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Methodology Study on Qualification Testing of Wire and Cable
for Nuclear Power Plant
- Study on Degradation of Insulating Materials

under LOCA Environments by Using SEAMATE-IT -

Yasuo KUSAMA, Sohei OKADA, Toshiaki YAGI, Masayuki ITOH
Yoshiaki NAKASE+, Masato YOSHIKAWA, Susumu TANAKA
Waichiro KAWAKAMI, Kenzo YOSHIDA, Sueo MACHI++
and Naoyuki TAMURA

Department of Development
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute

Watanuki-cho, Takasaki—shi, Gunma-ken
{Received August 29, 1988)

In order to evaluate wvalidity of the present qualification method-
ology of class lE electric wires and cables used for nuclear power
plants, effect of irradiation and steam exposure conditions in both-
simulated simultaneous and sequential LOCA tests on the degradation of
insulating and jacketing materials of wires and cables have been inves-
tigated by using the Simulated Environmental Apparatus for MAterial
TEsting-II (SEAMATE-IT).

In LOCA environments without air, degradation of the materials
were almost the same for simultaneous and sequential methods. In air-
containing simultanecus LOCA environments, the remarkable dose rate and
steam temperature effects were found on mechanical and electrical proper-
ties and water sorption of thé materials, and the larger damage was
observed compared with those in the sequential enviromments. Increasing
and decreasing rate of temperature in a transient period, spray and
aging conditions had small effects on degradation of the materials. 1In

sequential LOCA environments, pre-irradiation dose rate and environments

+ Osaka Laboratory for Radiation Chemistry

++ Department of Development
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affected strongly on the degradation, and these effects became obvious
under the presence of alr in steam/spray exposure. Further, aging con-

ditions and spray were shown to have small effects on the degradation.

Keywords: SEAMATE-II, LOCA, Qualification Methodology, Simultaneous
Method, Sequential Method, Mechanical Properties,
Flectrical Properties, Water Sorption, Irradiation

Conditions, Steam Exposure Conditions
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Table 1 Experimental Program
ERES B ] LOCA # # £ R B B
$4001 54.11.12~11.16 | FF,P/B HHA&HK g A A
$3D02 12. 5~12. 8 EiRF,P/B HAS&H® Bl
$3003 12,17~12.20 % ,P/B FLFH & Hil%
WiWo4 | 55. 1.16~ 1.23 | [EI4%,P/B SLA &t Hig
S1D05 1.28~ 1.29 | TABE,PCR,LOCARIED & BEYEEOXYE
S6006 2. 1~ 2. 7 | GEIH¥,PCR,E102T—% BEREOEE
S6D07 2.20~ 2.26 | FEE,PCR,#¥120C—% BEREOBE
S6008 3. 4~ 3.10 | FIBY,PCR,#8¥130C—%& BEEEORY
$6D09 3.13~ 3.19 [l 8%,PCR, IR ¥B5C— 38, % BREBEOHE
S1010 4.11~ 4.12 | FEB%,BVR,LOCART XD & BEEEOBE
1011 4.14~ 4.15 | [E6§,BWR, LOCARTE D H BEEREOYRR
SED12 1.16~ 4.21 [, BWAR, $: ¥85°C— & BRYEREOER
S6013 4.23~ 4.28 | [EIB¥,BWR, HE85T—3E, % BREEEORYE
SBD14 5. 9~ 5.14 &85, BWR, % ¥ 102°C—3& REREORR
S6D15 5.21~ 5.26 | [@FY,BWR, H¥E120TCT~F REBREOER
SBD1B 5.30~ 6. 4 [l B, BWR, ¥ 130C— & BY¥REORE
Siw17 6.18~ 6.25 | [E#,PCR 6By ik & B IRIE O i
S1W18 7.2~ 7.9 | ®X,R BRED S D H
Siwlg 7.10~ T.17 XK, B X, SC HEABRBEOH
S1W20 T.18~ 7.25 | WEX,R R W O B D
Siw2i 9. 5~ 9.11 | [EB%,BWR B B ik & B R o g
S1w22 9.19~ 9.25 EIx LR BRiEOHEHOR
Siwz3 5.30~10. 6 | ZEi&x,SW HEZBROH
WiM24 16.16~11.22 [T 8%, PCR, 1. TKGy/h BEFUE (1 2rHEBR)
Wiv25 12.10~12.15 | % ,PCR, 10KGy/h BERHE (1AMRRK)
S6026 | 56. 1.19~ 1.31 [l 8%, PCR He oot
s1027 2.13 [IB% , PCR BERBOELOBE (i)
51028 2.186 @6, PCR EOMEAEE (LOCART¥)
51029 2.18 [l 8%, PCR BORHEE (LOCAHT¥)
$5030 2.19~ 2.24 | [EI8%,PCR LOCA#E ¥
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Table 1 {continued)

ERES L Tl LOCA % # £ BR B W
S1W31 56. 3. 5~ 3.17 [l 8% , BUR MEOHILORIBIEL
S1W32 4, 9~ 14.15 6%, PCOR, 1. TKGy/h BEVETFRER
$10033 4.27~ 5.13 | [E%,SCR,120°C,1.7KGy/h Bt GREEHR)
S10034 5.18~ 5.28 | [EU%,SCR,120°C,9.6KGy/h B GREHE)
510035 6. 2~ 6.13 | [E¥#,SCR,140°C,9.6KGy/h BRI GEESE)
S10D36 6.22~ 7. 2 | [E¥,SCR,100°C,9.6KGy/h BRTE GEEYR)
Wiw37 7.10~ 7.17 | [I6%,PCAR FIB ik & B X ik O H 8
Wiv3s 7.24~ T.31 | FFx,SCA RABREOR

viv3g 8. 3~ 8,25 | PWX,®EX,R BXRLHEFROHRFOH
Wivdo 8.27~ 9. 3 ! &ix,SCA RARRO#

$8D41 8.24~10. 2 | SCA,120C—3 BREL (ERRBEOH)
VD42 10.12~10.22 | FIBS,BWR AR St
w8043 10.30~11. 6 | [El#%,BWAR EROEE

¥8D44 11.18~12. | | #Fik,R—>BVA EROLE

$8045 12. 8~12.15 | FEIB$,BR,KATL 142U ATLADEE

s8D46 | 57. 1.19~ 1.27 | FEIBF,SCR S10034DFH RER

Viwar 2. 3~ 2.10 | [@IM,PCR SIVITOE KRR (BEdEH)
$8048 2.17~ 2.25 | [EIB¥,SCAR,100°C BRI EEDR)
$8D49 3. 8~ 3.16 [ B, SCAR, 120°C BRI GIEYHR
58050 §. 9~ 4.19 | [6B%,SCAR,140C BHEL GEEYR)
5805 5. 6~ 5.14 | [E¥,SCAR,0.13MPa Bl (ZREH8)
$8052 5.24~ 6. 1 | [FB¥,SCAR,0.25MPa BREL (BREHR)
S1w53 6. 8~ 6.186 [6]8%., PR AT DER

Siwsdq 6.22~ 6.30 | [EE%,PCR ATV OER

S10055- 7. 6~ 7.16 | [EE¥,PCR,SCR,1.48KGy/h BBEYHE

S1W56 7.28~ 8. 4 | f&IF¥,BWR SRENSLOER
S8D57 8.16~ 8.24 [F R, SCAR, 1. 48KGy/h BREEHE

WIW538 10. 6~10.14 | [IB,PCR ERENSLOER
W3H59 11.15—» 3.18 | [@F%,PCR,SCR,0.6KGy/h BEEHE (3rARR)
W3M60 ] 58. 4. 6~ B, 2 | [EP¥,PCAR,SCAR,0.6KGy/h BEEDR (3 rAKRR)
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Table 1 (continued)

RRES I | LOCA % # £ K B B
Wl0DS1 | 58. 8.10~ 8.22 [E B, PCOR,0.01MPa { 0 ,) BECTRAOLECH®
W10062 8.30~ 9. 8 & 8%, PCAR,0.05MPa (Air) BMECEROBEOLE
59063 9.10~ 9.19 | [E8F,PWR ERFFSLOEE
w9064 10. 8~10.17 [ 6%, PCR FEENSILORE
S11065 |59. 1.18~ 2. 2 #Eix,5C,120C EXREOEE

5110686 2. 8~ 2.25 | BEK,SC,140C BREEOREE

. W9DET 2.29~ 3. 9 | &E&,PC BB R K
S11D88 4. 2~ 4.17 | &X,SC,160C AAREOER
S11089 §.23~ 5.12 Z&E X ,SCA,160°C RREEOREW
S11D70 5.28~ 6.12 | &Eik,SCA,140C BRiEoyy
S11071 6.18~ 7. 3 | ¥IX,SCA,120C BAEREOEY
S11D72 7. 9~ 17.286 PiX,SCA,0.13M4Pa RATOTERHEOHR
SLHIDT3 8.20~ 9. 8 EiR,SCA,0.25MPa BRAYTOERIETOHE
W10D74 9.11~ 9.20 | FB&,PCA, EZREEER Bk &

- S11D75 10, 1~10.18 | #iX,SC, (0.25,0.5MGy) AHEHOBRROL S
S110786 10.26~11.15 | &&,SC, (1.0,2.0MCy) MMM OBBOER
S11077 11.20~12.11 | &FiX,SCA, (0.25,0.5MCy) FREMOBRROLE
S11D78 {80. 1.16~ 1.31 | ®ik,SCA, (1.0,2.0MGy) ESORBONE
S11079 2.13~ 2,28 | IXiR,SC,1XGy/h, (0.25,2.0MGy) MEHOBREROLYE
W10D80 3. 5~ 3.19 | &iX,SCA,0.5MPa RRPTOERHAEOEE
S11081 4. 9~ 4.26 | &&X,SC,IKGy/h, (0.75,1.5MCy) | HBHOREEOLE
$11082 5. 7~ 5.24 ®iX,5C, (R;70°C-5KGy/h) MR EFOER
511083 5.28~ 6.12 | #F&,SC, (R;T0°C-5KGy/h) MRNEHOEE
S11084 6.25~ 7.12 Eix,5C, (R;0xt,0.45KGy/h) MENERtORE
511085 7.23~ 8. 9 | FX,SCA,1KGy/h, (0.25,1.5MGy) | MTHMHEEOLE
W10D886 9. 3~ 9.18 X ,SCA,0.45KGy/h, (1.5MGy) MRMHRHOREE
$11087 9.25~10.11 | &¥,SCA, (R;0xth, [KGy/h) MEHAEORE
S11p88 10.17~11. 1 | #F,SC, (R;0xH,9.7KGy/h) MRt ORE
w9089 11.14~11.26 | FiX,BWA,SWA, (R;70°C-5KGy/h) MRiEHOER
W11090 12. 9~12.26 | &E,SCA, (R;0x¥,70°C) NENEHOER
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Table 1 (continued)

ERES | | LOCA % * B B ®

S11091 | 6t. 1.16~ 1.31 | ZE¥X,SCA, (R;1KGy/h,5KGy/h) MENEHORE

S11092 2. 6~ 2.21 | #Fk,SC, (R;0xH,0.45KGy/h) NEMHRGORE

511093 2.27~ 3.14 R ,5C, (R;1KGy/h,5KGy/h) HBHERtORER

S11D94 4,22~ 5.10 | &FiX,SCA, (R;1KGy/h,70°C) 180T | BREEOLYE

S11D95 5.20~ 8. 8 | &X,SA, (R;10KGy/h,70°C) ATV A DY

S11D98 6.13~ 6.28 EX,SCA, (R;50°C,90°C) MENEHOER

¥11097 7.14~ 7.31 | ®¥X,SCA, (R;1KGy/h,10KGy/h) AR ORE

511098 B.18~ 9. 5 | F,SCA MR HOER

$11099 9.24~10.11 | SCA,BABROH BEZEL

¥gD100 10.20~10.31 FEiX,BWA,+ (R(OX)—>H) FHNHIEEHFOER

wi0D101 11.17~11.29 | &iX,PCA,+ (R(OX)—>H) ENBLRHOoRE

$100102 12. 8~12.24 | FiX,BYA  ENSLRNOBY

V7D103 | 62. 1.22~ 1.29 %, BYA ENFHILEHOLR

V100104 2.2~ 2.21 | &E&X,PCA FaHlRtORE

V1501086 4. 6~ 4.22 | E&,PCA MEHEHORE

V100107 4.30~ 5.13 | #EX,BWA WHEMHANOLS

V100108 5.21~ 6. 3 | FiX,BWA ENBERIVCHEHROESE
¥120109 6.15~ .27 | &X,PCA BRI BEEKORE
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Table 3

Size of Pressure Vessel
Maximum Pressure
Maximum Temperature
Size of Mandrel

Quick Heating Time

Maximum Steam Supply
Rate of Chemical Spray

Amount of Co-60 Source

Capacity of Electrical Loading

Number of Cable Loaded
Dose Rate

Dose Rate Uniformity

Uniformity Ratio of Dose Rate

Vertical 1.04
1.04
Radical 1.03
1.07

- 1.14
- 1.15
- 1.06
1.15

Air Equivalent Dose Rate at Cable

200keci

Specification of Apparatus

700I.D x 1300H
25 kg/csz
250°C

400I.D x 600

20 to 150 within 10 sec

(designed)
4 sec

(measured)

10,000 kg/h

0-5 lit./min

30 kci and 200 kci
600V and 90A

9 Cables
2.5 and 10 kGy/h
1.1 (designed)

" it

(3 conductors)

(designed)

(for

(for

200kci)
30kei)
200kci)
30kci)

Position

{(for

(for

10.9 kGy/h ({(without cooling water)

" 9.5 kGy/h (with cooling water)

30kci

2.1 kGy/h {without cooling water)
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60Co—Source

— HI,“fm\\ t guide tube

Chemical Watex
spray spray
Cable — »—f==ﬂ——
penetration - llair
I I ~ inlet
“_,;::: — “ | s 61,
oco ; i
Thermoeoup i ‘Fz | Mandrel
Pressure gauge i |
Thermocouple :::E;:T —-L

_;H_ﬁ —

Drain outlet

_—L——E—-—-

Fig.2 Cross Section of Pressure Vessel

1,2,3 Thermocouples on Mandrel

4,6 " on the wall
of pressure vessel

5 " inside of
Cable
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Stapdard FPWR LCCA Froftile (P} ]
150°C 150°C
10 3 1s 8\1407T
s h h h 15h 120°C
15h /
15m ] n
—>| P(ah}=
50T
Bh ~ 1.5MGY
(~10kGy/h)
0 xh
Room Temp. 16m
Pre-conditioning Standard BWR LGCA Frafile (B)
171°C
Thernal Irradlation s ok
Agling
140°C
121°C 0.6MGy 10s 120°C
7 days (~ 10kGy/hy [—> 9h
— 16m [(x1n
Bi{xh}=
Boom Temp.
din Atr
~0.26MGY
{~ 10kCy/h)
FPre-conditlonlng (Nad —~3 0 xh
Noam Temp., 15m
Steam Exposure Profile (8)
[tiT
7
{x] h
| S(tTxmd=
-~ 1.6MGy
(~10kGy/h)
o] xh
16m

Fig.3 Temperature profiles

Hoom Temp.

for PWR and BWR LOCA simulation.

for simultaneous conditions applied
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) *
Standard PWR LCCA Proflle (P )
150°C 160°C
| Eh & T
m h im h 18h 126°C
1Eh ' -
15m X1 n
—> P*(xh)=
Pre-caonditlioning E0T
+ Pre-irradiatlion Bh
Thermal Irradition
Aging 0 xh
Huom Temp. 15m
121°C ~ 2.0MGy .
7 days - Pre—cundlliuntnﬁ - Standord BWHR LCCA Prafile (B )
0. BNGy 171°C
(~ 10kGy/h) m  8h
Reom Temp.
{in Air) .
120°C
9h /y
16m %] n
> BYxh)-
Pre-
frradition
irradition
0 xh
~ 1.EMGY Roem Temp. 15m
—
(~ 10kGy/h} %
‘ Steam Exposure Profile (S )
T
Recom Temp. .
............................. :!'r /
(ln Alr) [x] n
I N
S (t'Cxh)=
0 xh
Roam Temp. 16m
Fig.4 Temperature profifes for sequential conditions appiied

for PWR and BWR LOCA similation.
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4. EBRERRUEBER

4.1 HEEE
4.1.1 2B (BEX) ORE

BfAREFRORERRCFEHEIATLWEIRBUI TS VM EFEGREIhTVE40
FORMIZLOCA (BHMERENR) BEC-LEULTD, FORMELLS T
ZIEDNBERINATEY, ZORDZAERMELRITT LD FERERR
BITS5ZEWEDONTVAS. LOCARRMEIH SHHE, SIEOKER,
ATV, BRREODEAREUIPWR THIE, BWRTHI100H:EEX
hTha28, COLSRERMBCHEVERRZITS CEIIEROR MY ESR L
ORPOHARST, BEURKBEIZF—-YONELZEULBIEYT 3. 2 T2 h
S ORBEPILBHERBTHOERITORUEBYIT I LENS 2., RUM
DEMREE->TR, BFARBTESBLTHBEROBILLEERS5 X 584D
BREAFRZ2VT, CORTFHEDLIIREELGLIZDPRMEZENDLETD
5. EFEORRBRIIMEER T 2GAMBALRIFFEUTH], KNG ORER
EHMBILOEBEERBFONDS, REERZOVLTE, LOCABBREAHh AR
EHNBWRT 0.26MGy (100H) , PWRT 1.5MGy (14E) ¢ HTEXHhTHY,
ChEEBEUTSFA5LDREIEERLEDLSLEBS S, —FH, B>
TWHLOCASMOAERED Dpest-L OCABOEBENBWRTII9 3 CHE,
PWRTWH 7G5 CEHEZNTHY 2, HIMERC S 2> THHILOEEKESE
EEBUTCEHEZGDERLECEEBLEERS, KEETEZIh»OHETFOHT,
HEROEECODVTRNET 535,

(1) BEBRAIE

ENBIEROUVRLOCABKBREREDR
LOCABBREUESEAMATE -1 (3.2.288) 2HL, |EEE Std 323,
383-19741- 2D Append i xR I EPWRHAHAOIT U T s L ZHVITHR. 7 BOE
BRI 3 (T~10kGy/h, 1.5kGy/h, 0.6kGy/h) X THBUE., RFL, &
HUOREETIIBWREKIZHY T 0. 26M0yERB LU 2, FMHHOBEEERED
IR RBEENER->THAUR U, %EDpost-L O CAR YL ZBHOIREW
120C—EW Uk, B8, LOCAKRRAE>THFABZELEhTVWEA
OFEHYOBEAGROBLE (Faidhit) &L T, @l (BRP, 1217T,
7THME) ORERTP, SEEET (10kGy/hLAT) TO.5MGYHES U KL O CAK
BRRBCBER UL, AR TULBOLDEMNBILRVOHEN OEARICREEL 2.
Th, EEOETFHFOBPEENICIBWR THSXORELEDESRN, P
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WRTURREDERABHFET A IEREZRL, 7 1 LOREELBT 58
FIKBRRELO.OMPar O REFEMU L RBTEHEL, SR 2.

