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Introduction ...

 The driver for the Arc-Flash-Hazard assessment study was an
Engineering Risk Assessment Process (ERAP) Report of
September 2009 and compiled by RWE Power International.

 Required for the purpose of injury prevention and determination of
appropriate levels of Personal Protective Equipment (PPE).

 The incident energy and flash protection boundaries are
determined based on the following two available standards for arc
flash analysis: National Fire Protection Agency (NFPA) 70E-2009
and IEEE Standards 1584-2002 & IEEE 1584a 2004.
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Background — TCC Single Generator details ...

« Manufacturer: ABB

e Rated output: 500 MVA
« Voltage: 21 kV

« Rated phase current: 13.75 kA
« Rated power factor: 0.90
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6.6 kV Switchboard ...

« ABB ZS1/ZVC switchboard.

« Comprising Type ZS1 draw-out vacuum circuit breakers.
« Metal fuse contactor switchgear Type ZVC.

e Busbar rating 3150 A & tee-offs 400 A.

e Original relays — ABB Type SPAM 150C & SPAJ 140C.
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Calculation methodology ...

1.
2.
3.
4.
5.
6.
7.
8.

Compile SLD model in ETAP.

Determine the various fault scenarios.
Carry out short-circuit analysis (SCC).
Apply various fault clearing times (FCT).
Calculate the incident energy.
Determine the hazard/risk category.
Mitigation practices.
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Carry out load flow study for validating model.
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Compile ETAP 7.5 SLD model ...

Power Grid

3390 MVAsc
TTC ME Bu=40
423.9 MW Bua32

420 MVA 220 kv

GEN STEF UP TFR

BBM1 6.9 kv

TARANAKIPLANT KA26-1 SSPT
KKS No. 198BA
BBMZ 6.6 kV 6.6.kV Switchboard 198BA

6.6 kv
BUS 4 - 19BBA
Fusel J] 19BFT10 BER [LJ 19BFT20 BER [ 19BFT30 BER
[] 118FT1056 1988A11 £ 1988A10 { .
AUX TER 1.1 HP EWP FGC 1.1
AUX TER 2.1 AUX TFR 3.1
6.6 kv 6.6 kv 6.6 kv 6.6 kv 6.6 kv 6.6 kv 6.6 kv
cz2.2 c5.2 8.2 9.2
€3 c4 [
6.6 kv _[C2.1 ca.3 6.6 kv _[C5.1 cs.3 .6 kv |c8.1 8.3 9.1 9.3
. 6.6 kv 6.6 kv
AUx TER 1.2 FeC 1.2 AUX TRF 2.2 AUX TFR 3.2
AUX TFR 1
. EB14 AUX TER 2 AUX TER 3 AUX TPR 4
BBE BB BBY 4.5 WA 4.5 WA 2.5 wa \
BB17 BB19
1.5 MVA HP FWP 1  HP EWP 2 FGC 1 MCWP 1 MCWP 2 LOAD2 LOAD3
LOAD 1 2063 kvA 2063 kva 2692 kva 1750 kva 1750 kva 1.5 uva 1.5 uva
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Load flow study

Power Grid

3390 MVAsc

TIC MK
423.9 MW Bus32
420 WA 220 kv 100%

GEN STEP UP TFR

lhq1_3
{ . 35/20.3/15 MvA
Y

| )

A I,

T B 1424.9 96-

H1889.9 T , BEM1 6.9 kV
ikshghgegisT.s

TARANAKIPLANT KA26-1 SSPT
KKS No. 198BA
6.6.kV Switchboard 198BA

Load2
20.3 MVA
5H%
6.6 kv 100
BUS 4 - 19BBA
55’
avx TeR0%.1
o 6.6 kV
Avaq.2
0.5%
c2}¥ 6.6 kv
ang gFR 1.2

FGC 1 MCWE 1 MCWP 2
1.5 MVA

HP EWP 1 HP FWP 2
2063 kVA 2063 kVA

2692 kVA 1750 kva 1750 kVA
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Short Circuit Current ... (0.5 cycle results)

Power Grid
Total

Asymmetrical 3390 MVAsc
Current TTC ME Bus40

423.9 MW

Current (A}

Bus3Z

220 kv
AC Current 420 MVA
Component

GEN STEFP UP TFR

DC Current
Component

Time (s)

