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Study on the Decontamination of Primary Cooling Pump in HANARO
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Abstract

The HANARO, a multi-purpose research reactor of 30 MWth open-tank-in-pool type, has
been under normal operation since its initial criticality in February, 1995. Recently, ten years
after the initial operation of the HANARO, one of the two primary cooling pumps was
decontaminated for overhaul maintenance in 2004. Before decontamination exposure doserate
and surface contamination level of primary cooling pump measured at 4 points. After final
decontamination exposure doserate and surface contamination level of primary cooling pump
remeasured by same method done before. It is easy to decontaminate the out side exposed
surfaces of the pump, but it is difficult to approach the inside surface due to double volute
installed in the casing. Therefore, a new decontamination facility has been developed to solve
this problem. A concentrated de-contaminant (DX-300) is rotated in the closed pump casing
by the impeller actuated by a temporary motor. Nuclide particles are removed by the
emulsification effect of the de-contaminant and the surface contaminants are chemically
removed from the pump by the corrosion and dissolution effect. The inside surfaces of the
primary cooling pump have been decontaminated by using the facility. As results, the
contamination level of the inside surfaces was maintained below the surface contamination

limit.

Key word: Chemical Decontamination, Primary Cooling Pump, DX-300, Sodium hydroxide,
Sodium Gluconate
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A=A (DX-300)& Aol o] Hol AFAZl & P=xo YHAE AL o2 HAToZA A
A7 «gdd AGAY FaFged & T YA HA EAo] olgsm, 38 4o
g8 487 L4 er A 2¥e] AALY o] AXE o) &5 dum 1A Wz A
o] WREE AFA 2 A 13 FAFPZY Aol WHE HEIHLEAULAERE o)az v
4 Qlo] 4FFHee /YT + Ik

ATl S, 13 92U, DX-300, SUHGEE, TERA JES
L8 B

diEe] 3587182 dAHAE AN AHY, F4HIE ALEEE 9T dFyAG&L
aA A4 AFAG7Ie 2 84 F AG 712 dew F Ut ALEHE AR E 4 ¥,
34 2 {7180 o227 7A wl¢ 1] AEHA LY AGL IFERY HEFo] ¥
< BWR 3 dddA AlAHR o™ BWREAHY FastzddA HF4d A=Y 242 #4s
Bo] FAHROoRAM o]F &33}7] A% #7714 AlEH(CAN-DECON, CORD, CITROX ¥ LOMD
£ FANZAY 28U olE A M E FaHY FEEHY PWREH stz As
dA PAE AH=FL dF ZEo] FFH o} AAI RelFA &g ¥ oy & A
AEHRE 7|72 o ol IAEAFHESY E/A CrOse 23 43 AI(KMnOy, K2Cr:07)
o 2alAqt &34 Chrom V& W3y, AAEL {74kl & 3 E 442 B &
o3t Al AAH7 W&ol

T3 BarsiAiel #7142 M2 FHE F QU] A2 EYI = PWRE AFITAHAME EA
9] FRog AgHojol gk WEHQY 3TgAEHEY CAN-DECON, CAN-DEREM, OZAX-A,
CITROX, LOMI %¢ A& Ad UL F2 F/F AFAAEY ZHgo T840z g8
gt AGAA 71719 292 A3E o] Chromium Oxide(Crz0:)4 Iron Chromite(FeCr:04%F 2
2 Z3%9¥ Spinelel ¥EiE B FY AEFL TR YW o] AHESE F EHANIA 2
t}. Chromium(I) Oxide:x #714t& A48 CAN-DEREM# CITROX A AHEHE o
f7)a o)A R AR M E BeEHA ¢dov LOMI 389 #ARAVAME & &3
g2 ¢t 2§ H)7} 10%0) 4] HA Asete] Ao o] FHE A &HHA FE
oH2].