(2) HERUVER
DERSHECRZTEBETN (B8R OB

NANDOY (CSMEXRT)Y ! Fig, 0BLU RRABHEONANDO D OHH S
EFLRERY (CSM1°) CEARARN (EFFEr — 7L HBRES  (SM3) @
LOCABBEREBULLZOBEr BUORRERERT. ERIIEHHILE
EZ b0 EMBItRUDOBARD2VTIT-TVEH, 22 TREHILOLED
BB RUVOBEOARTRT., BANBILS 3 BELERMHCRITEZAC TS 5.
E5o0REY, BEOMMEHCHE, WUORREBETT 5. KT8
HEBUREMSEVIES (BEEMEVEY) KELBR-THEY, BELTERANE
ETZLZOMEHRELL. IHPRRUALI A=A UEHETIT > 2 ERO
NIV OBERTET. Tk, EFLRAEHNUEARGANCLEABEHENO
FELIVKEILBIZCEPbDS. ThEOFREEN LN O BRIHESIE
TEZEABCBCL > THHILT BT ERRUTCLE AR, TROEERS
ER2EUCRESRZIERRUTV S, BEEERIRVERL 53184085
LRHEC OV TIHRRT 30, ERABEET S E, BILIC k3 TR HBIES 3
EHEEZANDB,

TFLyITOELyIh (EPREFRT) . Fig. 7, SREFAERAERE (EPRI
*) ROUREARARNE (EPR3) OME, MUORBEERT. EPROKER
BRCERFFEVTVRVLEARIERNYN (B2 OFELSYY, ¢k
BESENMUTDREELRV, —FA, ULRREOHEMNE EHIZIETT 55,
COBEGLEBELYAERBIMOEELZIRVIESHRS, LhLEHs,

BECEABEETIEBELHULBEOMMIE>TETL, HahREE
RO EBAeh 3. BREFLIRARRNTFOMEBELL, BEFEETO
RUMSBOBAREELLEIL, FESEI Y, &dd > Mt EoflE s
Bk Rok. ThEZHL, RERSENTREFIRSGRBEICRREHMO
HELSURLY, PRVEENERIEUTERZIBIREBEBELL,
ThoOERIE, EPRTUSBHLEHUTEBDTRETS S, BILSILK
HUTRBVZERTRY, BREEAHEELV TV 308 LBV T
BBTBESR, BILBILR LI TR BIRMN TS LI EBTIBEN S,

—%, BMHKZEARE T TUBELILSRSHUNBRECLIETTINES
HOEER 2RV EDP S, BLRTEUTRHBEB LI EELEZE
WTE 3,
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RERYIFLY (XLPE) ! Fig., QREBRYIFLIYOBE WU ORRY
RERT . BERIVIFLILOCARBRBUREE T 2L BUOELBELD
Kb, COBRIRBECTERADIRVELGESIBETTOMERMBELUCERY,
ZRABFEUV TV RVSAURBHRORZE L/ IX L, U REHBESRVA
BHILBORBRVERERT. —F, RRRERAPTFET S HRELHULEEN
RORERZRT S. B, WHURBTRFETTE, 5588 S5BMETL,

TOROEABDPRVBILHBERTY, COABRETL2RTEELEEESR
BERLRBMMERT . —7, COXIRMMHBBRELERBFEEL TLRL
BECIEHETRLS, HoDPLHIBEPRR>TVWARZIERREBLTL 33,

7Ly (CR)Y 84U Ya—ryah (SIR) : sooa7Lryv»yya
—TLRDVTHHBOMBIEEABEPWROLOCABRETYh ZBEK
BETILHENELL, BRERRER T TUERBHRORT THENHRA
RE3LRYD, CRAF—FERLULTORL, 70070 20T LEEATEL
BETHUOELVWETART BT TRBBILEEDMOMBIZLENTEL <
KEL, BENMOEEREL UTRBLRKETIEELONS, 5, B
DERIBELEEET 1D, TAFETTORBHMOE R RS s
EABIREDHBYHRLLVEUCAILCREEZE 2N,

VA=Y AR DVTH AR BN EEETELSHMUBET T 55, #
BHIZBHTRECHV EEHMOB B UL NS, EHHORERLY
RHOBEEBZEON S, TOEMEL OCABRERNOSHE=ERUEYY I AL
ATL 4 (PH¥I0.5) kB MKkHBILLIZbDEEZONB. —F, RiE
DEROEEUISLRBEHELEARVIED S, BIEBILREHUL TEEDT
RECHBZENDNB, LT, MUOETORBEEEE U TkHRLIE
wWkBLOEELBR S,

BEVY =Y ABBIHBIZDOVTE, BREET TRV T AL EEIN
DEEBRAONDBBETTRL, NANRLY, 7T L 0RERODVTIIERD
FHEUVTOVRVWIEAGRDEEN AN LI EBhho k.

2) 91k Rk e Sy AR T

RRRUR LS, BEHEOL O CABEEETSILRYVTELOMER

BEROLE (REUHOLE) Saoh, £k, BEUEANEET ZHTD

RESTHILEBBERZZE Dbk, RBRYMOEHEE S 3188,

1) BE (330VETR) 0SBLEDT, HAOFMNS - RESKETE
CEEU,
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I) Uhd, B4 PRI > TWAZ ERFRIHXhE ETEERMTRINER
BV, '

FOLSHBENSH LB, ChoOMBERBRT 22D, HILOPNILRVWLESH

{tO— BB REE RS, T THBMBFHEOELORMERIREHEEHA 25,

ZOHEFLOVWTRIERT IBRISEEGZEREBE L, ORAIFVFERLLY,

EBF—¥ (i, Pi) (BHEPCRE1:OERIEOMEA) HoHTOEEE

BEREBEE-dP/dt=kPrOREHLTROEERO—HIBRT .,

Fig. 1 0EPRRODVTZERAEREIVVEBASOBERHRR OV CERLIOM
BERDEEERTRT. CORDBHE (22 TREVOFIBEICT Si8e/
ea) DEFORB N IEABSIIBEERVIEATERY, HEBEORIEBXESN
THRZENERXhE, T, KENPKOHEOEKERH DI 2HHMUTOR
BhREW, BEORELRMCE Y, EBPOREEMEBILITOY I LEDLOD (
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Fig. 5 Effect of dose rate on mechanical properties of

Hypalon 1* (CSM 1*) under simultaneous PWR LOCA
environments.
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Fig. 6 Effect of dose rate on mechanical properties of
Hypalon 3 (CSM 3) under simultaneous PWR LOCA

environments.
Symbols are the same as in Fig. 5
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Fig, 7 Effect of dose rate on mechanical properties of
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Symbols are the same as in Fig. 5



JAERI-M 88-178

100

80

g
i .
~ 10
'_
5 -
1 1 1 L
C 05 . 1.0 1.5
Dose (MGy)
ico

50

)
S0
i
5
1 I 1 ]
0 0.5 1.0 1.5
Dose (MGy)
Fig. 8 Effect of dose rate on mechanical properties of

ethylene propylene rubber 3 (EPR 3) under
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Symbols are the same as in Fig. 5
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Fig. 9 Effect of dose rate on mechanical properties of
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Symbols are the same as in Fig. 10
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Fig. 12 Effect of dose rate on insulating resistance of
EPR 1* under simultaneous PWR LOCA environments.
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Table 4 Exposure Dose to Decrease Elongation to 30%
of TInitial Value under=1L0CA Environments
with Saturated Steam (Expressed in MGy)

Type of Sample With aging Without aging
polymer name’ 100°C 120°C 140°C |100°C 120°C 140°C
CsM 1* |0.46 0.19 0.29 |1.32 0.75 0.78
*
Hypalon csM 2* |0.39 0.14 ©0.14 |1.35 1.03 0.83
csM 3 |0.41 ©0.29 0.15 |1.11 0.80 1.02
CSM 4 |0.60 ©0.35 0.31 |1.24 0.92 0.99
*
Ethylene. |FPR 1* |0.35 0.35 0.25 0.88 0.92 0.68
propylene |EPR 3 - - - 0.16 0.12 0.25
rubber EPR 4 - - - 0.52 0.52 0.80
CR 1 - - - 0.32 0.26 0.22
Chloro- CR 2* - - -~ 0.37 0.26 0.32
prene lcr 3 - - - 0.38 0.32 0.38
STR 1 - - - 0.23 0.28 0.19
SIR 2 - - - 0.11 0.14 0.08
Cross-linked|yrpp 14(0.22 0.76 0.80 |0.86 1.05 0.97
polyethylene
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Table 5 Exposure Dose to Decrease Elongation to 30%
- of Initial Value under LOCA Environments
Containing Air (Expressed in MGy)

Type of Sample With aging Without aging
polymer | name 100°C 120°C 140°C | 100°C 120°C 140°C
CSM 1* |0.62 0.36 0.29 1.09 0.88 0.64
CSM 2% | 0.53 0.40 0.23 1.22 0.85 0.63
Hypalon CSM 3 - - 0.20 0.65 0.81 0.60
csM 4 6.53 0.55 0.41 1.30 1.08 0.71
, EPR 1* 10.28 0.65 0.75 0.89 1.02 1.11
Ethylene-
propylene EPR 3 - - - 0.28 0.39 0.33
rubber EPR 4 - - - 0.82 0.76 0.65
CR 1 - - - 0.23 0.23 0.10
Chloro- CR 2% - - - 0.40 0.24 90.15
prene
CR 3 - - - 0.54 0.36 0.27
. SIR 1 - - - 0.19 0.46 0.46
Silicone
rubber SIR 2 - - - 0.15 0.23 0.23
Cross-linked |y 150 1% [9.27 0.30 0.02 0.37 0.25 0.13
polyethylene
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Fig. 17 Change of elongation in simulated LOCA
environments with saturated steam{(Hypalon:CSM).
LOCA temp. (°C} Symbol Aging 1line
O 100 VES o
® 120
@ 140 no
160
50
30
8
= ®
o e
m =
N W0 <10
2 N
- pLa]
L m
5 5
3r 3
0] 0.5 1.0 1.5 8] 0.5 1.0 1.5
Dose (MGY) Dose (MGy)
Fig. 18 Change of elongation in simulated LOCA

environments with saturated steam(Ethylene-
propyrene rubber:EFR).

(Notations are the same as in Fig. 17 )
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Fig.l9 Change of elongation in simulated LOCA

environments with saturated steam (Crosg-
linked polyethylene:XLPE).

(Notations are the same as in Fig. 17)
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Fig. 21 Change of. elongation in simulated LOCA
environments with saturated steam(Silicone
rubber :SIR).

(Notations are the same as in Fig. 17)
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Fig. 20 Change of elongation in simulated LOCA

environments with saturated steam (Chloro-
prene rubber:CR).

(Notations are the same as in Fig. 17 )



JAERI-M 88-178

(Do UT 2anjexadwol yOQT 23EODTPUT SOAIND ATDAd UO saanbTg)

* (WSD:uoTedAH) wea3s poajeanies

U3TM SIUSWUOITAUS ¥YDOT POIBRTNWTIS UT yYibusijzs slTsusl Jo sbuey)n z7 *bta
{AOW) =soa {AoW) =sog
ST 0T S0 0 S'T 0T 50 0

(butbe uyztm)
£ WSD ]

(Ao} @sod
o1 g

0] o]

vl

T T

(BuTthbe jonyatTm)
£ WSO

05

(%) ‘aral

(%) ®ar-qL

(butbe yztm) ~CE

LSO i

(ADW) osod
ST 0°'T $*0 0

(Putbe anojm)

L[ WsD .
0g

i}

-0

021 7 001

°qrqL

(%)

991,791

(%)



JAERI-M 88—178

(Do UT 2anjexsdwel YOOI ©3BOIPUT SOAIND AI24d U0 sa2ianbtg)

(AoW) eoscg

&°1 0°T

S'0

(butbe y3TM)

£ aJdu
0g1
waH
0ot
(AoR) ®soa
S°T 0°T S'0 0]
T T T
— 08
. .
(butbe 3noyzTm) <
£ add 1% oW_
ovt 1 8
Yoot
oot @l

* (Ydd) wee3ls peajeInNles YjlTsm
SjUuswueITAUS ¥YDOT pPajernwrs uTl yjbusiis aIrsusi 1o sbuey)

(AoW) =soq

£z *bta

S°T 0-

T §°0

ot

T

0€

O ol
001 (butbe Uy3TM)
¢T ddH i
(Ao} @oso0q
< 1 0°'T S0 0
_ T _ 0
105
ovt 1
4ot
oo el fbuthe 3InoyaTm)
¥ T ¥4l

(%) ‘araL



JAERI-M 88-178

{00 UT 2anjexadwdl ¥OOT ©3EOTPUT soAINd AI9AD U0 soinbTg)

*(4IS pue HJIX)

wea3ls pojerInles y3lTm

SIUSWUCITAUS ¥DOT Po3eTNWIS UTr yjzbusiiys slrsusy jo sbueyd

(ADW) ®sog
90 ¥'0 Z°0

i T T

(butbe yjTm)

T ¥IS 0e
0¥ T —O—
06
el
00t )
001
(oK) ssog
90 70 zZ°0 0
Y T T
(utbe INoYITM)
T ¥9IS o
05
oF1
0z1

001

oot

(%) ‘qraL

vz *bra
(AD) ss0Q
S T 0°1 5°0 0
T T T
—08
oV o1 ] m
l
05 o
oz ®
nar
(butbe uy3zTm) T
¥ T dd7X -joot %
=]
f
(ADKW) ssod
57T 0°1 G0 4§
! 1 i
e
L
e 1T
il =
Ollfilr‘ g &
—O— %
00T e
(butbe jnoyjzTm)
» T ddTX DOOE




Tb/Tb, (%)

(%)

Tb.Th,

(%)

Tb"Th,

100

JAERI-M 88178

- 100
i 120
i 140
50
1 CR 1
30 (without aging)
© L ¢ |
Q 0.2 0.4 0.6
Dose (MGy}
100
- 100
g 120
i 140
5
] CR 2*
(without aging}
30
10
- { I 1
0 0.2 0.4 0.6
Dose (MGy)
1501 100
129
1o 140
: CR 3
i (without aging)
50
0
1 1
0 0.5 1.0
Dose (MGy)
Fig. 25

environments with saturated steam
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Fig, 26 Effect of LOCA temperature on relative volume

resistivity of CSM under saturated steam
environments.
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Fig, 27 Effect of LOCA temperature on relative volume

resistivity of EPR and XLPE under saturated

steam environments.
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Fig. 28 Effect of LOCA temperature on relative volume

resistivity of CR and SIR under saturated steam
environments.
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containing air (Hypalon:CSM).

(Figures on every curves shows LOCA temperature in °C).
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containing air (Ethylene propyrene rubber:EPR).

(Figures on every curves shows LOCA temperature in °C).
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containing air {Cross-linked polyethylene:XLPE and
Silicone rubber:SIR).

(Figures on every curves shows LOCA temperature in °C).
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Fig. 32 Change of elongation in simulated LOCA environments

containing air {(Chloroprene:CR).

(Figures on every curves shows LOCA temperature in °C).
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Fig. 36 Change of tensile strength in simulated LOCA

environments containing air (Chloroprene:CR).

(Figures on every curves shows LOCA temperature in °C).
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Fig. 37 Effect of LOCA temperature on relative volume

resistivity of CSM under saturated steam
environments.with air.
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Fig. 38 Effect of LOCA temperature on relative volume

resistivity of EPR and XLPE under saturated
steam environments with air.
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Fig. 41 Effect of LOCA temperature and air blend on

swelling properties of EPR (EPR 1* and EPR 3).

