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Abstract

In a pressurized water reactor, radioactive corrosion products (CRUD) in primary
coolant system are one of the major sources for the occupational radiation exposure of the
personnel in a nuclear power plant. Through the recent trend of long term fuel cycle in a
nuclear power plant, radioactive corrosion products deposited in reactor core for a long time
are also the cause of Axial Offset Anomaly (AOA) having an effect on reactor power by
the hideout of boron. CRUD consist primarily of magnetite, nickel ferrite, cobalt ferrite, and
so on. They have the characteristic of strong magnetism. Therefore it is performed the
conceptual design to develop the filter which removes the CRUD by magnetic field that is
generated by an arrangement of permanent and electric magnets. Contrary to the
conventional filter, the proposed filter does not interrupt the fluid flow, so there is little
pressure drop and it can be used continuously. It is expected to be applied as one of the
technologies for removal of the CRUD.

Key words : Radioactive Corrosion Product, Magnetic Separation, Magnetic Fitler,
Permanent Magnets

29
NeHA+Y daEtae JAABAA BAEE T RN E(IHE)S ARFLAL 2
FAA} B2 FoUololth w3 2 AALHLY FH71e 246l get 717 wAlol] A

A P FAYYEL hideout BHOZ k49 FY] JPS FE FUYoIIEY (A0A) ¥
Be) gdle] B3 Qe AH=Y Fo 4L vladeelE, YA Ao, uE HAgoler} 3



J. Kor, Rad. Waste Soc.

£ o|Fn, o3 e

o= BAel o)A

Vol 1(1). p.73-79, December 2003

42 AAT T YA, AR JTAA

o 4P A Faiod A13E BANA THSE AASE B8 AR 9 Ad 4AE 3
. 712 Welt 9 Al S8E WA dol A Aol WA g, Ade

2 A e

ARl it A= AA 7129 shEN &84

s ALz 7lddr

Key words : $AH AR E, 27183, viadg 2, 9744

INE

NEATE AREEAL AXAT A9 FAE
of =Ao JAHA, FAA &l o WA YT
2 o fA go dE2FHQ FFo] 60CoH 58Co =M
60Coe W& A=Y 70 wztr|(527d) ¥ & 2
ol YA E 7t 2 gen, 58Co #F F7IEA7
Agae] F2 AEA UAe] WA HFos wist
" RAoE I 2] & HFd uls] @Wol F8
AFoz HAF Ha Yok LE HF ol9dx F,
1,]%] _:_]_i uC]-7}C_4 _q kag = F2 ﬂ}-/\].ld
FFolr}. o] AF % Bl FAleke FHAE
9 F&o Fg o] Hu dokn dA Jrhli)
HZ A4 A %kﬁl TAAZE ICRP 60 ALt
A5 gFHoz Aol st AR FASlo,
WA BAMAES A 4 x1]°1 ¢ a3t
azja S e AgHTEEe Sdae FA
e Eo7] A8 18089 FF7] o] HEFol
o a2y ZF7) e £2 B FHAAM B

e AL e AR S xE(pH 23)8 9
‘%}*W FAREEZY AL ol ¢S A
I QIehi2] webA, ALY ARG ES T FtE
At =4 A Y EHo] HjFEo)AE
F(A0A) d2do] % B H gt} o] A4
HH] G- (subcooled boiling)# 4t 223 WA
"‘/‘3/“ _4 x‘Z—]o] Ez&x%og O]TOV:] Lxgg]%
o7 ol F Ao7t Jed AL A FAA
BA A2 YT A48 AdT9NE ¢ F2
A+ F vz F4E Y3

AR RAAAEEL ol AdR EAsAU, 3
FE(FZ oxide) FH Y AHZYD)E EAFA

Iﬂ

S odE

F

rsL Mo L e B

>

é

. AFEL HeolE Fyz F2 &A%Y ]%
BE % A3 AA(ferrimagnetism)S 7HA| 3

o F2 vtauvete|E, YA zto|E, FHEFe}o]
o Feolw, T4 A o3 IF 2Ao] viHE
AR dejA] QUrh(l] o} BH=2 EAste AEL
fRE o)ew

im ;°r

rl

r l

engFAd o) AAZ He, YAGeR
EAshe AL AHI|(YNHLZ nlo]aZ FE])d
o3 AAZ Hu gtk aey 3] ¢ I
AT} Aot RSt Ao ZEE 9E

