Equipment names)

o [ PREAEA (Bus mapping)

o EJ&ET'SFEJ& (4 £ (Contingency definitions)

. Q&ﬁ,’?ﬁi‘ﬁ (Contingency groups)

e VSAT .V SPS 5 (VSAT SPS definitions)
e TSAT 7 SPS 5 (TSAT SPS definitions)
o [fifrtE: (Interface definitions)

o A FL EHAlEEL (Unit capability curves)

o 5" AGC ¥f] (Unit AGC data)

PRI PRAN R > DSA = ARIRGC S #PS4 BY DSA Manager =! [l f* AU 7]
E'J%ffﬁ EPRED R ﬁ'sf%! IF | AR o *[Hﬁf@‘”['%?%’ﬁﬁ'?‘”[‘ik P =
Jb‘”tirerL L2 ﬁ”“ﬁéﬁifég%%rfﬁ f JFFY‘];_EQ:J‘FFY’ DSAﬂj#Q%uﬁﬂﬁiiFﬁf/” [/q;ﬁyq& F > 5
el S I

A ) > SR TR » ERCOTR) DSA P ffl i il 7 %
Fw?‘[ﬁi} s — BB Eﬂj Ao bl FWE?F‘ Ak B[ B 55 £ DSA Client Server » 21| $hi~
! TJ DSA A5~ 5 I'| % computation Server » |I'JZ&Y VSAT ¥ TSAT V& ETAIA- o fﬁjﬁﬁ%ﬁ'
HARYS B o [N DSA VB 2T LS [NIRTIFMAR AN R o E ST R
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RTDSA Client Server

DSA RT Service
DSA RT Manager

EMS Server

Citrix Server

DSA RT Monitor

VSAT Interface

TSAT Interface
DSAOA (VSAT&TSAT)

UDMEditor(TSAT)
Requires protection donglep

1

A

A

RT Computation Server

VSAT Engine
TSAT Engine

Hi VSAT ™ TSAT S 3 pTE: « ik % 1 (0 faissm i o #p 37 BMS
?‘Zf@ﬁ%‘ “}I‘-“]’F'T' EatlinglaiIPAS S SRR o ?raﬁ@fﬁﬁ )

Data Server

A

Real Time DSA/
VSAT/TSAT

|

Real Time
EMS

DSA ST Service

DSA ST Manager
DSA ST monitor
DSA RT Monitor

VSAT
TSAT

DSAOA (VSAT&TSAT)

UDME

Off- line PSAT/VSAT/TSAT
Requires protection dongle

Study Server

Interface
Interface

ditor (TSAT)

j\

Study

Computation Server

VSAT Engine
TSAT Engine

Bl VSAT ~ TSAT # PR % 2

A

\/\

Voltage Stability
Transfer Limits

A,

\/\

Transient Stability
Transfer Limits

A¥

Unit Base Points |,

X

Securiy Constrained
Economic Dispatch

\/\
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DSA 57 PRSI i 2 P00 » SRR AT 2 ol BHERLT o/

EREIG R SR T A [ﬁl{/[ﬂ :

Study DSA/VSAT/
TSAT

I

Day-Ahead Multi-

: : Day-Ahead
Time Point Voltage/ 2y )
Study EMS Transient Stability Reliability Unit
Transfer Limits Commitment

\/\

B = p B FE ML AT ARR

= B BV T L R S R

FBS 13 SRR TR = o111+ 0 RO IR A
PIEROZEET e FOREA RIS o 53 AR R 1 g B ]y
o 2 0 it SR BRI O e P E €1 o SRy SR P O LT A
Urporstkimeds » g (HIPSRTRAR © WORAHS ~ ST ) F1El - U ENRIRLE ]
i —FEFIJEI{EU%* > IRy ﬁ“ SRR T 2R, O SRR s T 25
ARSI R (U2 AV ) SRR S A SR
I 'ﬁiE'Téﬁﬁi?ﬁ? e N T S e
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FL L Ry PMUF&F@@ fﬁé@«ﬁ%ﬁﬁﬁﬁn%ﬂ‘l%ﬁ R *Jﬁf%a%ﬁzﬂal
Sl T 5 r%l%‘w EMS FIORRL B85t | stk —Ff, aﬁf%@mﬁﬁﬁrwl%ﬁ@@“[l
{29 @ 53 f% - (University of Texas at Arlington) fiy f=yfi kPt 1o (Energy
Systems Research Center)LlE&ﬁJEUFﬁ*‘ ERCOT =75 — BSAE 5 Y asl ST "ﬁe%(%?ﬁﬂj Vi
o P ELER ] PMU BG5S PSSIE 'f%#%w I#ﬁ’i“éﬁf I e i 1
%Ff’” : EIP*JF%‘F:Z”’“”* Brfl R N B R - 5 BT ﬁh’:ﬁ#“'%ﬂt’ biSTNiantes
#4' PSSIE I Base Case > 57| * 7 17U EMS & [Fh;’r[;il gt SRR D

