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Study on the Radiological Assessment
of the Vitrified Form Container of ILLW
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Abstract

Many studies and investment on vitrification technology development for the

treatment of radioactive wastes have been accomplished both abroad and domestically



due to its economical advantage and remarkable volume reduction effect. In Korea,

the feasibility study on vitrification technology for ILLW has been started since 1994,

and the related research is ongoing with the purpose of operating the world first

commercial facility in 2007. In this study, the radiological assessment of the vitrified

forms container was carried out. First, the foreign and domestic regulations on the

packaging and transport of radioactive wastes were reviewed and the dose limits

were also analyzed. Second, the dose rates were calculated by MCNP code in cases

when the vitrified forms are packed in the existing container DOT-17H. The results

showed that DOT-17H was not satisfied as an acceptable container because of

to derive the design modifications of

Therefore,

exceeding of the dose limits.

DOT-17H necessary to satisfy the regulatory requirements, the radiological safety

was evaluated with the changes of thickness, diameter, and height of DOT-17H.
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F71 A 871 DOT-17H DOT-5B DOT-17TH DOT-17H DOT-17H
1% # % 1% 1%
T g7 DOT-17H - ZAZER7]
(AL A E ) 2%)
1%
H 7287 DOT-17H Vaultell A %= ZHnlE 47
(2587 1% (3%)
HEH-E7] DOT-17H DOT-5B S A s DOT-17H 2B ELY]
(=}=) (Mk2= AN A) E (=) (1%)
2% 1% = 1%
A&7 DOT-17H DOT-17H DOT-17H DOT-17H DOT-17H
(=}=) (1) (=}=) (=) (=}=)
1% 1% = 1% 1%
¥ 2. DOT-17H¢ 4
TE&F | WFEH | 9FEol 9FAA | AAFA
28 A4
(Gal) (Gal) (cm) (cm) (mm)
DOT |2 A
| + 55 30.5 88.4 59.7 1.2
17H 2AYE

% 1. DOT-17HS ARk
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AN Ni-63 Tc-99 Cs-134 Cs-137 Sr-89 Sr-90 Y-91
b5

(GBa/kg) 1.16x10 2 2.82x10 ¢ 6.05x10 2 8.14x10 2/ 2.07%10 4 5.11x10 ° 1.80x10 °
A8 | Zr-95 Nb-95 | Ru-103 | Ru-106 | Ag-110m | Te-129m | Ce-141

b5

—4 —4 -2 -1 -3 —4 —4
(GBa/kg) 5.76x10 7 5.63x10 7 1.09x10 “ 1.36x10 °| 1.96x10 °| 2.75x10 2.15x10
AAE | Ce-144 Cr-al Mn-54 Fe-55 Fe-59 Co-57 Co—5H8

G -3 -3 -3 -3 —4 —4 —2
(GBa/kg) 6.03x10 71 4.47x10 "] 4.40x10 " °] 1.83x10 °| 4.38%10 9.93x10 1.36x10

A7 Co-60 7n-65 Total

G s ~3 -

A (D3} 7o) ORIGEN2 Z=9] 18 o= F-zFo.= e slc).

a p.(E) 4 0
P(E): otota(l) _
aar(E) 4
E total
A7|A, PE)-HA Ad3e] duyA #32
b, - 7F7e] Age] oA B
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-~ Program Calculation
Aree
Tl:tal (I'}EUEUJ m“jj)r'n—“—.

ans eestga [0
27 N+ BTidED
Ag-110m(LEEE B} [TEio00
Co-11 (215658 |55

- the flux-dose conversion
- energy distribution
- activity depending on time

Ce-144 (6OE-HBy [B0T0O0
Co-58  (1,36E+7 Bg) [T

Co-80 (LZFEAIBo) [TEOm
Cr51  (LATE+6 B [HEEHD

Co-1M (ROE<TH) [HEAE
C&=137 (B.ME+7 Ba)  [ATATAG

Input ti

R MM i

Fe-58 (AFE+SBg [T50E0 ] - - VLI FEEE
Mt (S0 (TR .1ll.lz-sﬂ THIHE | |

Ni-%E  [(553E+5 Bigd |’_£ﬁ—

Au-103 (1 09E+7 Bad  [Tofmomn. OV K= 3 S H 5N ramshr)
Sr-G% (ROE-REa [REENT T 443921 4472
Te-leSmie BE+SB) [FEm

-9 LIa0E+8 By) [T

In-E5 (LEE=R By [T
205 (5 76E+5 Bg)

\ 59.46cm
[T
—
Carbon
Steel
vitrified Heicht
form Shneen
Thickmess Total
1.9mm Helght
fem 88ldcm
! ——r T T T e \
‘ - .\ \

a9 3. MCNPO A AR&3 &7] -3

A=A Bxe fe sty 24, 283 DOT-17THY AF%E o] &3Fe] MCNPoA =¥
25 Farh &7)9 2= a9 33 23, §719 FAL AH TS WHIA7IHA 87
FEHAA Y FHAE Sk DOT-17THE AL a7t o=z F4 5o i, 78 ilshA
= ALO,, As,0,, B,0, CaO, CeO, CoO, Fe,0,, K,0, Li,0, MgO, MnO, Na,O,