A & 4 o] AEHRA A oo} gith o
ghA A=) 7’ A7 AFE o] &3k AR
2 FFAA Y A S o) 8dte “J"%‘% A kst
gt} AN 25 A FEFE %1 974
Mol Wigf A A7de 24AE F 31 o, 47
A 2 Azv|ed UdE vad g A4S
LA TIH A AH)7F 12 2357t Thssite
FHo] At B AP E IFAYE o] 43ty
AZ vhadg dejo Ad AFe 588 FIA
7171 4% wte 2wty gE Hddd] Ax4$
0] 83 ZYFA(size enlarger)®) AAd) hg 4+
& 73U

o &&

1. A7 ole

A7 olgete B P 7Ry
2 ohdjsh ek AR e 29 A4EH o
AN A%E AoIB ol§HE PHE ALl
ohi4]

=g
T =

Fm =_V(AUP):“V{VP (#01;[" .H)_Vp (:uo];l/ H)

} (Eq. 1)



A Study on the Removal Method of Radioactive Corrosion Product using -

Vp A3 4A9 F3(m3)
#0 A& (H/m)

Mp A9 A&

Mf : #AY Ase

H A7 A% (Tesla, A/m)
Fm :A718 (N)

g,] Ao JulAH o 7 é_ﬂ,_o] ;(].Moﬂ 2= A
Moz B HoF EHY XPﬁ}%H‘:UJ }
A7 e A 3 e 1S
o 27 BEE Eol7] HEl A7) Wil
2 A(mesh type or ball type)E 5o A7|A4L 3§
3z Aol A7) e ol AHEEE Tl 2
(high gradient magnetic field)®]t}.

B oApdes fdE JrAde o8¢ viavd
Y o]E4E vugy 2t

Eq. 1904 z718e] & g3xdd oz A83ix,
FA ] Asge FAY FER A2 go|BE oF
Aeshd ol 2E Ho] FEHT)

VuM H dH
N T (Eq. 2)
a8z, FAJAA dAZE A A o)lF &
& o), fA49 HeH(drag force)e] 1 WHE §
o2 8§ 3n, 1 AL offgt (5]
pVi4,C, 24
2= Tk (B0 3
FD: %49 AN : A% (kg/m3)
DAY &5 (m/sec)
DAY ©¥d (m2)
: A3 Ag(drag coefficient)

Re : do|s2 F

Mo -4)

oX

e, $AMe dae $49e olde Hoz
Yehile] A, A wWage] d4stn A4
S QA o5 ASE, 4R 27 5o 9P
v,

mizz—F +F,
dt

av L oH _ pxH dH
dt 2a2pp 2p, dx
a: A9 BHAE(m)
X : 4A 23k&(susceptibility)

2. AN LS ol St E BE oS
FTAHE 7 dUYAE o834 41 g7
o2 21 AE FAste 2 B3 e /AL Sl dA
7A@ 7R A GFAYe] AEHdeH,
19803t} FHto] 3 JEF Y49 WL ENND A4 ¢
Azx7|eol #43) wdsd, 29 )Y e
0}‘43} AQE 7t4eg Fdol 7FedtA =i =
< A(curie) 2EE AR Yol T FTAN
HlﬁH Ha peMx A4S fAske Aol
Atk FE o gste] 713 2E TA3H 5KGauss
o e ¥ A7FE BAE F ok ol SA4L
7H BER GTANE ol 43 dHE AAV|EHY
Hl3) iR LEFo] 43 £FPoE AR + YE
ojfel & Aotk A AFFY vy "=
Al £3d A= AR GTANE o8-8t
T F 7YY A ol gt FHY BFo)
AY Yr ROE o]FAA AASE deolnt 1Y
1, 28 9TAYE o8¢ rlavly dHY gk 3
A7} olFdte T2 AFEE Yehd Alnh[67]
JfelA HRe] S-NFo| mApdd= G740l
ofFofA glon, 247 WelZedl Z4Z AN oA
=27F 9Astn Ao HS7)E] vERa glon,

olg& ?% EEel o8 22 31 S22 P
g #2487 WFE S92 FHE FE87) vy
< & 9 284 R fEo HY, fAWA #@
e BEEL F28710 dA4E A7 o8 2
T2 Yol Adrt. §, A9 olF] wet FHA
Hu, o Aol IAste AYEY FHIUIY
9 offh% ) F2d BolA He AHE JMAE

