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Development of Shield Containers for Tc-99m Generator
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Abstract

Three kinds of shield containers for Tc-99m Generator have been developed by KNT(Korea
Nuclear Technology), named UltraTech-I, II and III. Their maximum loading capacities are 1.5,

3.0 and 10.0 Ci, respectively.

In the design process, MCNP-4b computer code was utilized to evaluate the shielding
capability of the containers. The calculation results from MCNP-4b were applied to detail
design of the mock-up containers and compared to external dose rate from the mock-up.
Consequently, calculation and dose rate measurement agreed with each other and they were
well within the allowed dose rate by regulation.

The containers developed by KNT will be employed as the source container of the Tc-99m
Generator when its production starts from this November at KAERIL
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2. Tc—99m Generator

WA S 99 Te-99me B8 EQ] Mo-99¢] W G325 E de= Wlo] fde Axrd
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Tc-99m Generator+ “Foi7/H® A7 17]"=2 EREH, I ?27]%01] el AR 7]7] ¢
FHPAAFE(FEHCZRY 10 cm Dol i AdAM o] FAVIFE)2 A 2 mSveE 2396HA]
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2hH Aab ZE=(MCNP-4b)[2]1E Ab&aliA Al 714 299 Te-9m Generator ¥ ZHE 10,
100 cmol A 9] WAt #E o] ZkzE 2.0, 0.02 mSv/hE 343514 =2 Ay &7)9 A¥H AAS
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Tc-99m Generatorel]l W3H = AQPE7] %= Pyrex Glass A2 #3 & YFd AYA A=
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BARA #E S (Bremsstrahlung Fraction, )2 W3 43 o] AHw, 1 gk < 0.039=

Ff = 3.5x10 *ZE_, = 3.5x10 % x 82 x 1.3572 = 0.039

Tk WERdS A&EAHER S JHX 7] wite] wWEeRde] Huol A= thE Ai o] HoF
™, Wede] Gl gA= oF 04524 MeVE AlAte )
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= 3.8277x10% photons| cm? sec

9o AozRY Hd 10 Ci #WlE A9(1.3572 MeV)olAd 1 cm EolA] & ¢ A ®Hd
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U-235 Mo-98
Fission Mo-99 Capture Mo-99
(n, f) (n, 9
Mo-99
(66 hour)
8
B 12.5 %
87.5 %
Tc-99m M), 140keV _ | Tc-99
(6 hour) 100 % (2.14x 105 year)
N\
N,
N\
N
N,
N,
\\
. B
B 100 %
9.0x 105 %
N
\\\
\\\
“4  Ru-99
(stable)

a7 1L Mo-99 % Tc-99me] 84 2 33 #74
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(Shield Cap)

(Source Column)

Mo-99
(Mo-99 Volume)

> (Alumina Volume)

(Shield Container)

I8 3. UltraTech-1¢] A#H A4 7|setd wd

(Shield Cap)

(Source Column)

Mo-99
(Mo-99 Volume)

> (Alumina Volume)

(Shield Container)

I8 4, UltraTech-11¢] 2 A4 718F8H4 24



(Shield Cap)

(Source Column)

Mo-99
(Mo-99 Volume)

(Alumina Volume)

(Shield Container)

% 5, UltraTech-111¢) =F# A4 715182 2




3% 1. Te-99m Generator 2 A}#H-&7] 8] WA 3 z}zhe] WAbs &

258719 ¥4 WAL 717 ¢ B A Ao A dArbs# [Ci WA WA [CH
UltraTech-I UniTech 500 15 0.5
UltraTech-1I UniTech 1000 3.0 1.0
UltraTech-1III UniTech 3000 10.0 3.0

3 2. Mo-999] &3 A WEd = WAl SR/ % oldA
gFe] T7F WAL T A [MeV] = [%]
0.7395 12.13
0.1810 6.00
N v A 0.1405 4.52
0.7780 4.26
(T2 = 65.94 hr) 0.3664 119
0.0406 1.O5(FA1)
B 1.3572 100.00
v A 0.1405 89.00
Tc-99m
(Tys = 6.01 hr) b A 0.4350 27.30(F-A1)
0.3470 70.30(F-A1)
o 2_T1C1_191 16 o) p A 0.2040 100.00(F-A1)
0.1405 91.00
0.1810 6.00
Mo-993} Tc-99me] v A 0.3664 1.19
BYSH =2 0.7395 12.13
0.7780 4.26
B 1.3572 100.00

=

3. %

o

A3 AZHICRP-74, 199)

A [MeV]

S AEE B

L

[rem/hr)/(#/cm2-s)]

o

hE

A

A [MeV]

&

[e]
hE

A& SE B

L

[rem/hr)/(#/cm2-s)]