(Notations are the same as in Fig. 40)
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Fig. 49 Effect of amount of air in simulated LOCA
environments on the volume resistivity of
insulating materials (without aging).
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Fig. 50 Effect of amount of air in simulated LOCA

environments on the volume resistivity of
insulating materials (with aging).
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Fig. 21 Effect of amount of air in simulated LOCA

environments on the weight change of various
kinds of insulating materials (without aging).
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KITH:REBRELY, EEBRITWIREFEOREITEELRSZDT, 20K
W2V THRF L2 3,

(1) REAHE
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+B (BEAEE) U—BE»ITHEERIT-> L,
+ C (RERR) TUFEFEERALRUEUT, 150-50COEDRERL 104
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QEEZFALEAOCKBZOT, 7TRT LO—8BeMA @B 2V THEOHEY
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PFEBIIIOKGY/hTH B, ) + L OCA (TransientfBHoA)
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Table 7 1Initial Mechanical Properties of Polymer for Cable

_ operties MlOO Th Eb H
Sample (Kg/cm?) (Kg/cm®) (%)

Hypalon 1* 28 211 597 53

2% 28 173 561 58

EPR 1* 16 83 503 53

6* 39 154 760 67

XLPE 1% 101 265 617 98

Silicone 4 12 97 618 50

Hypalon 3 44 221 642 69

45 198 600 69

EPR 3 21 86 817 65

10 31 100 973 74

Sheath 103 57 212 624 60

(Hypalon), ;5 65 174 427 65

Core 109 23 57 652 -

(EPR) 111 31 72 1252 -
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Table 12a Weight and Area Changes of the Aged Samples Tested
Under Various LOCA Conditions (Stage No. b)
LOCA Standard Slow Rapid
Conditions Condition Heating Cooling
Weight Area Weight Area Weight Area
Samples Change Change Change Change Change Change
. (%) (%) (%) (%) (%) (%)
llypalon 1* - - 0 =1.0 1.1 -1.0
2* - - ~1.7 -2.5 -1.6 -3.0
EPR 1% - - -1.3 -3.0 -1.9 =-1.0
&* - - -1.1 -3.0 -1.7 -5.0
XLPE 1* - - -1l.1 -9.8 -1.1 -6.9
Silicone ¢4 - - ~0.8 -1.5 ~0.7 -2.0
Hypalon 3 - - 3.5 0 4.6 -0.5
8 - - 1.4 1.0 2.7 -1.0
EPR 3 - - -1.8 0 -1.2 0
1o - - 0 -2.5 0 -4.0

Table 12b Weight and Area Changes of the Unaged Samples Tested
Under Various LOCA Conditions (Stage No. b')

Loca Standard ~ Slow Rapid
Conditions Condition Heating Cooling
Weight Area Weight Area Weight Area
Samples Change Change Changs Change Change Change
(%) (%) (%) (%) (%) (%)
Hypalon 1* | -g.¢ -2.0 -0.6 0 -0.6 -3.0
2* -1.5 -2.0 ~-1.7 -2.0 -0.9 -2.5
EPR 1* -1.6 -2.0 ~-1.3 -2.0 -1.3 -2.0
6* -1.2 -1.0 -0.8 -3.0 -0.6 ~-1.0
XLPE 1* 0 -5.4 0.7 -5.9 0 -8.8
Silicone ¢4 -0.7 -0.5 -0.8 -1.5 0 0.5
lUypalon 3 1.0 1.0 -1.1 1.0 o
B -0.6 -1.5 1] -1.0 0 2.0
EPR 3 -1.2 -0.5 0 1.0 -1.2 -1.0
10 0 -4.0 -0.6 -4.0 -0.6 -2.5
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Table 12c¢ Weight and Area Changes of the Aged Sample Tested
Under Various LOCA Conditions {(Stage No. 5)
LOCA Standard Slow Rapid
Conditions Condition Heating Cooling
Weight Area Weight Area Weight Area
Samples Change Change Change Change Change Change
{%) (%) (%) (%) (%) (%)
Hypalon 1* 7.4 3.0 8.6 4.0 6.9 2.5
2* 3.9 2.0 6.5 3.0 3.2 0.5
EPR 1* -2.7 -3.0 -1.6 ~3.0 -2.6 -2.5
6* -2.5 ~-2.0 -1.8 -2.5 -=1.9 -4.0
XLPE 1* 0.5 -3.0 -0.5 ~-3.0 -1.1 -4.0
Silicone 4 -4.7 -4.0 -3.5 -4.5 -4.5 -4.5
Hypalon 3 25.9 12.9 30,9 15.6 26.7 11.3
8 10.7 4.6 10.7 5.1 10.0 3.0
EPR 3 -2.2 -2.0 -1.7 -1l.0 -2.3 -0.5
10 5.5 1.0 5.6 0 6.2 0

Table 12d Weight and Area Changes of the Unaged Samples Tested
Under Various LOCA Conditions (Stage No. 8)

LOCA Standard Slow Rapid
Conditions Condition Heating Cooling
Weight Area Weight Area Weight Area
Samples Change Change Change Change Change Change
(%) {3) - (%) (%) (%) (%)
Hypalon 1%*. 2.9 0 2.8 c 3.4 1.0
2> 0 -2.0 ¢.8 =-2.0 0 ~-3.0
EPR i* -2.0 -3.0 -2.1 ~-3.0 -2.0 -4.0
6* -1.1 -2.0 -0.9 ~4.0 -0.6 -1.0
XLPE 1* -1.0 -7.9 0 -8.3 0 -7.9
Silicone 4 -3.0 -3.0 -2.8 -3.0 -3.0 -3.0
Hypalon 3 19.6 8. 13.3 4.0 10.7 3.0
B8 6.3 2. 3.2 1.0 4.0 .
EPR 3 -1.8 -2.0 -1.8 -1.0 -1.8 -3.0
10 6.6 0 5.4 0 5.0 -2.0
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Fig.53 Simulated LOCA conditions applied for
PWR LOCA test.

A: Standard condition recommended by
IEEE Std 323(1974),
B: Slow heating condition, |
C: Rapid coolinyg condition
SCR : Steam
Chemical splay(2.31/min)
Radiation(l Mrad/h)
b: Pre-—conditioning + LOCA(TRANSIENT)
5:Pre—conditioning + LOCA (TRANSIENT4+STATIONARY)
:LOCA {TRANSIENT+STATIONARY)
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Fig.54 Residual elongation{Eb) and strength(Tb)
at break of the Hypalons 1* and 2* tested
under standard and slow heating conditions.

Standard condition, ----- Slow heating
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Fig.55 Residual elongation and strength of the EPR
1* and 6 tested under standard and slow heat-
ing conditions,

{Captions are the same as Fig.54)
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Residual elongation and strength of the
crosslinked polyethylene (XLPE 1%*) and
silicone rubber (SiR 4) tested under standard

and slow heating conditions.

(Captions are the same as Fig.54)
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Fig.57 Residual elongation and strength of the cable
samples (Hypalon 103 and EPR 109) under standard
and slow heating conditions.

(Captions are the same as Fig.54)
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Fig.58 Residual elongation and strength of the cable

samples (Hypalon 105 and EPR 1ll) under standard
and slow heating conditions.

(Captions are the same as Fig.54)

— 112 —



JAERI-M B88-178

Hypalon 1

100

(%)

Value

50

Residual

100

(°/e)

Value

50

Residual

Fig.59 Residual elongation and strength of the Hypalons
1* and 2* tested under standard and rapid cooling
conditions.

—— Standard condition, — — Rapid cooling
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Fig.60 Residual elongation and strength of the EPRs
1* and 6 tested under standard and rapid
cooling conditions. :

{(Captions are the same as Fig.59)
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Fig.61 Residual elongation and strength of the XLPE 1*
and Silicone 4 tested under standard and rapid
cooling conditions.

{Captions are the same as Fig.59)
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Fig.62 Residual elongation and strength of the cable
samples (Hypalon 103 and EPR 109) tested under
standard and rapid cooling conditions.

(Captions are the same as Fig.59)
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Fig.63 Residual elongation and strength of the cable
samples (Hypalon 103 and EPR 109) tested under
standard and rapid cooling conditions.

(Captions are the same as Fig.59)
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Residual toughness of the Hypalons and EPRs
under various LOCA conditions.

——— Standard condition, ----Slow heating,
—--— Rapid cooling
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Residual toughness of the XLPE and Silicone
under various LOCA conditions.

(Captions are the same as Fig.64)
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under various LOCA conditions.

Fig.66

(Captions are the same as Fig.64)
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Table 15 Bffect of rapid heating on mechanical degradation
of insulating materials (with aging).
Step A B ' ' C D
Sampls Tb/Tbe Eb/Ebe| Tb/Tbe Eb/Ebe| Tb/Tbe Eb/Ebe| Th/Tbe Eb/Ebe
csM 1% | 77 57 75 52, 73 48 58 28
csM 2% | 73 45 62 35 | 65 37 62 25
EPR 1* 89 41 86 37 80 38 86 32
EPR 3 78 18 77 21 74 18 81 12
EPR 4 73 28 70 29 65 23 76 18
XLPE 1* 57 40 69 55 46 29 43 22
Step E F G H
Sampie Tb/Tbo Eb/Ebe| Tb/Tbe Eb/Ebe| Tb/Tbe Eb/Ebe|Tb/Tbe Eb/Ebe
CSM 1* 72 20 75 45 74 33 60 14
CsSM 2% 62 1le 66 33 67 24 54 11
EPR 1* 88 23 89 36 87 27 88 17
EPR 3 95 9.1 78 16 86 10 86 6.5
EPR 4 86 11 78 24 70 14 74 8.3
XLPE 1% 49 23 56 35 68 44 19

43
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Table 16 Effect of rapid heating -on mechanical dgradation
' of insulating materials (without aging).
Step Al B' c!' D'
sample Th/Tbe Eb/Ebo| Th/The Eb/Ebe| Th/Tho Eb/?bo Th/The Eb/Ebe
CSM 1* 93 94 95 .86 92 76 83 52
CSM 2% 92 91 89 80 87 74 80 49
EPR 1% 93 89 86 84 77 75 82 44
EPR 3 87 73 76 60 69 49 67 21
EPFR 4 90 82 74 62 68 54 75 31
XLPE 1% 70 66 86 81 72 67 47 33
Step B! F!' G' H'
Sample Th/Tbe Eb/Ebe|Tb/Tboe Eb/Ebe|Tb/Tbs Eb/Eb. Tb/Tbo.Eb/Ebo
CSM 1% 82 30 91 72 82 50 79 21
CSM 2% 73 25 87 70 90 48 86 21
EPR 1% 88 27 89 67 80 42 89 19
EPR 3 76 1l 65 36 70 18 74 7.8
EPFR 4 83 14 83 54 78 26 81 9.8
XLPE 1* 50 27 92 78 55 41 46 21
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Ratio of mechanical properties of A (under

single transierit)

to B

in simulated LOCA environments.

(A} values obtained at.step C

(double transient)

Th Eb Tn
sample | F'/C' F/Cc |F'yc'  F/c | F'sCt F/C
CSM 1% 1.11  1.03] 0.95 0.94| 1.05 0.96
CSM 2% 1.00 1.02 0.95 0.89 0.95 0.91
EPR 1* 1.16 1.11 0.89 0.95 | 1.03 1.05
EPR 3 . 0.99 1.05 0.74 0.89 0.72 0.954
-EPR 4 1.22 1.20 1.00 1.04 1.22 1.26
XLPE 1% 1.28 1.22| 1.16 1.21| 1.49 1.47
(B) values obtained at step D
Th Eb Tn
Sample G'/D!' G/D G'/D!? G/D G'/D' G/D
CSM 1* 1.07 1.28 0.96 1.18 1.03 1.50
CSM 2% 1.13. 1.08 0.98 0,96 l.iO 1.04
EPR 1* 0.98 1.01 0.96 0.84 0.93 0.85
EPR 3 1.05 1.06 0.86 0.83 0.90 0,95
EPR 4 1.04 0.92 0.84 0.78 0.87 0.72
XLPE 1* 1.17 1.58 1.24 2.00 1.45 3.16
Table 18 Effect of rapid heating on volume resistivity of
: insulating materials under simulated LOCA
environments.
Step Step
(without aging) {(with aging)

Sample c’ F! D' G' C F - D G
csM 1% 0.05 -0.09 =-0.85 -0.72|~0.50 -0.83 -0.86 =-1.18
CSM 2% 1.07 0.37 0.37 0.40 0.85 0.29 0.16 =0.05
EPR 1% -0.11 0.11 g0.16 -0.02 0.34 0.23 0.18 -0.12
EPR 3 ~0.59 -0.22 -0.44 -0.347] ~0.18 0.30 =-0.13 -0.23
EPR 4 -0.84 -0.90 -1.19 -1.19]| -0.78 =-0.79 -1.26 -0.97
XLPE 1* -0.84 ~0.59 -0.60 -0.65} ~0.73 -0.51 -0.71 ~0.48
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Table 19 Effect of rapid heating on weight change-of
1nsglating materials under simulated LOCA
environments.

C D ' 1 1 '
Hﬁiﬁigia {(with aging) ° (githoui aging) ¢
csM 1* | -0.6 -0.6 1.7 0 -1.2 -0.6 =0.6 =-0.6

CSM 2% -0.8 -3.1 0 -2.3 - -2.3 -

EPR 1% -2.3 -2.3 =-2.3 -2.8 -2.0 -2.2 =2,1 -2.0

EPR 3 -i.2 -~-1.7 -1.7 -1.7 -1.2 -1.1 -1.2 -1.1

EPR 4 2.2 1.6 5.3 5.1 0.5 0.6 3.6 3.5

XLPE 1* 0.9 0 0 0 0 -1.0 0 -0.9
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4.1.6 ATL L OEE
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Table 20 Some mechanical properties data of polymeric cable
materials used for BWR LOCA simulation tests
(Original and Aged samples)
Na. Original Aged
Sample Mioe Tb Eb H Miee | Thb Eb H
(kg/ad) | (kg/ad) (%) ([ kg/d (kgsad) (%)
1* 23 204 208 | 687 (67T1)| 63 81 {197 (203 | 202@0n | 80
CSM 2* 35 190 (196) | 530 (534)| 72 122 216 (219 | 255 (258) | 88
3 46 208 210) | 610 (615) | 70 119 1733176 | 194 200) 86
4 68 171 (183) | 358 (3800 | 78 164 180(183) [ 125 (129 g0
1* 17 78 (81)| 482 48D | 57 43 85 (86) ] 197 (201) | 68
EPR 3 18 80 (82 |1029(1041)] 82 50 69 ( 70) ] 186 (188) | 78
4 34 85.( 92) | 448 (4651 71 53 57 (58) | 108 (120 | 82
XLPE1*| 103 241 (247 | 550 (582)[ 99 118 254 262) | 383 (39D 99
1 18 | 139 (142 | 727 (739)} 61 ~ |1340136 | 85(88) | 92
CR 2% 26 [202(209) | 484 (495)| 66 — 1184019 | 61(63) | 94
- 23 139 (141) | 742 (764)| 61 137 211214 {182 (188 85
. 15 95 (100) | 469 (494)| 51 - 64 (70 92 00 T4
SiR
10 89 ( 90> | 888 (894)| 45 — 58 ( 64) 69 ( 76 B0

* formulation—known model materials

Table 21 Some mechanical properties data of polymeric cable
materials after BWR LOCA simulation tests under
spray and without spray conditions (Unaged samples)

W8D 42 58D45
Run N Spray Without Spray
Moo Tb Eb H Moo Tb Eb H

Sample | o) | (kg/ed) | () (kg/ad| (kg/ed) | (%)

1* 51 170 (176) 1281 291) 73 46 152 (159) {299 (305) 74

CSM 2% 54 178 (182) | 295 (299) [ 73 57 151(154_) 285 291) | 77

3 42 121 (123) [ 321 (325 66 42 102 (104) | 284 (298) 70

4 44 79 C 80) j 190 (200) 62 36 117 (124 {307 320) 61

1* 22 58 ( 59) | 296 (304) 60 21 64 { 65) | 223 @28 62

EPR 3 28 47049 | 271 @95 70 30 49 ( 50) | 244 (255) 70
4 40 47 C51) {172 (183)7 74 44 52¢( 54) | 164 1749 | 75
XLPE!* 102 151 (162) | 281 (305) 98 95 169 (177 | 350 (366) 98
1 — 39‘( 42) 63( 70 66 61 119 (124 | 189 (194) 71

CR 2% — 61 (63) | 60 (62| 76 - 131 (138 | 95000 | 79
3 53 54 ( 58 | 101 (1086) 57 66 74 (79 [t12 (118) 65

] 1 42 43 ( 46) | 103 Q11) 70 — 61 ( 63) 92 ( 98) 77
Sik 49 | 54(s59) |113029)| 78| ~— 63 (69 | 83(92) | 81
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Table 22 Some mechanical properties data of polymeric cable
materials after BWR LOCA simulation tests under
spray and without spray conditions (Aged samples)

Run Na WeD4iz S8D45
Spray Without Spray
Sample Mios Th Ed H Mo Tb Eb H
(kg /)| (kg/d) (%) | (kg /ad)| (kg /al) (%)
1* — 62 ( 64) 91 (82] 70 65 89 (941132134 72
CSM 2% 67 | 80(86) (117020 | 69 | 71 |[140 Q49 |183 192) | 77
3 57 BT ( 60) 93 102)| 69 50 TOC75) ] 138 (149 68
4 - 51 (54 76 ( 80)| 66 45 59 (69106 (122) 65
1% 33 52 ( 54) | 153 156) | 60 38 75 (7D | 187 (193) 65
EPR 3 43 55 ( 56) | 154 (I57)| 73 58 67 ( 68)]125 (134 77
4 - 51 (52) 78 C 79| 77 54 55( 56) | 104 (109 79
XLPEI* 106 147 (161) | 214 (243)| 95 106 147 (158) | 223 (24 1) 98
1 — 33 (3% 8( 9| 85 - 49 ( 51) 18 (C19) 86
CR 2%| — 43 ( 48) 5( 5| 94 -~ 68 ( 73 9( 9 | 94
3 — 57 ( 61) 50(52)| 65 - 67 C70) 53 ( 54) 66
SiR 1 - 30 ( 34) 36 ( 43)| 81 — 44 ( 47T 62 ( 66) 78
2 -— 47 (5D 37 ( 40) 84 - 54 (58 47 ( 50) 85

Table 23 Some mechanical properties data of polymeric cable
materials used for PWR LOCA simulation tests
(Original and Aged samples)

Run No Original Aged

Mioe Tb Eb H Mioe Tb Eb H
. (kg )| (kg/dd) (%> (kg/ad)| (kg e &)
1*1 25 |215Q20) [694 (697 | 66 62 |221(226) {363 (366) | 77

CSM 2% 36 192 (194) (555 (561) | 73 83 193 (187) | 274 276) 84

3 50 195 (199 629 (631) | 74 103 159 (165) {209 (213 88
4 47 203 (208) [ 594 (60D) 717 123 201 (208 | 236 (245 86
1% 18 80 ( 81) {504 (514} | 60 34 68 ( 68) | 195 (196) 66
EPR 3 15 85 ( 89 |1215Q1227) | 62 43 58 (59 178 (184 77
4 36 95 ( 98) | 479 (485) | 74 57 62 ( 64) | 138 (143 82
XLPE1*| 109 270 280) [ 563 (583) | 98 112 162°(179) [ 236 (269 99
1 18 139 (140) | 844 (854) | 65 111 123 (128) | 109 (114) 91

