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A Study on the Radiation Shielding Analysis for Reinforcing the Hot Cell
Regular Concrete Shield Wall
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ABSTRACT

In order to demonstrate Advanced Spent Fuel Conditioning Process (ACP), shielding facilities
such as hot cell suitable to handling radionuclides and process property will be necessary.
But the construction of new facilities needs much money, man-power and time, it is now
scheduled to remodel the hot cell, which has already been installed and maintained at
Irradiated Material Experiment Facility (IMEF) in the Korea Atomic Energy Research Institute
(KAERI) . The basic structure and concrete shield wall of hot cell partly have been
constructed on the base floor in IMEF building in current status. And hot cell after
remodeling will be used for carrying out the lab-scale experiment of ACP. The hot cell was
built in accordance with 35 curies of fe-59(1.2 MeV) as design criteria of radiation dose
limit. But the radioactive source of ACP is expected to be much higher than design criteria
of IMEF, shielding ability of the hot cell in the current status is unsatisfactory to the hot
test of ACP. Therefore shield wall shall be reinforced with heavy concrete, steel or lead.
In this paper, dose rates are calculated according to ACP source, shielding materials, etc.,
and reinforcement structures are determined considering the current situation of hot cells,
installation of shield windows and the easiness of work.
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# 1 Inventory Basis of Radioactivities in Hot Cell

TE Activity (Ci)
7]% SF 1 Batch(20 kg-HM) 9,930
Zukz+71 Volatile FP(H, Kr) 5 Batch 679
| (1357 x 5)
#HL£8 <49 2 Batch 12,220
(6,110 x 2)
Total 22829

2. WALA Abe &4
2.1 7|1EANAE 4%

ZAAAGAIAE Astell ARG 71E FAL 1¥ 17 Zo] dPR) 2709 eI YH} T 17]9)
9ol Mago] Qit;, A ARVEL Uul ZIYE 80 cm FAE EMEFo] gony, HAL FFT
3 E 80 cmZ o)Fo|A Y AFolct. T Y FHE 11 m (Fo) x 2 (F) x 4.5 m (Fo])
olty. &AM 7|& AL FIHE Fx9 QJ_H gk dxso] e dEin, dAx) gy F3HEJ A
Ao JE AHEL Fe-59 35 Ci (1.2 MeV) A9 &S WFHEF 44, AFH Ut

13 1 The Photograph of Hot Cell (Front View) in IMEF
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#a) FAo] A e A APAAEY 7)1EA 7L 370 AN FHoz AAEH
Zt g7 g g Jrol #Eda Jdok. 2 AAda %-ﬂ%”é ASe A F4d9 Fs 7&E
of A)so} g FAL BAsE Adelng, i AAZNFOR otdg} go] 7|E AdI YT
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7000 79 : Al +ATY
8000 ¢ : FIPFY
9000 +9 : FAF9

A A AAE AT Ao AHEYN B AAVIES AXAEHFAA 1A 2002-1F PAMAY
of &3t aAle] AAHO low, A YHFezE 15T WA AYZAALY HFFRETL 1 mSvE
zHstA] Ret=E Hol ok, meps B AFAEY HAAVIELE F7F APALS 0A3F 7EL
2 % 9 0.025 mSv/hrolvt, B3 JtFE ndste £ AFAAHY HAVIELoZE 0.01 mSv/hrE
WAL #E) AAZIZe R n s,

qn

2.3 AR 2HTH ALY BA

Adoae 29484 4304 442 4988 AT B4 $SEN AV g A4
24, AFYE ALFUARY 7FE AGE UL 2o, JE AYGY AR FEERY &
ol mel TheT 2 371} WALl AZA el AR AR AT

- A}8-33AE 1 batch (20 kg - heavy metal)
- w4717 71 A ARG AAE (H,1,Kr) 5 batches
- #4289 2 batches