S (TR ol ;?ﬁ‘%ﬁj PR =T ﬁFJ%%—‘UE{_J{'EI#—T# o & ?[71 ST T ﬁlﬁ:

TS R U B - R SRR S LR - UTA S S
R PR 2 I T

_1‘\

3 EREE T AR R (Midwest 1S0) —i% IR R

3.1 %Fﬂ%—gﬁj
DTS - Dispatcher Training Simulator (EMS)F%@ ALpEEC 22
TTSE - Testing and Training Simulation Environment (EMS and Mmket)?EU%“?”%ﬁZ@F%ﬁiﬁ
BES - Bulk Electric System & & gEps
FERC - Federal Energy Regulatory Commission 7& [ A= <R Eﬁ% F F
NERC - North American Electric Reliability Corporation “*%‘L”F%‘J SR %‘é@ TfJéf'?f
ISO - Independent System Operator &/ F‘%‘@ Fl 1
RTO - Regional Transmission Organization Eﬁiﬁfi‘ﬁ‘ﬁﬁ}q%@%’\%
3.2 Midwest ISO Training Responsibilities 7 ;?W%‘&EF']

HEH %ﬁ?‘ﬁf@ E17"5j ( Provide Training to New-Hire Operators ) - “IJ > jﬂ fe# ~ (External
Candidates ) ~ Operator In Training (OIT)E%%%?{ ( Position Transfer) o 1% NERC ?ﬁ 1t 100
I[ﬁ'ﬁﬁﬁ@ FITRALF) B R > R 2 = & 200 -] [ F) 2 g"¥ﬂﬁ%¢@”ﬁ@ F'{E%ng
= (RC Re-certification ) & ?Fr HeF AR 30 ’J‘Eﬁbﬁ%ﬁ?”aﬂﬂ%ﬂ% 30 ) E\ij :
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33 Midvest IS0 % fi- At h - (R ZP F 300 12 1)

Sample 6 Week Schedule — 12 hour Shift Coverage

Left desk
RC M T/ wl T/FIs| sIM| T WITIF|S | SIM|ITIWI|IT F|S|SIM|TIW T|F|S | SEIM|T|WI|TI|F|S| SIM|T|WI[T
D|D|D|D R(R|R|R T|T|T|T|T HIN[HN|N D|D|D

[v]) D|D HN|N|NJN|N|N|N R|R|R|R T|T[(T[T|T N|N|N|N
N N|N|N D|D|D N|N|N D|D|D|D R|R[R[R T|IT|T|T
T T|T|T[T D|D|D|DJD|D|D M| N|N D|D|D|D R|R|R|R

R R|R|R T|T|T[T|T MIH|N|N D|D|D N N[N DID|D|D
RIRIRI|R TIT T T T NIN|N|N ODlD[D HlN|N o]

MidwestIS<>

Energizing the Heartland
3.4 FREE
3.4.1 Typical training year consists of four cycles = & {7 Jf a1

* Cycle 1 starts around end of January
*  Cycle 2 starts first or second week of April
*  (Cycle 3 starts last week of August

*  (Cycle 4 starts beginning of November

3.4.2  Offer a minimum of 70 CEH (Continuing Education Hours) each year & & = |

HLEH 70 T BT ARG U

* Hours offered each year also consist of at least 32 EOP hours required by

NERC Standard (70 7 2 R R0 I 32 /1 . gu%}@ 7 )
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3.4.3 MISO Technical Training tracks hours for RTO NERC certified personnel %} | 59
ﬁ%‘@ - Eﬁ VRIS R L P = i e Pdﬂﬁ‘?njff‘ﬁ??% ’

S ?”?W\ﬂj??ﬁ? TN F IR " SR LY
?”'Wﬁﬁr’ " R NERC 41 o

Pa -~ BB R EPRI)?S —AVC F IR B AR
4.1 FIEVEESER] (AVC) fi3%

éE'ﬂ%‘éﬁfﬁﬁﬁmﬁ%mﬂJ” IR I AN R
PP E R o ISR RER TR PSRy - S A

AVC #F1V—~  + SVR = Secondary Voltage Regulation > fIfi ﬁ %?ﬁﬂgﬁiﬁﬁ FE#(SVR
Secondary Voltage Regulation) i~ ﬁi%#E*EU£¥ﬁ1%$fi % R AY S AL
SR iy R R A [ (pi ot node) » AlF#I(real time)p 5% P it
?iﬁﬂ" ZﬂzﬁﬂgﬁiﬂIB?ﬁTFF?ﬁgtVE[EJ BAERFELTE | AVC st () = VR [ B ]
Ao RIS AVC BLAE T P - 24

