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Transmission Line
Line Impedance
& Angle Control
&

Load

Voltage Control
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(1). Thyrister controlled reactors

(2). Thyrister switched reactors

(3). Thyrister switched capacitors

(4).Static Var Compensators(SVC)

T RATH 2 g =

(1). Thyrister Controlled Series Compensation

17



(2).STATic synchronous COMpensator
(3).Static Synchronous Series Compensator
(4).Unified Power Flow Controller
(5). Interphase Power Flow Controller
8. FACTS & * 4% 73 "A7" PRAF 2L 7 P
(1).32 % #&
(2). 24 %%
(3). #& w7
(. ffFm
B).&* FE
(6). 48 3 41
(7). § $35 R
8. 24 HzE
9. FACTS #* #ti 21970 & i~

thyristor switched and/or controlled

reactors and capacitor banks to provide the
dynamic compensation.

|_‘ ; -

r N [ )
Q00 .
00 v Vg
T I Iy
L Static Var Compensator (SVC) ) |L1"]1:'.'t'i~i1‘1}1‘—IL';0|J|tr11~]]ra-1:l Series Capacitor {TCSCL
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10. FACTS #* % B iw&-1980 #

In the mid 1980s, EPRI led the technology development of
Flexible AC Transmission System (FACTS). A new group
of synergetic transmission system controllers with names
such as STATCOM,; the Static Synchronous Compensator;
SSSC, Static Synchronous Series Compensator; UPFC,
Unified Power Flow Controller; and IPFC, Interline Power
Flow Controller. These controllers are based on the use of
Voltage Sourced Converter (VSC) technology.

— 1

- - - -
000 v 000/ P
TOO t BO0
—— L I —— 8
Static Synchronous Static Syopchronous Series
, Compenzator (STATCOM) Compenszator (5550 y
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(2). BT &2 5 # & £

(3). KM S * 5 - WA 22 1.25

Thyristor-Based VSC-Based
100%

# I Solid-state devices
[ Magnetic components
O Auxiliary components
[ Passive components

# I Ficld construction

MR BRRERFEONSC) F AE2 E2EF G BlA-T
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U1 R4 B (VSO L W T
(1). VSC 442 3 42

+ Basic building block of FACTS
devices

« Operates independently of
strength of connected AC system

+ Uses gate-turn-off solid state
switches, e.g. GTO, GCT, IGBT

Tramsmission Ene

=

L%_
l_‘
C

(zate Turn Off
GTO, GCT.I1IGBT

llcz“I%"j [
le—1

HStatic Symch roormes ues O coxrem e o= EStao
— S W AT O —

S TATCOIVI

wWoltage Conmnmtrol
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(3). SSSCCa B reyd41)

W

—'—F%—'—F
o]

L=

Static Symchromnows
Series Com pensaitor
- SSsSSs5C -

Vo aa

SSSC

Line mpedance control

(4)UPFC( T B ~ REIEFLE 40 & 32 41))

I+

o v
i EE%E
v, *l‘,

L

3

Lt

~ Ve

&

/4

3

STATCOM

Unified Power Flow Controller (UPFC)

555C

UPFC

ol

Voltage, line impedance,

and phase angel control

(5).Back-to-Back( & & 2 ¢ 4 & ﬁi;—la‘:";#'l)

System 1

B .

— System 2

Wa
Fi=
A

BEack-to-Back

Synchronous Tie

Back-to-Bac

Voltage and power transfer control
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(6). [PFC(#ER P 7 4 4% )

SES55C SSSC

Imterline Power Flow Contraoldler (IFFC)

I P F—- ELECTRIC PO
Interline po e@&ﬁ‘g‘é

(1). Thermal Limits

(2)Uncontrolled Power Flows

(3)Stability Limits << Thermal Limits
LR T

Themd Limit

ﬁ Uncortrallec Pover FlowLimit
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Bi directional Power Flow &
Voltage Support

P Dragram Baegadad on 36 MW A, & Mvar Filter Bank
1 - v - - - -

Reactive Power @ in pu (+ cap)
EEETEEEE

- -.:- R s - 2 L - =a - -:-l
Active Powar P in pu
Al

oo EE T e acoo

(2)Fast and Transient Free V and Q Control

Fast and Transient Free
SN

FRIMARYSY WiOLTSaSGE (S-FHOaSOSSER

[AVAUR AVEVRAVAVAVATAVAY

—

ETAETIEOM IMSTAMNTAMNECFINESE REACTIVE CCURRERNT

(BH 4T @

24



Increase of Power Transfte

Whithvowut ILIFFC

Big
Sandy o 670 ne= )
100%% as -3 r i 4% at 27"
146 185
Wiinthh UWPFC
Eig
Sandy 250 G ez

