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Why a de-icer?

» In December 1998, the Québec
region of Canada was hit by one
of the worst ice-storms in
recorded history

» The ice storm generated ice
build-up as much as 75mm

» An accumulation of ice
toppled hydro towers and
downed hundreds of
kilometres of high-voltage
transmission lines.
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De-icer:

Location
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Lines for de-icing

Line Destination Length Voltage

7010 Laurentides 27km 735 kV

7010 +7020 Jacques 62km 735 kV
Cartier

7097 Appalaches 78km 735 kV

7007 Bergeronnes 242km 735 kV

3078 /3079 Riviere du 183km 315 kV

Loup
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De-icer Mode: Main design ratings

» Main Ratings:

Standard de-icer mode - “Nameplate rating” :
e 250MW, 7200A / £17.4kV @ +10°C
Verification mode :
e 200MW, 5760A / ¥17.4kV @ +30°C
1 hour overload :
o 300MW, 7200A / £20.8kV @ +10°C
Low ambient overload :
e 275MW, 7920A / ¥17.4kV @ - 5°C
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De-icer Mode: Main design ratings

DC voltage
416 kV ___________________________________ De-icing
V = 34.8 kV
Temporary overload
Verification
20kV |-------BLOOHo |

600 A 1000 A 3600 A 6000 A 7200 A DC current

» Because of the different characteristics of the sections, the
operating range of current and voltage is large
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SVC Mode: Main design ratings

» Main ratings
Dynamic range
o +225 Mvar / -115 Mvar at nominal voltage
Target voltage
o 315kV £ 5%
Slope
3% on 225 Mvar
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Solution
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5/11 and 7/13 HP filter
filters 70Mvar 55Mvar
43kV
315 é
kV
g 20kV

<\

TSC
154Mvar

HP filter
55/12Mvar

One line diagram

DC filters
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One line diagram: De-icer mode

5/11 and 7/13
filters 70Mvar

HP filter
55Mvar

43kV
315
kV
20kV
TSC HP filter
154Mvar 55/12Mvar

DC filters
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43kV

315
kV

One line diagram: SVC mode

5/11 and 7/13
filters 70Mvar

HP filter
55Mvar

TSC
154Mvar

HP filter
55/12Mvar

DC filters
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Control Performance Verification

> De-icer — 29.07.09 — IEEE PES Calgary

13



Testing of Control System

» Development of Master Control - DCU (pe-icer Control Unit)
» Validation of DNP3 Communication
» Type test on Real Control (System V)

p Static and Dynamic Performance Test on Development
Control Cubicle & Simulator

» Additional tests on a Control Replica at IREQ
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Additional TeSting on a Control Replica (RSPC1)

Replica connected to HYPERSIM (IREQ simulator)

Primary Objectives

» Provide additional testing facility (i paraei to Factory Test
MBPSS( Multi-Band Power System Stabilizer)
Geomagnetic influence
Contingencies (additional validation)

» Final validation of UCD
» Validation of Acceptance Test program
» Training (Operator and Field technician)

> De-icer — 29.07.09 — IEEE PES Calgary

15



Additional TeSting on a Control Replica (RSPC1)

_________________ -
' HYPERSIM
FIRING SIGNAL = TCR VBE ——  VALVE FIRING4:—>
— Equivalent AC network
-.:V‘S%iﬁi'c“fﬂ—’ TSC valve

TCR/De-icer valve
Reactive elements
Coupling transformers
Earthing transformers
Discharge transformer

A

A\

A\

\4

Interface

Y

A
A

MBPSS
Function
! l:l HYPERSIM

PROFIBUS PROFIBUS
MASTER SLAVE

A
Y

Power

Supply SVC/Decier Control &
Protection
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RSPCI

Simulator Setup
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De-icer mode

SYSTEME DE DEGLACAGE

Indicatian
Cammarsdes | Statuts Tespariure sxtiriours

Paramatras

Séquences

Sap. completes

e COMTINUITE VALIDEE, EN ATTENTE D'ACTION OFERATEUR

Bl v Pk i fod Aidrva Cioeriabs
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Preparation for commissioning

Deicer mode - particular tests singled out

1. Converter Deblocking in current control

2. Review trip sequence — Overvoltage caused by remote
isolation of the converter

3. Dc voltage measurement failure

4. Ac Voltage Error (Fuse failure)
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315 kv J—F-------- i

Remote Isolation of the Converter

315KV Cable
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Normal Shutdown Sequence
by local breaker opening
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Deicer mode — Remote Shutdown

Hydro-Québec Lévis 12-Sep-2007

Deicer Mode Shutdown
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Deicer mode — Remote Shutdown

Preliminary investigation
Local detection preferred

Current detection &
Control action

No Overvoltage

o1 012 014 018 018 02

23
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Limitation of Overvoltage
New Protection Philosophy