28y Chromium(Hl) Oxide® 4% Ar3tAle] o8 HA Ast=o =7t ¥ o)A
CrOs? =& HCrO“7} €tk PWReIA & & e At 52 389 §30] & JdLeoln
E3 @275 Q $2297 04 $AH7] wid oz FiFAHol Wesrt Autyo=
A5 BEAGYE MnOE ol83l: Aoz AHJY FAINUEE, A4 T pH =44 3
7}e] walA Alkaline Permanganate(AP), Nitric Permaganate(NP), Permanganic Acide] Al7}2]
2 7EEg

AMAdE B gaz7t Jon, T AEEHL iz o, FAHR o]f, EFEF o=
aA Js F gtk 978 9A2E A2 2AHE FHAAE o] &3td Y 7tx) AFE
Fgs= 2oy, olgd AARE sgsts AN APHez Ar AR A7 ELA
23 stE A7t glou, 9vtE d7E dARgE #4343 g FHeid. FYHE dAEE =
& qUAREE A AMNAReZ SANHEEZAN AMEHD glon FHE ¥ L2FAT o
wuo] ¥ 48 o]ge] 7y €k 30 MWY 47§ A2 FURE 4T AA ¢844
02 A4S FFE ALstE AR, FAXNE 043 ATE FYY F U= HAHD A
A g2 978 2ot £ 19959 280 Hx HIEE FAe, A dAA =EsA
3, 1996 193 23849 o7t AR A Feol Aot

- 22 -



2005 BRGNS HIISE S FEHE2ZHS =28

7HE F % 10de] AHste] 134 4P g £ HAss] A9
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o] olgx T, FAYF} LAl g oz wEste FHOFol AAHY

°of FAE o83t FuUR 13 YZHZ Aol WRE Agsiged, AQ A Fo i
o] #yo2 EW LIYLHE FANY YFTEHE 3o AGYHE AP
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ZE THE AA AgAA A 1esA
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a9 1. vz 13 ¥4gz

SR 134 dZ4PT= AZAHAA F5A 1134 kg2 2 3HUZE Pool W 1¢: 13 W
#(Primary Coolant)E 2% ¥ Z}<(Secondary Coolant)®}e] QgL & 12923 7|(Primary
Cooling Heat Exchanger)Z ©l4:3l& 9&& 3o, 400 HP, 1,170 RPM9] siA4E e, g
9] YR Stainless SteelZ- T lor, WFEHS F4 2L Sd Y248 3t sty
(Oxide Layer)%°] 45 ol glch.

A 134 48 xE SR A F, 1A L5 E 1A |2 ol4gd. o] A
A sUge $A F == A8 TA ’~], %‘351\_ 9_%%7£°] %oz HASE WZo YR
AMold 2 Impellers] EeHoz FRET F9zte] 7H5oz Qa e YATAY
(Layen& ¥t glom, o34 E8Xez FAY LEE3E AAsE Ae & A93dY
FEg2 AAs g

A G 8= Smear Testd] FAE 71Fo2 AANLH, AZ7]|2E q, B Counter(S5XLB)E
AFEER a1, AlZ7]9 Count Timee 18#0I91t} AFE® AZ7]9 Analysis Parametere= & 13 Z
o AdAAT BHEE PAAFE U VEL PRI T BIVE(HTE HAA
RSC-03-039} 7129 2), AdR(AZFT= AHR) 252 HB3Yor, grodxe 7% W
H A3z(PAABYTY) 252 HEHAD =, FUEUHLFEEE o 4 kBg/m? B 40
kBg/m? &2 EEH L5 EE o 04 kBg/m? B 4 kBy/m?e2 Agage garjFgee HAAgst
Aot EAHez BULAEE FAIY] gtd 29 2, 3% Zo] PointE T3t
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# 1 Analysis Parameters

Background | Effiency HArPdEeET
Source | Removal
(cpm) (%) (MDA)
Alpha 0.24 61.69 0.25 0.50 0.0966
Beta 5.66 69.40 0.5 0.50 0.108

a4 2

39 3 14 d¥4¥E gULYs Zi*}%— $1% Maoping Point(d ¥ & ¥ ¥)

AGFAgo 4A, AGgdd H=e] EEF 1 Pointd] 3l Smear TestE HAIEH M, o] &3
ANEE T3 HZ ESAstE LHEZY $FE 24T, XHLAEE FAHUY. 1 EFH E

BLEEE 2790 kBy/m'E YENLT, FAHAANRE T B4 H2YFT AFHe

23590,

E¢ 12 YAYEZE AGEriol A HEZAF AAHY e RG] PANFES FAHAY 2

10 ~ 100 uSV/h #E €& F AU
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E 2 1% J4¥E= 3Hedy
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Foas9F
Co-60
Zn-65
Nb-95
Zr-95