100%%: at -1.2

(DT 4 B2

Full Control of Power Transfer

AEPF UPFC COMTROLLING POWER OHMN
ElIZ S AMNDY -INEZ LIMNE

1.0
| MNEZ DUS VOLTAGE JFo) |
'
=ES T T T T T T T T
a 1 = 2z aa =z ea = L1 BT naD
zoo 4 — R EAL PO SR (P M
——
— WE REACTIWE O EE ) e a
o e
PEY-1-30 N P
-2on 4+
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14.EPRI § 2 FACTS %% % $ -4 W& 2

(1). Thyristor Controlled Series Capacitor (TCSC):

“Line Impedance Controller” 208 Mvar TCSC at
Slatt Substation (BPA) 1993

(2). Static Synchronous Compensator (STATCOM) :

“Voltage Controller” £ 100 Mvar STATCOM at
Sullivan Substation (TVA) 1995

(3). Unified Power Flow Controller (UPFC):

“All Transmission Parameters Controller”
25



+ 160 MVA Shunt and = 160 MVA Series at
Inez Substation (AEP) 1998

(4). FACTS Controller “Back-To-Back HVDC Tie”
36 MW at Eagle Pass (CSW) 2000
(5). Convertible Static Compensator (CSC):

“Flexible Multifunctional Compensator”
+ 200 MVA at Marcy Substation (NYPA) 2000 & 2002

Ao Bl AT

I EPRI Sponsored FACTS Installations

Unified Power Flow Controller (UPFC): | -
_ “All Transmission Parameters Controller” I !
f %. + 160 MVA Shunt and £ 160 MVA Series at ‘1‘ g

% Inez Substation (AEF) 1298

/,,Af,J“Flexible Multi-
L« functicnal

Compensator”

Thyristor

Controlled Series 2000 & 2002

: Convertible Static
| Compensator (CSC):

+ 200 MVA at Marcy
Substation [NYPA)

Capacitor (TCSC):
“Line Impedance
Controller”

208 Mvar TCSC at
Slatt Substation

(BPA) 1333 , 3 b i
I Static Synchronous

“Voltage Controller”

FACTS Controller
“Back-To-Back HVDC Tie"
36 MW at Eagle Pass (C5W)

1985

il + 100 Mvar STATCOM at
g Sullivan Substation (TVA)

2000

15.EPRI § # 2 FACTS £%k 7 -2+ R

TSI N E SRR L A W2 R BT BT

26



l FACTS Installations Worldwide

£ 3292 Emstre Power Resarcy isdbas, ke A7 dghis messems. a1 — m— e

16. FACTS F %83k % (STATCOM) 4= Bl #77%

Sullivan Static Compensator (STATCOM)

« TVA-EPRI-Westinghouse
project

= Continuous voltage and
reactive power control

= Enabled TVA to avoid
building a new transmission
line

L 1 g [ || v

3797 Cnstre Povar Ransarss instos, e A7 ights ressnes. az

17. FACTS 5 %83k % (UPFC)4-™ Bl 777
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Inez Unified Power Flow Controller (UPFC)

- AEP-EPRI-Siemens project

+ Increased power transfer on
158 kW line from 600 MW to
700 MW

+ Provides voltage support to
improve system reliability
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1. PSO1A feeip % 4 & L R &Fe TR ~ BE ARG % 2 58 R g
T4 % 47 3A (Improving PQ and Reliability with T&D Design,