700

629.77 kV

600 +

500 +

400 -

Vhvmax (kV)

300 -

200 -

100 -
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—&— Existing —#— With New Prot Philosophy
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De-icer installation
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DC converter valves

De-icer installation
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De-icer installation

AC coupling reactors
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HV connections and transformer

De-icer installation
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Harmonic filters

De-icer installation
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De-icer installation
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De-icing tests

Connecting de-icer to line
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Commissioning
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5000

-5000

lab - ICT - CLCA5 (A)
[

Mise en service du déglaceur - Poste Lévis
Réduction par paliers du courant ICT
Procéds 1.4 - Section 3.1 - Etape 39

Jeudi 15 novembre 2007 - 19:15:23 681

TCR current
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Response to undervoltage

Mise en service du déglaceur — Poste Lévis
Essais en régime de sous-tension — Creux de 25 % sur la phase A pendant 250 ms (315 et 735 kV)
Procédé 1.15 - Section 3.1 - Reprise Etape 4
Jeudi 26 juin 2008 - 15:20:19.449

Ea - 735 kv - CLC85 (pu)

pEa- 315KV - CLGBS (pu) |
1 ..................................................
O ........................................
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Response to overvoltage

lab - ICT - CLC85 (A)

Ibc - 1CT - CLC )
)

i




Bridge 2 deblocked

Mise en service du déglaceur — Poste Levis
Mode Déglaceur - L3078 - L3079 - Rampe de 600 a 3600 A
Procédé 3.1 — Section 3.1.5 - Etapes 4a

Samedi 8 novembre 2008 - 14:04:56.001
10 T T T T

T T T I I
: : Vee — pole positif — CLCE5KY
Ve — pdle neégatif - CLC85kV

Fi

10 | | | | | | | | |

-31.1 -31.09 -31.08 -31.07 -31.06 -31.05 -31.04 -31.03 -31.02 -31.01 -31
2000 T T I I
: : : : : lcc — pont no 1 - CLCB5A
1000 lcc — pont no 2 - CLCB5AM
LY A A A B TR A AT ]
0 T R SR -
1000 | i | | i | | i i
-31.1 -31.09 -31.08 -31.07 -31.06 -31.05 -31.04 -31.03 -31.02 -31.01 -31
2000 T T
| filtre 60 Hz — CLC85A
| filtre 360 Hz no 1 - CLCB5A
0 | filtre 360 Hz no 2 - CLCB5A
| filtres cc — pole positif — CLC85A
2000 | filtres cc — péle négatif — CLC85A
-31.1 -31.09 -31.08 -31.07 -31.06 -31.05 -31.04 -31.03 -31.02 -31.01 -31

| I I
la—-F511+F713+ FHP2 - CLCB5A
Ib - F5/11 + FTH3 + FHP2 - CLC&5A/]
lc - F5/11+F713 + FHP2 - CLC85A N
000 | i | | i | | i i
-31.1 -31.09 -31.08 -31.07 -31.06 -31.05 -31.04 -31.03 -31.02 -31.01 -31
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Ramp Up 3300A to 7200A

Mise en service du déglaceur - Poste Levis
Mode Déglaceur — Ligne 7097 — Rampe de 3300 & 7200 A — Agencement A-B
Procédé 3.3 - Section 3.3.7 - Etape 4d
Mardi 4 novembre 2008 — 15:35:57.483
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2000 = g osennmuRREEEEER A T lcc — pant no 2 - CLCBSA|
1000 | i | i i
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5000 I I I
: : : | filtre 60 Hz — CLCB5A
| filtre 360 Hz no 1 - CLCB85A
0 | filtre 360 Hz no 2 - CLCB85A M
| filtres cc — péle positif — CLCESA
| | | | filtres cc — pdle négatif - CLCESA
-5000
=100 -0 -60 =40 =20 0 20
x 10*
1 ] | ] I I
: : : la—-F511+F7M13 + FHPZ - CLCB5A
b - F511+F7M13 + FHPZ - CLCB5A
0 lc—F5/M11+F7/13+ FHPZ — CLC85A[]
- | | | | |
=100 -80 -60 =40 =20 0 20
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5000

Ramp Up 3300A to 7200A T1sc unblocked

Mise en service du déglaceur — Poste Lévis
Mode Déglaceur — Ligne 7097 — Rampe de 3300 a 7200 A - Agencement A-B
Procédé 3.3 — Section 3.3.7 - Etape 4d
Mardi 4 novembre 2008 — 15:35:57 483

! ! ! ! ! ! ! L :