=



P,0., SiO,, TiO,, VO, ZrO,= FA% o] vk

3) A#s ALl
7] W 2 1Im A& 2 (2)9F o] MCNPZ 3 ZFE 2o oyx E¥EN &S
e ¥ ¥ 5ol UEFA ANSI/ANS-61.1-1977¢] AAE Zegx-M dAS}42 28509
A AL A T
D=3 0<P(E)<Cy @
A7 D - XS (vems/ hy)
O - FHAAY flux (photons| cm? + s)
P(E) - oL %] o] H]-&
Cp - ‘?“;%‘r”’“ (rem] hr) | (photons| cm? + s)
3 5 oA W3k A4(ANSI/ANS-6.1.1-1977)

Energy(MeV) 0.01 0.025 0.0375 0.0575 0.085 0.125
Flux to Dose Rate | 3 0o 10251 43610~ | 4.73x10-7 | 2.78x10-7 | 2.71x10~7 | 3.31x10"
(rem/ hy) | (photons] cm® - : : : : : :

Energy(MeV) 0.225 0.375 0575 0.85 1.95 1.75
Flux to Dose Rate | o o107 19 391077 | 1.39¢10~° | 1.76x10~° | 2.31%10" | 2.93x10"
(vem/ hy) | (photons| cm® + : : : : : :

Energy(MeV) 295 275 35 5 7 95
Flux to Dose Rate | 5 (0 10-6 13 9641070 | 4.62¢10° | 5.80x10~° | 7.29%10° | 9.15%10"
(vem/ hy) | (photons| cm® + : : : : : :

4. 2 3

71 DOT-17H9 =(%Fo]) Hakyl 27 wWhako| Ao MgaS AL 23, # 7 H-ekd
Ao AEkgo] o T4 =EForg B A AR WHeuks uHdte] Ages 9
Hisea=y

A& =9 Yol A Adtoe] =27 HA = A9 vx ol wela E2¥7) =
9 ool o Bee 490 T ANZ Girel Assidth 71Ee DOT-17H §7)
o e astAE AAAZA u, ¥V} ddd HAFol= FWH AwEo] 2291rem/hr, 1m
Ao Ale] Mg o]l 01508rem/hrz “&H A3, FL3FA &S AFol= FH A
3.769remv/hr, 1m A olA 0.40lrem/hrE =&Y At F A B5F F Hatol AA 5
o] gl MAZFATA-¥H A=EHE 02rem/hr, Im A A#EHE 00lrem/hrE = A %33}
= gtolvh webA 7]Ee DOT-17HE &% #4u T/ F718 5o AFATA S w4
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Thickness

(cm)
0.12

1
2
3

Constant
(rem/hr)
2.291

1.227
7.057x10 7!
4.,228x10 !

Proportion Thickness

(rem/hr)
3.769

2.000
1.111

6.873x10 !

(cm)
4

5
6
7

Constant

(rem/hr)
2.519x10 !
1.495x10 1
9.304x10 2
6.008x10 ~*

Proportion
(rem/hr)
4.001x10 !

2.375x10 !
1.516x10 !
9.586x10 2

Dose-rate at surface depending on Thickness

4 .\ —e— density proportional to diameter
3.5 [ —m— density constant with diameter
PR E \ acceptable limit of radiation dose
£ 3
N
5, AN
; Ls \}\
8 1 E \-\\\
0.5 =
0 : : : : B — e
0 1 2 5! 6
Thickness(cm)
a7 A T e B2 AEsE
Thickness  Constant Proportion Thickness  Constant Proportion
(cm) (rem/hr) (rem/hr) (cm) (rem/hr) (rem/hr)
0.12 1.508x10~1 2.344x10~! 4 2.228x107% 3.631x10 2
1 9.356x10 % 1.451x10 ! 5 1.451x107% 2.327x10 2
2 5.647<107% 9.061x10 > 6 9.601x107°% 1.479x10 2
3 3.590x107% 5.735x10 2 7 6.042x107% 9.330x10~*
Dose-rate at distant of 1Im depending on Thickness
0.2 r —e— density proportional to diameter
\ —=— density constant with diameter
. 0.2 acceptable limit of radiation dose
e L
£ [ \
Q 0.15 [
@ r
Lo g
8 : \-\-\\\’\
a L
" \Qm

5

Thickness(cm)

6

gl 5 FA] mE Im A A AEE




60 2.291 3.769 30 2.596 3.427
S0 2.371 3.652 20 2.566 3.071
40 2.520 3.573

Dose-rate(rem/hr)

-
o

o B N W M O O N 0 ©

Dose-rate at surface depending on Diameter

—e— density proportional to diameter

—m— density constant with diameter
—— acceptable limit of radiation dose
20 25 30 35 40 45 50 55

Diameter(cm)

60

60 1.508x10 71 2.344x107! 30 1.016x10~" 1.237x10 7!
50 1.370x10~% 1.987x107! 20 7.184x107% 7.875%x10 2
40 1.232x107 ! 1.641x107!

