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Abstract

The FAC Rate ANalysis (FACRAN) model is developed in order to predict thinning
status of CANDU feeder pipe and establish a feeder management program. The model
defined to predict maximum thinning rate of first and second bends of feeder. Some
parameters (feeder pipe, bend angle, distance between hub and first bend, distance
between first and second bend, twist angle of second bend, flow rate, flow velocity,
steam quality, temperature, operation time, and pH) are included in the model. A
commercial statistical software, SYSTAT, was used to analyze the optimum relation
among parameters and fitting the function of each parameter by non-linear regression
method. The model has the erros of =36% at 99% confidence level. This model will
use analysis of thinning rate and remaining life of CANDU feeders and establish a
feeder management program. Especially, the model can analyze the thinning of feeder

second bend and give a good tool for second bend management.
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3. Feeder FAC S22 7% AA &

7}. Feeder A A 2@ &4 data
1) Feeder Geometry

CANDU 63 dx=dd 4o = 380719 channelo] $0°™, 17] channel< inlet %
outlet®] 271 feeder7t Ath. olF & wA|7F A= 32 outlet feedere]th. 171 He
= 190709] inlet feeder<} 19071¢] outlet feeder”} 1t}. Outlet feederv= 2} 2.572] 27]
ZH7F o, 2¢ feeder= 6070, 2.5” feeder= 320701 th. Feeder:= hubot &% = o] <)
3, °] hubit metal seal jointZ %3 fuel channel®] end fittingo]l A% o] <l
Feeder®] geometry:= 74, 3 WAl bend2t F+ WA bend9 Z}%=, hubollA A WA
bend 7+A1¢] A, A WA bendol|l X F WA bend 7kA1 e A, 12l A HA bend<t
F HA bend94 A" 4= Tl o E7Eo] v o]y 2E WHom ERE
feeder THFE X% 20 WEFNAT. 38070 Z+ 2d 9] feeder HHTﬂL types X% 19 Azl
o F 2070 FFE, type 67F 7HE e Ao w yEhg o F 1947 feeder”t s ¥ T}
29} 25" feeder =5+ 31 WA bend?] =t 37MAZ 327° |, 42.8° , 73.1° ¢ 374
AU F WA bend= 30.2° , 32.7° , 70.0° 9] 37FA7F AUt}

