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Dominion Energy Virginia/NC

e Electric Transmission

e 6,600 miles of transmission lines in
Virginia, North Carolina and West
Virginia

e Electric Distribution

e 57,600 miles of distribution lines in
Virginia and North Carolina

e Serves 2.6 million customers
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About Blackstart

e Energizing the grid from total blackout

e Has never happened in mainland USA

24 JULY 2017

e Need to be prepared

POST HURRICANE MARIA - 24 SEPT, 2017

Hurricane Maria
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System Restoration Plan (SRP) study

= Began in 2013, on-going today
. _ . ET Op. Eng — Dominion SOC
= | ead: ET Operations Engineering

= |Internal Collaboration:
= ET System Protection Engineering
= ET SOC
= ET Planning
= Dominion Generation l T
= Dominion Distribution

Consulting firm
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Major tasks

= Study the feasibility of the paths (Load flow study)
= Study blackstart path dynamic behaviors
= \alidate existing protection schemes

= Real-time decision support tool
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Load Flow S

tudies
PSS®E  vuuenss

@ Copyright 1976-2016 Siemens Industry, Inc.
Siemens Power Technologies International

This program is a confidential unpublished work created
and first icensed in 1976 1 is a trade secret which is the
property of Siemens Industry, Inc., Siemens Power
Technologies International. Al use, disclosure,
andior reproduction not specifically authorized by
Siemens Industry, Inc., Siemens Power Technologies
International is prohibited. This program is protected
uneer the copyright laws of non-LU.S. countries
and by application of international treaties.

All rights reserved under the copyright laws.
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Generation output (MW, Mvar)
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PSS/E study example

@ Blackstart unit

A 500

U.

B 230 CPS
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PSS/E study example

@ Blackstart unit

1.0087

A 500

U.

B 230 CPS

2 .
Z o

CONFIDENTIAL — Restricted Distribution



PSS/E study example

@ Blackstart unit

1.0087

A 500
1.0075

U.

B 230 CPS
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PSS/E study example

@ Blackstart unit

1.0087

A 500

1.0222 1.0237

U.

B 230 CPS
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PSS/E study example

@ Blackstart unit

1.0087

A 500

1.0237

. 1.0243 1.0222

B 230 CPS

D.
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PSS/E study example

@ Blackstart unit

1.0087

A 500

. . 1.0108 1.012

1.036 B 230 C PS

1.0115

U.
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PSS/E study example

@ Blackstart unit

1.0087

A 500
. . 1.0108 1.012 1.0115 .
1.036 B 230 CPS D

e All voltages are maintained within 1+0.05 p.u. for energized system nodes

e More loads can be picked up when more black out area is energized
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Bus status for restoration path A

Step 1-2 Step 3-4 Step S5-7F
Base

Bus (kW) vVoltage Angle vVoltage Angle vVoltage Angle
(p.u.) (deg) (p.-u.) (deg) (p.-u.) (deg)

i 13 .8 10087 -51.29 1.0087 -51.29 1.0087 -51.29
2 230 1.0087 -53.53 1.0087 -54.01 1.0087 -54.28
3 230 1.0082 -53.81 1.0082 -54.29 1.0082 -54.56
£ 230 1.007s5 -53.95 1.0075 -54. .43 1.0075 -54.7
5 500 1.0327 -53.95 1.0327 -54.43 1.0327 -54.7
[ = 230 10087 -53.53 1.0086 -54.05 1.0087 -54.32
7 230 1.0087 -53.53 1.0085 -54.0°7F 1.0087 -54.35
s 13.8 1.0047 -53.48 1.0126 -50.67 1.0025 -50.89
= ] 230 - - 1.0083 -54.13 1.0087 -54. 42
10 230 - - 1.0071 -54.4 1.0086 -54.T73
b I 115 - - 1.0016 -54.19 1.0018 -54.4°7
iz 230 - - 1.007 -54.43 1.0086 -54.7T6
is 230 - - 1.0075 -54.43 1.0105 -54.81
14 230 - - - - 1.0111 -54.84
15 230 - - - - 1.0116 -54. .89
16 115 - - - - 1.0048 -54.94
) 230 - - - - 1.0116 -54 89
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Machine status for restoration path A