CR 2% 217 181(183) (496 (503) | 67 - 184 (191) 45 ( 47) 94
16 131 (135) [1068(1073) | 686 65 152 {157 | 251 (259Q) 77

SiR 6 101 (103) | 541 (548) 53 62 T0(C73 1114 Q18 74
12 - 90 (91) | 783 (80D 50 - 67 (68 79 (8D 81

— 136 —




JAERI-M 88-178

Table 24 Some mechanical properties data of unaged samples
tested under spray and without spray conditions
(Step 3 in PWR LOCA profile)
Run Na S1W54 S1W53
Spray Without Spray
Sample Moo Tb Eb H Mige Tb Eb H
| (kg/ad) (kg o) %) (kg ed)| (kg/dd) (%)
1* 63 174 Q18D | 257 @63 | 77 72 179 181 | 234 (236 | 78
CSM 2% | 84 160 (162) | 208 (212 | 82 84 1156 (163) | 207 212) | 82
3 90 114 (118) | 144 (149 85 115 140 (1486) | 139143 | 856
4 85 178 {180) | 248 (2511 83 119 190 (195) | 202 (206) { 85
1% 35 64 ( 67) | 166 U1TD} 67 33 68 ( 70) | 179 (185) | 65
EPR 3 45 69 (T | 153 (1560 T4 41 60C 62) | 154 15T ] 73
4 57 65 ( 66) | 137 (139 82 59 71073 | 156 (159 89
XLPE1* 96 162 (169) | 271 (279 | 97 97 167 (174) | 288 (299 | 87
1 - 89 ( 98) 74 (78| 85 — 106 Qo9 77 (81 | 89
CrR 2% - 92 ( 835 44 ( 46)| 87 — 134 (147) 60 (65 j 89
76 140 (148 | 169 QA7TTD | 73 67 118 (119 | 162 (165 | 74
SiR - 58 (62 | 56(60|83 | — 65 ( 69) | 55( 56) | 84
- 68 (70) | 48 (50|88 | — 65 (71 | 44(48) | 87
‘Table 25 Some mechanical properties data of aged samples
tested under spray and without spray conditions
{(Step 3 in PWR LOCA profile)
Run Na S1W54 S1wWs53
Spray Without Spray
Moo Tb Eb H Miss Tb Eb H
Sample
(kg/d)| (kg /) (%) (kg o) (kg ed) (%)
1% 98 137 (142) | 136 139 | 83 127 186 (191 | 147 (152) g4
CSM 2% 124 131 (136) |107 (108) | 87 134 166 17D | 131 (136 | 88
- 3 105 110113 (102 (102) | 85 - 135 (140) 81(85 | 90
4 100 124 (126) [ 126 (130) | 83 145 176 (181) | 131 (135) !} 88
1* 43 66 ( 67) 1144 (146)| 69 52 TOCT70y | 129 (130) 70
EPR 3 70 T2 (73 |102 Q05| 79 — 68 ( 69) 84 (88 | 81
4 - 66 ( 67T) B0 (82)! 84 — 74 ( 75) 78 ( 83) 86
XLPE1* | 101 270 (280) {563 (583)| 99 105 122 030) {144 A6 | 97
1 — 46 ( 49) 11 ¢ 12y a1 - 59 ( 61) 18 (19 92
CR 2*| -— 58 ( 65) 6( 6| 96 - 82 ( 95) 5( 5| 98
3 - 79 ( 86) 58 ( 63)| 80 - 120 Q30 g2(8Mm | 79
sig © - 49 ('53) | 34(3D| 86| — 46 (49> | 29(30) | 87
- 581 62 34 (37 89 - 61 (6T 28 (3D g1
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Table 26 Some mechanical properties data of aged samples
tested under spray and without spray conditions
(After PWR LOCA simulation tests)
Run No S1W5 4 S1W53
Spray Without Spray
Mioe Tbh Ebv H Mo Tb Eb H
Sample
(kg/ed)| (kg/cd) (%) (kg/cd) (kg/cof) (%)
1% 154 158 (163) [ 101 (A05)) 87 - 152 (157) g5 (98| 87
2% - 155 (159) | 79 (81| 91 - l1oarn | 93 (8| 81
CM 3 | — | escon| 43¢e0| 89 | — |117a23| s0Cs5D| 90
4 — 11030105 | 93 (84| 76 — |nr7@zz| 88 (90| 81
1% 7¢ 7579 98 100 | 74 - 62 ( 66) | 80(84)| 74
EPR 3 — 76 ( 80 72 (75)) 82 — 67 ( T 66 ( 69)| 83
4 — 73 (74 75 ( 76)| 86 - 76 (17) 64 ( 66)| 87
XLPE1*| 101 133 (136 | 159 (163} 956 192 109 11) {111 Q14)| 95
1 — 129 136) | 19(C 21| 97 — 116 G2 | 16(C18)| 97
CR 2% - 27 (3D 1C 2)| 98 - 23 (29 1¢ 13| 99
3 - 56 ( 61) 38 (40} 81 - 66 ( 72) 41 ( 45)| 83
.SiR 1 - 36 ( 38) 15¢1M | 91 - 51( 5% 23 (29)] 91
2 - 32 (33 B({ 8] 95 —_ 66 ( 67) 18 (18| 95
Table 27 Some mechanical properties data of unaged samples
tested under spray snd without spray conditions
(After PWR LOCA simulation tests)
Run Na S1Ws54 S1Ws53
_ Spray Without Spray
Sample Mieo Tb Eb H Miae Tb Eb H
(kg/ o) (kg/a) (%) (kg/od) | (kg/ad (%)
¥ — [111Q18) | 65(6n| 87 — |150(153) | 86 @88 | 87
csM 2% - 85 ( 99) 42 ( 449 | 91 - 154 (168) 79 82 91
3 — 85 ( 88) 20 21| 90 - 87 ( 98) 38 39 90
4 — 69 ( 78 40 ( 41)}| 82 — 71 (74 51 G4 83
1* - T6 (79 | 83 (86| 75 - 65 ( 68) | 86 BY) 74
EPR 3 - 66 (71 43 ( 45)1 86 - 66 ( 69) | 48 G1) 85
4 - T6 (78 | 44 ( 46| 87 - 87 (91| 55 (58 89
XLPE1* 109 109 (112) 99 (104) | 95 - 103 Q09 90 09 g5
1 — 49 ( 56) 4( 5| 97 - 76 ( 84) 5(6) g9
CR 2% - 15 ( 16) 2( 2| 97 - 30 (38 { 07 08 99
3 - 38 ( 38) 21 (2 82 - 35 ( 36) 23 24 79
SiR 1 —_ 24 ( 25 8( 8] 93 - 55 ( 58) 19 2O g3
2 — 31 (32 ¢ D 96 — 55 (58 122 96
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Table 30 Weight and area changes of the unaged samples

after BWR LOCA simulation testsg

Weight Change (%) Area Change (#)
Sample Spray Without Spray Without
Spray : Spray
1* 4.1 0.6 -1.0 -10
CSM 2% 105 6.6 4.0 1.0
3 18.6 21.5 40 6.1
4 43.2 33.7 134 8.2
1* - 07 -0.7 —3.0 -2.0
EPR 3 0.6 -0.6 —4.0 —-4.0
_ 4 3.4 3.2 0. 2.0
XLPE1 4.0 1.0 —-69 -5.9
1 42.2 33.3 24.3 16.6
CR 2% 512 21.5 36.9 19.9
3 1206 82.9 45.2 44.0
. 1 1.1 4.2 3.0 0
SIR, — 15 -16 —40 -1.0
Table 31 Weight and area changes of the aged samples
after BWR LOCA simulation tests
Weight Change (%) Area Chango (%)
Spray Without With Without
Sample
: Spray Spray Spray
1* 346 221 13.4 13.4
CsM 2% 525 384 322 199
3 23.7 31.6 7.1 12.4
4 526 42.3 26.6 14.5
1% -1.1 -17 ~3.0 -20
EPR 3 1.8 -1.2 -20 —-4.0
4 5.5 3.4 0 0
XLPE1* 6.1 2.1 -3.0 -40
1 252 335 145 18.8
CR 2% 408 35.6 32.2 26.6
3 1234 102.6 45.2 37.9
. i 1.1 19 -1.0 -1.0
SR, -23 ~03 —49 0
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Table 32 Weight and area changes of the unaged samples
at step 3 in the PWR LOCA simulation test

Weight Change (%) - Area Change (%)

Sample With Without - With Without
Spray Spray Spray Spray

1* [ -13 -2.0 -2.0 -4.0

2% ~1.4 ~-19 -20 -3.0

CSM 3 1.5 —-0.5 -1.0 -3.0

4 1.0 . -10 -2.0 -4.0

1%* —2.6 -0.7 -2.0 —4.0

EPR 3 0 -20 —-3.0 -390

4 11 -0.5 -1.0 -30

XLPE 1%* 0 1.0 -30 0

1 20.7 43 6.1 0

CR = 2% 20.6 4.2 15.6 1.0

‘ 287 33.7 12.4 12.4

sig ! -34 0 -2.0 =20

2 -3.6 —-16 -2.0 -2.0

Table 33 Weight and area changes of the aged samples
at step 3 in the PWR LOCA simulation test

Weight Change (%) Area Change (%)

Sample With ‘Without With Without
Spray Spray Spray Spray

1* 0.6 -3.3 —2.0 -4.1

2% 0.8 -4.4 -2.0 —4.0
csM 3 6.6 -21 -1.0 -2.0
4 8.5 -1.1 0 -3.0

1% =20 -2.6 -3.0 ~4.9

EPR 3 -18 ~25 -30 —-4.9
4 1.4 -0.5 0 -20
XLPE 1 ~1.1 0 0 —4.0
i 25.6 10.5 9.2 0

CR 2% 28.0 13.8 21.0 8.2
53.6 23.0 28.8 103

) 1 -33 -2.0 -3.0 —-3.0
Sik, -31 -0.9 —40 -3.0
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Table 34 Weight and area changes of the unaged samples
after PWR LOCA simulation test
Weight Change (%) Area Change (%)
Sample With Without With Without
Spray Spray Spray Spray
1* 0 0.6 -2.0 2.0
2% —-0.7 4.3 —-2.0 1.0
CSM 3 9.7 7.0 2.0 2.0
4 27.6 141 8.2 2.0
1% —-2.6 -2.1 -3.0 —-4.0
EPR 3 5.1 2.6 2.0 -1,0
4 4.3 3.0 2.0 0
XLPE 1% 1.0 0 -5.9 —49
1 18.6 110 11.3 3.0
CR 2% 382 458 31.1 24.0
3 8§6.4 62.0 427 254
. 1 —-5.7 —19 -3.0 —4.0
SiR ~5.1 ~3.7 -3.0 ~40
Table 35 Weight and area changes of the aged smaples
after PWR LOCA simulation test
_ Weight Change (%) Area Change (%)
Sample [ With Without "With Without
Spray Spray Spray Spray
1% 5.4 5.4 20 0
2% 6.0 -3.2 3.0 -2.0
OSM 4 124 113 3.0 3.0
4 332 114 145 1.0
1* -3.4 -2.7 —2.0 —~4.0
EPR 3 5.0 —1.3 20 —4.0
4 5.3 2.2 2.0 v}
XLPE 1* -11 0 -3.0 —-4.0
1 9.9 9.1 3.0 4.0
CR 2% 24.7 23.2 19.9 15.6
3 818 697 36.9 288
. 1 —-13.2 —26 —49 -3.0
SIR -42 ~26 ~4.0 ~3.0
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Pre-conditioning . LOCA Simulation
e— Steam, Y {1.63 KGy/h),lWater spray) —_—
Heat  Radiation| 171°C W8D42 only
121°C (140°C) 120°C
7days ]9.25 8hi5m 161h
KGy/h
x54h
500K Gy 161
15m
0 1 2 Step

Fig.

71 Simulated LOCA profile used for

BWR LOCA test.

Pre-conditioning LOCA Simulation
«— Steam, ¥(8.29 KGy/h) — le—Steam, ¥ —
o <— C.Spray (SIW54 only) s le C.S(SIW54) —s
Heat |Radiation 150°C  150°C .
10s | [sh ‘BM\
121°C 3h 10s ]Bspn 15h 1200(: 120°C
7days 15h  6%h I0s 112h
8.29 15m
KGysh
x60h
497 Sh(50°C) 69h 112h
KGy 15m 15m
i 2 Step 3 4
Fig. 72 Simulated LOCA profile used for PWR LOCA test.
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1,1.7 BBt RGoE
MERTRBTULOCABRERCALE > T4 0EROBEEERICHEY Y
25k (BB 2FHE5EARThERORVEIA TV 2, BEEERKOS
{LZEEUVTEAZFZEELT, 4 0FHYOHBEL (OHEOREREKHEEE:
TE121°C, 7THM) 251 - BKHEEBH GEEERSF, 10kGy/hLATF T0.5
MGy) ¥ 3BREBRAIATVE N, HEOREII L VEVIEE (~65T)
TEEEE (1 Gy/hUTF) ORKEENORKBUIZEETHY, 2O LH>REBHEO
FTTUREOBEPAATHIZ EH S, REMBE TRIEBIEBEI>TL 3
EEZ NS, TRARRECBYS3HEDERERZOHEFPEREILDVT
OWE» S, HEORERZEERT ISR, BITOENSILEHUEEBAOM
EBBAZENEWMINTVE. A TREAORUTENSILESAREE -
FAME R ERERERVLOCAHBRECREL, BB XTTHRHBIL
ZBOEEROVLTRFT S5,

(1) BB
slbl B EREY - PEBL I SBEEA VR, ZOMRBEARRULD TS
%j‘%o

ENBIEROUVRL O CABBRIERH FNBILORZBROIURKREHERUT
WiRYT . BRBILOBGEIABNBE TRILSEZ2-OBEMETERKLDITS
2,
H (##E4t : 2=R%, 121°C, 7HE)
R (ARS8 © =5, ZECr BB 10kGy/hLAT OB BE TO.5MGy B E)
H—>R (LI O#BELRKHRES) KREHEEZORH
RO x (BEMET (0.5MPa) , ®|iE, 4kGy/hTO.5MCyHEST)
H—>ROx (LiOBELBREENETEED
ROx—H (BFENETEHEZEHEIL
LOCASEBREID 7 o LEFig.802FR¥., ABWRA, BEPWRH®
BHEYRLOCASKRARRBIEZRT, IFOCUYIANATL S OEEE,
WWkATL 4t OEBERERT, '
SIEREARZ s URBBRIKD, BAEREOIFENE F T & EAKLIKKIT- 2,

(2) BRBLUEEK

D) BHEOMECI LT TENSILAHOEE

Fig. 85 3MOEPROBHIBILBMBLAULOCARBRREREROEE
EHUDREFREOENELELAREL SRRV E, IFOL O CABERER
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BRHOZBILERULEBATESAV ORI ULEIBWREL O CABEIEESSE
(Fig.804) DA%, 2RV ORI ULEEPWRHEL O C ABEIER (Fig.s
B) WREBULLRIGSRRY. ENHILOBE THNTRETENSILZBOEE
BHONSD, EELETRECE LRV, LOCAKIBRBISICEET S, BW
RARIRBETH, BELETERPR > W, BEOEMSIL (KBREHEED
ZHH-R) 2512 Ldb00HtBEH LR, BEMETRHZ#EL (R
Ox—=>H) LRdbOoHtELAEL, T, PWREBEEEBTI®ERLR
ETBWSIERGOREEL T U U -2 UARVLY, RBREMEBEDAORM
THERREPREL > TEY, HBRLVBILEBBRKECBERE I LT
To —H, HUR2VTRVTHhORBTHELEBELTRT Y, SHBLL&HD
ERUFEERL,

Fig. 86ICEBRY LTV VOEREZTRT. KRB 1 BHOATH 20 CHEER
ZARLULTOLRY, BERHEEETERE, BUOLWThELENSILREOE
EBHoh, ROx—H, ROXxR¥OBIEBAREIRSIMuBRESNE, LO
CAﬁﬁ%ﬁ%ﬁbf@%ﬁ%&@%#ﬁ%&6n%ﬁ,%ﬁ%k%%mkw%
DEEIPELRS, ROXODAEEALBAEODHILIEDAEL, HRPWR
ARETTEEUISIEUVBESHR R RS RY, BEHBERELTZ S0
ROARXIRILIDOBBLEVIRKOBMEEWURELR - RFRER 2R, 20O
HUERFENETEHL O RBUEAEU RBRILERWRE NI 2HEE5 1 28E{Lw
KVBBBIIEBHCERTRTEEDTHS S,

Fig. 8T 2ROV Y 2~ T LhDERERT. YU —YTLUBRACLD
BB HERLIY, FORVIBUCRKHEETH 5. SHSILERBTRBURE
FEINLSLRGEOERENIS LY, HOXNEEROEBREEBEEORBETOHIL
PRLKEL, Fh, BEZXUR25IJ3BF 20T, H>ROxOEILHI S
b, —H, LOCAERRBERE T 5L EMHLBRE L TEE UHEmE TR
T8, P, BOThORUTLZOEEE/NILRY, FUPWRAKTIIHY
WEESRIEAL L, FNH LR HEORVREEBILEEEERIEDOARIR S,

Fig. 8B CABBMON AN YOERERYT . BRHBILERTRFINHILEZED
EEBHOh, REEIH>ROxDBEN, HURBROx>HOBESHETH
KEL, UhLads, LOCASBRRERE TS, SHHLEH40BVIL
Z2EEHOELEILRLRY, BEL OV TEIABEHEEORXRBTEND
LURDODHEEBRRNE VLRI KEBH SN RL RS, £k, WUTWEB
WREHDIBAROO x> HBRVBILPREVEE CENSILEHORER -
BDULRLKARS. COCEULOCANRBRREEBZIABIEBRZVLEYD, ¥
MBI THOhESILOBREDEVWICOHRRZIAGIATLES I ERRLUTYL
Do
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Fig.80W 3RO/ 7L YOERERYT . EMHLKMBTHEEIHN>RO
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—7, LOCABEBEREECEETSE, HLiBd TRy, HBEOZH
AT SBHOREO—BSHELER R REIR2E, BILHIELPLOCARKD
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S BRI TH N, BEMETHES CRHSHEBLETHAEL. H>R
FROx~HEREFABREOCETERL, HPROXWPPKEREKTERT.
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Aging LOCA exposure
121°C, 7days in °
air ’ 120°C
0.5MGy in air at 176%
room temperature :
!
1
|
| 176
©(0.148Mrad/h) ———=15m
® — -
B— LOCA exposure
150°C 150°C o P
14
Aging 10 3 Sh 8h
s h\ [10s 8h 15 120°C
-same as above 15m h .
°o¢ 15h 193 AW
Y50 15m h i
RT & | |
193
-=—-__®(0.77%{rad/ h) il 5