Maintenance and Planning ) » 7 7 = % 7

TR &AEF 72287 7 P001.001 (PQ Issues

LIS o= AR r‘%%‘f’iﬁi%lﬁa?x 7
and Solutions for Transmission and Distribution ) °

" R4 R Ao 2 7 P001.002 (PQ  Benchmarking

-9

and Standards ) -

= T EF AL E 2 Ao B2 7 P001.003 (Support and

Development of PQ Analysis Tools ) -

2.PSOIB ep F A &R FHELET A EHRERRA X FFE R 1 tg

gk 2l se (Integrating PQ Monitoring and Intelligent Applications to

Maximize System Performance ) > # 3 = % 3

# 7 P001.004 ( Integration of Data from Multiple
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w TR kA A 277 P001.005 ( Advanced Applications for
Monitoring Systems ) -
= TR KRB &g ™2 7y P001.006 ( Monitoring System
Development and Management ) -
3.PSOIC e % 3 & AR JMfrf PR T4 SFMF L > Aoy
2. 72 7 (Achieving Cost Effective PQ Compatibility between the
Electrical System and Loads ) » # 3 = % 7
" R OH 2k A F A A 3 P001.007 ( System Compatibility
Research ) -
= R EfRL (R F )RR s 2
P001.008 ( Emerging PQ Technology Assessment (Energy Efficient
Technologies) ) »
"H 2 kel & A4 3 P001.009 ( System Compatibility
Resource Tools) -
4. PSOID mehp 7 1 & 7 4 S FHES oo g B 2 i (PQ
Technology Transfer and Knowledge Development) » # = % 7
"R E RSz EgeE Sy P001.010 (PQ Knowledge
Development and Transfer ) -
" PETSERFOSBETA BT BP oS

e Subscription to EPRI’ s PQ Knowledge-Transfer Electronic
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Publications and Resources:
e PQ Hotline:
» Power Quality Online Resources via MyPQ.epri.com website:

» Discounted Registration for PQA/ADA North America Conference
and Exhibit

North American PQIG Workshop:
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CAISO ey if B 5 -
® Integrity =T =
® Teamwork B4 & i*
® Excellence if F4 4%
® People-Focus ™ 4 3 *

® Open Communication < jix = B#

CAISO eyt g
® Renewable Access £ # s i e 3
® Renewable Integration £ # it ki chf &
® Wiater Quality Regulations -k % i mgﬁ i
® Air Emission Standards % /5 sk %
® Smart Grid Technology #F £ 3| & e crfd H

® Energy Storage it ik &%

CAISO 1§ 4 3] fEit
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Figure 1-1: Overview of the ISO Transmission Planning Process
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® Reliability Assessment ¥ & =%

® The ISO Short-term plan and Operating Guide ‘= 3+ 4 7 & #&
o

® Economic Planning Study 5 #»x 7 315 4% 3

® Long-term Congestion Revenue Rights & #f # % Jc » #

® Local Capacity Requirements ¥ % Z £ % &

® Once Through Cooling -k 4 #rF* §82_ f24-

2011 CAISO TP Technical Studies 4 it 4 :

¢ Reliability Assessment: # & NERC/WECC 4= ISO reliability
criteria

e Study Scenarios - 12 study areas (z WECC = #%)
e Frequency of the study - = #

e Scope -

e Normal conditions (TPL 001)

e Following loss of a single bulk system element (TPL 002)

e Following loss of two or more bulk system elements (TPL
003)

¢ Following the extreme events resulting in the loss of two or
more system elements (TPL 004)

o i i ¥ % # & NERC NUC-001-2, NPIRs, ISO TCA
e i&3t# i»-2011, 2012, 2013, 2014, 2015 and 2020

o it

e Generation Projects
® Peak demand - summer peak, winter peak, summer off-peak or
47



summer partial-peak
e Stressed Import path flows
e Contingencies
1.Loss of a single bulk electric system element (Category B)
Loss of one generator (G-1)
Loss of one transformer (T-1)
Loss of one transmission line (N-1)
Loss of a single pole of DC lines
Loss of the selected one generator and one transmission line
(G-1/N-1), where G-1 represents the most critical
generating outage for the evaluated area

2.Loss of two or more BES elements (Category C)
Loss of two transmission facilities on the same corridor
All double circuit tower line outages
Loss of 2 nuclear units
Bus outages
Selected number of two element outages (C-3
contingencies)

3.Extreme contingencies (Category D)

Loss of California-Oregon Intertie (3-500 kV lines) in
Northern California Area

Loss of 500 kV Tesla substation in Northern California Area

Lugo Substation Outage (One voltage level plus
transformers)

North of Miguel common corridor outage (combined 230kV,
138kV and 69KV line outages)

Loss of 3 lines South of WECC Path 26

Study Base Cases - from WECC

Transmission Projects - < % z.2. TP

Demand Forecast - 4r itk + BT & T F s

Reactive Resources - & 3£ generators, capacitors, static var

compensators (SVCs) and H & % % .
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e Operating Procedures - ¢ #

® Firm Transfer

—\\

LS

Rl
=
=
1%
2
jﬂ:

Table 2-7: Major Path flows in northern area (PG&E system) assessment’

Path Flow (MW)
Summer Off-Peak

Limit (MW)

Summer Peak

Winter Peak

Path 26 (N-S)

+4000/-3000 4000

4000

-1619

Path 66 (N-S)

+4800/-3675 4800

4800

-3679

e Protection System

Table 2-10: List of key protection systems modelzd in the study

RAS | 5P5 Mame

Middl=town UVLE

Descriptions.