2) €938 parameter
FAC #4& faid = A4 #4 data 2 &4 549 Wt gk

data7} Wwr=A] Z a3t} 7} feederd F#2 A ZANME A2 th2v, 3 feeder
channeld| A = A= IﬂXﬂ 2 ATk whet Wsteth ARk o R fFEe oF 10 ~
30kg/sec JEol™, AF channel> two-phase flow7} &A%
=2 Ul steam qualitytt void fraction®= feeder €] %9} & A]7bol]l whe} GaEbzict
olgd A J&S WA= 292 feedere] 9, AP & 13 EN
i AE E A AEY A=A o] F ZHAIZE 5 AWHA Q] aging effecto]th. ©]
213k e o] W3l= feedero A9 kol 2 H A 9l S F1, o]d] u}g} heat transfer
rate7} W3lslth ol ®2d sfuto A= oo 948 parameterE® NUCIRC coded]
A2 RE A
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3) Feeder material
Feeder wWj#& €472l A106 GrBE WEo14 ow, ASMES] 7|+
vkl Cr 5%, 04% 79k Cu #%, 0.15% "Re] Mo %28 7HA =%
o} AT 9 Ao AR Q= feeder MlT2 o] HuA R R e FFolr)
2444 15719 Cr %% 002~0.03% FFolH, €4 257+ 0.02~0.06%, 94 3
© 0.02~0.08% Folth. Ducreux® 73] 23 <std, 0.1~0.2% FEe] Cr 5%
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4) Water chemistry
T2 AFS AEde= pHZF &F 10 =2 W7t 223 9o, pHE LiOH
74%40} ATk dHbA <l @i pH A4 eE 102 ~ 1080t A4 o] % 1996
W7bx o] 9t %xj pHE RW, €94 1577} 1054, Gentilly 25717} 1 2, Point
Lepreau”} 10.66°]t}. [3] stAIRF =2 pHOlA &= FAC @Ao] F7lstth= A4 ZH[5]
weh 19963l COGolA pH -9 S 102~1047 WA ES wﬁe}giwq, ] 43 % A
L WAE pH HRdA EdFeoltk 18lal F B¢ loop 12 pH Afol= A9 gle
° 2 yepyt [3]
¥ 1. CANDU 6 &4 Feeder ¥l #2] Geometry Parameter [1]
Bend Pipe Number | 1st Bend | 2nd Bend Eé%f;ggr? Eéigggecr? ArrlzgiieSto ¢
Diameter of Angle Angle Hub and |1st and 2nd|lst and 2nd
Type . . . 1st Bend Bend Bend
(inch) | Feeders (") (") (inch) (inch) )
25 2 32.7 32.7 0.65 15 180
2.5 8 42.8 30.2 1.89 15 128.8
2.5 12 73.1 30.2 1.89 15 128.8
4A 25 20 73.1 70.0 0.6 0.98 146.38
4B 2.5 18 73.1 70.0 0.6 1.51 146.38
4C 2.5 16 73.1 70.0 0.6 5.76 146.38
5A 25 12 73.1 70.0 0.6 0.98 146.38
5B 2.5 16 73.1 70.0 0.6 1.51 146.38
5C 2.5 22 73.1 70.0 0.6 5.76 146.38
25 194 73.1 ® 0.6 * *
2 20 32.7 32.7 0.93 1.94 180
2 8 42.8 30.2 2.24 2.0 128.8
2 6 42.8 30.2 2.24 2.0 128.8
10A 2 4 73.1 70.0 1.2 2.06 146.38
10B 2 4 73.1 70.0 1.2 2.59 146.38
10C 2 2 73.1 70.0 1.2 6.84 146.38
11A 2 2 73.1 70.0 1.2 2.06 146.38
11B 2 2 73.1 70.0 1.2 2.59 146.38
11C 2 4 73.1 70.0 1.2 6.84 146.38
12 2 8 73.1 * 1.2 * *
*) 2nd bend”} Ist bendZ ¥ g3l 27| wiol FA7F F23] A sE ] 1st bendol
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1}. Feeder Thinning Rate Data
Thinning rate® T3t7] Y= sl E bendol W3k =77 (PSI data), +4Z5 57
(ISI data) 2 A Zke] )3k 25 7F Qlojof ghoh

1) Initial Wall Thickness (PSI, Pre-Service Inspection)

Feeder bendo] t3t 27|57 SH S F2 full grid® o] A &t} HH 1930
Aol o] S0t THAR) o] FAo= thinning &A7F A Fek7]el #4412 of
ol obydn. 1elste] ol EE oM = vEd S WRoR V| REE
T35kt

@ Point Lepreau 91749 1= spare bendZ full grid 43} T4 EXE 73

t}. Bend type B = 1704, 1270 bendol ™3t full grid 48 S st o, 17 full
grid '—’37“01]/\1 10~2070¢] =33 gridet 1270 743 grid2 -4 = et o]

IS Point Lepreau®t Genilly-29] full grid A Ao SUsA AFE-= 2o}
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1] ol gk AR 7} HZE3}o]) bendingAl A7) extradosol] & A gk}
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< bendingdt QFEHELS 790~840C AHAEZ 7[493 % bending 3= Aot 94 94
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o] oF7F Feho A AT
Bending Zt=7F AW a9kg FA7F gkolAl= A3E HY Bending & HAFA7L,
2.5 feederell ©3f4 30° bending®ol A+ 2 #e] 91.2%, 43° bendingol 4= 90.0%, 70°
bending®| Al &= 89.5%E HAt 27 v tis)A = bending 2t AL F@stH, oA
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7l #3¥+= Point Lepreau spare bend® full grid SA8#S &85 + HA bende
2715 A1 3k2 Point Lepreau®} Gentilly 25719 &4 dataE &8st}

AHUT)E AFE3F T Point Lepreaut™ 1995,
1996, 1997, 1998, 1999 =4 data’} k. A WA 1995 o= diamond FEH €] grid&
AbESE o, o] data®l Aol ool o] EE o= ARESA &t o] $-9
Point Lepreauc] A ¢ &4 full grid W strip W, 27FA S AFE3F T} Full grid
o= UT probe 719l FHo] 9l fiberglass templateE AF&3FH o, o]
template= =W3do 2= 15~207] point, Yo 2= 127 pointe] +HES 7FX| L
o] oF 2007 A=< omtoﬂ &) A 4 Ak o] template= hub$} feedere] €754
of gro] =wrgko g i ZAstA @b Strip $HS dFHEgEo R 3709 magnetic
strip<, extradosE E 3 st 124] Wkl 170, 1A ek} 114 Wakol] ZH2F 1715 AR
sl &4 fﬂﬁ} ZWFo 2= 20709 =74 point7t A+ type 12 1770¢] Z4 point7b S
= type 27F Aok &8l FA S data® oy AEAH FAE ARESHA = okt