'Fig. 84 Temperature profile of BWR and PWR LOCA
environments (simultaneous)

A: BWR Condition, B: PWR Condition
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Strength
Aging LOCA
H—=R —O— o e
‘ - I A 1 E_A_‘l
ROX H r = 1 |—__...A_--
RO o - , o
H ROX I ) L) : -_
ROXx ; O = as b 49—
| 1 [ |
50 100 50 100
Tb/Tbo (%) Tb/Tbo (%)
Elongation
Aging LOCA
H-R —0— -
ROx =H — A = ,_A_.'““"’A“ *
H-=>~ROX - {3 { it
ROX t O 1 ——i |
] 1
0 50 0 50
Eb/Ebo (%) Eb/Ebo (%)

Fig. 85 Effect of aging conditions on mechanical
properties of EPR in the following LOCA

expesure.
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Strength
Aging L OCA
H~R o P
ROX=H A A A
H = ROXx | ut
ROX o ¢
1 K
0 ' 50 0 50
Tb/Tbo (%) Tb/Tbo (%)
Elongation
Aging LOCA
H~R o o
ROX ~H A A A
H ~ROX O a
ROX 0 9
] |
0 - 50 0 50
Eb/Ebo (%) Eb/Ebo (%)

Fig. 86 Effect of aging conditions on mechanical
properties of cross-linked polyethylene
in the following LOCA exposure.
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Strength
Aging LOCA
ROx~H B | '—A—“f
H=ROx H . )
ROX o " =)
1 | 1
50 100 0 ' 50
Tb/Thbo (%) Tb/Tbo (%)
Elongation
Aging LOCA
ROx=~H —\ | n A
H-=ROX | O o A
1 1 | I 1 |
0 10 20 30 0 10 20 30
Eb/Ebo (%) Eb/Ebo (%)

Fig. 87 Effect of aging conditions on mechanical
properties of silicone rubber in the
following LOCA exposure.
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88 Effect of aging conditions on mechanical
properties of Hypalon in the following
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Strength
Aging LOCA
H-R O - —
ROX ~H —A—y
H-=ROx |
ROX A
1 | 1
50 100 0 50
Tb/Tbo (%) Tb/ Tbe (%)
Elongation
Aging LOCA
H=R —0— o
ROX-=~H | —&—
H —‘fROx —LT
ROX 00—
| | | H | |
0 10 20 30 0 10 20 30
Eb/Ebo (%) Eb/Ebo (%)

Fig. 89 Effect of aging conditions on mechanical
properties of chloroprene in the following
LOCA exposure. '
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EPR
. Aging . BWRLOCA  PWR LOCA
R 0 | |
H-R @ ] ]
ROX—~H lj iEI
H~Rox [1 - 0
rRox il 0 El:l
L L Lo
0 -1 -2 -3 0 -1 -2 -3 0 -1 -2 -3
log p/po log p/po log p/po
XLPE
. Aging , BWRLOCA  PWR LOCA
H }‘r E !
C ]
H—-R i | : f : T
ROX=H | T b1 i f
H>~ROX | f ot p T
ROX | t E f i t
L T B
0 -1 -2 -3 o -1 -2 -3 o -1 -2 -3
log p/po | log p/po [og p/ po

Fig. 90 Effect of aging conditions on volume resistivity
of EPR and cross-linked polyethylene in the
following LOCA exposure.
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Fig. 91 Effect of aging conditions on volume resistivity
of silicone rubber and Hypalon in the following

LOCA exposure.
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Fig. 92 Effect of aging conditions on volume resistivity
of chloroprene in the following LOCA exposure.
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Fig. 93 Comparison of mechanical properties of sheet
sample to cable sample exposed to simulated
LOCA environment.

O ( @ sheet samples (same material as cable sheath)
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Fig. 94 Comparison of mechanical properties od sheet
sample to cable sample exposed to simulated
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Fig.116a, bREBRYIFL VOBRELETY, RERFIEIBRBEOEME &
WHETU, 2.0MGyTHISHBEOETRRT. UL, TORRRBREEERIT
S&, FIHIRBOTHBERMIEEL, 20RO TILE THRFNCORE &
MUL TV, BEREAFSIEALEEAUTRIIVEARELRT RS, ER
BEBBELLEXOKTR2MURERS,

Fig.11Ta, bV A=Y T LOEERZRT, VY=Y X AR RBEEIC L
D FHEAREILERT. BHEOAROBRE TEIEIEFSEOMIMCEE > TRFERD
EKTFa8, ZORDBRBECH, FiBHEBEONMIVHO (0.25, 0.50MGy)
REMBSUTETUTIT (BB TRURBHRAVORZAEBOATHET
T%), ~ARBHEOXERLD (1.0, 1.5, 2.0MGy) Cll, FORODERE
BTEUHTOEEURV, YU =T LRESOA (B2ERD120C, 7HM
DEEL) RA->THEBRETFTERITEVIEWE BB 20, BEBDLRVIES
BERBREOBOEENKILEEZ N, BEIRKXVESIEBOEITH
FUL, HOYRBMHI L LD TUERVDEELOR S, T2, BEOER
BESFETCEREFERSITVRV I ESbD 5k,

HRHEBEAC R TITBHFOREROEEBIISLTENS, BEHTHO®
GETOERRIA I TEOERE LS CHHBRBILR I VERT Z2BUEYET
HRLEIONTVD. URN>TEREROVELRSU I EWFRENS, M
TREAY, BETHEBERERTAMBHET» LA RHIAERRER O UR
EREAUERBHCRAB UL TORBHEROBILLETRT,

Fig.118a, b REFILIREOEPROFERERT., allBAOBRERCHHEH
UERB2I120COERE2ECERBEREBELRE4%, bIIAU < faRIkER
BIECRBEULLEAE2TRT. COBOOMBHERIIL.NYTH S, il k&
H, MBEHOAZTHEEFEETIHL TP THEY, TRAE2EANEARBRESEY
2 EBEET (10kGy/h) THHAULDOUETRRIRVLS, 1kGy/h, 0.45k
CY/hCHHURDORBRERMEG C 3K TEARTIREEBLOVENAOh S,
UHURBSETHRORED>LORPHEEE (kGy/h) OBETHY, B
BV EE (0.45k6y/h) TORTEEEHLRVEVLSIBRE RS, —H,
HEABBREEPEELARVES (b)) CUEINEXOFBUETLLURVRY,
BEORROFEERL LI > TEUISHILEGBERS,

Fig.119a , b CEFRGOEPROBREERT. RHRAHN TERARER
TABBRVIBGROBELEOEENA O, ESBETCHHEHTIEELLS
LT 5ORBOBEABLELY, BARBORTHSHETHEERS., ZOMMEIR
BEEELABSZET O REECRVEDHRVEEET THREHLELORER
BELRCRPARHESHERLS REZREBILDILOEENEL L, b 1 EHE
OREAMASHEN O FFEHOBLEHARELVEFLEARAB LR, BEROY
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EWhEOKREL,

Fig.120a, b CEBRYTFL VOBRERT. IHEHERKETE, KEERL
MREETHELRERIRL., 20ROBRSRBBRLAEEETE, FHCRLUT,
ESEREHNOABGRBERBHOBEEXVETHELRL, FOHEHIHESHT
W72 W,

Fig.121a , bRV U A—YTLORERERT, GIBHIZL VET U REEIKT
 DEFZBEBREBUIVETHET S, COMMBTREHOEBRRIIBRR I AS
Na. LML, ZOMOERIEODVTUET =YD 20 TEY, BElEMT
HALI->THERY, fiBHBOBERIHLERETEEC DL TIIREY
WRoZOULRZEJVARV, 2, REOEROGFELAEISREELE X
AT

3) Wk

ChETORRERS, BEMBIBRILBILBHIZEB/KRTZI EHNFLHI
BoTCVABIENS, WKEEHEZZ2HE, BERUO>DVWTRET S, BABEO
EEEREAREOEIBTRUEDEER, KUBOERHNT ITILETE
T, EEONEREARREREAROERHEL 2. US> THEHBEDE D
STCRULE (RERBER2HEOE) N TH U TARIREELRT,

Fig.122 KEFABMEDON AN Y B ERY, 10kGy/hTRA OB EFEITL,
BIKARROSUREREEURRBRECEBE VR 20BELLRRT. M
AURBIRERBEIZROEBIFLERUTEY, TORRKRTMAKIZ L 2 E S
MEBRZFLLRVBRBHDPUADDREF N —F—LTELELDTH S, HR
DHEXOMIAKkZREEREROEELT{HE, ERV OO ERESTE
RRERBEROEERT . R oo hRL S KB kEITEHESOEME &
HREFULLENYT 3. BRREOTERUEWALHR T 2, OB HE
BB o THEERLRS, ‘

Fig.123 WRABRAONANL Y OEER2RT . TILVRESOEBIZIE~NEK
LXHEEENINIETL, BEOERUBEBREIPIR R EBKRENET 3,
NANTIYVFERBHEBRERLLV ~HBRLRVIEKT 55, EFALESRBICT
N, LI h TV b A TEHRAKHOBKS NIV ZI ERHN S,

Fig.124 KEFNEADOEP ROBER2FRT, COARBIEMEERDRL
EEREORETRT.. COCEUBEBELIBHYMEOCEMEBERD THRL, B
KBEFBERIS>RVORHL, BABREEBEROATL AL 0BENDO 2
WHxh, 2R UVUTHERPESTEIERRUTV S, BRBEOTERIIE
KEMET SN, BEFELRKEVL2.0MGyTIIETOEMBAOR S, TOZ &
EHREVEY L, REFTOBILBESER, RHO-BHATL 4R &LV REE
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T30 TCha5EELZONS,

Fig.126 WRHBEADOEPROERL2RT, CORBTRBENENT S22
WK ENRENT %, ETFLHEGOEBEERY, BEBLRVWEZS T,
DIDPTRBSEPPRERTRETCTFLRBEABZHERBEA VBV EBh NS,
—7, REOEFEWAkE2BRL, BEFEVLE I3 TURABREBRHEE ST
IEER I ENT %,

Fig,126 WRBRVIFL VOERERT. RV I FL Y HaiHEHERL
> THARBENT 28, KEETHBRREERANBZVABETRRESNLE L
DML, REBZBVLVERIEOBRICLIVBABELVSHRYA S,

Fig.127T CEREAOI NI TL YOERERT, BKBIIBERILH>TH
mEd, RRRERERABHFEL TOWROLEBAKUIEO.MyDEEEDbREL RS
DU, BRRIRCERABD S &, HEBEHDROVABBKENK XL, 0.
25MGYDIE G, WK WARRBEEBEICH U IEIFAEEMEBIU €3 0 EHIT S O
WH DRV,

Fig.128 WEFLABREOAROBERERUEDY, KR T WAZLIARS, U
PURHSERBRBEERSRVBAERE, B8 ->T-HRkBENL, X
SWHBENHET FEITBERTLIDERY, ZORRE, BEEEBHISEIRI LR
KEFOSMGYyBEBERE RS, —FH, REIZEAPFLAL VWS, RRREER
OHMHOBEKEEEIEEBZVABRKELBTSHIT B ERL, EEREBSEL
RHBEWKEBIIFERET S, ZOLDRAZEI/I DO TL VRABUTHAIH B
B, FORNELTE IO T L VIdHHERFEPRIZ L VBB REENIETL,
ERBEL VLRI DTS YEN B IR I ERE, B{tHibott
TREROBADRETNZZE, TLBILEOEMCL VBEOLKEENEKT
TEH5REQDEROMPRBVWI > THIEZEEZ NS, BIb, BEBOLRWE
WK CES T 2BREWEORBLR OO CHROERAGERE /DX 0D, [
BOESGBEVEOARBOKS2WHNE VAL T ENTETH S, LD
T, ZRARBRLERNIS L&, BEOURC L OHNBOBIEBEITL, ThicH
S>TWKBIREENE. —F, BEPEVCABETORILPETLOEREE
OMBOERKFEEEIAZVY, RENTLOBILBLL > THBREFOLREESET
T3, BRCAZEBOETILOVBRKEIMEBRHBIh I ISR E
VEITBELEUZEHXL BN B, | |

Fig,s120 WV A=Y T ADERERT, YVI—VITARIhETRRLE
FHREREREZFRECIVERDPELT AN, TR EEENBASN S,
BEBREMIBENVRVEEREL, BENEIRACGBEEMIZIELAERS
hRARIVBFRERBOVHL»GEBEALVERT LADRIRE, YUY —-2Th
OEEEMIAMPORILLC L ZBANEZ L SN, EEBEDIIV Y a—2T
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LEBOZLAUMEY IWALAT L ABELLI3MKSBRLZELEEDBI,
By, REWMEORILC L B3ES FlLRHE - TCATL LSBT EIZ S
ERERTBEFELONS,

KWWK FIFTREHIC BT AR BROEEC O LTRE T 5, WkIEEH
DEAILBILL FZBRBRBELRFOEBEZXIONRIOT, MMBHE2BAOHEET TL.
SMGYITWI20C O BFIKBERR SOV ERE AL HERRBHEIZEE L, EZoXL:
AR

Fig.130 REFLBEEN AN VOFERL2FET. EMERRBECTERIPESE
UTWRVWES, AHEERABEAELUTVWSEARFRET. WK LS5 EREMT
A OBRERIEVEFEERELLRIEMERT S, FHEEER0.45k0y/hit!
kGy/hDIZEETEBOLTRE UL, PO EE->TLED, EEREBEC RS
t&miﬁﬁivf$$<ﬁvfh%o:@:&u%%ﬁwﬁ§$ﬁﬁﬁbt%
ORBIEEEIANSBRRIEI > TLE3OWMKOREGEDKZELREIIEBT
HMEXNEP, ChrABCREOBESEIZZENS RPTORKEIHEITS
WiRBEEZEZONS, BURBUEENSLEBRLZ2EBEI D PENT 2
RHHITEBELBEHhEEZELI OGRS,

Fig.13] CEARSONANTIYOHEROHIZRULEY, TFARAEHEYE
WRIIKELRVLOOPRVBEROREN S S W (EKREE T IEH O HkE#
EHREL, PHUVBRLLZEELNSHITH AN S,

Fig.132 WEFLESGOEPROERE2RT, CORBLBEEEHEIRBZ K
D TRIKBENT SEMERTY, R RVEEETORKBOREDIR -
TW3, FOBHIZORH THEEBEI >TVLIIEBHNOERPIEDD
SNTVHS, ZRRREBOZER IR AEHMET 20, FOREESIFTOREI R,

Fig.133 RHULKEHRGOEPROBRL2RT. PUVEEROETEED
WA OB EE R ENOEmE RT NI THELKEEEOESCIEHETS
MHEOSNBET TR, TOUBRRERET AL FLERTHALERT. iz,
BEEPFOEIRBUCERABHTET 2L DR CHBEUVIKGY/hThAH BN B3 8 BR
DEBRLZFDTINI ENHM S,

Fig 138 REBRILFL VOHREEL2RT. BERVIFLVHE PR EEHE,
HEEMNMELS BB BB IO ARERT Y, ¥ORKEBERRIRS LEBX
REVDEITHPERRIPAHONEIREKLFIELHES 2. BEOERIIEKRE
BMRIBELDHDRRETOBRILBILEDEEESEZ 2D, ELLEXEEIL, &
HEVEFIRT TERPCHMTEERRREREBILBEL .