Trip Middletown substation load under low voltages conditions.

Humboldt SPS5

Trip load in Humbold: under low voltages conditions

Alameda Overload SPE

Drops City of Alameda load following the overload of Oakland cables.

Bay Arsa UVLE

Trip local distribution load. When detects low 230 kY voltage at Newark,
Manta Vista, San Mateo.

Bay Meadows OL SP3

Trip one or two Bay Meadows distribution feeders. After loss of any San
Mateo - Bay Meadows 115 kV line.

Eastshors 2301115 kW TB &1
and #2 Overload SPS

T&LD, and intiate breaker failure on the associated transformer high and
ow side breakers if loading above emergency rafing. Scheme is normally
cuf out except for specific clearances.

Evergreen - San Jose B OL

Trip San Jose CBs 112, 122 following the OL on Evergresn - San Jose B

Gilroy Energy Center SPS

Trip up to 51 MW gen at Gilroy Energy Center if OL on Llagas - Mergan Hil
or Llagas - Metcalf 115 kW lines.

Grant - Eastshore OL SPE

Trip Grant feeder breakers 1105 & 1108 if OL on Grant - Eastshore #1, #2

Metcalf - El Patio OL S5P3

Trip El Patio CB 142 (El Patic - 3J A) if Load = 980 A on sither Metealf - E|
Patio #1 or #2 115 kV line.

Meicalf 3PS

Trip load and curtail generation following the loss of Moss Landing - Metcalf
ar Metcalf - Tesla

Monta Vista M-2 OL SPS

Trip Monta Vista - Jefferson #7 and #2 230 KV lines following loss of both
Monta Vista #3 & #4 230 kV lines.

Moraga - Cakland J OL

SPS

Trip Oakland J CB 122 (Jenny) if load = 750 A on Moraga - J

Mewark Dumbarton OL SPS

Trip Dumbarion CB 132 if OL on Mewark - Dumbarton 115

San Francisco RAS

Trip Area Load after MNERC Cat O loss of area generation or transmission.

South of San Mateo SPS

Trip up to 800 MW of laad in the peninsula if 115 kW Line OL caused by M-2
230 kY outages.

Mirage Cverpower
{Undarveltage Relays

These relays ars to prevent low voltages or line overloads in the Inon
Mountain/Eagle Mountain/Julian Hinds area by tripping the Mirage-Julian
Hinds 230 kV line

WD Eagle Mountain
Thermal Relay

Thee thermal overload relay will trip Eagle Mountain-Julian Hinds if an
averload is detectad an the Iron Mountain-Eagle Mountain 230 kY line.

West of Devers Owverload
g

Protection Schame ["WOD

5757

The WOD 3P3 was put in service in June 2007, The cbjective of this
scheme is to mitigate the existing overloads on West of Dewvers 230 kYW
ines. The WOD SPS includes fripping of two Devers 500230 kY A&
transformer banks under certain sysiem configurato
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Table 2-10; List of key protection systems medelad in the study (cont)

RAS | SPS Name

South of Luga {(20L) N-2
5P5

Deseriptions.

This remedial action scheme was put in operation in June 2005 to trip up to
3 "A" station loads (Mira Loma, Padua, and part of Chino) for a total of
about 1100MW to 14000W if any two 500 kW lines were lost on the South
of Lugo path.

Mariposa UWVLE

Trip load in the area if under veltages detected

Ashlan 230 kv UVLS

Trip load in the area if under voltages detected

MeCall 220 kV UVLS

Trip load in the area if under voltages detected

Stagg UVLS

Maonitor the Stagg 230 kV bus voltage and curtail load to mitigate post-
confingency low voltages problems which could result from a sustained
autage to the Tesla - Stagg and Tesla — Eight Mile Road 230 kW Lines.

Blythe 575

There is an existing Blythe 5PS to mitigate the overload on the lines out of
Blythe 181 KV In June 2010, the Blythe | project will lzave the Westem
Area Power Administration, Lower Celorado (WAPA LC) control area and
connect to Julian Hinds 230 kY with a gen-tie line.

Low Woltage Load Shedding

[LVLS) Schems.

