Worldwide Experience with Halogen Free
IEEE 383 Qualified
Nuclear Power Plant Cables

Lukas VON LAUE
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Abstract

Halogen free or FRNC (Fire Retardant Non Corrosive) cables are well adapted
for use in nuclear power plants because they provide increased fire safety. In
contrast to cables containing halogen, they have low smoke, low corrosive
properties and low toxic emissions in case of fire.

Several IEEE 383 nuclear power plant qualifications are available for FRNC
cables, including some for Canadian Projects (i.e. Cernavoda in Rumania and
Qinshan Il in China) and a recent US project (Lungmen in Taiwan).

The last part will give details on FRNC qualification using IEEE, ICEA and AEIC
standards performed for the Lungmen Project.
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Two different types of cables are used in NPP:

In USA , Korea , Japan:

1) Halogenated cables EPR/CSP cables
from the beginning and up to now In Europe : XLPE or EPR/PVC
In China, Taiwan, Europe :
2) Halogen free cables halogen free cables,
_ for AREVA, GE, Westinghouse,
since 1991 AECL, Atomstroyexport,

Electricité de France,

China Nucl. Power Engineering Comp.
Taiwan Power Company, etc.

Often called FRNC
(Fire Retardant Non Corrosive)

Introduction by Nexans of halogen free cables according to
IEEE, ICEA, CSA and AEIC standards:

m For Lungmen NPP - Taiwan - GE BWR
m For Qinshan lll = China - AECL Candu

m For Cernavoda Il - Romama AECL Candu

NG’ Lo g

NPEC/SC2 2009/4/8 Knoxville - L. von Laue (Nexans) : WW experience with Halogen Free IEEE 383 qualified NPP cables



Nexans halogen free NPP cables installed from 1991 to 2009

Taiwan
Island

2002-2006
Lungmen

1

Czech R. || Slovaquia

1993-2003 Temelin 1995 Bonunice

1995 Dukovany

Mainland China

1991-1993 Daya Bay 1+2

1999-2001 Ling Ao 1+2

1999-2002 Qinshan Il 1+2

2002-2005 Tianwan 1+2
2007-2009 Ling Ao 3+4

2008-2010 Qinshan Il 1+2

France

2009 Flamanville 3
1995 Chooz

> 50 other NPP
with halogenated
cables

Romania

2000 Chernavoda 1
2003-2006 Chernavoda 2

| Russia

div. rennovations

A
Ukraine
div. renovations
Bulgaria India
1992-1995 Kozloduy 2006 Kudankulam
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Comparison Key Properties

- EPR CSP
—&o— Halogen free

Installation ease

ser experience
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Properties of Halogen free material

» Application in since 15 years

» Properties compliant with
specifications

» Positive experience feedback

» Approved by
» Westinghouse for Temelin
» AECL for Qinshan Il
» AECL for Cernavoda ll
» Stone&Webster/GE for Lungmen

NPEC/SC2 2009/4/8 Knoxville - L. von Laue (Nexans) : WW experience with Halogen Free IEEE 383 qualified NPP cables



MXBHS

TAIWAN POWER COMPANY

Lungmen Nuclear Power Project

= s e ——
' REVIEW RECORD STAMP
| ’\A | T—— Attachment A4 - Technleal Fill-in Data by Bidder
. Document Number : 874-E0013F1 REV. N°
12 - Revise and Resubmit ¢ e
Work Can Proceed)
13 - [Revise and Resubmit Equipment : Class 1E 600V Pgwer Cable
Work Can Not Proceed) Quality Class
' 4 MHps !u"!( cnationOnly =
[ il piacipline: .
C OMEcs O 52'5591206;] VoN LAl CAB Page A-4.7: Addition of new madels requested, itams 38 to 44
Page A<4.8 onwards: Pagenumbers revised
d}; LE J1/C ogr Follow the NUC No 206204 comments to add the data as below :
Page A-4.2 ; Conductor characteristics strandi
Ol Ofthers( ) oristics s ng bype, class
Page A-4,2 : Tensila stress at 100 % elongation
12 2qgamo4 J.G. UATHUILLERE| R.LORIOL |B. ALBOUY |Page A-4.3 ; Long term water absorptlon : max power factor &
| Responsible Engineer | )/ry/’ max SIC
/ o; Page A-4.4 : Sei max
Page A-4.4 : After oil immersion 121°C for 18 hours
| " 4,___.—[’ S Page A-4.4 : Abrasion resistanca
it N Signatur e - Addition of Quality Class S |
PR &y e— NGUYEN 8, JOLIVET | R, I.ORIE)L - Replacement Annexes A, B & C by the document numbers
- Removal lrralevantidowmeﬁla (Non-Class 1E cables) from the
> conbractual dogument .
NEXANS furnish 1ensile stress at 100% elongation
10 1R/NEDNAN LA L RTLIN R L e PR P N sm__ & s i . =t -
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TAIWAN POWER COMPANY

