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Radiation Exposure Estimates on Production and Utilization of Recycled Items
Using Dismantling Waste

Hisashi NAKAMURA * and Mikio NAKASHIMA
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Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 18, 2002)

Radiation exposure was estimated on production and utilization of recycled items using dismantling
wastes by assuming that their usage are restricted to nuclear facilities. The radiation exposure
attributed to production of a steel-plate cast iron waste container, a receptacle for slag, and a drum
reinforcement was calculated to be in the range of several pSv to several tens of uSv even in recycling
contaminated metal waste of which radioactivity concentration of Co-60 is higher than the clearance
level by a factor of two figures. It is also elucidated that casting of a multiple casting waste package
meets the standards of dose equivalent rate for the transport of a radioactive package and the weight of
the package will be able to kept around 20 tons for the convenience of the handling, in case of disposal
of metal waste less than 37MBq/g with the steel-plate cast iron waste container.

As the results, from the radiological exposure's point of view, it should be possible to use slightly

contaminated metal for recycled items in waste management.

Keywords : Decommissioning, Nuclear Power Plant, Dismantling Waste, Restricted Recycling,
Recycled Items, Radiation Exposure, Steel-plate Cast Iron Waste Container,
Multiple Casting Waste Package, Receptacle for Slag, Drum Reinforcement,
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Table 6 Assumed chemical composition of slag

Composition pe‘lrizingtl:ge
Al,O4 10
CaO 20
FeO 10
Si0O, 60

Notes : Density of slag is 2. 7g/cm’.
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Table 12 Characteristics of metal waste arising from dismantling of a nuclear power plant
(BWR, 1100MWe)

Category of activity level Amount of waste (ton)

(Bgfton) Activated | Contaminated Total
A > 3.7E+13 70 0 70
B1 | 3.7E+13 ~ 3.7E+12 10 0 10
B2 | 3.7E+12 ~ 3.7E+11 20 0 20
B3 | 3.7E+11 ~ 3.7E+10 240 0 240
C1 | 3.7E+10 ~ 3.7E+09 70 200 270
C2 | 3.7E+09 ~ 3.7E+08 860 830 1,750
C3 | 3.7E+08 ~ 3.7E+07 1,150 3,100 4,250
D | 3.7E+07 ~ 3.7E+06 780 12,790 | 13,570
E | 3.7E+06 ~ 3.7E+05 1,300 520 1,820
F | 3.7E+05 ~ 3.7E+04 410 1,110 1,520
G | 3.7E+04 > 810 5,760 6,570

Notes 1 : Levels of F and G are considered to be less than clearance level.

Notes 2 : Data were excerpted from the Radioactive Waste Data Book published

in 1998 at the Radioactive Waste Management Funding and Research
Center.
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Nuclear Facilities

Waste from Operation and Dismantling

Waste Treatment Facility

r

.
Y
i X1
(" outingan Sring | Youme Feduton |

[Decontamination}

X1

Y

Melting and Casting Facility
p

Y

(

Melting

Slag

X1

l

l

Drum Reinforcement

Receptacle for Slag

Steel-Plate Cast Iron
Waste Container

Recycling

Y

Drum Package
for Metal

Slag-filled Drum
Package

Multiple Casting Waste Package

$1: Storage or disposal facilities

Fig.1 Treatment flow of dismantling waste for restricted recycling in nuclear facilities
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Schematic illustration of casting a
steel-plate cast iron waste container

Melt
(Approx. 1300TC,
C.E.: 4.2-4.3%)

Cover

Steel balls
(dia. 2mm)

eel plate 5

mold

>1

- 1400
2 -
Y

Spheroidal §

graphite —
c% cast iron 1100 -

A
1
Section A-A Top view of steel plate mold

Notes : The lid is made separately by commercial steel.