AAREE FEEFANA AR 955 2 4 4359 @ FEFL Origen 2.1 IEF A
goto] ANPon, AAALS A Pubd ool WE 18 1F AUHH WEES ¥ 20 v
Witk % HEHE 2opH MYS 4.79E+14 photons/sec2H FHEAMA ALSFHAAR 1 batch®
3 A 8HF 5 batchEolH WEHE Prbdo] YRES AHFHE Ae G & Ao

X 3 Total Radioactivities of ACP - 18 Group

#vhA & & (Photons/sec)
F @A (MeV) S/F VFPs X
{1 batch) (5 batches) (2 batches) Total

1.00E-02 4,.95E+13 3.40E+12 3.25E+13 8.54E+13
2.50E-02 1.06E+13 6.67E+11 6.70E+12 1.80E+13
3.75E-02 1.30E+13 3.02E+07 1.69E+13 2.99E4+13
5.75E-02 9.79E+12 5.56E+11 5.54E+12 1.59E+13
8.50E-02 5.84E+12 2.96E+11 3.59E+12 9.73E+12
1.25E-01 5.70E+12 0.00E+00 5.96E+12 1.17E+13
2.25E-01 4.81E+12 0.00E+00 1.93E+12 6.74E+12
3.75E-01 2.30E+12 0.00E+00 3.32E+11 2.63E+12
5.75E-01 8.87E+13 0.00E+00 1.73E414 2.62E+14
8.50E-01 8.70E+12 0.00E+00 1.68E+13 2.55E+13
1.25E+00 3.23E+12 0.00E+00 6.24E+12 9.47E+12
1.75E+00 8.93E+10 0.00E+00 1.59E+11 2.48E+11
2.25E+00 1.92E+09 0.00E+00 7.77E+07 2.00E+09
2.75E+00 1.36EH08 0.00E+00 5.46E+06 1.41E+08
3.50E+00 1.75E+07 0.00E+00 7.01E+05 1.82E+07
5. 00E+00 5.38E+05 0.00E4+00 2.15E+04 5.60E+05
7.00E+00 6. 20E+04 0.00E+00 2.48E403 6.45E+04
9. 50E+00 7.13E+03 0.00EH00 2.85E+02 7.41E403

Total 2.02E+14 4.92E+12 2.70E+14 4 TTE+00
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2.4 ANITE L Ak
2.4.1 A==

QAD =238 Los Alamos Scientific Laboratoryo] 2j&)] /et® U@ 9] Point Kernel CodeZ A
o2 7bA A g £33N 2 Peide FERAZFS At Tz afojt}, ol F9 &
Y QAD-P5 code7t Zvhd R FAA dolH7E BAHO] QAD-PsAR AARHALH, QAD-PSAY
Combinational Geometry Version®] QAD-CG Code©]T}. GP version< ANS 6.4.3-1988¢) bujldup factor
£ F838t1 9lov, Geometry Progression (GP) fitting function® A&z oz A2 4 9t}
e A A A QAD-CG AAE 2 WL Point-kernel Ray-tracing Technique® o]&3t},
Point-kernel 2 29 A9 225 %<& Photonsoll 2% oYX A (Transfer of Energy)S
el 5y, oj= ArgE Photonsoll ¢ AE B AR8t7) 9 Buildup Factor$ Agdr).

2.4.2 A4

AL gAUolA e Fio) ddd Juz EXs Addne R4S Asta 3 i
Y gz EAgnn Aok, PAR AE AE Yske] o g3 Zo) 371 9o s
o mdgsta AMS 5. Case 12 A Asglo] HAHo Y| ¥ HAER L FHy
URE FTHFEALE A HFoln, Case 2 E 3& o|n] HAFHo] Yt YNTIFE 80 cnol
AFAAEY I 54 € W I FRFE 1Yty FFEAYER IR E AT A9y ¢ A
AAz s »A4g 3ol