BBEM1 6.9 kV

TARANAKIPLANT KA26-1 SSPT
KKS No. 198BA
6.6.kV Switchboard 198BA

BUS 4 - 19BBA

419.06 ka
$.420 xa $2.33 KA #1.22 xa #1.97 ka $.420 xa $.429 ka
Fusel Pused Pused (] 19BFT10 BRR [] 19BFT30 BER
[ 11BFT105G 1988A11 {7 1988410 198BA0S
AUX TFR 1.1 HP FWP FGC 1.1 MCWE
6.6 kv 6.6 kv 6.6 kv 6.6 kv 6.6 kv ML Al e
c2.2 cs.2
c3 c4
Z c2.1 c2.3 5.1 c5.3 cé c7
6.6 kv 6.6 kv [] [] 6.6 v : ce.3 . ..o
AUX TER 1.2 FGC 1.2 A TR 3.2
AT 1 AUX TFR 2 AUX TFR 3
5 5 iaa TN 8514 8815
o _— L3 2.5 Mva 2.5 Mva
BB17
1.5 MVA HP FWP 1 HP FWP 2 FGC 1 MCWP 1 MCWP 2 LOAD2
LOAD 1 2063 kvA 2063 kvA 2692 kva 1750 WA 1750 kWA 1.5 wa
CIRETECGH fact R~
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Short Circuit Current ... (4 cycle results)

Total
Asymmetrical
Current

Current (A}

/

AC Current
Component

DC Current
Component

Time (s)

Power Grid

Bus40

TIC MK
423.9 MW

Bus32
220 kv

420 MVA

GEN STEP UP TFR

BEM1 6.9 kV

3350 MVAsc

TARANAKI PLANT KA26-1 SSPT

KKS No. 198BA
Load2 BEM2 6.6 kV 6.6.kV Switchboard 198BA
20.3 MVA
%,
"2,5 kv
BUS 4 - 19BBA
$.429 ka $2.33 ka .22 kA #1.97 ka $.429 ka
Fusel Fuse2 Fuseld 19BFT10 BER
[ 11BFT10S6 198BA11 [] 1988A10 1588A08
AUX TFR 1.1 HE FWP Foc 1.1
6.6 kv 6.6 kV 6.6 kV 6.6 KV 6.6 kv AOX TR 2.1 . o v
€2.2 €5.2
[ c3 c4
6.6 kV 2.1 £2.3 6.6 KV €s.1 c5.3 cé c 6w .3 o
AUX TFR 1.2 FGC 1.2 AUX TRF 2.2
AUX TFR 1 A TER 2
BB14 BB1S
2.5 MVA #.17 & 2.5 MVA
BBE BES BBY
1.5 MVA HP FWP 1  HP FWP 2 FoC 1 MCWP 1 MCWP 2 LOAD2
LOAD 1 2063 kVA 2063 kVA 2692 kvA 1750 kWA 1750 kVA 1.5 MVA
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Short Circuit Current ... (30 cycles)

Current (A}

Total
Asymmetrical
Current

/

AC Current
Component

Bus40

420 MVA

GEN STEP UP TFR

DC Current
Component

Time (s)

220 kv

Bus32

Power Grid

3390 MVAsc

- BEM16.9 kV
cBe
TARANAKIPLANT KA26-1 SSPT
KKS No. 198BA
Load2 BEM2 6.6 KV 6.6.kV Switchboard 198BA
20.3 MVA
18. ¢y e
o
w
L6 5 °
BUS 4 - 1588a $18.63 kA -87.2 deg
Fusel Fuse2 Fusel |_J:| 198FT10 BRR [J 198FT20 BER |_J:| 198FT30 BRR
0J 11BFT105G 1988A11 03 198810
AUX TFR 1.1 HP FWP PGC 1.1 AUX TFR 4.1
AUX TFR 2.1 AUX TFR 3.1
6.6 kv 6.6 kv €.6 kv 6.6 kv 6.6 kv 6.6 kv 6.6 kv
c2.2 c5.2 p—r v
c3 c4
6.6 kv _[C2.1 c2.3 6.6 v _|C5.1 cs.3 6.6 kv |CB.1 i o .3 .o Jewo €10.3
AUX TFR 1.2 PG 1.2 AUX TRF 2.2 AUX TFR 3.2 AUX TFR 4.2
AUX TER 1
&5 BB14 AUX TFR 2 AUX TER 3 ADX TPR 4
- e ) 2.5 MVA 2.5 MVA gue it
BB17 8819 ama1
1.5 uva HP FWP 1 HP FWP 2 roc 1 MCWP 1 MCWP 2 LOAD2 LoAD3 LOAD4
LoaD 1 2063 kVA 2063 kvA 2692 kva 1750 VA 1750 kvA 1.5 MVA 1.5 MVA 1.5 MVA