This remedial action schame was put in cperation in the mid-1280"s 1o
prevent a low-voltage condition resulting from the simulianeous loss of the
Luge-Mira Loma 283 and Lugo-Serrang (or Luge-Mira Loma 1, after Lugo-
Serrang is looped in at Mira Loma) 500 k

Yolo 115 kW UVLS

Trip load in the woodland area if under voliages detected

Figarden 230 k' UVLS

Trip load in the area if under voltages detected

500K\ TL 50001 IV
Generator 53PS

Trip generation at CLR 11 and TOM under contingsney conditions

Miguel! transformer
protection

Manitars the loss of fransformer and the loading on the remaining
transformer

Ctay Mesa — Tijuana 3PS

A redundant scheme is installed to protect the line from loading abowve its
cantinuous rating

TL B48 80 kW SPS

An SPS to protect TL 648 from thermal overload for an outage of TL 5910

e Control Devices

e Study Tools - GE PSLF, DSAT tools software

e All shunt capacitors in SCE and other areas

e Static Var Compensators at several locations such as Potrero,
Newark, Rector, Devers substations

[

DC transmission line such as PDCI, IPPDC, and Transbay

Projects

e Study Methodology

e Power Flow Contingency Analysis - NERC, WECC

e Post Transient Analyses

e Post Transient Voltage Stability Analyses

e Post Transient Voltage Deviation Analyses

¢ \/ltage stability and Reactive Power Margin Analyses
([ ]

Transient Stability Analyses
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Table 2-11: WECC Transient Stability Criteria

Performance Disturbance Transent_‘u'o!tage Dip Minimum Transient
Criteria Frequency
Generator Max WV Dip — 25%
One Circuit Max Duration of V' Dip

59.6 Hz for 6 cycles or

) o
Exceeding 20% - 20 cycles |~ " bus.

One Transformer Not to exceed 30% at non-

PDCI load buses.
Two Generators Max W Dip — 30% at any bus.
Two Circuits Max Duration of ¥V Dip 59.0 Hz for 6 cycles or

Exceeding 20% - 40 cycles |more at a load bus.
at load buses

IPF DC

Local Capacity Requirement (LCR) - The local capacity studies
focus on determining the minimum MW capacity requirement within
each of local areas inside the 1SO Balancing Authority Area.
Economic Planning Study

The 1SO Short-Term Plan

e 1&mp 234 d Grid Operations f &

e 13 5#2 3% d Marketand Infrastructure Development §

¥
Long-Term Congestion Revenue Rights (LT-CRR) - The primary
objective of the LTP CRR feasibility study is to ensure that any
existing fixed CRRs allocated and auctioned as part of the CRR
annual allocation and auction process remains feasible over its entire
10-year term as new and approved transmission infrastructure is
added to the network model during the same time horizon.

Once Through Cooling - Approximately 30% of California’ s

in-state generation capacity (gas and nuclear power) uses coastal and
estuarine water for once through cooling

Contact information
Stakeholder comments and ISO responses
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N R

. 2010 Final California I1SO Transmission Plan
. 2011 Final California ISO Transmission Plan

1
2
3.
4

California ISO Planning Standards

. 1987-PES-SpecPub-SVC-Larsen Chow SVC Control Design Concepts

for System Dynamic Performance

.1987-TPS Younkins ABWR A COORDINATED MULTIVARIABLE

CONTROL SYSTEM DESIGN FOR AHVDC LINKED REMOTE
ABWR NUCLEAR POWER PARK

. 1995-TPS-Larsen Sanchez Chow 00387938 CONCEPTS FOR. DESIGN

OF FACTS CONTROLLERS TO DAMP POWER SWINGS

. 2004-TPS-Xuan FACTS01295002 A Common Modeling Framework of

Voltage-Sourced Converters for Load Flow, Sensitivity, and Dispatch

Analysis

. 2005-TPD-Xuan01458875 A Dispatch Strategy for a Unified

Power-Flow Controller to Maximize Voltage-Stability-Limited Power

Transfer

. 2006-CIGRE-Paris-NYPA-CSC-OTS A Novel Operator Training

Simulator for System Dispatch of Multi-Functional FACTS Controllers

10. 2008-TPD-Xia reg modes A Novel Approach for Modeling

Voltage-Sourced Converter-Based FACTS Controllers

11. 2009-TPS Fang Sensitivity Methods in the Dispatch and Siting of

FACTS Controllers

12.2010-TPD-Jiang Stab enhancement Transfer Path Stability

Enhancement by Voltage-Sourced Converter-Based FACTS

Controllers
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