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Abstract : Since steam generator (SG) tubes are located in the boundary between the primary and secondary
systems of nuclear power plant (NPP), the SG is one of the most important components in the aspects of the
safety of NPP. The magnetite (Fe304) deposition, so—called fouling, is generally known as a major aging
mechanism of CANDU SGs, and this aging mechanism makes the heat transfer efficiency between the primary
and secondary systems of NPP reduced. Therefore, the development of SG safety assessment system which
can evaluate the effect of the SG aging degradation mechanism should be needed for safety of NPP. In this
study, through the suggestion of the guideline for SG safety assessment, it is possible to strengthen the basic
of establishing the effective SG aging management technique. The SG safety assessment is carried out by
CATHENA (Canadian Algorithm for THErmalhydraulic Network Analysis). It is possible to determine
the integrity of SGs by identifying the main safety parameters which can be changed by the aging

degradation of CANDU SGs.
Key Words : CANDU, Steam Generator, Aging Management, Safety Assessment System, Fouling, CATHENA

* corresponding author : So Eun Shin/FNC Technology Co., Ltd./shin0811@fnctech.com
* This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution,

and reproduction in any medium, provided the original work is properly cited.

JIAETE BT LT of AAPE HE|E fITh oHXd "HIF AIAE Jie 49



1. A &

AL (o]et ) e F71E87] (Steam

Generator, SG) A4#2 dA9 U= 4l o]A}

= A $1A18kaL 97] wiEell 49 <t

Hel A A roter & 71 T 77|24 F 8t

et & ¢ itk o] & QlEl], dEHs x5
3

HAY7) wFgle] wE Q] kA ke

gk e olg) BalE At S 49 3

REg AN AR RE WE50] gtk 7}
YFFEE 1 57} AS B9 ohleh AR
o wls) 7} &=} gheo] viok i stel vt

oA Ago|A o= 118157] teo®

=93tE - A1 Tter R A8

(Fouling) &% &l stod
(Reactor Inlet Header Temperature, RIHT) 7}
S7FE ARIZE Sl A se ek (KINS,
2010), AEde et B4 SHeA ¢
A157] A9 F71EA7] dd el digt Add

21 (Flow Accelerated Corrosion,
2aule] WA wlvEeE
(Fes04) 7} B3l =7} stopxl= Z71H87] A2
F9lell FAEo] fur, ol T Ao

I WA, YEEE 25 2719 Y¢lo] H)

A ABAXLOY HEX] MH10H 1X. 2014. 6

3719 e Fdor Qe SYEAY] Wl AR
=3k oA Aol AR WAL s H i,
D45 B feo] Aol dARATEREES
AT Ak Ao ol AN Y
AshA7lEz dd ags dojmA €
o (KINS, 2010). =dl 7= § 249127

gl 2570 e deP o A 4] 5&
B AskE WHsh] flske] Add AAt

55 AASIE 8t (Georg Kraemer, Dr.
Christoph Stiepani, 2012).

Ao FQ o g wA D Avpride A
A L A FAlC st FREA H=
o], 415719 Z-Fel= 20099 e 2 9y
& wAZE e vpE ook 2y dsd v
2 Z7A8719 A% wAlE Bk 913 20039 Al

o
gk Zlo] AFolr] wiitel, Al o]F w=F3}
[e]

S7IA718 S dSsta Bk de
go] Stk ofe] & ATellMe= A1ET] S
A7) AHE AHROR TR w5 SIS
7] Qb7 g7 A AEE APEEkaL ol & Fal S
A7) A s wAAT] Y5 5 ZEER 7Y
TR /A7) g e weke AA sk
gt