Gentilly 217] o= diamond gridE A3t QoW TomoscanolH &= 1474
probeE 7} AE3tE 71715 AFE-3FaL Q) ©] Tomoscane AHs o % F7 datas =
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3) TASFAY NFA A
FAC ratex= W7} 0.lmm/yr %
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7} 2we] 2o £HW oF 0177mm ALY SA7F A7)E o Boh o FEe] ¢
A oF 2d7F &7 ©lF thinning¥ B & gol 2= 3w 4o ZHOF rate X F
We Wrbshe Aol MuAY Aoz B

4) FAC rate°] digt @7 data

FAC rateZ +#3}+=4] Point Lepreau, Gentilly-29} €4 157] =4 dataEs AF-&3}
2t} Point Lepreauo] ™ # WA bendoll thal] 24970 =4 dataZ, F HA bendol| th 3l
e 23/ A4 data’b Qo™, Gentilly-291= 3 WA bendol] Wis] 35078, F+ WHA
bendoll W&l 17570 =4 data’} 3, €4 157l A HA bendol] HsiA =t 10471
=7 dataZ} ot o] FolA AAAN Aol vFU Holue datars Al A =,
A WA bendoll thsiAM = 1970, F WAl bendoll thai M= 4707F A=A H7F A3
HA bend?] ¥+ thinning rate:= 0.0876mm/yre]li, F+ WA bend= 0.0690mm/yr <1
° 2 YERTth
MatEl wale] AFS el A = Point Lepreau® 2000% outageo] =743+ 1471 data
(Ist bend 1070, 2nd bend 470)¢} Embalseol 4] =43k 307) data(2F 1st bend) S &£

sgck Ba AW 3 AFe] AR 54 daad E 29 sk

M
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3 2. Empirical Model 7%l AF8-¥ Data &3+

17 Outage = Arer 105 7
(EFPY) 1st Bend 2nd Bend
1998 12.63 42 0
Wolsung 1 1999 13.54 62 0
Total 104 0
1996 12.25 63 22
Point Lepreau 1997 1245 L 0
1997 13.03 180 1
Total 249 23
1996 10.3 11 0
1997 10.9 64 0
Gentilly -2 1998 11.8 94 34
1999 12.58 60 24
2000 13.31 121 117
Tatal 350 175
Total 703 198
Validation2 9] gt Data
Point Lepreau 2000 15.05, 2.59 *) 10 4
Embalse 30 #)

%) 17} bend® 259 EFPY o] do] mAE feederd. 1370 24 17 257¢
#) Ist & 2nd T $h&. @A 2070+ 2.5% 1070& 27 4.
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= pHL SAANZEQ o}F Ze EZo g WMEsttl. Point Lepreau®t
Gentllly 29] ﬁéi‘ £d pHE 106032 €4 157 1059 [3] 28)3te] pHell 2%k
thinning &3+ AFHAAQ] AFAHRE &85t Feeder piped] +d371& RAFSH
el F&-F4 (impingement flow) 23d& Fastct. [78] 23 AL
<, pHE 9.17~10.46 (apparent pH(pH.) =% 9.63.~10.92), 1 ppb ©|dl] &FEAA4rEE,
6cm¥/kge] &FF2, 0.02% Cr 22 7hd &27, 1.2m/sec] F50l3lth o2 23
z7oA pHel 23 FAC rate ¥ 3}e] g4 <l Elﬂrﬂ U A3 2

F(pH) = (45901 106 A1)
o] A& pH.7F 10.0914 10.8 WA A &Hrt o] Aol ostd, pH.7l F7Fstd
FAC rate’} 5 7FskA €t

