BB |

KAERI/RR-1846/97 KRS8800559
HER DA

MAMY I WA S9leia 08¢
Studies on Application of Radiation and Radioisotopes
StLZ S22l MAAA JHeE

Development of the Radioisotope Production
Facility for the HANARO



p--|
TN
MO

=t 3} 7] & ¥ B3 5t

B EIME Yapd @ YA FHLL o] BAFTUT AT
HA (AFHA SR Fed4A A i)Y FHFERIA
2 A&t

1998. 6.
ZAATABY - VIUAGATL
z@ATAYAL ¢ o] 2] B
d F A SF,
24, FHE
g, 73e)
549, 310
olgal, 24
AEd, oI5y
B8y
Z 4+ 8408 4



WAL U HALY SHHL o|ZUTAN FHE

AR A2 x} AF717
1. 3T F994 BaxrjAd A o] #] ¥ 11992.9.05 ~ 1998.1.31
2. RI A4t o o] 8 T F 4 11992.9.05 ~ 1997.7.20
3. Wt stle iy & st "
4. AR AEAATIE F IR ALNET | B ¢ ”
5 WA Az AT ol 4 o "
6. WALEL & o]-8dAT A 2 4k (1994.7.21 ~ 1997.7.20
7. WAd ootE Ay 2} 7wl "

2 HIMe AR W gAY Feda

THYEL AL AW HFEIAY.

ol &AF"e ‘shi=z




FO
12
gl

StLtZ SR dAA[Y e

L APNgel S5 U Fey

Lgvgtole AFE 137 W 23 7] (TRIGA Mark-11 & [I)E o]
€3l Fo¥4 W RAHYES FAIstA g8 A U A FF
3tz oF 30do] FHojoLt AT L FLAL FAAHe] £Fol
7] Wil o7tz F3] AP FHEA: YFUE AFRE A4
2FF3te & fEY drh

T3] it Ao dFAAILo] 5x10M n/ai.secd

Mg THEE JFEQ SR SFE ZAZ SHAPA =9
sA ¥ lct.
SHUEE A JdF4rt flXIst o= oidel] g ulel o]&
E&3le AFAIEY YL Batalde] HastA Egod shus
AZRAIESY d#o= shtEe] Axe} A FIEo] oL} oty
o] ZAE wulgdol FoHA it ¥AAEQl st O &g
= 37 AAE AfE] spUstA FHAdck

Z27] A 1xbAl (1992 ~ 1996 )oll A shtge] AAL-A}
U7 TL4Y g BANAE PS5k BR ot P Y 22
B E 3t 479} ¥ I3t 17718 Y XA fol ulet ¢
e Ao Bx] e 2 oAl Fods HAANEE ZA H
gich

oA FEl&: SHIZE o|§3te] Kl tielgt ¥MF suzt chtAd
Ab A E A HoBA Erl st iy Fd4 ¥€3ong
Ast Jitd ¥Fe] cfsk Mite] npE RFFZo] 3 =dlojo}
g Zlojt}.



m. g7 s o Hel

WA YA AEI JIE2AIE(AY], &, B F)E hHE A
ZAYge s 2=, E3E 3 476 AAEHE FE7E
217718 |3z F4717], Co-60d4 A gze] F4du], st
a7l d ], AR ZAdu], std iR A, YA A
EE shiRel A d&ste fdolddAed APES & 5%
71 @FHA R WgEo] A Hrt

1. dige E32E 34 47|of FE== 245 FX HUMX|
1) A3 (2E)
2) Bucket Zo|AE
3) et Aol

2. W3-mol H3tA 67| HLAX

) Wed TZE 67] A2

) A% B 2Az3S Tujd R

) 2 Bo|AE W ¥ IolAE A A
)

)

W N -

23padn] M2t g3
7t Sdele] 43

o

3. W3a-nmo] H43tA 117] UM X
1) g3t TZE 117] A2 A3
At 2 (A R2E7] o) dX
1% Zol£E W A Zo|AE AHF HX
43} du] Az X
frob 2ol Az A
ZE R elE] dA

T W N

)
)
)
)
)
6)

4. 7o o|SFX HYUMX|

it



5. Std T8 X|HHAIM 2A AFS MY MX|
6. Co60 NZEX= H4AE et AX|
7. AlE7|7] AEAMX|

1) Fume hood :@ 34 set
2) Glove Box :@ 5 set

V. o7 A

1. T3S E Y

WI-Tols FIeE Al 47|71 LEhs] A E o] Co-60 Ir-1928
A akgict,

i

olE UNAMES UR 3.5% FEIANER HAXEo] A F HA oA

S A 1.0 g olst2 AU 1H std2
HtE goll dAIEe] o= Co-60 AFEet I BER AZAAA HHZ
A Co-60 F1¢4 AJE7} 3t UEE AYUAIFI 7] 28] vpAal Heje
Zol2EE dA3lgden o] A& 3t Hdo dA|Eo] gle Aojut
of 2jsf 2FHrc}