2. FFFZ F7AY) AR 27}

A 2

2.1 AlA”] TH
TR QB AT Z7Y79
kel

P71 PN wF o) 9T FE A9

o 2 ooXx

o M

o

o] Wg} gl A7k i F71EA7] 9] gt

30
:;
o
&
o
!
ot
o
r |
N ox

50 AlAEAX|L{0f2



A ABAXLOY HEX] MH10H 1X. 2014. 6

v AdE st F71E7] 2 9] A T2 A4 s A & Ty A4
7 AEE SHRSFE FRlste] F7IAAYT] w$3 Ho =53} 54 59 AFE At %
e i o) WF] RigkE ol stk & s} WA kS ] 918 WrEA] Fasitt
HAVE FEEE, 48 ol we S| 7Rt rE SR AdHelA 7 vt
719 =38 A=E Fad s F2 A= /o]l F =% WAUSS HdEd vidlE 3e
st Hels dorT oF 7led Floth &, = ojH, o]Ao] wF3le] FQ fjlo] ) 7 I
T3} ¥ S71EA7I7E AR kel ot Hke] 7ol oJ&l] AdE wluvElo| EVF F7]
TS A=A Gkt kA SHOlA ST A7) Akl FAAEEA ggo] WAyt
7] #EE g840w £33 & Qrh 7FFsaRe] Y e Fofst gt
Rl e L A T e e e R B oz o s Ao, Iy gl P BHEA AbshE o
e YME sgESw ekdsdasal ol mpdEfO| E o] 1.2 114:9] $klA] Yz
CATHENA (Canadian Algorithm for o] Az} £3lFA ¥z, nlv|elo|E o] gajjE
THErmal hydraulic Network Analysis)Z of wz}, oju] galjE u Ato]z WYzREv) wE A
FHA ==, folA ddESe ST =5 St WA A Eo] Tkl frh ol s |
3} A ddshe T2 AAES T4l S 29 FE57E55A (FAC) o2t #-21 B4 4
A5E st A, S 9AAY £, FEeh AME YW &
b F=e] At Aol fF 9 &9 W T 5ol F Aol s v
T T /A7 A HEE HeEE 84 7 IuHe] ferksAed o &8 nt
ato] RBAAS RIS = Qltk ol FEl SR JvEfO| E STt wolAE SR AL
7] =%l mE Adst Bl 5 & 4 ol ol £e14] FHE FA o "SI
CATHENAE £3+ Z719-407] obdA H7kA) A A DehD.H. Lister et al., 1997).
g &437] 93 202 o 2k =l 7FES TR Ay el fETkEE-A el
« CATHENA &elA m9glol] wel Wsleh= &l TATFse 7S] £5 9 A4S oSske
7R I WSE Qs o Sstolof & AT ofy] Al o3 FHH git 539
« CATHENA TE ylel|A 7Iter=E 57147 Han—sub Chung (2010)°] =383t Ao+,
o] =935}E wodehs A vhIUER|E LA157]9] Aul7ado] o] Fo=]7] 211 1998
o= gt My U4 faolnz, Adu/id FE 2007d7HA 7 oY@ A SAARE &
Oox AGH YRt AE S E = Asto] & #ho]l FadEYAdS (o]sk EFPY)
b AR I F/EAAVE wAE of we} Az or rsh= Fdo] IS gl
o =T PRV T B Ve, S 3t vl Qo § ATl &5 A9 T
7] =5-5to] ¥ AnE Wse ¢ Qe W FAEHSHAAFY BAE 0.801439 A
FE= G nEste] Frtel whdsforgt (N5 7H AFAApLg 2 ow Aysigitt. B3,
o HGI7PAIAES AlFAgE Alashr] HEiA e A Aest v 2 97 g oA 5Eo] A E
7Fe) WHE A SAAEs) H e WY EE SR o fEo] &34
FHE FAH Gk Ayetar glof, Iy 5o
22 7I4ETE B7|WUYT| MEd =551 A S/ A 9w #@e] AERR1 ARl
ol 7 0]5 o+ 4= 9t} Georg Kraemer, Dr. Christoph
WetEsE 71847 ddae] =33 HE= Stiepani (2012) 9 D.H. Lister (1997)¢1 =

JtAETE BT LT of AAPE HE|E 91T X d "HIF AIAE T 51



Y7ol 7w o] ~71H“§7]4 qdA FHS A
A7) A Aok At glo] o] HukA sk}
Z g3 74507 Qg Fune] T Ig‘<

IR} of &

2.27800 M= A A AvkE vpge R, v
Aol S sheEe ARl Ao,
LAY EFPY el whet A o' fhast
FRASATE. wepr, S71EAR7] 53} Ak E
g EFPYl wet @z o Wt 7ol 3l
o},

2.28°04 7=d viHlR, 7teaE 718
71 Aol 7 BA7Fs el w8 =5 HA
%oﬂ o vh2 vpvlERo]

(2o

i
2
2
2 0
Ho
bt
2
o
o
r\‘
e
toh

%13}/\174 w3 R AR i Q.

A wE RS BHY 5 Y ARE F
Shbel Ads g Fudsrt AREss
el E A A 98] ZolE Zlolw, ol vh
THOIES SR AckE A DL 3

EAn

A ABAXLOY HEX] MH10H 1X. 2014. 6

thik, pRId[ERo| E Gol o) w2 gl A
T 59 dA=o] el ntavElelE &
717 AG oA g wiavElel E F 4]

o] gk 7] W&ol (Han—sub Chung, 2010),
£ agste] AddH A oA5S Rnad

o

At bdsi A 714 s VIA: 4]
7} 71714 i B4 (KAERI, 2009) ol wh
29 Anj7fA % 5 EFPY, 10 EFPY, 15 EFPY
xe] Fe#e] 25 AFE APUAH Linear
Interpolation) & ARE3te] st A& & 4= 9l

-
o}, olo] wet vz A3 9} Wge go] 9l

= oLq;Loﬂ/q OQ gﬁr—g H}HO =5 7hest
o} €29157] PSR HaA (2003) oA Q143 &
1o 9X157] oo & 7}1EFPY‘42 5X
10 m*K/W A3km, e 7ktgrzsl st

<Table 1> The fouling rates of SG U-tubes in CANDU 6
NPPs (quoted from PSR report)
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[Figure 1] Nodes for SG in CATHENA code
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[Figure 2] Safety analysis procedure for CANDU SGs by
CATHENA code
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