Step 1-2 Step 3-4 Step 5-7 Power
Machine ?:;T ::-:;J; PGen QGen PGen QGen PGen QGen Reserve
(MwW) | (MVAR) | (Mw) | (MVAR) | (MW) | (MVAR) | (Mw)
1 13.8 72 33.214 | -0.2089 | 40.342 | -0.0849 | 44.369 | 0.011509 27.631
2 13.8 72 0.6 -3.3915 50 3.4845 50 -5.04305 22
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Load flow study vs dynamic study

State «—— Power Flow Based
(Voltage) Contingency Analysis
finds this new point
Time
Event
Transient Stability simulates
. _~" how you get from the initial
State < state to a new steady state
(Voltage) System “blows up”
& and goes unstable
v U ~ Time
Event

? Dominion
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Dynamic study for Blackstart

AR TERRATT

" ,r'rxg"'; — o\ N = [ ] e
" Transient response _'ﬁ-, "l foeTs leare ) — “—'*'i,*_" _TL T
Ve |w ore =
|_’:.E P T|«
" Generator control Vi gy

= \/oltage control = }-
" Frequency control '

" [sland synchronization

= Protection validation

" Dominion
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Hardware under test:
Relay, GPS clock,
Substation computer,
FACTS controller

RTDS Lab in Dominion Energy

= Multiple analog I/O and digital I/O

= Advanced Studies: Root cause analysis, FACTS, Harmonics, Blackstart,
Protection, Inverter testing, etc

CONFIDENTIAL - Restricted Distribution
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Dynamic study of Blackstart in RTDS

,,,,, & [

Dominion

. | H H —
Protection validation == Erergy
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Dynamic analysis of Blackstart
= All the cranking paths are built in RTDS

= Dynamic response of each step is simulated

= | ots of efforts

=  Network reduction
= Model validation (on-going process)
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RSCAD model of a particular path
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Dynamic simulation in RTDS

= Dynamic responses are captured after each switching step
= The frequency and voltages should remain within the acceptable limits

1.001 |
60.05 | 1L
~~ /5
T 60 % 0.999 |
g S 0998 |
& 5995 | 3
2 =
E ()
g & 0997 |
% 599 | £
n > —Bus3
0.996 |

15 1.52 1.54 1.56

© t(s)

" Frequency and voltage response after a switching step
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Islands synchronization

Core Island 1

Core Island 3 Ly
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Islands synchronization Example

Y K

®-O{F—

P

B

[E= 1

Island 1
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e
MN4B5A

sysa

Islands synchronization Si

Thresholds:
5 degrees

0.1 Hz

5% voltage mag diff

Breaker Control
GRID1
Control
Status —
---- Sync-check ---- N4ESCh
W1 Refim g

V1 W1 Freq.
N

\ 5

A
V2 W2 Refim e

W2 Freq.

sysck

_rids_BreakerControl.def

CONFIGURATION | Breaker Status | 25 Synchro Check Element | VT Parameters

Name Description Value Unit Min Max
StrivalAdiff Maximum Angle Difference 15 degrees (0.0 100.00
StrvalFdift Maximum Slip Frequency (pickup) 0.2 Hz. 0.0 3.0
StrvalVdiff Maximum Yoltage Difference 5.0 % 0.0 20.00
FgenH 1 Frequency = V2 Frequency HO |- V] 1
VgenH V1 Voltage = V2 Voltage HO |« V] 1
Strval2751 Minimum V1 Voltage 0.5 volts 05 200.0
Strval2ys2 Minimum V2 Voltage 0.5 volts 0.5 200.0
DeadBus Enable Dead Bus (V2) Check YES |' 0 1

Update | | Cancel | | Cancel All |

1.2
096667
0.73333

0.5
0.26667
0.03333

-0.2

1.2
096667
073333

0.s
0.26667
0.03333

-0.2

an

20

-20

1.7
113333
156667

i}
156667
113333

21T

131135

0.1861
106084
106442
118968
131494
144018

mulation Results

CLOSE

GRIC

Mdiffd,

EhaSEd\ﬁ

iff

1.66667 3.33333
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Protection validation: Hardware-in-the-loop

e Relay should operate correctly during the restoration

e Much different condition during blackstart
High V & high | signal

Doble-Amplifier

,,,,,,,,,,,,,,,,,,,,,,
..............