Lungmen Nuclear Power Project

Attachment A4 - Technical Fill-in Data by Bldder

Document Number : 874-E0013E REV. N°8

Equipment : Class 1E 5000V Power Cable
Quality Class : S

Jrmua oo '

)

. |
seed) |
2 T

|

Resppnsible Piscipline 1
- o i [ e, DY |
LMEC ISR {88 197, g
ElfE iFJ T
[CJ Others( )
St
Resppnsible lhngineer
s
| =\ e
Slgnaw re/D Follow the NUC No 206204 comments fo add the data as bellow :
—— —4 page A-4.2 : conductor non-metallic shield / Type of material
page A-4.3 : partial discharge extinction level {corana) min kV
11 26/02/2004 R.LORI B. ALBOUY page A-4.3 @ insulation non-metallic shield / Type of material
- ,/. 1 page A-4.4 : after oil immersion 121°C for 18hours
:- ; 8 . page A-4.4 : factory ac test voltage {ac for 5 minutes)
M . page A-4.5 : size of cable : read 3 AWG instead of 3 kemil
/
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TAIWAN PCWER COMPARNY

Lungmen Nuclear Power Project

.-

Attachment A4 - Technical Fill-in Data by Bidder

Document Number : 874-E0013F1 REV. N°8

Equipment : Class 1E 600V Control Cable

Qualiy Class : S

L ](\ﬂﬂt‘rsll_

\[lv ( lfy

Respgnsiblie H

jngineer

/@I’JTM/M Sl

Prini Name Syhaturefare | Follow the NUC No 206204 cammenls fo add the dala as beliow
S ke ) (S | .
= RS i page A-4-11 Conductor characteristics stranding type, dlass
12 26/02/2004 R.LORIOL | B.ALBOUY lyume A-4-11 Tensile siress at 100% elongation
J{‘ %/- page A-4-12 After oll immersion 121°C for 18 hours
=] [rs / / page A-4-12 arasion resistance
/
1 29/07/2003 L. NGUYEN S. JOLIWVET R. LORIOL

Addition of Quality Class S
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Comparison Key Properties

-~ EPRCSP
—&o— Halogen free

Installation ease

ser experience
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Fire Properties : Non propagation of fire Al
For Candu (Qinshan Il and Cernavoda ll)
and GE (Lungmen) projects
type test and inspection tests made with FT4 and IEEE 383
tests
IEEE FT4 IEEE UL 1685
383 1202
MV Power
Cables
LV Power
Cables
|1&C Cables

= halogen free cables are compliant
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How do these halogenated flame retardants work ?

» Halogenated material : HCI or HBr can quench radicals:
HCI/HBr is released when material is heated, then

He+HCI = H,+Cle
HO« + HCI > H,O + Cle

Cle is less reactive than the other radicals = flame quenching

= good flame retardant, but negative side effect : x
SMOKE, TOXICITY, CORROSION |

* 1 kg of PVC burnt produces about 2 liter of hydrochloric Acid of “Xi” concentration
» for CSP, “only” ~ 1 liter
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How do these halogen free flame retardants work ?