4.2 EPRI ¢ AVC Vo
sk iﬁ@ﬂﬂ%ﬂﬁ‘VW%
- Lack of real-time “automatic” coordination
- “Manual” grid voltage control

Dispatching the generating units’ forecasted reactive

powers

« Scheduling the power plants’ high-side voltages

« Switching the banks of shunt capacitors or reactors
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Setting the voltage set-points of OLTC and FACTS
controllers

3iﬁmﬁfﬂlﬁﬁﬂﬁﬁﬁ( EPRI)" P39(Grid Operations)fP 7™ )~ T Feasibility
Study of Implementing Hierarchical Dynamic Voltage Control for Transmission

Systems (HDVC) o i KL7E 1 2% FLHHH SH SIS FRA .0 ik £ 1 0k

I P39 Grid Operations: Next Generation Monitoring, Analysis
and Control Towards Smart Transmission Grid

Self-Healing

Coordinated

Proactive

Comprehensive

Human-Centered

T

= ==

i‘}{‘ A
Il
3 =

I

Power Plant Transmission Substation Consumers
EPR | H55 ihe

© 2010 Electric Power Research Institute, Inc. All rights reserved 3

%‘;@Sﬂ?‘q—“} J’ﬁﬁ%]‘?ﬁ( EPRD).” P39(Grid Operations)?f@'ﬁnf F= RS - E‘l%ﬁ?ﬁ'éﬁ?ﬁjﬁﬁ[ﬁ?—ﬁ NZ R
P ERIEREDE ~ 5 PTERA)  fBh SR I EPRT PR LR THRE A 2R R
AR ~ 5] ffﬁgﬁgk’ﬁjﬂﬂjp[g[ﬁ:-ﬁ | %l
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SN T

5-1~ B7TPR ?ﬁ‘@flm ERCOT ¥ 69KV~ 132KV = 345KV FEafft o FEfi ~ £7H047 4 ?ﬁ@ ° 58
FE ~ AT IR~ 0 SR o P ERCOT #7145 (1 o BRIE i
B TRt AT[E 4~ 55 > 53[7% Dallas ~ AEP ~ Houston ~ LCRA ~ Austin 3 i*lﬁ
B+ ERCOT 3 ¥t {1 FVA-L 654D 64GW - 2010  Uffi ™| BI =45 21.3% » 2011 &
= 0015 & T & JEH= 79 13 -
5-2 ~ ERCOT il S5 R 5k o {8 [y reease 2 [ /AR © o=t > ) 3~4 [y pmecee %L
PR ARG (R R B LE% R Ffrﬁ'ﬁﬁl JEEL AR
5-3 ~ ERCOT #5%] 500 %4 £ gi‘ PRI (ER= 175 > #1475 E‘J’Er'o?if*‘ JT B
A @f&wg 125 % 15 kTS T H[ 2 ZSEH TR
ﬁ%%f%ﬁﬁ?ﬁ@ 5 M HiHI2 N AR AL R 1R R @ﬁ SR
o {lE (RS = A ~ ] kF’ﬁ‘”‘" ]E“”F 1 LF‘?‘@? %J F' A(supervisor)l * o ”ET
%B{'—‘fﬁ"(ﬁé A% 30~40 & o EEREREYFY 05 (ﬂ. )'Pvzrr[ ’ Frﬁﬁ?mﬂ'ﬂj
s

26

5-4 ~ ERCOT iU FY (A fIZHEE) B 5 ~ > B 2212 /1 B » BROOT FOpE il - - 1
R LT E‘Jﬂﬁﬂf [T RREHT LS R A e S R
B BT s ST Austin Il ~ 15 BHESRS 30 JTED 0 59 40 ST EEEI -

5-5~¢ﬁ'5ﬁ*‘%§53/ @’ 1SO (ERCOT) ® Midwest ISO » H ST #_F » §R [ Ao
HE fﬁf‘ﬁ?ﬂﬁﬁﬂﬁ@ A AR TV R rﬂllkarj ISO) Fift = F [t'ﬁﬁ.
i G i S i (RTO) st 1= F| N £ = [T
IT £ 0 POt » SR gy vt et ﬁﬁﬁ@?ﬁéﬁi’\%&ﬁ“fﬁ(’?ﬁ@b
B f ~ PRI VR Y S R R T MR Bl R I
= R TS TIRA B e 0 b A i#%’iﬁfm%lsoﬁﬂj 11 WA
BV~ Ry E PR o T (A ETE Y OB IS0 B[l T 1 iR *EHFJ/T
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