Ea - 735 kV — CLC85pu
Eb - 735 kV - CLCB5pu
Ec - 735 kv - CLCE&5pu

N N i

-54.95 -54.9 -54.85 -54.8 -54.75 -54.7 -54.65 —5F.5 —54.55 —04.5

la - 315kV - Té5 - CLCB5A{

Ib - 315 kW - T85 - CLCB5A
lc— 315 kW - Tas - CLCE5A

—bd.u —o4.D5 -54.5

Ib - XL10 - CLCB5A
lc - XL10 - CLC85A

la — XL10 - CLCBSAj

-5000
-55 -54.85 -54.9 -54.85 -54.8 -54.75 -54.7 -54.65 =545 =54 55 =54.5
x 10*
1 ! i
0 : lab - CMT - CLCS85A
; ; ; Ibc — CMT — CLCB5A
-1 L L L lca - CMT - CLC85A
-55 -54.95 -54.9 -54.85 -54.8 -54.75 -54.7 -54.85 540 =54 55 =54.5
500 ! T ! T ! T ! I i
0 AAAARAARAAAANAAANRAAAARAARARAAAAAARARNA AN A AAAAAAAARAAARARAAAAANRDARAA R In-TGB1 - CLCB5A
'u"u"u"u'li"u"h"u'U;li'U‘IH'UUU‘JU:U‘JU‘J'JUUUU;UUUUUUUHH;UHU\]UUUil'U‘:UUUUUUUUU?UUVUUUUUMUWUW In—-TGEB2Z - CLCESA)
~500 | | | | | | | I I
-55 -54.85 -54.9 -54.85 -54.8 -54.75 -54.7 -54.65 -54.6 -54.55 -54.5
2 ! I . I . T I I I
N —— I . T P T . JI Ordre | - Deglaceur — CLCB5pu|:
0 i i i i i i i i i
-55 -54.85 -54.9 -54.85 -54.8 -54.75 -54.7 -54.65 -54.6 -54.55 -54.5
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Ramp Down 5000 A to Standby

Mise en service du déglaceur - Poste Lévis
Mode Déglaceur — L3078 - L3079 - Rampe pour arrét
Frocede 3.1 — Section 3.1.6
Samedi 8 novembre 2008 — 18:53:56.802

2 T 1
g _— V. CLCBSDU!
Eb - 735 kYW — CLC85pu|0
Ec— 735 kW - CLC85pu

2 | I
_gm Ea_315kV_CL085pU!

—-80 -70 -80 -50 —-40 -30 Eb - 315 kV - CLC85pu |0
Ec - 315 KV - CLCB5pu

8# ! ' !
& ! Ea - 43 KV — CLCS5puj

Eb - 43 kV - CLC85pu |0
Ec-43 kV - CLCB5pu

2 I I
gy T CLC%pUj

—-80 -70 -80 -50 —-40 —-30 - Eb - 20 kV - CLC85pu
Ec - 20 kV - CLCBSpu

1000 | . .
~1000 I ——————— e ee——— = 315KV - 105 - oLcao A

“80 Ib — 315 KV - T85 — CLCB5A/0
lc - 315 kV - T85 - CLCB5A

[

I T

I la— XL10 - CLCBEﬁd
b = XL10 - CLCB5A|0
lc — XL10 - CLCB5A

I
la—XL11 - CLCBSAﬂ
Ib—XL11 - CLCBBA(D
lc — XL11 - CLCE5A

I
lab — CMT - CLCB5Aj
lbc — CMT — CLCB5A|0
lca — CMT — CLCB5A

| I
I In—-TGBE1 - CLCBEAj
In— TGBZ — CLCB5A|0
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Ramp Down 5000 A to Standby

Mise en service du deglaceur — Poste Lévis
Made Déglaceur — L3078 — L3079 — Rampe pour arrét
Procéde 3.1 — Section 3.1.6
Samedi 8 novembre 2008 - 18:53:56.802

20 T T T T I I
- ——— : L Vee — pole positif - CLCS5KY
) S S im————— i —— S ——= Ve - pole négatif — CLCE5KY| |
-20 1 | | | | | I
-80 -70 -60 -50 -40 -30 -20 -10 0
5000 I I . .
1 —_ lcc — pontna 1 - CLCBSA
O S ST S ; lcc — pontne 2 — CLCSSA |
-5000 | | | | | | I
-80 -70 -60 -50 -40 -30 -20 -10 0
2000 . |
| filtre 60 Hz — CLC&5A
0 | filtre 360 Hz no 1 — CLCB5A
-2000 | filtre 360 Hz no 2 — CLCB5A
-80 | filtres cc — péle positif - CLC&5A |0
| filtres cc — pole negatif - CLCE5A
5000 . |
la - F5/11 + F7/13 + FHP2 - CLC&5A
0 lb - F5/11 + F7/13 + FHP2 - CLC85A
~5000 lc — F5/11 + F7/13 + FHPZ2 - CLCB5A
-80 =20 =T 0

I
Fire Latch ICT — phase ABY
Fire Latch ICT — phase BCV
Fire Latch ICT — phase CAV