A

0.010
0.015
0.020
0.030
0.040
0.050
0.060
0.070
0.080
0.100
0.150
0.200

1.75E-08
4.52E-08
'7.38E-08
1.06E-07
1.22E-07
1.29E-07
1.36E-07
1.46E-07
1.56E-07
1.86E-07
2.71E-07
3.61E-07

5.43E-07
7.19E-07
8.88E-07
1.05E-06
1.34E-06
1.61E-06
2.70E-06
4.33E-06
5.76E-06
7.17E-06
8.55E-06

0.300
0.400
0.500
0.600
0.800
1.000
2.000
4.000
6.000
8.000
10.000




3 4. UltraTech-1 #8712 &y WA =EE AL, S

N

4

4 29
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Exe}

#8725 A

=73 44 1 cm 10 cm 100 cm
WA A g - < 20 < 0.02
Top 0.8370+0.0139 0.2099+0.0280 -
Top-side 0.5223+0.0181 0.2151+0.0242 -
At 2w Side 2.2346+0.0085 0.5040+0.0179 0.0118+0.0060
[mSv/hr] Bottom-side 0.7240+0.0154 0.2245+0.0252 -
Bottom 0.6369+0.0163 0.1618+0.0323 -
Gap 0.9640+0.0170 0.2342+0.0260 -
Top 1.6186+0.0187 0.4415+0.0109 -
Top-side 0.5078+0.0076 0.1729+0.0072 -
=4 A Side 1.7390+0.0193 0.5994+0.0126 0.0116+0.0009

[mSv/hr] Bottom-side 0.4637+0.0106 0.1507+0.0062 -

Bottom 0.6178+0.0234 0.2586+0.0115 -
Gap 1.0486+0.0167 0.2448+0.0071 -
AL ol Top 93 % 110 % -

Lﬂ] o Top-side -3 % -20 % -
a 7§Lf+91 Side 22 % 19 % -1 %
ﬁ; o4 Bottom-side -36 % -33 % -

0[;] Bottom -3 % 60 % -

’ Gap 9 % 5 % -

% 5. UltraTech-1I ##-§7] 9] o3 WAMI#HE AL, 54 23 2 24
A 7|2 RE A7

=4 A4 1 cm 10 cm 100 cm
WA A g - < 20 < 0.02

Top 1.6878+0.0129 0.4239+0.0264 -

Top-side 0.8407+0.0188 0.2742+0.0309 -

At 2w Side 2.2109+0.0111 0.5347+0.0230 0.0134+0.0078
[mSv/hr] Bottom-side 1.3916+0.0147 0.3273+0.0299 -
Bottom 1.3098+0.0151 0.3347+0.0295 -
Gap 1.9262+0.0166 0.4683+0.0268 -
Top 3.2520+0.0231 0.8551+0.0089 -
Top-side 0.9186+0.0090 0.2857+0.0041 -
=4 A Side 1.9763+0.0118 0.6716+0.0061 0.0160+0.0004

[mSv/hr] Bottom-side 1.0753+0.0106 0.3250+0.0044 -

Bottom 1.7837+0.0193 0.6258+0.0163 -
Gap 2.3332+0.0242 0.7582+0.0101 -
R Top 93 % 102 % -

- . Top-side 9 % 4 % -
a 7§Lf+91 Side -11 % 26 % 19 %
R Bottom-side -23 % -1 % -

% 2.2}

[o¢] Bottom 36 % 87 % -
0,
Gap 21 % 62 % -




¥ 6. UltraTech-III Z}# 8712 9 F PAAZFE A

>

#8725 A

53 A4 1 cm 10 cm 100 cm

WA A - < 20 < 0.02
Top 1.7016+0.0232 0.4342+0.0471 -
Top-side 0.8814+0.0330 0.2733+0.0594 -

Axt A3 Side 2.0558+0.0207 0.5458+0.0415 0.0153+0.0123
[mSv/hr] Bottom-side 0.9745+0.0318 0.2675+0.0569 -
Bottom 1.3100+0.0262 0.3799+0.0504 -
Gap 1.9441+0.0268 0.5243+0.0770 -
Top 3.3110+0.0081 1.0280+0.0064 -
Top-side 0.7050+0.0048 0.2299+0.0006 -
=74 A3 Side 2.2909+0.0087 0.6873+0.0036 0.0149+0.0003

[mSv/hr] Bottom-side 1.0309+0.0040 0.3436+0.0017 -
Bottom 2.7285+0.0115 1.1055+0.0044 -
Gap 2.5613+0.0154 1.2180+0.0054 -
A4 Azl Top 95 % 137 % -
a5 Top-side -20 % -16 % -

24 Ao Side ' 11 % 26 % -2 %
o5 o3 Bottom-side 6 % 28 % -
Bottom 108 % 191 % -

[%]

Gap 32 % 132 % -
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