Aoty 19 3& wtadg HE A|2de AA A
=5 "}E}‘“ Zojch, A¥A AAUGNE T2 1Y
o] F= 4o AHYHLE wfy oHE WA, E
t’é‘Eﬂ(DOol type)2 AZoA AEs 4k AZE



J. Kor. Rad. Waste Soc.

Fig.2 Fluidchannel

obade BHE olgdd nokd 2ANN WL
ANeer, A8 ARZE miavEE, YA
selolE, TLE HolE, HvtelolE F9TE of
g SAe £, A4 o 4B FALE,
A} 2o AALE] e Bol W Aoz 2
b ygtow, ¥ =RdAE dae 20)9 wad
AANEEL asfan,

29 4% 94 2o e AATEE e 0
YZoltt. HeA 2AZE wlavElolE (Fe304)9)
A$E UBd Rols, F WA 28EE oy 71
UAE olgatel AP ATolt. F, Ax=AI7} ]

253 AALLl 493 Folde ¢ & ok A

Vol I(1). p.73-79, December 2003

AAZA(LE TN Adske LY Fol@ A

Uehd & 9lg shsae dou AAnge A%
& WAE $AE Aoz e eddA 4d
¥ AN oled 2UHAJL sladg BEY A
wo] 4xse] U4 2712 Z0 AR F Ao o
A AALEE B okl Aow e,

A DA E FTANE o 8% slaviE B
B E AT A7 2 A% Heen, AL of
& 2PAE AAFA A U

a:

olo



A Study on the Removal Method of Radioactive Corrosion Product using -

108

A//‘ﬂ:“ -4 A =
o / ,/'./d_—’——-%
] PSS
80 o / P
[y
70 o
4
f

—a— 1.3 galfmin
----- +- 0.9 galmin
—d&— 05 gabmin

A4
I
i

.

»

Separation Efficiency (%}

-7 T U
10 15 20

Particle size { wm)

©
o 4
8

1q¢ S
P A =g ¢
80 }f’/,;, B e oty
o 804 - —8— Magnetite
£ ] ) / ----- @« Hematite
(E’ 70 4 I 7 e a4 Ni-Ferrite
@ —~y— Co-Femite
S \
£ 60
a
= R *
o 504 . .- PR
@ . 7
e .- s
< by
g 40 A R Ny
7] i
30 I
i
i
20 L
\ K ¥ T T T
0 5 0 15 20 25

Particle size (um)

Fig.4 SeparationEfficiency (0.9gal/min)

3. SizeEnlarger2] 47

198093 FutAA 7xp7) defel digk Aot 4
AARCE gol wHHAUL oA Anj7t Bon,
WA Bzt 23 YHH(backflushing)A 2
HFRge] W] 44 R R oA
AHEEA] BEha Ao dAE ol 8d WAyl HH
v UEEd RAE AEE F dod, AdHez A
Ao} g 39 AANNE st FEe] Aot
£3], 2834 open gradient magnetic separation
(OGMS) Bt q&9] Holy high gradient magnetic
separation(HGMS)e] 197013 dhe vistola g s o]

ez

Ouilet

Water tank
for back Ylushing

£ nsster . Upper pole plece
Rehun
frame . o Electric coil

Electric

souree
+

Lower pole prece
Matrin

. : Magnetic Hits
Water infes Magnetic Hiter)

A7zt 293 Ao, FTgE 2AZAE o
£ A5 ®d o)FoAn Ak 79 5ole HGMS
st OGMSE o)&& AR7) Le 9 AFEE vehf
ATt HGMSY 34 479 2771 247 3y 4l
on, A7NAL FAsE dEZAA ¥ IRt
Eigeel ol Ay AL AR dHEE
slFojol e MY HRde] a8l add,
HGMSE OGMSHtY & A7138 #4337 dE
of BeEe AN 28AHAAE 9 Fojuydn 44
A 9tk OGMSE ‘Al 38t A713e 84

Principle of OQOGMS
Feed

Separ ation cell

Magnetic coil

-~ agnetic

T 1
1 sputte .ﬁeid lines

concents ate
filtr ate

Fig.5 HGMS&OGMS



J. Kor. Rad. Waste Soc.

st= dEZAZL Q7] 9o A7F ATgAE
HGMSA Hl& oFsie, 3 719} 479 7 2 ol
2372 7HR2 Yo F£H AR steditte %
ol glon, 24 Hr|EY %ol Bue dEE 7HA
o 3ok