Fig.135 WERHESGOI/NOTL VORKREERT, 70urLl yidEBRE-
TORVBIELLYPERIBESEEEBAZVEELIO NS Y, TORETIE,
EABBOPHHZBADBEI s RRUESFVRKPETURVEOIRALZ S, &
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BREOEBUHIFOIRERL, BRKEZOHODTHITEE2RTHEANE N, &
RRBCEADPEET 2L - EREALRBEIESERDICHEU 2R EHIEBEITI N
AEH5TH 3,

Fig.136 REFLBEOIOTL VOERR2ERT, CORB TUHBEREER
MWHEBEERVIBETHROBKEHHERS, IBTBROGEOEELST
%, BIBICERBRWE, 10kGy/h~1kGy/ hORB TR EBEOTER T LA E R
SRRV, 0.45kCy/h TR BMBUOKEDIENNBE A oW S, —F, RERZERDS
BT ZEPMOBKEEZEHMIBEEOREERA SN S BIHHBE R
ZEBREIAZERBLVPBEBY2ESWLARY, BIEBHIELERLREELEZTL
Z2EPhhHb, DD/ TL Y TUERAkEHBCBEEOEEILEL
&, XRWHLERE XDICEB L 3MBENREKORRZE DEMICER

E50, BkEHIBD TERLRS,

Fig 137 Wy A=Y LOERERT, YUII—-2VITLUEERBBEVERTC
EWRIhFTRHENREYE, COBBEALITANYATL 4AHIC K S0KSH
BROVIERMPOBILBILC K IBERENERERATH S, BRI IZNT S
MEHROREROEEUIRBECEAPRVESICIBBRTE RV Y, KEER
TOEBLBRPKREIVEIDIEAHAS, £, RELERAPEELTLRGEIE
—EBEEENEI BRI ONERERDPIKELL RIEmMEBERT I ENhh ok,
ULh URBABREXROHRITHEERZIRL, FLENMPIHT IBERY
RTeH23rEx0n3, Db, —BHCERBRILSILEEKEBERBERBS L,
BEEERETTERABREIRS, ¢k, BRBEOEREBKENRYT 5 H
WHERT 28, BILSEBAXIELEFHOES TILIC L 3EBXE2EURMY
OEKDBIETBROUVIIET IS, BASOMHERITH E RBEREICH > THE
L TwWaZ &Rk,

(3) &

FBEONBARORE, BERBERREREROSLERETIERLCOL
THUTOES>RFEHZIENTES,

1) B HECEU L, HLEsiBEHEBEOEMIE > TKRKEI RS #
BOEEL -HBUHUTREZ TS, BUBHZ LV EEIBEANED 258
(aa7ry, YUYa—-ryIhE) TREVORTHIEL V. —F, BEROD
FEINBHOBE TEEERYIFLY, 70070 VO BEBRIEETR
W, BEOBINHE> THUVREENAOh 2EE&BHY, KEBETTOK
THEPRARXIRS, EFBRYIFLIYR, 70070y o—BoR B TEE,
HUDWThIZHBEROEERA6h, KEERXTTOHBAE RS,
HABESBOBRE T, BEOBEMR LY, B LIEIEELZT L0
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Whad, REREABFELV TV RLEACUMBEHER coOMUT A RE
HMEBEOREEDPZOIIRMINZDOMBBEL, BB, 7a7L yoO-—-87Til,
RABRBEROHSIELEEIEEOEME BRI RY, BBRYVIFL VTR
RREZLA-THUOHLBEBERSREDEEZb AR R, —F, BB
BH5E, BREOENIH > TASILEELHENOEMERTOBEN LR E
HRBORZENLVBHECRS, IBHBOEEROERIRIBEEEROHL
RECEELSERZBADPEL, BREPRRIHEZL Ao h, KEBEBHEL
EBBEPKEL, FREHFOFRIIFOMHEEHET 3,

2) BRAMMEHCBEUTE, EPREBRIIEHEROMME & 3 CHEEIER
BETL, BEETCRBOEESAONEY, EPRESYD, Zho2ERE
BREEBET I OB TIRERIOOEENAoh, BBEOEE I -2 L
BLIRHBHDOPBZL, FREEBRVIFL VINWUORH CRAEERRBREREBL
KZEENEUSBBOREEIOLTHERS, ThitH LY Ya—r T AO%ES
EHEMT, BB L > THBEHOSILETBERZ., Zh s OHREKERE
BOPROHAHORENEVWTREIZDDOEHEZ NS, REOERIN R LT
[, ARERET CITRBEGRIIEGETRBERERSEZ RV, —FH, BE
FORBROLTE, RRZEKSEETTEHNTIEHBETHIARELI RS, &
B, Cheo2ERRBUEETALIGRETRERTOOE, —8EELRT D
OBBHY, ChdFANFORBHCLIOEMUBIEWHEHOBTH B HCHEY
2¢FE2060h5, £k, BRBEOZRUIENOBILSEL 2 EET I 2D, XE
DBEXRERLITY, ChobPUVEBERCERLREERLSZI5Z DD
ok,

3) Wk >0 T, YUR— Y TARKRE, ~HIESOMENE &I,
TRREFEORTLLDRENOHMmERL, REOTBRIEIBKENRI ZRE
Wiy, HBlOBRIEA e BEREERRF>. Ub Lo, BiESEH
ToELE, AHOFEORIBESFILU, ATLARELLVBRT SR
¥, ADG ERAPBEITBER-20, BYERTE&ELH S, COBELIE
NAR KO DOEKBZFOLOI NS 5 HERINE. T, WkiZiZYE
B K SR RBOKBEZ o h, FIHEEHBEOREBEEL, BEIEVRUZ
OB KEIIEETZIEDOD >k, ,

—F, VIA—2TLAEBLDES, ERBEVERTY, COBEBRIRTA
BEODAT VA REEMKSBEERFEREELZ h, ERBLEAOCHIBE
VERERE, REOZEROEER, Al EdREWOBILBILIELZ3BHE
WRHT 230D &EZ 0N, RHAKRHT 28E, SEROREEBURERVE
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Fig.1l09 Effect of dose rate on thermal degradation of
Hypalon under steam spray exposure

A: in saturated steam, B: in saturated steam with air
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Fig.111 Effect of dose rate on thermal degradation of
EPR under steam spray exposure

Notations are the same as in Fig,109
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4.2.2 WiEEREER UV THROEE

3.2 1R U &S ICLOCAIRIFEIIPYRTHI 1 4F, BWRTHIIOOH EBEEh TV 3
B, TOEO>VRIAMOBEBRETORARETS>CEIE,OWNEGBH Y, BB
I sERE, B REERBIENAEX RS, LOCAIHBRIMT X h 3R EEBOE
BIIPWRTILL.5MGy, BWRTO0.26MCyTH YV, RERXUTTEIM RV OFGHREBETT
AREITORIWEIRORL, R, SEBETTEHTZL, BEOLED
TR TRVED, AROXRHOABBEEETL LY, HRORFEIKESEE, Y
MTHE20BEOHENTHITHH, ABOKNBE CTBILI S EEZ OIS,
UhHB->7T, RBREMELZ2ERI 300, SBEEETTHABNME CHks 2
KOBRRULBESTSLENDS. FOLDRUE, BREOLHEEL XL TH
WROLY, FOHFEKEUVT, BFEMETHEHHEOCEGHOEEL ST S HERER
BEIh T3,

KEETIAFBRFEFTNEHE (FRFEOTWROBHELDRI SHSL) OEERSU
WERABBREMHOBLLSX SEELAN, ARCLVEVRE (KREX
T) WBF2HEOBERITII &L, HERREBERRHAU L.

(1) B

U E U CWBBRAEAE Y — | 50R ISFER IV 2. 41080 14 28 Rk 5KGy /h
D7 RERY, FE, 50C, 0CELUNCTIT> k. £k, RIESERE LT,
=8, BEMET (0.5MPa) , AKGy/hiz & LIS, 2R, 0.45kGy/h (Filis
B) Tiiork. HEHEORHE 120CO%ER (0.050)% ACERBECBE
U, Bibo@egibeRicr,

(2) BEBLUEER

PRSI B 2B EDOFE,

1) BWMriH

Table 3BICHI MR S 2 WHEHMEEEZRT . CORKELED D, 1
HTRUEBREREEZALEBOI L OFLEEERODBEOF— ¥ (0.45kGy/
h) 2HECU k. LOCAKRIZEE X h 2B ERIL, PYR LOCADIZE, MO BHEIEE
B 2K ERBADOYIMIZH0. I~3KGy/hTH ST &n o, 0.45kGy/hDF — %
AEBORBIGEVLREE UTHRIZHWE. Table 380 &N AN 11 2 L6 B
BEOLRCLVEE, HUEOLWTFHhHETTEH, ETORNEELEENNXL,
SHREUVTHIBEMEEODEERNE L, 2hRZBUT, BEME T CHBY YT 3
L, BEKTHIODARXIAREN, BUOETELUAMIZAdNh S, £k, KE
BETHETE, PUHYBEETHAOPAREL, MUEERE, aEERTHEHO
BAWEVWERRYT,
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EPR TUl, SiIEGHEE NS L L, EFLREAGABMOBEREULLKTT S
DEHLT, RHEGEB TRERNTEEEOREE I NS V. —F, BEMN
ETEHTE, WIho{RHFULVRERTE2RI N, UV THREAAO
ABTER-THY, EFLVEAORBTHMUTOETHLLELRVLOEH L
T, ERERAGHEHB, FREPR 3 TUETHEL L, EEERTCREHLL2DDU
BENMETTEHUADOE FERBEEOHRIEERLE,

FRERUVIFL VEBEMBECH U TCRKREREY 2 RT., b, BHEENS0TC
RDFENCLETHUOEHBRARY, SIETEBUOETELORL., —F4H, I8
EZOWTHEBEHEEOREIR IR, ChRHNUTEBENET TRBIT 3
CHRE, FUDVWTNDEFUSET TS, ERBET THHITILEBEERKTIV
PRKELY, BUEEE, SOCEHNOBACIZIEAREETHY, BENETES
DEAEEHILEBHNER S,

7L ik, RERE->THIEEHPERSDEHEENS 2D &8,
BUBKTI20008%L, BROCKREZEMUBEULETT 3. —K, &
FEMET CHHTILZEEEIFUSERTTZDOBZ20H, BUDETIELU S
Mrzohd, COLSBRAFUBIELALORITRL VS IBEYHBIEC 3 &4
UBZEPMETN TS, MHRCKEEEBEHTLERESTH AR BE L,
WUBREENh TV AGEEHEL, BEEEL2HF VR T5¢ 85 mMb Y
BB RKELARVBAXZWEUERT .

VA=A LIHEMBEOREER RS FIRIL, £, BENETRIE
BEETTEHIZLBUDEKTHET LRI RS EuRRIRY, BitHe
WMUTREETHSZ b5,

2) BRHHHE

Table 39 RTREGTEIRE I 50 3 BREFEMOVIIE N T 3 LB O %
RT. EPRTIGATEEEEN B RBROh TRBIEABET T 5. R, BEM
ETRRERETCMHT I EASBHBETERL TS Y, RBETIBILD
BECBRILBOESRELBEET S EBTEINS, BERERPOIRI BT
METIEVERRTOREF ARG TR0C, ARARETIR0CDE
ETH5Y, BRBRTHHL L ZEFETET0CL0CORFFRHOEERL
THY, MBIEEL EF 3R LV ERNCUAREORLEE L 32 &
K3,
EHERYIFLYTLIOMAURALTH Y, BHEEE LI 322w &k VK
BERTREHLAREOSILESA 3T L HHRS,

BEMETOY YA~y I LTI, WRMEES L3 L #BETEELULR
LHRRPE R BMHERTOEHU T, BEMECERBLRATE, 53
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REOKTHRoh, COBERE, MEMEERL LT A 4T UL, Bk
FHREEBI IRV,
ZEEUVTCRUENANDOY T, FIBEEIEBEETOREIREESLS 2
RV, Fh, BILEERTHEU T EPRBRERERTEZETH/ NI VLI Emn
S, NANOVOBFEETEEE U THRHEBESN L3 DEBEMTH SEER
EOHFRIC & %%@’Ea@%:tﬁﬂ?ﬂﬁéh_%o

AR ERFOREREBILEROBERE DLV TUFHS>OI|EHS D, EPR
DWW TEImED Y — b DIGEEIRER/P TI006y/hEAT CHNIEITENEE E ¢
BILT A2 & HBMEIRTVS, —F, BBV THHABOREORAL B
TV, FY-RBILBEER TS L, Tk, BELELLTD, NPT TYH—
WBRIEETREOBILEBER T ZREOEEBEEINATVLIZ NS, BE
OHEE LT 2D BEHEEL EFBX L VWEAATETEDEND S,

FEAREREROA LS L EF B IEEOZE,
1) By

Fig 138~ 1450 A DR S THIHEH U 2%, 120COTER LA RRBIBCREE
Ul# + BBV HOBESHUORBEELRT. IBVEIRUIEZZhTh,
BENETEHRZOURKEEREHOBARZRT,

Fig . 138B X UFig. 130RNANOVDOERERT NANDYTREFARSE
ERHABATETRERY, TFLEATH, B EEIRABEERROSIL
WIEFEAELERHATLRVY, EHRAANTUHRUVRETFEELS5Z, &
BTHBHTZEHETHRELL RS, I, EFLBREGABCEBRENET R
HeBEFEVLEERTRERTY, EHRARRNTHHVOETHAARELRY,
mEE EFTRBHLLAGEETVEERYT., —4, EREECEHULLBOUE,
ZRPOVVCOHEHATHEHF LU L0 FFRABREOSILERTHBENE L, BE
METRESOHEE XV HIEELRN,

Fig.140~1421C EPROBRZRT . EPRIGATHEHERE CIIRTBMISEOE I
REL D> L PERREBRE I3 EEHC IV BILEGNERS, EFLRE

OHBTIRE, BUOHACHEFSEEORESEHECR h, BEBS{ RS
EHEBEFLL JFHIZ, WCTHBHUL2ZDOURRREEBBLR LI VBB RS
U, HBERHXKBLS B h. BENMETHHOEAL A ERABROET LRI B,
KEBEETEHLAEZDOW, MELODLVTETOCTEBHULADOWR, HUFROL
TESOCLIT TR LLHDIAL, BENMETPOCTRHELLHD & IS
OEEBEFUSERS, RUEARAORAR EPR 3TIIITBEEOR I L&
BhEL, MMCOBEOBHUDETHERPAZILORHUT, BENMET B LU
KRBEEHULDOUEZRTRERBRLVELLSBILL, iRk Bk,
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MURHESGORE TS EPR AT BHBEEOERBURE, BUOVWTIALZLR
Sh 3D, BEISETEHTIEZEETL, BUUEETHERE T 33 EEY
hb, £, BEMETOESEREETREVLZDOLEABEER M A 25,
WTNOBEGLILFMBOT— Y BEIhEOATHIEPELLIEBhM S,
CDEDIRBERLIHET EPRUBILBIEE DD THETSHZZERRUT
VWS EEB, ARNIEORBILRBBERACERSTVWEZERFBLTVS,

Fig.143 WRBRY L FLYOERLETRT. EBERYLFL Y CURaEsIEE
OEBIBECIBER AT, MUWRREh Iy, EEHASKIC L OB{ILEGY
5. 5, BEHEENKVWE, BHELZHUOETHAZILY, BREH
KBETALHETIZOHUT, FIETEHLEABORBHZ L EHUOKT
vy, HEIRSY, ZRAREREBFLELVKETT S, £, BEWETHE
FULELOURRAREZEBRRIVFULISILL, @EEFKRL S Y, EEESR
BHUEHOREEOETHERPRARZVLOOHUOSILESHITIEGIBE TR
LEbDEFBEBUTH S,

Fig.14d r a7 L >OERZRYT, 77l yaERc kv Hibgan
R, MRHBERSRIEHUOEKTHIARELRIGOBEL, —F,
BEHRBESTTEHULLGOUISIEERER2 EFTEHUERLD (FIXET0CT
BtUEe) CEVY, BENMETTRHUALOURREEBRBEL LT
HERRLBRBZDOBRBLREBIEHFL L,

Fig 145 Wy a— YT LOERETRYT. Y a2 T AhLRHBBITEHEFSIL
DUEMBPRBRIVERE U TERIBITEEOHILRGAZHE LISV, Tk,
BREMNMETEHOCHEEEEEHU LG58 LO0BERIEEUTH Y, Bk
{btOREELZZFRSVWIESDR S,

2) BRABHHE

Fig. 146~ 150X DORGTHBHU 2RERRERB L LN OBRBBEH K
MOEILERUE, HHOY VHRLEBEHHEOESERAMKTH 5. Fig. 146,
M7 REPRBAUREBRY ZFL O OERERT. €FILEEDEPRTIIGIBIHE
EHREERTRE A ZLEEILBRANT LY, BHENSIERUEEEREX 2D
WCODHBEOHILBRELYEMBBOhIRP ok, $h, BENETEHOE
UM REEIREVRD, RPTEFEHERIREY, BEETEZELE
ERESRAEBEERSFUELR, SHEERHEFOBEERENRL, Zhicxd
VT, EHEGOAB TEnBEEEEOCENRoh, FIETEH LD
KERQBEFEETERT,. BEMETHFSIVEKEERBH U LIS ITREHEN
PAAii BBt d 30085 0, B EPR STURRRERET S - ER
HERRLSRAREBER2 EFTBHULRBESGEBIEEHBZF LI ERS, EHEER
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YIFLrbEKRE, fiBHEESGVLVECEEKT IS, BENETEHT
HillEHER SR>k, £k, EREXRHIZHEOESGLOPPETHIAEL,
500, M CEIBIRBEEOHETERL 2,

Fig 148 XY ) aA—-YITLOERERT, Y- T LRAIBHOBKTH
BEETECETEMHEEORESE h, BENELCEREETOREBRETSX
ok, ZAREEEFOSLEIEHEECTHAOOEELRER TRV,

Fig.149,150 RBHFE U TNANOAVOERERT . NANDIYTELTHOD
ABLABEINEEOEZE SR oh, FIBTEHTIZZEEEETHEREVL, £,
BENIPEEBEETTEHULALADOETC, WCTEHUELDREVEREK
FTERT,

3) Wk

Fig.151,152 in4 Ny OEBEEILEZTRT . EFALVEEEERBEE TEBK
KEghERDS, TTFLEGOAHIIEMEENG RS HWANENL, 70C

DIEGRIRDRKEIRELERT. Fh, BEFEATESHLLDORISRKER
WAkZRL, B, BENETTEHUEZLOURLRERBKERUVR, —H,
ERHEGRAMIEFLBEERBICERTHEAB DR, iBGFEEORED /DX
Vo FIHIOBOKEEGZBENE TBHLZDONRDIKREL,

Fig.153~155 WEPRDEERE R T, EPRIZDLTH, WTFhOFREBIZ LTS
BEORENR N EY, FONBUMAWRR S, EPR I+&EPR 3LIMSHEE
MEOERRNAKEIRSEM, EPRAITEFRRS. £k, KBEEEBHULL2D
DREITBBAOHh, BENMETESHULLADOUNMMOBKEEBRKEL SR
E, BokKCBEUTERENHEBIETHATOREMILTUDEKOERES X
Rl &Ehbhbhs,

Fig. 156 WHEBRVIFL YOBKZODVTRLEZDDTH S, BAkF—Fid
EERHOBEEBR LI DENKEX{~FOMARLREIRVY, BILNELR
HTERELBRZEEDNW S,

Fig.157,158 W7 o7 L Y OEROMERT. ynn7L YA DFE
USBKBEBRLRS., (R UHTHFEL ST BERL, ZORIEEMT EBK
BEDLT S, RITEVTHhOBHEFZHTHHRKIIFHEE EDWENT %, F i,
A& CHREOREIET XY LRVLHRETENBEHFEEOLREH>TTU

ARAKBBDT S, BEREEROBBILFHRATENT 3 LR AER O
KERRKERTIETH S, ChaRFI /OO TL UHBLZLIOEEBLE
W&, BESETT2EPEHCBRPIMIA OB ERSVHIEBED
aw%mtu;%égﬁyﬁﬁu%mtmﬁ&ﬂm%kwﬁbfm%twt%x
oh b3,
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Fig.159 Ky V=2 T LhOERERVE, YU~V ITLNEBKTERLE
BEALRRTY, COEEHELENHEAXHPTHAOEELB V2RV,
O, Y-y T LAOEBBRPUBHIC A SHLRCERT IO TURL,
FEUTT7ADIEDOAT L AR ZMASBITER LTV ERDEER o h
%o

(8) &

1) 07 BE 44 B A

MEMECEL TE, EBRKYFL Y, YUa—-YadLkRE, U TH
BIHREPSG RS EHE, MUOKTAREIRSEMERT. $h, BENL
RETRHETLEMETIRIVY, WUDETREUADRVIBENZ L, KEE
RTREUVLEDODEFNMET CTHH U LDOREBMNIEWEILEESERTLO
BEL, EHEBTREZLOBBIE YL TZhs Zo0F kI ESILEE X
SZ&EWNS, —H, BERKVILFL VIBEREGHERL, THEEENE
WERUDBZEUSEHALTZ30RHUT, SIRTRET S EHMUTORD LR,
Th, BEMETEHTE, BUIBRRES TS, KEBROBEALERE,
UDEKRTHEAGNLY, BEMETFTEETERL, HlLoRFHERS., YU
—YALENBHEEOLEERRERY T, BILFHARCHUTHEETH 3.