» Halogen free flame retardants:

Metal Hydrates,

(eg. Aluminium Trihydrate, ATH)

+ heat

(endotherm reaction)

= ATH consumes heat and release
water

= efficient flame retardant,
without side effect

1 kg of ATH filled compound can produce 216 g = 12 mol
of water, equivalent to 268 liter of water vapor
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Smoke Testing : ASTM E 662 and UL 1685

r
i\
B —

ASTM EG662 UL 1685 smoke e

classical smoke testing on testing on cables
material plates

IEEE1202 |typical result for
FT4 FRNC cables
requirement

Smoke testing

(results form test similar to total smoke raxosme | 10 1o 30m?
UL1685: production

optically measured in

400mm exhaust duct peak smoke rate |max0,25mes| 292
above the test chamber) 0.15mz/s

Smoke Production Rate of
3x1,5mmz 0,6/1 kV halogen free cable

0,100
N\
,i \ Total Smoke Production
Y i', TSP =25 n??
N - |
) |

E 0,050 e
o \
S r y

0.000 _g-ou'f."\ N 'Mf Lo Lo \\.“\f'ﬂ?m?ww%%«ﬂ ﬁ]l

0 300 600 900 1200 1500

t[s]

= Very low smoke for halogen free cables
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Fire Properties : Corrosivity

Halogen free cable in fire means:

v No HCI gas production or other halogen gas

Avoid hydrochloric acid formation

Avoid corrosion on metallic
equipment

(metallic structures, conducts and pipes,
engines, electronics, ...

rl I,I,I.v' i

'

feJ

' " _ 4‘\1\ \
] - AN sw -
‘l(Reminder : 1 kG of PVC burnt produces about 2 liter of Hydrochloric Acid of “Xi”’ concentration)

Wl TS, T 71 T R
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Fire risk iIn NPP

‘ / . e
. -
M) 3 | i
corro-
fire smoke | Sivity
Halogenated products
good Fire Retardancy
but releasing hea_lvy smokes ok not ok | not ok
toxic gases
corrosive gases
( HCI, HBr, HF ..)
Halogen Free products :
Good Fire Retardancy
Low Smoke ok ok ok
| r Zero Halogen release
halogen free = FRNC Fire Retardant Non Corrosive
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Comparison Key Properties

== PR/ .
csP Installation ease
=—&— Halogen free _
ser experience
ndustrial experience
Mechanical Properties
Corrosivity in case of fire Oil resistance

Fre propagation of insulatio re propagation
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Lungmen IEEE 383 Qualification

Lungmen 1&2, Taiwan, BWR from GE (USA)
FRNC Power and control cables from Nexans 2004-2006
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& Stone & Webster Asia, Inc.

Mr. Bomard ALBOLY March 17, 2004

].'IH'kcﬁTIj_‘.l Sales Manaper O 130016 T2, 14ELE
HEXANS France SWT-MEN-ESH 1 ARG  —
Indusinal Applacations Busnes Group Aierpmnge Rrquirat- Mo

17 Avenue, Jean Joures,

GOT Lysoes - France

Fam- 4334 9120514

Enmil: Bermandalhoayfine s oo
sandnine.jolivetiimexens.com

{Towal pages: |+ )

SURIECT:  LAUNGOMEN NUCLEAR FOWER FROJECT UNITS 1 AND 2

CONTRACT N0, S8 11LEDN LAB

PART A - CILASE |ESEV FOWER CARLE &

PART B = CLASS 1E ¢20% POWER AN OONTROL CABLES

OOMMENTS 0N NENAMS' SEMITTAL DOCLUTENTS

Relienees: I MEX-S5WT-ES01 LAB-00 70 datesd March 1 2004
2. NEM-5WT-ES01 LAR-G0TT dated mearch 1 2004

Tizar M. ALBCHIY,

Excleerd plesse fed TROESW review comewnis oo the docanents previded i Beferemess | oand 2,
Fleaws sracen] in secondance with The contrichasl rajussments,

Hir, Ticaaimen: Tille Diszunent Mirmhar Beview Sams |
Type Test Bzport, Rev.a FRET ES TADL 60003 L
2 Texhnieal Frll-In Data, Rev 01 2 EET ES] :IA.'R;-IH-IJN- i
Closs 1E ) Power Cobles
5 Technical Fill-In Daie, Rev 12 21887 ES01 1AR. 203014 1
Cla=s 1E 6V Power Catles o
2 | Techmical Fill-In Date, Rew.13 2VERTESOL LAB, 303015 1
Clas= |E &Y Contral Cables |

BT voo Rave sny quasstions migerdmg thes [etler, please contact 5, K. Huang at "03-205065383" or by eanail at
shitkag bymmpdisionswpl.com jw.