&

contact

TECHNOLOGIES




Short Circuit Current ... (Whirinaki PS)

Main Whirinaki SStn BB

41.04 kA -58 deg

o2
4717 w3

220 kv

11.5 kv —

$0.106 kA -57.8 deg

T4
75 MVA Fooy
a0
o6 ¥
2.08%ka -87.8 d
i BUS% al

11.5 kv

=

| cs 2
3
i = B 9
42.03 kA -8Géndkgus 0- T
$2.03 kA -87.9 deg
iy | 3 aed

L
o
[]

e}

3 .
082" -68.
11.5 kv _:—O. Bus?? 2
$0.002 kA -68.2 deg

Om=TESH

=) 312 kva Aux TS
299 %3
W
.084%%a -08.2 d
0.4 kv —mbte Bust E

LVC 3
as9d
9
x| 29

*
3 Osgufl -98.2 deg

0.4 kv 40
$0.054 kA -98.2 deg

Load_3
B8.6 kVA

contact

¥1.26 kA -58 deg
MAIN TFR
75 MVA
S as9
*
o0
4.9:%% -88 4
£ Btf's? =

[] c1

4.12 kA -88emicd Bu
s <4 Bas 11.5 kv

aed
0w ®

o
V5
10.08

.11 -88.2 d
11.5 KV ——bie Basss =

$0.11 kA -58.2 deg

Té
75 MVA

old.q

[ en *

42.11 kA -BE&5én dbgBus

#0.052 kA -67.8 deg
co2 a=g3
o =i

$16.89 kA -87 deg

11.5 kV mepeem Buséd
$0.052 kA -67.8 deg

] 1500 kva 8 Aux_T1
e il
~ 0.4 kv _f'gﬁs% ~97.8 deg
Gen 2
51.2 MW ” e
= 41 a3 asd

0.4 kv _L Bus
$1.5 kA -97.8 deg

&

Load_2
284 kvh

$2.11 kA -88.2 deg ll]
c 10 a=g9
o Al 0?2

- 0.0 3 -68.4
E}_O 11.5 kv ——iim 1;535222? et deg
$0.002 k2 -68.4 deg
= 312 kva Aux_T7
5 408
0.096 kA -98.4 d
&) 0.4 KV i~ Busl o
Gen 1
51.2 MW
[| e -
v 298
0 036'5?3\ -98.4 d
0.4 XV  wed a1 =
0.056 kA -98.4 deg
Load 1
88.6 EvA
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Fault scenarios...

1. Worst case scenario is a fault at the switchboard 6.6 kV busbar.
2. Full load connected to 6.6 kV busbar.
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Hazard/Risk category ... before mitigation
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Hazard/Risk category ...with mitigation
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Hazard/Risk category calculations...

Summary of PPE for clearance times 0.15 — 0.94 sec

< ADON
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Mitigation measures ...

1.
2.
3.
4.
5.
6.

TCC 6.6kV Switchboard Arc Flash Protection Requirements.
Arc Flash Protection Scheme.

Arc Flash Optical Sensors Arrangement.

Switchgear Layout with Arc Flash Protection System.
Communications Connection Diagram.

Electrical Safe Work Practices.
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TCC 6.6kV Switchboard Arc Flash Protection
Requirements ...

« Existing switchboard compliant to
IEC62271-200 for internal arc withstand
safety.

* Installed SEL-751A feeder protection
relays.

« Retrofitted optical arc flash detection
system.

e To reduce high incident energy level from
42.45 cal/cm? to around 6.77 cal/cm?.