BROMLHELC OV T, EPR, BERULFL Y TINBHEED LR
THEETHRELRY, VCHETHERFENMET RV UVEEEEEFTEHLLD
- DIEVERRTS, VI -YITAINBESEEOER IS VL, BEM
ETRESREET TOHILEEREER L,

DEREEREROSLERITHIBEEOEE

BB EIZELTW, N4y, EPRO—FBOHER TUHBEIEER L
BZEEBREBELETREHOBAOSHIEDILY, BENETEHOZ&IERNEE
FRECIVFLOHERETRTLOPEL, KEERETOSILEABENE TR
LFUERTZORELV, —F, VIIIA—YITADID CHBHRS$OFEELS
FRVwbDeH B, :

BRAMMEICEL T, EPR, MERUZFL Y TUMBMEENR (RS L
HEENOETIRELRY, KEBEERHFC I3 HLESIBEERGEESE L
FARZERLVBEREKS D, BENETEHU LGS HEBEH LI BRI
FIBREL RS T —2ABEL, BERELTREHOBSEHILPNBEHCRER S
AREEPS L. YA YIXLAFERHITECSVTHIEHEEOER 2R
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WRAKBEZODVLTIE, —MB, MRHFHEEOLERRCLIOBENTZLONEL,
BMEMETHADKEEXRTHEANIZLZUVRARRTIEMS, BibHLE
MEgEL2RorHxohd, —HOABTRBILEARABE S &, WENBZ Y,
WRKEEHT EELT S, —F, YVA—-2TATUEBELBREOh SN, 2
hIAE7LAVEATL A BREBAMKNBTH Y, fiBEHEHOEEISITR
AN
BE, RRE (AN TRIEDBZ 344) TOHLEERATZELT,
ARBGBOEER2EFAZ LY, BEEERTOSL2ERBR 2O, By
BELSTEZLRLVBROLMEREOAR ST ENTHREATS Y,
NANRIY, EPRBEGHBRDPVTUEBENTETHIEEBL N Y, RIg
RYLFLYOEDRBHEELLHUTHEREH LRI ORIOQTL VR
EHLSLOEEBAZIVHIOR DV TRFOBBCIELLEEL T3,

B & Sk
1. HFHEFEG, ML, ” ERESFHHORNBERUARBILSILORE” |,
 BREREBVHMIRSER EIM-87-146(1987)
2. WHEHHEKF, BERE, FR&E, AKEE, HINEA, FBRZ, ” $8UH
OLOCAKRBREBTEBY 3HLREITEEROHE (D) 7,
fil] .k . EIM-83-116(1983)
3. AKEE, BERE, FlkiE, BHBE, HIEA, FHER=E, ” KHHRE
BUETLHBHOHEBATL A BPREBTEEIHEH” , _
JAERI-M 83-072(1983)
4. Y.Kusama, T.Yagi, S.0kada, M.lto, M.Yoshikawa, K.Yoshida, N.Tamura,
W.Kawakami,”Progress on Qualification Testing Methodology Study of
Electric Cables”, Proceedings of U.S. Reguratory Commission
‘ NUREG/CP-0081(1986)
5. W.Kawakami, Y.Kusama, T.Yagi, K.Arakawa, M.lto, S.0kada, M.Yoshikawa,
K.Yoshida, N.Tamura,”Progress on Qualification Testing Methodology
Study of Electric Cables”, Proceedings of U.S. Reguratory Commission
NUREG/CP-0090(1987)
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Effect of pre-irradiation conditions on mechanical
properties of Hypalon 1* exposed to steam/spray
environments including air.
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Fig.139 Effect of pre-irradiation conditions on mechanical
properties of Hypalon 3 exposed to steam/spray
environments including air.

i Symbols are the same as in Fig.138
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Fig.l40 Effect of pre-irradiation conditions on mechanical
properties of EPR 1* exposed to steam/spray
environments including air.

~ Symbols are the same as in Fig.138
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Fig.l41 Effect of pre-irradiation conditions on mechanical
properties of EPR 3 exposed to steam/spray
environments including air.

" Symbols are the same as in Fig.138
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Fig.l1l42 Effect of pre-irradiation conditions on mechanical
properties of EPR 4 exposed to steam/spray
environments including air. :

coBymbols are the same as in Fig.138
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Fig.143 Effect of pre-irradiation conditions on mechanical
properties of XLPE 1* exposed to steam/spray
environments including air.

Symbols are the same as in Fig.138
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Fig.144 Effect of pre-irradiation conditions on mechanical
properties of CR 2* exposed to steam/spray
environments including air.

Symbols are the same as in Fig.138
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Fig.l1l45 Effect of pre-irradiation conditionc on mechanical
properties of SIR 2 exposed to steam/spray
environments including air.

Symbols are the same as in Fig.138
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Fig.l46 Effect of pre-irradiation conditions on volume

resistivity of EPR 1* and EPR 3 exposed to
steam/spray environments including air.

Symbols are the same as in Fig.1l38
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Fig.147 Effect of pre-irradiation conditions on volume
resistivity of EPR 4 and XLPE 1* exposed to
steam/spray environments including air.

Symbols are the same as in Fig. 138
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Fig.148 Effect of pre-irradiation conditions on volume
resistivity of SIR 2 and SIR 3 exposed to steam/

spray environments including air.

Symbols are the same as in Fig.1l38
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Fig.149 Effect of pre-irradiation condition on volume
resistivity of CSM 1* and CSM 2* exposed to
steam/spray envirconments including air.

Symbols are the same as in Fig.138

— 240 —



JAERI-M 88178

CSM 3
o .
0 g 8
v g
o v
\z 5 % o o v
g | A 0
-4 L
- 1 l
6 0 100 200
Steam Exposure Time (h)
CSM 4
o
& 8 o© O
~ X |
= -2 % v O O
>
3 ¢ a ¢
-4
O X" ¢ ] Aﬂu
-6 I 1
0 100 200
Steam Exposure Time (h)
Fig.1l50 Effect of pre-irradiation conditions on volume

resistivity of CSM 3 and CSM 4 exposed to
steam/spray environments including air.

Symbols are the same as in Fig.138
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Fig.151 Effect of pre-irradiation conditions on water
sorption of CSM 1* exposed to steam/spray
environments including air.
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Effect of pre-irradiation conditions on water
sorption of CSM 3 exposed to steam/spray
environments including air.

Symbols are the same as in Fig. 151
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Fig. 153 Effect of pre-irradiation conditions on water
sorption of EPR 1* exposed to steam/spray
envirecnments including air.

Symbols are the same as in Fig.l51l
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Effect of pre-irradiation conditions on water
sorption of EPR 3 exposed to steam/spray

environments including air.

Symbols are the same as in Fig.151
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Effect of pre-irradiation conditions on water
sorption of EPR 4 exposed to steam/spray
environments including air.

Symbols are the same as in Fig.l1l51
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Fig.l56 Effect of pre-irradiation conditions on water

sorption of XLPE 1* exposed to steam/spray
environments includihg air. -

Symbols are the same as in Fig.151
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Effect of pre-irradiation conditions on water

sorption of CR 2¥* exposgsed to steam/spray
environments including air.

| Symbols are the same as in Fig.151
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Effect of pre-irradiation conditions on water
sorption of CR 3 exposed to steam/spray
environments including air.

Symbols are the same as in Fig.151
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Effect of pre-irradiation conditions on water
sorption of SIR 1 Exposed to steam/spray
environments including air.

Symbols are the same as in Fig.1l51
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Fig.177 Effect of steam temperature on volume resistivity of EPR!
(1.5MGy at 10KGy/h) under simulated LOCA environment.
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Steam Exposure Time {h) Steam Exposure Time (h)

Fig.178 Effect of steam temperature on volume resistivity of EPR3
(1.5MGy at 10KGy/h) under simulated LOCA environment.
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'Fig.ng Effect of steam temperature on volume resistivity of XLPEI
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Fig.180 Effect of sleam temperature on volume resistivity of SIRI
(1.5MGy at 1OKGy/h) under simulated LOCA environment.
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Effect of steam temperature on volume resistivity of EPRI

( unirradiated ) under simuiated LOCA envirenment.
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Fig.182 Effect of steam temperature on volume resistivity of EPR3
( unirradiated ) wunder simulated LOCA environment.
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Fig.183 Effect of steam temperature on volume resistivity of XLPEQ
( unirradiated ) under simulated LOCA environment.

XLPE 1¥
0
~ \D 14O¢C
& i \A\"‘—*-—-_A__
>~ .
Y
cn_2 B
Q
- (]
AN
160°C
_4 -
{ without dir )
_6 I ] i
0] 100 200 300
- Steam Exposure Time ({h)
¥ SiR1
< 0—A
3\\, 00—
g-2r
|
{ without air }
_4 ad
1 [l i
0. 100 200 300

Steam Exposure Time {h)

Log (A/5)

140°C

s

TS
160°C N
{ with air )
1 | 2
0 100 200 300

Steam Exposure Time (h}

Fig.184 Effect of steam temperature on volume resistivity of SIR1
( unirradiated ) under simulated LOCA environment.
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Fig.185 Effect of steam temperature on water sorption of CSMI
(1.5MCGy at 10KGy/h) under simulated LOCA environment.

Fig.186 Effect of sieam temperature on water sorption of CSM3
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Fig.187 Effect of steam temperature on water sorption of EPRI
(1.5MGy at 10KGy/h) under simulated LOCA environment.
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Fig.188 Effect of steam temperature on water sorption of EPR3
(1.5MGy at 10KGy/h) under simulated LOCA environment.
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(1.5MGy at 10KGy/h) under simulated LOCA environment.
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REOERSIEEORNOED > BEMBRRRORERETT.

(2) #RBIUER
1) sEhaytE :
nAanoy, EPR, BERYIFL Y, yaa 7L yBIUYYa—2rdh
DEABLE OV TIRABRERON, MELCBUORELZERNEBRMIIHL T
TJOy b UREREFIg.213~220 CEHhFhid. RPGRUKGyY/NBLU—
HBBO0T,5Key/MNEATL A BV DIECORERTRT .

Fig.213,214 nAnNaYDERERT. EFAVRE, EHEGEDATL A
DOEERIFHBUPLEA N, ATLARITH >EERTHREL RS, ULHUVETO
NEUNAROBRARIVETERVEHES (MRBRAIh2EN) TZOEE
DETREV, £k, HREKXBTRICTBH L 2YOH P EERERETR
FTEFLUEYWIVATLAOEEREOEENLVEHELHANLSDLOND Y, Gl
SEETORBOBILSILOBENFOROEREBTTORILIEET 200
SEbhh G,

—F, BECEHUTWHEFLESG, EARGLLATL A ORER/IE L, F
EREEREERTOCTITo T AT L L OHEBOHERIFTVRELRsh R,
Fig.215,216 EPRO&EREFRT. EPRUIFZHOBRAIC L > TEHBERS,
EFLREDOER (Fig.215) THATLARIThRUVABATL S 2iToRY &
VIGE, MULBETHAEL, BRIOCCTHEHELRDLDUE, ATLAEETT
WLIGSHERIERFETETH 2 M, ATV A RUTHARBERITS LA oHKiky
EUCHEEXRRZLRS,

EHBRASHEBOEPR (Fig.216) T, BERKEIATLAOERIIEZEAER
shigl, MUBATLARBITSFBETHIREL, BRICTEHU LIBE
HEOHmPBI R KRELRS,

Fig.217 WEBHUYTIFL Y OBERERT, BERYIFL VIIHRE, BUO
VWTEhDATLAFHEOADBIABRELBRHIBEOR S5, BHEREOEVILIH
VWkELE>h, BBERTTRHULBSAUTOROERRBRLIVEER
EEHEERTY, ATV A P53 LRBERRACELRCHUEKTT S, —F/, R
TLARUTREMEL UV EZ0F EREEIN S, £k, WWCTEHLEEE
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i, ZABEBOUVICHEROERSR A >hRVE, A7V 1 21ThRVERE
ZEREECDRIBACEESTZOEHL, AT LA EETCUEHEEHESRAS
hRLiRE, ATLAE3BIERERELLFEZAMZERALTY 5,
CEBRYIFLIYORS, ATLAZ0BORLEHPOBLIDEN N, &
HCHUERIEBAPHRVRTCEWR LT, BABBOLROEELZTINT
{RR3dbDEFRILONS,

Fig.218,219 WO/ 7L VOEERERT. /7L yiBREG L >THE
B CHE, HUOEKTHIREXL, BRHUVEVEHEDOINRE S TRV T S,
FREORCELARBRELLL ST, ATV A OEEIHRR BE, BMUED
TOoRETT %, 7007V VOBAUSGEELRTTOEHNS LUTOCTOHESY
EHREEKTTISLDATLAORELHRT ZIHEIEHL L,

Fig.220 KV a— YT LDEERERY, VYA —2YXLEMOT LRI
REABANODBFOHBBEERLOHEHEXAEBRR-TD, BE, HUOEIL
BHEFOVKELIRV, T, ATLAOFELZLBZHEDL /NI,

NE R MY

HEE AR BHANBIUERECCEARECEL R & X OBBIER
BRI AT LAOHEELEWUTUR, TR —TLERE, BRAMBEOR,
BIZHBERE UTHVOh ZEBME 3% (EPR, 2KV FLY, VY
A=V L) RO2WTODH, FORRUBZEREFI.221~220FhFTNRT .

Fig.221, 222ILEPROERL2RT, TFLEBESOEB (Fig.221) TURSEE
EREEFRETHRHEUABEAE, ATLAOEER L ZRBULLY, T0CER
THRHEOHAREENR A, REATV AR ULOBARERRE S 15088 L
T OEHABOKIESE VPEHERRIRS, EHRAORN (Fig.222) FaE
HEBCERRATL 1 OFERE > hiv. EPROBE, BEEKKOET
BEFLESA, RARSGELEREEEEERATRA L VT0CERTRY TIT-
PABKERBERT,

Fig.223 WHEEBERYILFL VOERETRT .. BERYIFL OBEE TR E
RUBIUVATLAOEHEOEEUE L ACROIWTRABRELE LT T -
F—EOERRT,

Fig.228 WV aA—VITLOERERT., VYA ITLDBES, WIhO
ZHES, ERBRBR I IOEMENBIURBETOES P EERBENT—HU,
ATV LA OEBRREhRL.

3) Mok i i
jAMi%&mbﬁhfx—yﬁﬁhﬁ,LOCAEﬁEﬁ@ﬁmﬁbh%#
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TTEFEUSBKBET ZCENIhETORRTHLI PR o' ZHh 5 HK
MHEHESE T LO#EYHES LUCERNMEOETOERR 32, 22T
BERORKZEROERAZATL L OFEORELANE, REMREREFig.
225~ 23212 R ¥,

Fig.225,226 NA NIV OERERT . EFAREGORB(Fig.225)d A7 L
ARUVOANEBRENMPEETSH 2, BRTIOCCTRHU 2YOWKIIRERIES
Fde ThRZNUT, EARGOAB(FIC.IDEEHBERVATLLIEVOH
DRKBKEV. Fh, TEHRYORELAL - GBEBREHOHBT0CHE S
EVEAKGAERELFET,

Fig.227,228 EPROBEREERT. TFLRAGOEB(Fig. 22N IR EEE
BOWMMOBKEREIATLABOIOABRKELY, REMEET S 27 4
BRUOHBLUARE RS, EFARAORAN (Fig. 2280 WMAEHICHT 2T
LAIOFEOERIINIEL, BEAEEOWKREELRT ., WK RE TR
ZUOHEUTOCTEHU RYORKENERBETHBHLAMEOKEL, B
LB EBANEELTVRZERRT,

Fig.220 WRBRYILFLVOEHERERT. EBRYLFL Y OBE, SR
ETTRHEHU, ATLARUTEETZLWAKIDEVS, ATL1RITHLE
BRMEEZLCEKIIANELRE, —FH, MCTEHULEZLOEELVRAKERT
M, ATLLAOEEILIEELIIL,

Fig.230,231 7Oy L YO#ERERT. TFILES, EAEGEHRO
BKZHETRATL A OHEORER/ NPTV, TRHBHZBORVIT L IHE
HHFT VKRRV, YO TL VOBESERTHAERE (1.5M6yBE) Tan
WL 2 2D RBOYEGHYIC LV RKBIRERECH U - COEERT.