Dose-rate(rem/hr)

Dose-rate at distant of 1Im depending on Diameter

—e— density proportional to diameter
—=— density constant with diameter
—— acceptable limit of radiation dose

20 25 30 35 40 45 50 55
Diameter(cm)

60

o9 7. HAe wE Im Al A&




83 2.291 3.769 50 2.200 3.631
80 2.287 3.772 40 2.147 3.549
70 2.267 3.732 30 2.047 3.401
60 2.240 3.690

Dose-rate at surface depending on Height

—e—density proportional to diameter
—=— density constant with diameter
acceptable limit of radiation dose

Dose-rate(rem/hr)

30 40 50 60 70 80 90
Height(cm)

19 8 Eolol whE wW MFs

88 1.508x10 71 2.344x10 ! 50 9.142x107% 1.405x107"
80 1.387x10 71 2.158x10 ! 40 7.433x107% 1.128x107 !
70 1.236x10 71 1.925x10 ! 30 5.535x10 7% 8.350x10 2
60 1.082x107" 1.678x10 !

Dose-rate(rem/hr)

Dose-rate at distant of 1m depending on Height

—e—density proportional to diameter
—=— density constant with diameter
acceptable limit of radiation dose

30 40 50 60 70 80 90
Height(cm)

219 9. Folo] wE Im Al AHE




88-60 2.291 3.769 45-30 2.434 3.245
75-50 2.341 3.616 30-20 2.302 2.813
60-40 2.454 3.501

Dose-rate at surface depending on Height-Diameter

—e— density proportional to diameter
—m=— density constant with diameter
—— acceptable limit of radiation dose

Dose-rate(rem/hr)

88-60 75-50 60-40 45-30 30-20
Height-Diameter(cm)

a7 10, A7)e] mE W g

88-60 1.508x10"! 2.344x107! 45-30 5.488x1072 1.114x107!
75-50 1.192x10 71 1.733x10 7! 30-20 2.590x1072 7.115x10 2
60-40 8.798x10 2 1.470x10 "

Dose-rate at distant of Im depending on
Height-Diameter
—e—density proportional to diameter
—=— density constant with diameter
acceptable limit of radiation dose

Dose-rate(rem/hr)

88-60 75-50 60-40 45-30 30-20
Height-Diameter(cm)

a9 11, 279 WE Im Ao A e HEs



0.06

0.05

Dose-rate at distant of 1m depending on
Height-Diameter (thickness=3cm)

—+— density proportional to diameter
—=— density constant with diameter

0.9

Dose-rate at surface depending on Height-Diameter

thickness=3cm)

—e— density proportional to diameter
—=— density constant with diameter
— acceptable limit of radiation dose

—— acceptable limit of radiation dose . 08
~— <
€ o E 0.7
g Los
%’ 0.03 % 0.5
] \ 04
& 002 @
8 - S 03
[a] o
0.01 .2
0.1
0 0
83-60 75-50 60-40 45-30 30-20 83-60 75-50 60-40 45-30 30-20
Height-Diameter(cm) Height-Diameter(cm)
Dose-rate at surface depending on Height-Diameter Dose-rate at distant of 1m depending on
oS thickness=4cm) 0Ea Height-Diameter (thickness=4cm)
) —+— density proportional to diameter : —+— density proportional to diameter
0.45 —=— density constant with diameter 0.035 —=— density constant with diameter
. 04 —— acceptable limit of radiation dose —— acceptable limit of radiation dose
~ 003
% 0.35 )
s
S o3 g 0.025
% 0.25 T o002
T o2 3;
g > & 0015
S 015 8
[a] O oo01
0.1
0.05 0.005
0 0
83-60 75-50 60-40 45-30 30-20 83-60 75-50 60-40 45-30 30-20
Height-Diameter(cm) Height-Diameter(cm)
Dose-rate at surface depending on Height-Diameter Dose-rate at distant of 1m depending on
o thickness=5cm) 06D Height-Diameter (thickness=5cm)
: —e— density proportional to diameter : —+— density proportional to diameter
—=— density constant with diameter —=— density constant with diameter
L0 —— acceptable limit of radiation dose 0.025 —— acceptable limit of radiation dose
< ~—
~ =
0.2 < o002
Q ~
< 015 & 0015
15
1 g
2 o1 g 0.01
o [a]
0.05 0.005
0 0
83-60 75-50 60-40 45-30 30-20 83-60 75-50 60-40 45-30 30-20
Height-Diameter(cm) Height-Diameter(cm)
o= = H @)
:7-1‘:% 12 ‘1‘771101] Eq't 37] = /}_%]:E H]E—
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