Case 1. TFIZAYE o ¢4 AH(AA o] A= YA G2 AHF L FHR)
Case 2. 7]&9 YWMEAYE HA + TFIEIAYE BRI A4
Case 3. 7]& YRIEZAYE HA o) ik F B3 A5

A AMA LT g 718ted T2, AFAEY WA, PAMY 2 AP AP aY 2
9} 2t}. SP(Source Point)E A€l 94|, DP(Detector Point)¥E AE7)9] Y& viehich,

X 3 7% S3YEY Ut FIYEY FAH AR L 7 928 UEE JEld B2A, FFIEF
JEO U= 345 g/en’old YukE e o] ul& AFFo] ol EFEH] itk

¢ ( ] ' E 4 Partial Density of Each Shielding Materials
¥ | A Partial Density(g/cm3)
e (715 7] dPrEIE | $F2IYE | W
— 1 H 0.00484 0.01035
E 6 ¢ 0.13
i | 7 N | 9.6356-04
L 8 0 | 2.565E-04 1.149 1.104
e 12 | Mg 0.00436 0.0207
1B | Al 0.0119 0.10005
4| S 0.438 0.12075
5 p 0.005865
16 S 0.00192 0.036915
20 | Ca 0.581 0.210105
2 | Ti 0.0966
| 25 | Mn 0.002415
i 26 Fe 1.74225
i ; 28 Ni 0.00726
9 2. Modeling of Hot Cell 82_1 P 1.3
Total 0.00122 2.32878 3.45 11.3

for Shielding Calculation
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2.5 AArdx
AH B AL A5 3717 ASod gy AHAZ AAZ Z2d G 44 AxASGE o3P 3 -5
b #oh, AHABI|EL TFHAT7]) YAAE 22t 83, 25 8 cm o FAUE BoF AL & F Ut

. e 00RO gy e e
g \\\\\“\ é \\\\"\
i 1.00E02 5 1.00E-02
o 7l
: :
1.00E-03 1.00E-03
78 78 80 at 82 83 84 85 86 a7 20 21 22 22 24 F<] 26 21 28 29
Am e A (em) Mo FAlcm)
a¥ 3 FFEIAYE T wE aY 4 FHIIYE 1A HAE FA
HE -9 (Case 1) HJr N Zd% (Case 2)
1.006-01
£ e
0\
& roew >
Rzl
: =
~
1.006-03
6 7 8 9 10
AR Fal(em)
a9 5 ¢ B W& o EAM3F (Case

3)

3. A R7 et

APTFAA A HAHER Ay AA dFHAE AT exg AdHolng, FHIEIAYE W
AAAZ AoE nejsigon], 9F YNITAE ¥y FELS dog B4 AU 23 A
Aol oz g FAR (Aulx 79) 92 HFY 599 ¢ Fho] Fad BAZ WFelA
watd 27 st was AA Foith, Yy ¥ FE BY &7HE FAN FHEIAHEA H)
& Aoz Aoy, AAL WP Aol FAostez doz BAY By drY 7= B U
& 13 ool grk. ¥ 62 A FHE AFVE, TEEY U ¢FA, FAEAA A,
g R AAE, 7€ HAS A A R A9 "ol aex e ‘ITX]W:T% a2 ZA
e TETA ASAA A AY Faxeln,
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4, 3 8
FZAAYATAE W ZAAAGA L] AXFHol Y& V& Fde AAEY THIAY 4T
AFLe AT NIANHE AL Aste] 2 B A Ao be AW ALE 73 '5‘}‘3114. 23 w7
AgzA F2F2IYE, ¢ 52 Adstd, 2 F9EE A A AFTIEE FHA7N7] A 8
g Fystgon, HAMA AF HAAZIEE BEAE BF AuAe FA AN ARAEE wEo
2 R4 n3a% 0474 A 4x BA R ANFAT FEAA wotd FAUE FHITA
AZANAY Ae B kS =&Y
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