4. FAC Rate Analysis Model

7. 2dy)ao] A A
ojHo| /MELdteE AL HH Ao ZFE datas 83

o 2 data®l Al s e

oA AM=FAFE 7HA A "

o

=

i

ot

ol

Ir

oE W

1) Al 7to] W2 parameter ¥ 3} H 3 3}

FAC ratex flow W3tol] & oA Hry. 27dd o] flowe o] 7}A] aging
effectoll 2]s] W3slA = 7]d F&g nde 3317 s BE HgE AEE F
A ZAbste] mdl Jdksof skt oA shr]ol= Uiy FEth il Algtel] wE
WMsl7E A kol v]l§ dib] 37 AE AoE FUtEAY. 1 o9& Point Lepreau Y
A e x719 4000 EFPDOlA ] #<5 Apol7F oF 04dm/sec A2 Fd A F5<
14.5m/secell v]38] 3% W37 ATt & steam qualitys= 0.4% W37 Aok 28] 81
Al Zboll whg} W3lelE BE parameters #Hirsle] dpubel zto g A 839t

2) Bend Geometry
Bendoll M 9] f= @2 AR} U3 Aoz 74 A BendingS shAl W
2 o] o7t A 1ejA = ovality @Ate] &3t} 3k o &) cold bendingdt 2.5°
feeder?] 23 3 Zolx7l 1.12mm= W2 1.9%°]Att ©] X flow W3}ol] 2

dPe 77 @ Ao neAd.

N g

DA% % AA A ws

HAA7E FA o] By 52 oA HW ]5 Y= 3717F 949 7FsAdel =,
oo wet &EA FET} l"‘o}ﬁ Abstujate] Addo] wiHE JhsAdol Y AbaEET)
oW 83 E7l =S magnetite’} &3 =7} ‘5{% hematite® W3alo] FAC rate’} &=



= &37F Y. Point Lepreau®}t Gentilly-29] 74 7} 5‘37]—4 15~35ppm <] J‘lf’&ﬁz
%7} HTS7F hot zero power A HIE 719 5= %<t

th 949 A HTS/F A8 ow 3719 e zﬂ—% uw] _r]a]] AP 7HA§ XJ
71 % gkt ShAIRE ol md ks 93 A s i
FAC rate H3E Hr7187|+ E7F538ch 1d]3dte] o] B 101] = 7]% ;1 zgx]oﬂ o) 3k
FAC rate W3l gl Aoz 7M.

Y. 29 9] parameter 24
ol Al A58 FAC parameters & d o] A& sz Hrte A
T %t parameter= Rt} A %3359 olgle} 2o gz ndS

m‘;"

FAC rate = C-+fi(bend angle)-fa(diameter)«fs(velocity)«fi(flow rate)-fs(steam quality)
- fs(temperature) - f7(time) « fg(distance) « fo(twist angle) « f1o(pH) (2 2)

o714 fi(bend angle)< bending angle®l €] 3+ geometry factor, fo(diameter)= feeder Wi
Aol ]38t geometry factor, fs(velocity)= Hit 2, fu(flow rate)i= feedere] it -
factor, fs(steam quality)= ¥t steam quality factor, fs(temperature)= =% factor,
f;(time)-2 time factor, fs(distance):= bend®] upstreamol A & o] 7 gl 2|3+ factor®
2 HA bendoll WA= hubol A bend7bA AElE, F WA bendoll = A HA
o} = WA bend 7Fe] AYE YERIT 28] 3 fo(twist angle) + 7§ bend 7+ HIE
2 &% factor® F WA bendol|? s @=L fio(pH)E= pH &3 factoro] th.

o] AolA mass flow rate®} flow velocityE S Alo] AFE3FAtE Flow velocity:=
mass flow rate®] $F<Folu, o] F 7}A] factorE sAlo] Edt= Aol By £ A
AE Hole Fo=Z YElh7le] [9] olgA AF8-FAF st Alloy contenti= 3EA]7]4]
X712 Atk o= 7t feeder materialol] wHE A3 A:rb gla, 1 FFEe] b}

QAH e Aol A9s5e

t}. Data Regression Analysis
A4 data®l EAZ EAoE SYSTAT Z2a#8S AFEe¢th. SYSTATE 98 A
gt 488 BAXY Zuagon AN Bed dYW /5ES TP

o)
A

of FAA = B 7 7Hgo] EFE Ao, ofo] whep ofke] AREAF Aol Ut
Data”} 7}2 QA& & w2 Folth E3E database TFEFolE A
?l oA} glok= Aolth ol st A7t kil dH o]l E o] &3 e X o
2 A ¢ ql7] wEelth 18l3ke] o] regression oA+ data ¥ 37} normal ¥ 3
T+ Gaussian X5 zr=ts= 7FA Shell o] Fo AHtuh ZF parameter £7Fe] AAAE
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