Fig.2 Steel-plate cast iron waste container
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Schematic illustration of casting a multiple
casting waste package

Activated or
contaminated

LLW

Steel-plate cast iron waste container

1400

1400 . )
Lid

1400

‘Activated or

‘contaminated

- Steel-plate cast iron waste container| .~

Fig.3 Multiple casting waste package and its dimension
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Dimension of drum

Outer dimension : dia. 600 mm, 830mm high
Inner dimension : dia. 567 mm, 830mm high
Thickness : 1.6 mm

¢ 500

'

800

¢ 550

Fig.4 Receptacle for slag and its dimension

¢ 524

820

¢ 560

Fig.5 Drum reinforcement and its dimension
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1500

1000

Co-60

37

Ba/g)

Melt

® Assessment point

Density : 6.9 g/cm3

a) Taking samples, removing slag, and measuring temperatures

Melting furnace

Specific activity of pipe
(Co-60) : 37Bq/g

1500

¢ 1000

1300

Assessment
point

¢ 1004.4

Metal

Specific activity of pipe
(Cs-137) :92.5Bq/g

1500

¢ 1000

| 300
o

As

sessment

point

Y

¢ 1002.6

Slag

e) Maintenance work for melting furnace

Fig.6 Calculation models for external exposure in melting process
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¢ Assessment point

Co-60 Density : 6.9 g/cm3
(37 Ba/®)

1500

Melt

a) Taking slag, removing slag, and measuring temperatures

Container surrounded

by steel balls

Density : 6.9 g/cm3

Co-60 1000

(3700 Bq/g)
Assessment

point

1500

b) Pouring melt

Specific activity of cylinders
(Co-60) : 37Bq/g

Assessment 400mm !ong,
point 100mm in dia.
Riser Gate 300
0 11
P P P 7 7

c) Cutting a gate and risers

Fig.7 Calculation models for external exposure in casting a steel-plate cast iron

waste container (1 of 2)
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Specific activity of the container
(Co-60) : 37Bq/g

2 7
97 Z 5//_
7
8 e 1000
SV e
Z 7 Assessment
7 1100 Z point
R iy
1400
d) Collection of steel balls
/:} ? /
% g
[
Z 2 1000
7 Assessment
72 / point
Container 7 7
T Z
e) Transferring container for shot blasting
Container Z ¢
7 7
. %
///.1 7
7 7] 300
Z Z
% 7 Assessment
\ / /, point
P P P red //r - /4}/]//4‘//// Z
f) Installation of grips
Specific activity of pipe Specific activity of pipe
(Co-60) : 37Bq/g (Cs-137) : 92.5Bq/g
Ladle : ; :
¢ 1000 |« 1000
o | ]300 o | [[300
— Assessment : - Assessment
point | point
7 ~ “ | 1)
¢ 1004.4 . ¢1002.6
Metal Slag

g) Maintenance work for ladle

Fig.7 Calculation models for external exposure in casting a steel-plate cast iron
waste container (2 of 2)
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-1 Assessment point

8
o
—

Co-60 Density : 6.9 g/cm3
(37 Ba/g)

750

Ladle

T Melt

a) Removing slag and measuring temperatures

Density : 6.9 g/cm3

Centrifugal ;
casting machine (J) = }

- Co-60 500
< (37 Ba/g) <
Assessment
point
1
b) Pouring melt
F r Specific activity of receptacle
Receptacle | (Co-60) : 37Bq/g
[ 300
Assessment
g point
= o
¢) Finishing and inspection
Specific activity of pipe Specific activity of pipe
(Co-60) : 37Bq/g (Cs-137) : 92.5Bq/g
: ] ] ]
$ 500 i, 6500
Ladle '
N s |He2s0,, g | Hazs0, ,
=k Assessment _. = Assessment
point 1  point
7 | j
¢ 502.2 - - ¢ 501.3 -
Metal Slag

€) Maintenance work for ladle

Fig.8 Calculation models for external exposure in casting a receptacle for slag
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-1

1000

Co-60
(37 Bq/g)