A gzo| Co-60 FHAUAE A Ast7] ¢lsl] A= REH wEshet] A}
SE7I= ¥l 3 3 ol Ir-192 FLLdL A EL} StAUFof
A 2eiA 8 FALLE UE] S fFuez AFEHe 2t
dH o] olidl o] el A FA L A4 32 2AEEH b sido)
daEo] Sle Aojttol A =FHrl

EZ S R dARele 2% &% WA Zeddo]l dAEo A
el FHES FIshL glon 47]18 o] F&oT AEEHI Y
ch
53] Z3:E 3 Froe SAUWRE 71718 ULsiA 3 UR

o AES A, WA EL B4E 9IY tiyel 2URo] A=l 3

iii



#d&ole 5717t FaEol AFEH e ARt W FAAY ¢
] St iR AP E217F AR 250 el olstd H¢

2 %t
% 94U 4+ UES 3t H7I2 AFH Ark
2. & 3 g

4L AE el BF 17719 3tdo] MHA|Eo e, W2-29
117], #W=-3¢] 67]o]t},

ol ZAES ME A= dAY FREE dA3ldey, AL
F43te AW EAlE 3% JE[Eo] ¥R S FRM ARPsidct

W3-30] HAH StdoMe 05 FFH EXIRES F2 435t
of, W3-2¢0] HAH M E Mo-99F H|RF ZAF FAUAES
AF3HA] H}

st Adoles 34 UEE BH E 4 Ade dREE AHFE AuF
I LAz 7 dAFEO] 9dod, A FHol= SRS 717 A
S& AX3H7] 1% og-olAl Fol dA|Fe] ot

ok

3. 0| X MY

LA ANEPaes shtze Al T f128tal Qe RARZ
FAst dAT A DL ZAXY F AS3H o[F&Ilo YE AE
Aujolct,

o] FA & shiZ WA2AH AW +2 ol HAHo glem 379 =24}
ABE FAlol BAAL 4 girh

PAPD Tl 2Rt AAte] A%} bde HRSLAL A
PAR AR o FAPE HESHI] gt AABF Y YAARE
L2A=Tol YAFHPAAM AA Y TR oJstE FAHA UsA] H

'5—-:1«1
A8t

iv



7 4% AEE d4HoT 2 ATshe Aotk

of dulE A THUE BT WANLE, BLAE =
2 +5odE BRPuG BeIPY U4 A VB BEEC oY 22
B gul 2ol oot

5. Co-60 N&Ex FY+AS ML

Co-60 MRZOlE 47 B4 A vl oF s AT A
M2 BE, of3y) W olZaBy) 5o F4H glon, x4}
ARG £42A olstd ZPolTt sHEHTL

6. A¥7)7]FA] Fume-hood 34ti&} Glove Box 5tiz} A Az} 3taAlz]
ool A\ Eel Eelde A ¥ 24F Aol BEIYD glrh

V. 7Y do 2SOy

SR o] &Alde dFQl Felds BMREES AF7HA AHERE
TRIGA AF2& LY Felda A EET 2 FEL 4|7} iR
d E= ozt 2EUA Y JeE BEF ZFA e FAHA HulEA
35¢ o] dd HFof cis) By Ut A7t FUE 4+ glg vt
ozt thEF A4t AAE F5Y =+ A Hol el Sl FH¥UL FF
ol t& #7115 & 4 9l& Zoln uols} Fex 7] /Y Folda
E TEY 4 & 718°] ud=Egdh ER oz}l Foda Aty
Mg Zlgo]l AgE o 7 AdEHe WA HIE A|AlAd At #
L% 2 QL HoF JhH )



Summary

l. Project Title
Development of the RI production facilities for the HANARO
Il. Objective and Importance of the Project

it has been more than 30 years since TRIGA Mark ! and (il
research reactors produce radioisotopes and labelled compounds
for medical and industrial purposes. But those products are limited
to small quantities for only some radioisotopes due to the low
reactor power capacity and the small radioisotope production
facility.

Since the test operation of the HANARO multipurpose research
reactor with a thermal power of 30 MWth and its maximum thermal
flux of 5X10 ™ n /cm? « sec, further Rl production facility
construction was also needed to increase in maximum the
HANARO reactor efficiency, and started to construct it at the same
time as HANARO reactor construction.

Later, the construction project of hot cells and their equipment
were turned into the mid- and long-term R&D project from the
national budget shortage problem. As a result, during the first step
(1992-1996) of the mid- and long-term research project, 4
modernized concrete hot cells and 17 lead hot cells were
successfully constructed to produce massively radioisotopes.