Siraserely ors,

Hewd B £
Mere Bosthbs
Frige:t Enginpering Manager
PALE; kb Ta

Enclosme: Review Beconds {Cover sheets of dovemends]

w5 M S H. Liso - P, DHE TRC ()

B Flani Balldiong €, M. 90 Seatins 0, Hala-Tai 8 Baad, Hairbib, Taipel Connip. Toirnen
AT TR AR [uine ), BAR-E HAE-EANT [Taap

NEXBIIS

Taiwan Power Company

Lungmen Nuclear Power Plant

Contract Reference : 8743111ES011AB

i : ";‘“; FIRSTAM?
Type Test Report ‘I;"y' _ l 1‘
Quality Class : S 12 1w st
T T '
|
1 fivepes lme
v ! 1A
/ o
‘ vrir T *r
|
P =31
T wily ‘
| Respemsible Engineer) o /4 4 l
Yoy |
Prim N Sig;:x\n:o’[h-1
Ve a8 Addiion of 5 IEEE 303
PRI PEETS T O o w[ B | eming Tesis + comsctions p, 52, 5,57 £ 53
i Acdition of Quality Class $
a | 2ww03 I |acumues] M GRDELEN| B, ALBOUY « Cosrection p. 35580
360 afler beeing
> 150003 W | umwaene| M GARDELEN| B, ALBOUY o 1u.~,t:?
Add resistance stabiity 1661 results pape
1 o7oRns n 16 umeaiee! M GARDELEIN| B. ALBOUY nuom' n:.w.ﬁg
o 2651102 m 8 uneuce| M SARDELEN| B. ALBOUY
Rev. Date WI Writton By | Verified By |Approved Byl Modifications-Descriptions
__Number of pages (inciuding Appendis) | 3%
21887-ES011AB-6-0-0-003
eav
U@
esiawml
Ol irameet
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1) Thermal Aging

Method:

Simulate cables qualified life
by
+ Arthenius method -IEEE101 || | | P e

« Complete cable test according
to IEEE 383

Requirement:

Electric evaluation after bending
* 40 years for Lungmen

* 60 years now
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2) Gamma radiation

SCHERING

PRODUCTION INDUSTRIELLE SACLAY/LABRA
R3f. : 02/818/MN/LB

N* d'affaire : (02-QON-12/indice A CIS bio international

4.2 Irradiation

CER qualification Dose rate : 7.80 kGy.h
- Dose : 998 kGy + 15%

- Room lemperature

LUN qualification : Cables and plates were placed on twe differen: supports

y radlatlon - Dose rate : 7,80 kGy.h <
- Dose - 1998 kGy + 15%
Room temperature

from 6°Co
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3) Loss of Coolant Accident Simulation

Lungmen LOCA curve :

max. Temp 340°F
max. Pressure 45 psig

with FRNC cables

Many other LOCA
curves are available

Up to 480° F

! — Tem perature|

12

18 24
time [h]

T T T //
30 36 2 !

2400

T 340 °F

320 °F

250 °F

200 °F

P [kPa]

450
400
350
300
250
200
150
100

50

! abs. Pressure

12

18 24
time [h]

30 36 42

/l
Il

2400

+ 45 psig

1 25 psig

20 psig
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Comparison Key Properties

——- EPR CSP
Installation ease =—&— Halogen free

Loca Resistance ser experience

Hre propagation of insulatio re propagation

NPEC/SC2 2009/4/8 Knoxville - L. von Laue (Nexans) : WW experience with Halogen Free IEEE 383 qualified NPP cables 23



Conclusion

Halogen Free cables for new US NPP generation

» 15 years of positive experience

» Complete product range IEEE 383 qualified

» Important LOCA test range experience

» Design compliant to IEEE/ICEA/UL requirements
» Improved fire safety

» Cost saving solution
Thank you for your attention.
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