Fig.22 Ry Y A—YTLADERETRT. YYA—YITLRT7LHYHRTL
AL OMAAEERCTRHEBEDPETRT. LB >TATL A DE SIS
EVENVMEEGREREEHEALERKEL,

(3) ¥&8 ,

BRXELOCABRBRHRILVERS, HAMBLEXETIATL A OFEOK
F2HANRER, BRHOHECRUTEAT LI OEECEENRoh 3848
B0, ATLAREY, BEOHECHERBRILERYIMOBINAIHEER
. BT USRI, ATLAFVOHBLTUBMUL RV, UM UE
FEREOEXOHEELRTIARERVLFL VOBGUEREOBRILIEL LEH.
ZROBATL AR VEVEENS 0, REURCBRIEEARCESh. %
OLOHDBILAILUVUAELEEL OGN S,

MRHAZHFOEBILIVRLEWITERTEHNULBEGOABATL L OF
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RHUIKREL, S REIRS,
BRANHHOEA T —BOHAR (VCERTHEHUEZEFIREEPR) %
BROTEAT LA OBEEXZHEBI P,
BRCEAVTEATLARVOABBRKBREVBEE AT L A BH S/ K
KIBZBBEBEWSHY, ~EOMEAERILVE, HL TBILEHYBERL T
VWEEEZER O ZBHIETALPT L,

Y R
1. AKEE, BERE, FE®%sE, MEBE, FNEA, FHE=, ” HHEE
HURILAMHORBA 7L AP Y IREEY” ,
JAERI-M 83-072(1983)
2. MHEBE, FMEA, FEKE, DERE, AKBRE, FHE=, ” #EHH
DERHUHHOETILEHT I L0 CABELAHORE” ,
BERF¥LEEMEHEESEN EIM-82-109(1981)
3. AKEE, HERE, FEnsE, NHRE, ARESE, N LERHE, ” ks
BHUAVY -2V LOERBR BT 351",
| | "L EIM-85-161(1985)
4. HEEME, AKX, FEKE, ME®FE, I LFOHEE, ” L O CA#EERK
FRBTLHBARSSIVERAREZESEGHROBILEREF TESE” ,
I. MR il EIM-86-130(1986)
5. MEEKY, DERE, AR, SRS, NLEFHE, ” Lo CABEERER
FELBIIABHA B IAUVERAREZUNEGHBOSLICRIFI R ,
O. €5 HE il o EIM-B6-131(1986)
6. Y.Kusama, T.Yagi, S.0kada, M.lto, M.Yoshikawa, K.Yoshida, N.tamura,
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4.2.6 FRHLRXHOEE

4.1.7T RiENE LS RCA 0 FHOBEREEHOSLHYT 352 FHER
256, BROBRERK|DHUVLRAEEBURThUERG RV, BEXNREZ
A, A0FELIRMME, KEELTOSELTE, ANONBE TBILSIL
BELIETHY, THhoRBRIZAHEEULTE, BENETES 20 L8
B2 b T (RROWEBEERZ LW T) BETLHEREBEEIh TV 32 3,
~7, BMHILERBRE TR, FRHEEZZBA0OEFE LT, BILE
HTORHRBMELT SMEFN, BEOAT2ZLA LD S HREOHLIEL &
WO ORE DHEONL. COLIRBEDS, BXREL O CAHBRRRKRZ2VWT
SENHIERHOREERE T 5. KETUBITAREMEES THVL O ATL
2FENHILORKE, TOEFEER U ABEGORBEROVTHEBEORNLE &
VBRENETRBARBEL L SFWHILES 2 HARMEBWR, PWRAL
O CAMBZFRRECEEL THILELEU L.

(1) BRAGE
AL HBRAREY - B (SS) 1 38EEAV R,

FHHILEH
1. g&f (=g, 1210, THRD -REERS (RS, 28, 10kGy/hT
0.5MGy)

2. KEEES (L) -#El (BL)
3. BENMETEE (ZiE, BEMNE.5MPa), 4kGy/hT0.5MGy) —=#EiL (%
))%‘\EP, 121'0(:, TEﬁEﬁ)

LOCABERRIEEE
 LRHOFENSEESA Y - MRAABEEREICLSBWR, PWREALOC
ABRZRHRERER U L. BRFOMEHRGEEERS, 10kGV/hTCBWREH Tt
0.26MGy, PWREZH TUHL.OMYEH L, ZRFhETRE2ELBWR, PWRHAE
RABREHCEEUL. BRBETO7 s L3230 R UREENRBWR, PWR
BRHEE2HOVE,

(2) BRRUBR

1) FAHILEBIIIEFOHE

Fig.233 WEANIHSILZHREMBEOR Y (B->RHHE) T5ARhBAEE, %
DEDIEE (RHE-&) LE2 L ZOMBIHEOBE S HUOREELER
Ulze HOBZ 37 1BEOFNHIL, BZOBRYSTUEOIRFTENSILRS

— 307 —



JAERI-M 88—178

ARBAETS®S. NNy rna7L yO—RUEKMEREHERBZELOIER
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Th, BEHRSRRL,

Fig.23 WHBRENICHT ZHHNBILOEFOEESRT. EPRE2BRIEE
DETR2VT, BHROEFHILLE525¢ 1H~3HOBBETERT. 2h
WU, FMBILOMEBERLEZ 2O THERGETEFEULL AR, BEDOH
BT 1 HIDI D, RCHBEL D EBRENBEL 23000 H6h, BRMCI
BHHIQIEF 2T 3 EHIEBLRVARICIRS, EPRRZDVTIENS
ETERERBFEATETURLY, @EE U CHthoRE & RBRZHEDIESF T
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Fig.233'. Effect of order in aging on mechanical properties
of insulating and jacketing materials.

[ in air 121°C, 7 days >~ 0.5 MGy in air at RT
B 0.5 MGy in air at RT -~ in air 121°C, 7 days
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Fig.234 Effect of order in aging on volume resistivity
of insulating and jacketing materials.

Notations are the same as in Fig. 233

— 314 —



CSM T
CSM 2
CSM 3
CSM 4
EPR 1"

EPR 3

EPR 4

XLPE ¥

JAERI-M 88—178

 —
L——‘
‘———+—‘

EEEEE——

T EEEET——

——

E——
s ——

|l

I
100

0 100
Tb/Thbo (%) Eb/Ebo (%)

Fig.235 Effect of aging condition on mechanical properties

of insulating and jacketing materials.,.

[ )in air 121°c, 7 days —> 0.5 MGy in air at RT
B o.- MGy in oxygen (0.5MPa)
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Fig.236 Effect of aging condition on mechanical properties
of insulating and jacketing materials under simulated
BWR(A) and PWR (B} LOCA environments.

Notations are the same as in Fig. 235
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Fig.237 Effect of aging condition on volume resistivity
of insulating and jacketing materials under
simulated BWR and PWR LOCA environments.

Notations are the same as in Fig. 235
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Fig.238 Comparison of mechanical properties degradation
of Hypalon exposed to profile and constant
temperature LOCA environments.
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Fig.239 Comparison of mechanical properties degradation
of EPR exposed to profile and constant temperature
LOCA environments. :
Notations are the same as in Fig. 288
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Comparison of mechanical properties degradation of
crosslinked polyethylene exposed to profile and
constant temperature LOCA environments.

Notations are the same as in Fig.238
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Comparison of mechanical properties degradation
of chloroprene exposed to profile and constant
temperature LOCA environments.

Notations are the same as in Fig.238
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Fig.242 Comparison of mechanical properties degradation of
silicone rubber exposed to profile and caonstant
temperature LOCA environments,

Notations are the same as in Fig,.238
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Fig.243 Comparison of electrical propéerty degradation of
EPR exposed to profile and constant temperature

LOCA environments.
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Comparison of electrical property degradation of
crosslinked polyethylene exposed to profile and
constant temperature LOCA environments.

Pig.244

Notations are the same as in Fig.243
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Fig.245 Comparison of electrical property degradation of

silicone rubber exposed to profile and constant
temperature LOCA environments.

Notations are the same as in Fig.243

— 328 —



JAERI-M 88178

CSM
Q -
| A
3 0
SO T
o

in saturated steam

-3 i 1
' 100 200 300
Steam Exposure Time (h)

SN
._,1 | — .*--., -
\.\\
9 ~
Ny .\
; —2 [~ . ~ A
AN

g o~ — o

=3 in saturated steam with air

-4 1 | ]

0 100 200 300

Steam Exposure Time (h)

Fig,246 Comparisdn of electrical property degradation of
Hypalon exposed to profile and constant temperature

LOCA environments.

' Notations are the same as in Fig.243
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Table 42 Effect of temperature in steam spray exXposure
on volume resistivity of insulating and
jacketing materials.

Saturated Steam Saturated Steam
with Air (0.05MPa)
'120°C  140°C 160°C [120°Cc 140°C 160°C

1* 0.55 0.62 -0.08] 0.37 -0.13 ~
EPR 3 | 0.35 0.52 -2.68 | 0.46 -1.08 -1.81
4 -0.01 =-0.,11 -3.31 |-0.12 -0.51 -1.46
XLPE 1* | -0.21 =1.17 -~2.90 |-0.44 -5.22 =7.95
SIR 1 ~2,14 -0.44 -1.43 [-1.69 -1.65 -2.48
2 -3,17 -0.53 -1.20 |-2.45 =~1.02 -1.24
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Fig.249 Ultimate elongation of Hypalon exposed to various
environments.
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Fig.250 Ultimate elongation of ethylene propylene rubber
(EPR) exposed to various environments.
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Fig.251 Ultimate elongation of cross-linked polyethylene

(XLPE) exposed to various environments.
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Fig.252 Dielectric loss factor of EPR exposed to various

environments including simulated LOCA conditions.
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FrTSaturated Steamld AR BRIBRBRE G IR VIEA %, Saturated Steam
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FPWREMT COMB « EiX « HEFXDLEL
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{({A) EPR
2. 0MGY

1. 0MGy. N X
[10KGy/n, 120°C] \\\ [lUKGy/h 1.5MGy]
0.5MGY 277 I A NN ¥ 4R
[ ///x’

Unirrad ; \ 5KGy/h
/]
OMPa 1KGy/h
0.05Mpa \\\\ 0.45KGy/h
[10KGy/h, 1.35MGy, [1.5MGy, 120°C]
120°¢C} SN P
0.13MBa -_7z " '5KGy/h, 70°C
0.25MPa 4.2KGy/h,in Oxy.
0.5MPa
(B) XLPE

Unir¥ad. 5KGy/h

N, ) - ’ 1
OMPa \\\ A . 1 . 1XGy/h

0.45KGy/h

/"';
7 5KGy/h, 70°C

0.25MPa ~ 4.2KGy/h, in Oxy.

0.5MFPa

Fig.261 Ultimate volume resistivity of EPR(A)
ALPE (B) exposed to various sequential LOCA
environments.
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(A) SIR

2.0MGy
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0.053MPa

N, [1.5Mey, 120°C]
0.45KGy , 70°C

[LOKGy/h, 1.5MGy,
120°C] 0.13MPa

0.25MPa 4.2KGy/h, in OXy.
0.5MPa
(B) C&8M

[10KGy/h, 120°C]

[10KGy/h, 1.5MGy]
O.SMGX

. lzo°C
\\ =

1XGy/h
) 3. 45KGy/h
[10KGy/h, 1.5MGy . 1.5MG °
126°c] 0. 1308 / KG [ o el
. 1 7,
i7“\&“__~__~’#/, 3KG7/h,. 70°C
0.25MPa 4.2KGy/h. in Oxy.

0.5MPa

Fig.262 Ultimate volume resistivity of SIR(A) and CSM(B)
exposed to various sequential LOCA environments.
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Water sorption of EPR under various sequential LOCA

Fig.263
environments.
2.0MGy
1.5M G y 160°C
1.0MGy %,,—-—"——_ﬁﬁﬂi 140°¢C
[10kGy/hy 120°CT " § [10KGy/h» 1.5MGy3
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N Y re K .
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. kY
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| 'll' e |
Unirrad —loox spx | skeysh
'I"_’/_ (-
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i — ! d ”‘-\m\“n
OMPa — % /f}K\ ' /T 1keysh
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120°C] 7 \“*xhj [1.5MGys 120°C1
0.13MPa o SkGy/h, 70°C
0.25MPa 4.2KGy/h, in Oxy.
0.5MPa
Fig.264 Water sorption of Hypalon under various segquential

LOCA environments.
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XLPE "
{Exposure Time 264h)
—-~ 5C° SCA
2.0M5y
L3MGY 8atc {10XGy/N,L5MGY)

(10KGY/h,120°C)

1LOMGY

BkGy./h
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0.05MPa 0.45kGy/n

5kGy/h (LSMGy,TZO‘C)
To°C

0.25MPq 4.2KGy/n
? in G 2
(10KGY /N, L EMGY, 120°C) oaMES

Fig.265 Water sorption of XLPE under various sequential
LOCA environments.
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(1) HBBHEZRBRBOESYR

BAtRES (BRH, 10kGy/h) , BRRERE (120°C, MAKERRUER
HET) RERELIRLGARBEEIh o 2ARICH 2 A LIZEOR/BKIYE
HoHte &y 5L, ARRIREBY 35, EhEFANACEILBEO
FIX VBN K ELSRY, HEYEBROh 3,

(2) BB oSbotbE '

AARREBERAPBRVWEGE, AREOHLEZFREOHLILITIZHL LI,
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R DR BFEDOHILRBXRIEZELCLRTEL L,
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AV REERC L VHBER - EHRRBYTLAHVEREET ZHEMEREH
BEIUDEFHESAEERMAEHREZERSOARCEHRBLET.

KWUROEITILH 20, B, BHEEROVREFELEVEEVWLRBERAKE,
IR ER, PHEX, REBZE, BAERSBRERBRFIRR > VKR
RBOTEMNEBLBAI L BHERZROFARERBLET.

T, AMELRET I 0ABORBEVRERLORNFBLEEW -
BAEREMR, TAEL, OUER, BRER, HEL, ZEX¥BEROFHITRK
HEBLLDR, KPRLCAVLEEBR T2 BREE (SEAMATE- H)DE
B BRTRRAIW R4S TEXRCYHHNETLHY XA R HERBERFOA A
WIEHHUE T,
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8 1 SEAMATE-TIF— ¥ T U fl

SEAMATE- IR A ZERBEHIVECERBTF -, EEE, BRER2ED
BHOTOYEF 4 Ay PRETHD I TVWE. MEREKRKLET
OS5 &2T, BEEDBHEEREOBHRKSEDPEREELR &R E
VWS2oOHLDBERHEEANL, Tho2EETI3ERV IV -TOERES
(7740 %2) BRERTICENTES. T, TOERESOEER
EBEHEERLEY, ERF Y RHEERFLEY, Y5 7KK T 22
EMTES.

Table Al U ERT OV 5L &Y, ERESSIIDBIOFARREBRH
EHAULEFMTSES. 2hitky, @RE, EREOER, - siH
=T AERBEOKR, BEHILERME, LOCAOBHZMY, ZREEEH 2
BZLENTES. 22T, T Y4BT ESIA 2 BEHSERNEES 3
VWERKEAROF—YOBTH 5. GiFEHARE, BRHLBETHRRULD
CAEEREEREROBWMUIZURBTONEE 2 &R, BFIXLOCAHEE
REEBEROSEMVEUVRETOHEEOAEET.

Table A2 A W EER”S10033+"O RO MBI CSH-1 (N4 NV —-1) O
F=¥RHALLATSS. RREERFBEO1003EY 25 X (M100) ,
HE, U, BE, BBER, 2R KCHBELT, KEBHBOERT
IERUERELDRERTVS. 22T, 0rldAYYFL{E, H/RIEHN
HEEROBELREKRT 5.

Table ASIIBEIREERSIIDTI+OFEAREBRE 2B ALEGITH S,

Table AJIZSIIDTI+ORBF — Y ORHRCHM-10F— 2 HAVEFITH 5.

—5, T DT I IRRTIE, BE, BU, 1005V 15, BHIK
HRUBRKBEZRABEEHMEOMBELRTIENTES. R, 205
KOV THHBIRPZRZAUHOMOLKERRLTES. AXFDFig.161~1
B8, Fig.191~1983 Zh2HBUTERLEDDTHS.
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Table A.1 EIxperimental Condition (Simultaneous)

ERES S10D33+
SRk G5z
e S V— P
EHpigik . H
ERSIERE:  (BECO 121
B (h) 168
Bater: BECC) RT
1 FER TRH

(BEE (kGy/h) 1.74
: BEETEER (h) 45.4
(EE (MGY) 0.079
LOCAHRES: H
LoCA HEEd& BB (XGy/h) 1.74
: BBASEER] (h) 136

(555 (MGy) 0.236
LOCA EREBRM: —TinE
HEECO) 120
BER R
LRINE (MPa)
(AT A - b2
B ERNTYE . F- vy 7
Wk RE% - D7 5 4

Table A.2 Experimental Data (Simultaneous)

& — PRI 1 CSM-1

IR (h) or H/R 6 22 52 94 136

BESIEEEE (MGy) 0 0.079 . 0.01 0.038 0.09 0.163 0.236
M100(kg/cm™2) 23.0 35.0 3%.0 42.0 48.0 55.0 63.0
FBEE (kg/cm™2) 208.0 213.0 211.0 210.0 184.0 192.0 183.0

U (%) 671.0 591.0 534.0 501.0 390.0 357.0 296.0

B 63 67 68 68 70 71 73

MEEM(Q.om) 14.75 12.27 13.99 13.81 14.35 14.37 -

BETCH PREREFMI (h)

BEEE ) Or H/R 6 22 52 94 136
48 0.0 0.6 0.5 0.0 0.6 1.7
336 0.0 0.0 0.0 0.0 0.0 0.0

HHEEEE (%) RREEEFME (h)

BERR (h) or H/R 6 22 52 94 136
48 : -2.0 -1.0 -1.0 =-2.0 =2.0
336 :
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Table A.3 Experimental Condition (Sequential)

mECO
F#fE (h)
BECC)
pidF

P B EE (kGy/h)
. AR (ho

LOCAMSE:
SR :

BB (MGy)

HECO
SHR

P EER (kGy/h)
. BBEEFRT (h)

BEBBAM:

{38 (MGy)
BECC

P EREE (MPa)

BRE R
Wk BE{% :

ATL4
TF - HEE
F— ¥ ¥

JAERI-M 88-178

S11D71+
B
Y- bt
H

121
168

RT
R
10
50.5
0.51
5

RT

ZERH

10

150.1

1.5

—EinE
120
0.05

=2

9

6
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