Ru-106
1-132
Ce-141
Ce-144

rz
fol

[ecl N RN R ES NI VO] Ha] R ot

U, A4

12 ¥A4EZ o) ¥ Stainless Steel2 FAHO Jon, WEEHE 52 2 B4 Y4y
< ztE A39(Oxide Layer)Zo] dAHolgth AdAgL U2 Z(Pool) AFoM AHHA
on, AGUyAEZTY EAAL LG n4tE = gl B2lA"(Blasting)71 €2 sjAHANoH,
AGSHEZ 48 & 7 Je ALY =8 fAFUt 28 AGAF7 2n, AGAT
=3 weE AGEEE J4 UM gaAT 242 SR AU B HYE Y HAe pH
7t 8¢ AFAAZ FAE38%7] WE) pHF $4¢ DX-3008 AHEE Fa3deAdyyo] A
L5999, =8 KMnOs, KCr2Or 59 ASAE AT Bzl GA W71 EXert 28T olf 2
Abgol AT 2L AU AGAZ A" DX-3008 JEL E 3o 893t £

¥ 3. DX-300¢] 7AAE 2 7%

Contents CAS Number HHF

Sodium Hydroxide 1310-73-2 5~10%
Sodium Gluconate 527-07-1 3~5%

Build 3~6%
Surfactant 5 ~12%

BE]

water Balance

DX-3009) #& FAAEL Sodium Hydroxide®} Sodium Gluconate©]®, Sodium Hydroxide:®
A 348 2 4548 HAY, 3 F4£EWe sbF, AF Sl A8t Sodium Gluconate
£ ¢7telAdlA =Hojd Chelating PowerE 3t Chelating Agent24 EDTA, NTAX )} Ca, Fe,
Cu, Al 2 o1& £343 dAY DHolE FFEL PAsle= Aoz A Ut

t} &2 19 49 1Y 58 Sodium Hydroxided] €=% ¥ x4 7]1F£22 34 Sodium Hydrate
894 £o)Ae] Carbon Steel, Nickel 50 g #A3AE Ueldtt &9 Oz &
# g%o) AE&HE FgAF heta, Stainless Steel2 TAR 14 BFPZTY wWo R
Qe Aoz #dsn AGZYLS s34

o AFEA
13 ¥4gad EAdte LFEAL gLl Ay 2% ERE
F433] geovy, 724 JFAHAM AF T3] B7hsd)ct ]"L A
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Stress Crocking Zone

g

WACALL ALOY Vvt 17 vareTy

AREAL L A

Apparen? Stress-Corrosion
Cracking Boundory

&

Temperature, F
g

CAMMRATIETT

Mgk oAt

CATRON STERC
NEVIHITT MR NECETARY - 23

[]
° 20 J
Sodium Hydroride, wt %, comciniarion magw, 5 4 wEiont '
29 4. Stainless Steel®} %487 1% 5. Caustic Soda Service Graph

42 (Suction Chamber)®} E% % (Discharge Chamber)E& 2§ AEA ABAL £8FHAA A
48 £+ AE AGFNE MLssn

a4

a9 6. 14 92YE AYZA System

X 4. AGZA 74

T+ 4 A5 T 3
Motor AD WA Pumpe] 929 34 |75 HP, 63
AL F I (A DA Pumple) AN ¢3|1 HP, 135 #/min
e oln sl o 12" CLASS 300 ANSI RF (22 32)
Flange  [&4%. B&%el 2% 14" CLASS 300 ANSI RF (E9%)

Control Panel {Invertor, Motor, Pump2| ||
Invertor |Motore] A Ao -
AGARHL7] (AFR] BH/3 5 -

g AQEAE AYAYPEY TEZo| Beltg AFse] AGAPPZ JAAE JUAA
Pump ol Mol AN FATES ol A5aEe) I8 VY YA PAL Bho| ol¢
93, 38 Agol oa F4YFH SR EW 0@ AA ¥ & A=F AA, A=A
¢ AgAe B Ao ¥ 5 AvE FEE 22 Ao
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2 Agds R E4