« To meet PPE NFPA70OE Category “2”
requirement i.e. clearance of fault not
larger than 190ms.
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Arc Flash Protection Scheme ...

e 5x SEL-751A relays installed on 1 incomer & 4 outgoing
feeders.

« Each SEL-751A relay monitors up to 4 optical sensors.

* Monitors arc flash level & supervise instantaneous arc flash
overcurrent.

« Mirrored bits for relay communications for bus/ local tripping
and circuit breaker failure protection functions.

* Supplemented with trip circuit supervision, continuous
monitoring for overall relay integrity including sensors.

e
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Arc Flash Optical Sensors Arrangement ...

» Bare-fibre loop sensor in busbar compartment.

 Point sensors in circuit breaker/ motor contactor/ busbar
measuring compartment.

* Point sensors in circuit breaker cable compartment.
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Arc Flash Optical Sensors Arrangement ...

Towards SEL-751A relay

Bare-fiber arc flash sensor

Busbar shutter
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Arc Flash Optical Sensors Arrangement ...

&
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Arc Flash Optical Sensors Arrangement ...




Switchgear Layout with Arc Flash Protection System




ommunications Connection Diagram ...

|————————-
77777777777 N 09
| Current (50PAFP) > SEL-751A f———————————»Trip CB BBAOS (via MBs)

I

,,,,,,,,,,,, [~ —*Trip CBBBAO7 (via MBs) [
a Incomer

\ ( \

I

Bare fiber (Bus comp) — AF1 f————— - Trip CB BBA04 (via MBs)
» bt
Feeder

| Point sensor (BBAO9 breaker comp) — AF2 Trip CB BBAO3 (via MBs)

| Point sensor (BBA10 VT comp) — AF3—— ] BBA0S) - o
‘ Point sensor (BBA09 cable comp) —AF4—‘—>
777777777777 o
A fiber ‘
| Serial port i
SEL- SEL-
281 2812
} fiber
SEL-
2810
|
| Serial port
| _CurentsopAFP _ _——»
[” Point sensor (BBAO3 breaker comp) — AF1——1—
| Point sensor (BBAO1 breaker comp) — AF2 SEL-751A
\ Point sensor (BBA02 breaker comp) — AF3 —L» (BBAOS)
| _ Poitsensor (83A03 cable comp) ~AF4 __| . > o CoBEADT |
A fiver
A\ 4
| CurentSOPAFP
‘ Point sensor (BBA04 breaker comp) — AF1 —F» SEL-751A »l Ter (?B B}Aa 7
‘ Point sensor (BBAO4 cable comp) - AF2——» (BBA04) -
L- - - - -
| _Curent 50PAFP _——
["Point sensor (BBA08 breaker comp) — AF1 7l seL7sia
\ Point sensor (BBA11 breaker comp) — AF2 4‘> (BB-AOB)
\ Point sensor (BBA12 breaker comp) — AF3 4‘> JiTer (?B B7BA078 7
\ Point sensor (BBA08 cable comp) — AF4 ﬁ’ - — —
X
|
} fiber
|
L Serial
,,,,,,,, port
[ cument50PAFP_——»]
[ F’T)ingergorTBBKOﬁJre;keTco;p)iAﬂ %’ > 7Tr7ip 573 BEAE 7
| Point sensor(BBAO5 breaker comp) — AF2 4‘> SEL-751A -
| Point sensor (BBA0S breaker comp) — AF3 ———| (BBAO7)
|| _Point sensor (BBAO7 cable comp) ~ AF4 ——
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Electrical Safe Work Practices ...

« Switchgear operation
— Racked out/ in with the door closed.
— Automated breaker closed with 30s delay.

 Restricted & Controlled Access

— During switching operations & inspections.
— Room must not be used as a storage facility.



Electrical Safe Work Practices ...

 PPE Minimum Requirement

— When working around the switchgear with the door
opened.

— Minimum PPE level 2 required.

— Includes a flame retardant shirt & pants, cotton
underwear, eye and face protection, leather-over-
voltage-rated gloves and safety boots.



Summary ...

* Importance of initially determining the short circuit current
before AFH assessment.



Questions/comments ...
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