2 ARNe 24 A71EE 4471 HGMS
9 Zd3 d&AH Aol bed OGMSe AHE
A 7t Alxge AR ExE sa gen, oF
& Ax7] deENe o] ofz AAYE o
&3 E¢EY A 271E 7 Azled 2 B
o} itk AA7) Hele Hid 24 HEY2E 7
A4 # (ferromagnetic) 2 o) %014 o) ¥ A3
S 2oy  AgE A7 2 F7F g
Yugozn A4 B{A YA Z-HA ol A
A7, ol AA7] FEY EAL A¢ wAd
Aol Qlapgo] 7jge] Aoy U ME A
so} T gojgr o)A & 9% ¥ThR) A7)
7t 3718 YAEE oo dXE ® ¢E FH9
g3 4A AAYT £ UAEE PAd FIHE Fa
A 27 60 2 AYEE Yeiled, JAE 2
Aste 2PFAE (EE 37 A7 €Y 49
9 fAei, A7l AZlg HA3] zAdsto, A7
7b ol Ax AW Ao 55 ofs wAUTLA

Size Enlarger .

Matrix’/

-

Vol 1(1). p.73-79, December 2003

= gtk &7 ¥4o) P AL 2717} Y
2 YABo] HED20 AL dopYA &1 ohA]
ZElojo} al= BoaH AR 23 ¢ WEY2
9 g H4L EdA olfolHor & Roz Bet
dok, 23] Tl g de 714 dge 4
o] AA5eith. 23 7& ARAE o4 2UFA
A7 £Ee Uekd Aolth §49) 4TS} BT Ao)
o) 2YZ BAY AR o] YXF o} Qo 2 Ao
o WEH2 ofdBEr} AXH Y7t A2 EA
Al s 98¢ a4 9.

—
XX

[y

i & oo i o

W

anEnvey ﬁ

Fig.7 Designofsizeenlarger (HGMS)

~

. .
Electromagnet

Fig.6 Schematicofsizeenlargerusingelectromagnet



A Study on the Removal Method of Radioactive Corrosion Product using -

I A&

A FALoA SAEE Aeisd] og wert
HZ ¢ 8% EAZ RA4Ey gl o] &3
oz AARY] A7 shte wetoed FTANF
HAA S o] &3 wiadlE ZEE Alstginh gd
opadg HEe §82 diAH2E 80% o3 H]
B E& AALZEE HAFa oy 48 U2
Eo)7] 98 FTANED o & RS FAske
ARG of g3t FAU] EFHY e AY
AR F7H71e 98E st YA g A
YUg B A7dA4 AAsdth 7 kA el A S
Ads wixgeEN F&AA Fd= AA By
shtaa AL £ dg Aolg iddn

¥
s

arel2

2 d1te #Erled 449 7124794 (BAERD)
o dgo g 38 AUyt

U?‘-'v

1EY

{1] Min Chul Song, A Study on the Evaluation of
Radioactive Corrosion Product Behavior at
PWR for Extended Fuel Cycle, MS thesis,
KAIST, 199

[2] Min Gul Song, Kim Jai Lee, The evaluation of
radicactive corrosion product at PWR as change of
primary coolant chemistry for long-time fuel
cycle, Armals of Nuclear Energy, vol. 30, 2003

[3] EPRL. PWR Axial Offset Anomaly(AOA)
Guidelines. EPRI TR-110070, 1999

[4] John R. Reits, etal. Foundation of
Electromagnetic Theory, Addison Wesley,
1993

[5] Robert W. Fox, Alan T. McDonald,
Introduction to Fluid Mechanics, John Wiley
& Sons, p 422, 194

(6] Min Chul Song and Kun Jai Lee, "The
experimental result of magnetic filter using
permanent magnet for removal of radioactive
corrosion product ”, SFEN, Avignon, France,
April 22-26, 2003

(7] Min Chul Song and Kun Jai Lee, "The
Experimental study on the magnetic filter
system using permanent magnet for separation
of Radioactive Corrosion Products”, Water
chemistry and corrosion workshop, Muju,
Korea, 2003

(8] Paul cohen, The ASME handbook on water
technology for thermal power system,
ASME, 1989