1 Hd=zyx

AFAAE P87 A8, AFGFXE 2 F(Hal) 4 AN A= (Fresh Fuel) A= &
o X8, 13 YZHEZe Draing AYste Wi &= Y445 EF AAY H, ES
v #o] Blind FlangeE AAs 1, EEZuM#S T3 DX-300 144 25 AGd HZo AL H,
EZ3#o % Blind Flange® AZsAch. =8 HZ oA DX-3009] g EE Fol7] Y34,
2Me) YAAFEEE QFst, AGANE /AT

1449 F 29 244 AAH ¥ Pointdl sty ERLAEE FAHsA 1 2% EER
of $1x18 Point 63 15, 17, 18, 19914 W& EWHEF=(B < 4 kBg/m )Y 5~1089& ¥+
2952 Yl ol HE o FAolie] 25 EFER ol AP o] EEFH Y ARAA
A A AARA F%k7) Ao At

AGdde A 35 H, AFde] PAAFES SAHS FF, 116 uSv/h & HElRNoH, A
HEE Abgste] Pxo WRE AFsin, Y2 AGAE AL F, 24AES FPsAc) 234
Al E 1AGAAN AT FARE A5 $8te, Vent CockE NE3 dejo] A Impeller
g AR FAAAH, z1_1<é° & A8 ¥tk AGYE A H, 92YE AAANAY, Agae
T8N, 2HAEE FHEFAY 2AAE F, JEE AL FELEE FHY FHL
4z 24245 7709 Pointite] HEE W EEE o4 & Yehioen, 14494 & 2
H=2 JeERAE 5719 Point ZF BEREHEFTE o3t @z AGHAG 3RAG FA,
243G 2L wHoz SyPEdony AY ¥, ZE Point] o] MEEAIHLFE o)sE
AGHAAEE FAsrg

sxgt, 2% EREUY] nXFe o]EAe] Y-S YAMZRE S T AL, °EF
& AA37) 93l, Impeller AssemblyE ¥ 255t} Impeller AssemblyE ®2317] oA H2
| B7b5 39 d AoAWEI HE 758 AT, 2F EFEWE FA] HIo] £k Ea %
o 2% BEFEU S nAFY o]2AL HF2 TapeE AHE3 AAFRLH, o]2H 9
MAREES 2% Zda 900 pSv/h & Vel

o

=
¢

W alpha..1st
I beta.. 15t
W alpha..2nd
I beta..2nd
[ alpha..3rd
N beta. .3rd

SRR S

kBg/m’

39 713 WHEZe yREHY R A9RY
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ALRD 23t AGA fretzrgol I YA YA E2o oo edBo] AAYL
A & USAth 33k ADolF, ¥ 350 29 AT Bl BAFALH, o 1822 A
< ¥ A9 W, Hd 2790 kBg/m*e) Y=/t AY F, 4 kBg/m 282 HFHoz APy
Aot

(2) g=on
AFAEL HEAYE 93 F, 85929 Blushingg 53 W EAlsts 9923 L o|gt
AT, AFYH AQLEAE AL GBS AASE wHoz FHPIUT. F 244
Pointd] izt EHQLAEE FA3gon, 53 A YUY F=guAde Ays 4y

29 29 837 o

S alpha..1st

I

I beta. 4th
W aipha..5th
M beta..5th

kBg/m®

‘.f;"“ ST E IS TTRTER

a8 8 14 ¥AgLe] AREAN Y AEGEY

2 A de] A%, Impellerst Nut, Bolto] Grease7} =X &Ho] glo] AGaGd ojzgo] AUA
gk, Nut¢} Bolt®] ¢+ @AsAso, Agdd A5AA, GreaseE AASHT. RA G2
AGEA e} AGAL ALY, 24709 Pointel W3t} MEEAUHLFE ols2 APl 75l
o},

TR P ure R AYE v A, 799 FAPAe) iy H=e HF 788 mR )3
2 Jebteh

3.4 &

Uz 13 IAPLE AT 2F AGACX-30009] 3ol o QA LA 2 o] o
gHE S A T & Ao, AL o A LfHoz FHLFE AA & & Y
At

EF AGFAE AEF2EN AGAE @5 T 5 dANer, g AEF 23 Haz @
F AN BAY JAAZE GA 233t AF AP sts sRen, dAHez FH AQS
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