Further efforts will be put for the development of various
radioisotopes and their mass production and dissemination in
using HANARO research reactor.

vi



lll. Scope and Contents of the Project

Radioisotope production building and its utilities (electricity, water
supply system, ventilation, etc.) were constructed as part of the
HANARO research reactor construction project. And following
equipment and apparatus were developed during the mid- and
long-term R&D project : 4 concrete hot cells and their equipment,
17 lead concrete hot-cells and their equipment, purification system
for the Co-60 storage pool, ventilation system of each hot cell,
radiation monitoring system, fire protection system, hydraulic
transfer system for the transportation of the radioisotope samples
and experimental apparatus.

1. Development of the equipment for large size 4 concrete hot
cells

1) Incell crane(2 ton)
2) Bucket hoist
3) Hydraulic lifting table

2. Development of the 6 lead hot cells in the bank-lii

1) Fabrication and installation of the hot cell shielding
structure

2) Installation of the radiation shielding windows and
manipulators on the lead hot cells

3) Installation of the fixed type and swivel type hoists

4) Fabrication and installation of the fire-fighting system in
the hot-cells

5) Installation of the utilities

3. Development of the 11 lead hot cells in the bank - I
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1) Fabrication and installation of the hot cell structure
2) Installation of the radiation shielding windows and

manipulators on the hot cells
3) Installation of the fixed type and swivel type hoists

4) Fabrication and installation of the fire-fighting system in
the hot cells

5) Fabrication and installation of the hydraulic lifting
tables

6) Installation of the utilities

Development of the hydraulic transfer system around hot
cells

Development of the radiation monitoring system around hot
cells

Development of the purification system for the Co-60
storage pool water

Fabrication and installation of the experimental apparatus

1) Fume hoods : 34 set
2) Glove boxes: b5 set

IV. Results of the Study

1.

Development of the concrete hot cells

4 concrete hot-cells were installed, in parallel, for the
production of Co-60 and ir-192. The density of the concrete
is 3.5. These hot cells were designed so that the surface
radiation dose rate is less than 1 mrem/hr. The Co-60
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storage pool and the hot cell No. 1 are connected with tunnel
equipped by a bucket type hoist so that Co-60 radioisotopes
can be easily transported into the hot cell.

This bucket hoist is operated by the control panel installed in
front of the hot cell. This hoist is also used to take out the
Co-60 radioisotopes from the hot cell to the storage pool.

While under the hot cell No. 3, a working table, which is
operated by hydraulic power, is installed for the removal of
Ir-192 radioisotope samples and the distributed radioisotope
in the hot cell. This working table is also operated by the
control panel which is installed by the rear side of the hot cell.

2 ton capacity of over-head crane is installed in the hot-cell
for the heavy material handling and is available for 4 hot
cells. A large gate is equipped at the rear side of each
concrete hot cell so that this allows the entrance, installation,
modification and maintenance of the equipment in the hot
cell. This entrance gate can be operated by a electric motor
and this is interlocked to the radiation monitoring system so
that the gate can be opened only when the radioactivity is
less than 250 mrem/hr.

. Development of the lead hot-cell

There are 17 lead hot cells in total at the radioisotope
production building; 1 and 6 hot cells at the bank-1l and bank-
Il respectively. These hot cells are interconnected and the
wall is fabricated by the lead containing 3% Antimon. lodine
radioisotope and labelled compound will be produced at the
hot-cells of the bank- lll. While those of the bank - 1l will be
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used for the production of Mo-99 and diverse radioisotopes.

Radiation shielding windows, which are fabricated by lead
glasses, and manipulators are installed at the front of the hot
cells. The entrance gates are installed at the rear of the hot-
cells for the equipment in and out.

3. Development of the hydraulic transfer system

This hydraulic transfer system is for the taking in and out of
the irradiated radioisotope capsule from the irradiation hole
during the pre-designated irradiation time. The irradiation
hole is located at the reflector area. This hydraulic transfer
system is located by side of the front canal of the reactor
pool enabling to load 3 irradiated capsules simultaneously.

4. Development of the radiation monitoring system

The radiation monitoring system is installed for the protection
of workers against radiation damages. This system allows us
if the radiation level is well-maintained below the guidelines.
This equipment can record surface radiation dose rate, air
monitoring, surface contamination, water contamination, and
controls also egress and ingress of the workers and the
equipment.

5. Development of the purification system for the Co-60 storage
pool water

An ion exchange type purification system is installed to purify
the circulated water of the Co-60 storage pool. This system
is operable only when the quality of the water is below the



permitted purity level.

6. There are also 34 fume hoods and 5 glove boxes around the
hot-cells and experimental laboratories.

V. Results and Proposal for Applications

Radioisotope production facility is a part of the HANARO facility,
and is much larger scale than the TRIGA RI production facility.
This is also much more modernized and will ensure research and
development in the field of undeveloped radioisotopes production.
This facility will also ensure mass production of radioisotopes, thus
satisfying the needs for domestic user communities as well as
supplying key radioisotopes for the world market. This technology
developed by KAERI for the radioisotope production facility is
expected to be applicable to the development of the radioactive
waste treatment facility in the future.
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