-80 =70

—-60

—ZU0

=T

o 1T |

Crdre | - Déglaceur — CLCB5puL

—-50

-40

-20

-10

0
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Ramp Down 5000 A to Standby

Mise en service du déglaceur — Poste Levis
Mode Deglaceur — L3078 - L3079 — Rampe pour arrét
FProcede 3.1 — Section 3.1.6
Samedi 8 novembre 2008 - 18:53:56.802

! |
Voo — pdle positif — CLCB5kY
Voo — pdle negatif — CLC85KY
-31 -30.5 -30

I I
lcc — pontna 1 — CLCBRA

lcc — pont na 2 — CLCB5A |
[ [

-31 -30.5 -30

> De-icer — 29.07.09 — IEEE PES Calgary



Mise en service du deglaceur — Poste Levis
Mode Deglaceur - Ligne 7087 - MHT - Agencement B-C
Procédé 3.3 - Section 3.3.8 — Etape 10
Mardi 4 novembre 2008 — 17:31:50.769

Shutdown

Eb - 735 kV - CLCBEpu
Ec - 735 kW — CLC85pu

I
Ea - 735 kV - CLCSSpu%

-

Eb - 315 kV - CLCBEpu
Ec - 315 kW — CLC85pu

I
Ea - 315 kV - CLCSSpuj|

-

I
Ea - 43 KV - CLC85pu
Eb - 43 kV - CLC85pu
Ec-43 kV - CLCB5pu

T
Ea - 20 KV - CLC85pu
Eb - 20 KV - CLC85pu
Ec - 20 kV - CLCB5pu

la - 315 kKW — T&5 - CLC8S5A]
Ib - 315 kW — Té5 - CLC83A]
lc— 315 kW - T85 - CLC85A

g el

la — XL10 — CLCBEA
b — XL10 — CLCBEA
lc — XL10 — CLC85A

_“JIIII

-

5000 T T T T T T T I I
0 : | ; ; l{") ; | la - XL11 - CLCBSAM
-5000 Ih — XL11 — CLCBBA[

75 7.45 74 7.35 7.3 7.25 7.2 7.15 - XL11 — CLOBEA

20 T  — ——

0 | ; | | lab - CMT - CLCB5Ad
-20 - _

-75 -7.45 -7.4 -7.35 -7.3 -7.25 -7.2 -7.15 b = CMT = CLCBSALS

lca — CMT — CLC85A
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Shutdown — Action of ERM

Mise en service du deglaceur — Poste Levis
Mode Déglaceur — Ligne 7097 — MHT - Agencement B-C
Procédé 3.3 — Section 3.3.8 — Etape 10
Mardi 4 novembre 2008 — 17:31:50.769

50 ! ! ! ! ! ' ' '
0 : : ' ﬁﬁ : Voo - pole positif - CLCSSKY | |
: : 1 : Vo — pdle négatif - CLC85kY
-50 I | I | I I I I |
-7.5 -7.45 -74 -7.35 -7.3 -7.25 -7.2 -7.15 =7.1 -7.05 -7
5000 I T , I I ! ' '
0 : : : " : : lcc - pontno 1 - CLCS5A |
: : : lcc — pont no 2 — CLCBEA
5000 I | I | I I I I |
-7.5 -7.45 -74 -7.35 -7.3 -7.25 -7.2 -7.15 =7.1 -7.05 -7
x 10"
1 I I I I I I i
i | filtre 60 Hz — CLC85A
| filtre 360 Hz no 1 — CLCB5A
| filtre 360 Hz no 2 — CLCB5A
| filtres cc — péle positif - CLC85A [7
| filtres cc — poéle négatif — CLCS5A
I I I
la— F5/11+F7/13 + FHPZ - CLCB5A
b - F5M11+ F713 + FHP2 - CLCBBA
lc— F5/11+ F7/13 + FHPZ - CLC85A
-7.5 -7.45 -74 -7.35 -7.3 -7.25 -7.2 =7.T% =77 =705 =7
200 I I , ! [ ! ' :
0 : ' NN : In—TGB1 - CLCB5A( |
: ; : : : In—-TGB2 - CLCB5A
—200 I | I | I I I I |
-7.5 -7.45 -74 -7.35 -7.3 -7.25 -7.2 -7.15 =7.1 -7.05 -7
20 I I I I I I i
0 P S Fire Latch ICT - phase ABY
: ; : : . Fire Latch ICT - phase BCV
-20 L | L | L L L Fire Latch ICT - phase CAV
-7.5 -7.45 -74 -7.35 -7.3 -7.25 -7.2 -7.19 =77 =705 =7
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De-icer

» In service as an SVC during the winter

» Unique project made possible by good collaboration
between Hydro Québec and AREVA

» Many technical hurdles overcome to make the
installation a success
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