Cwm == R

Analog V & | signal
Digital trip control action
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Hardware-in-the-Loop Relay Testing

e Possible Problems:
e The fault current may be less than the relay pick up current.
e Time inverse overcurrent functions may respond slower than normal.

* The relay may misoperate when the fault happens during the blackstart
switching transient.

* Following conditions are tested:

 Normal blackstart switching operation should not trigger protection
relays

e Relays should operate correctly towards faults during blackstart steady
state operation

e Relays should operate correctly towards faults during blackstart
switching operation
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No-fault during Blackstart switching event

Relay .,
Y ¥

/e ! i
~ i i
LY ; |
B . i
i First zone (80 %0) ! I

: Second zone (120 2%6)

19.46M “FIMVAR 2. 11MW + 1.11MVAR

2MW + 1MVAR

ubsystem #1 |Tg| ©

Relay: SEL-421 Line Distance
Protection

*Blackstart switching event did not
trigger Relay Function.

*Relay operated properly.
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Zone 1-Single Phase to Ground Fault during blackstart steady state

et
+ >
S o
n Y O o
> ) Q
%0 2 &
= o 2o
Qo o

T 3 S n =

)] wn W —

wn Q @) ((J]

(qv] o c Q.

c > (V)] (@)

o O — Pl

)] Q.

< @] c

~ 2 © a

— - o AN..L

- ) c 2! O

N .8 . &£x20IX o

b e =0 TN Qo

== Y = e e e e o

2 5 O ¢ © O

FEEE 2

LL O o O o ®



/one 2-Phase to Phase Fault during blackstart steady state

First zone (80 %0)

-
i v
|
I:
L L ./ i
I~ - .
> (1]
19.46MW +2 54MVAR 2.11MW + 1.11MVAR _®_ Second zone (120 %)
l Q 15MW +5MVARE 7 —
-

2MW + 1MVAR

Faults: Zone 2, A phase to C phase fault

Relay

/

Results:
*Time-delayed backup Relay function waits i
for half second, then trips the circuit breaker
*Relay front panel shows: ih%}%&
*TRIP I
*TIME
*/ONE2
*PHASE A <
*PHASE C ==,
*Relay operated properly.
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First zone (80 %%)
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Zone 1-Single Phase to Ground Fault during blackstart switching operation
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Time-Inverse Overcurrent Backup Protection Scheme Test

Subsystem #1 | O Subsystem #1 Tg| O

U N R LA L
e III|| |||'|| LEIRTR I|||||| ||||||]

||||'|||'|||I'|..|'I||'l||'lql g I 1
R e R Y P TP

1
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SmaII Load (5I\/|W) Relay tr|p at 2 35 Large Load (4OI\/IW) ReIay trip at 3 3s

Subsystem #1 | O

Faults: A phase to ground unbalanced fault
Relay:
*Time-inverse overcurrent backup protection

scheme
*Primary line distance protection is disabled.

3333333
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T o il i | Results:

*Overcurrent backup protection scheme is
”””””””””””””””””” ‘ , Dominion
Larger Load (80I\/|W) ReIay didn’ ttrlp delayed and did NOT operate. 2= Energy




Real-time decision support

RTDS
Path 2
Path 3 Path 4
Path 4

Power Grid SOC

? Dominion
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Conclusion

e |n the future, RTDS will be used extensively in Dominion blackstart studies, such
as:
* Improve generator and load modeling (PMU, DFR)
Validate more complicated protection schemes
Automate the process for different paths in SRP
Refine the communication procedure/method with SOC
Real-time decision support

e RTDS will play much more important role in blackstart

" Dominion
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Questions?

If you have additional questions, please contact me at:
Dr. Ren Liu ren.liu@dominionenergy.com

" Dominion
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