Melt

a) Removing slag and measuring temperatures

Density : 6.9 g/cm3

Assessment point

Density : 6.9 g/cm3

A
Centrifugal casting machine
- - Co-60 500
A — - 2 (37 Ba/®) ' e
D ________ = Assessment
Ik {1 point
77 77 o~ 7 Pcd '
b) Pouring melt
- 2500 -
I = S .
2 p Specific activity of pipe
ol | e (Co-60) : 37Bq/g
i
300
Assessment point

¢) Transferring pipe for shot blasting

Fig.9 Calculation models for external exposure in casting a drum reinforcement (1 of 2)
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_ 2500 _
e -
3
Pipe § § Specific activity of pipe
S - (Co-60) : 37Bq/g
\
1 A
300 300
T r g x
Assessment point
d) Cutting
Specific activity of pipe Specific activity of pipe
(Co-60) : 37Bq/g (Cs-137) :92.5Bq/g
X (Y3
¢ 500 ¢ 500
Ladle
\ < S 2504 2 250,
= Assessment e~ Assessment
: point point

¢ 502.2 $501.3

Metal Slag

Fig.9 Calculation models for external exposure in casting a drum reinforcement (2 of 2)

¢) Maintenance work for ladle
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Assessment

-1 point

Density : 6.9 g/cm3
Ladle Co-60

(3700 Bq/g)

1500

7 P P 7

Melt
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Fig.10 Calculation models for external exposure in casting a multiple waste package (1 of 2)
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Fig.10 Calculation models for external exposure in casting a multiple waste package (2 of 2)
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a) Receptacle for slag put into a drum b) Slag-filled drum package
(Specific activity of slag (Cs-137): 3700Bq/g,
Density : 2.7 g/cm3)

Fig.11 Calculation models for external exposure around a slag-filled drum package
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Density : 1.0 g/cm3 )

Fig.12 Calculation models for external exposure around a drum with a reinforcement
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Fig.13 Dose equivalent rate around a slag-filled drum package calculated by
changing radioactivity concentrations of the receptacle and the slag
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Fig.14 Dose equivalent rate around a drum
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Fig.15 Dose equivalent rate around a multiple casting waste package calculated by
changing radioactivity concentrations of the waste and the filler.
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Notes : Numerical values in the figure show the dose equivalent rate
{1 Sv/h) attributed to each source and percentage to the whole.
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(1 Sv/h) attributed to each source and percentage to the whole.
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d) Waste size (900mm X 900mm X 900mm)

Fig.16 Influence of waste size on the dose equivalent rate attributed to a multiple casting
waste package (2 of 3)
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Notes : Numerical values in the figure show the dose equivalent rate
(1 Sv/h) attributed to each source and percentage to the whole.

Fig.16 Influence of waste size on the dose equivalent rate attributed to a multiple casting
waste package (3 of 3)
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Fig.17 Dose equivalent rate around a slag-filled drum package
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Fig.18 Dose equivalent rate around a drum calculated by changing the specific activity
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Fig.19 Dose equivalent rate around a drum calculated by changing the thickness of

a drum reinforcement
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Appendix 1

Calculated Dose Equivalent Rate for Various Radiation Source

Dose Equivalent Rate Around a Cylindrical Source

. Dose Equivalent Rate Around a Cluster of Cylindrical Source

. Dose Equivalent Rate Around a Pipe Source

. Dose Equivalent Rate Around a Steel-Plate Cast Iron Waste Container
and a Multiple Casting Waste Package

Dose Equivalent Rate Around a Receptacle for Slag and a Slag-filled Drum Package

Dose Equivalent Rate Around a Drum Reinforcement

. Dose Equivalent Rate Around a Drum with a Reinforcement and Metal Waste
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A. Dose Equivalent Rate Around a Cylindrical Source
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c) Cylinder of dia. 10cm and 40 cm long
(Density : 7.83g/cm3 , Specific activity : 37Bq/g)
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B. Dose Equivalent Rate Around a Cluster of Cylindrical Source

Specific activity of cylinders
(Co-60) : 37Bq/g

Dia. 100mm, 400mm long

11 12 13 14 |15 -

Location Dose equivalent rate

(u Sv/h)

1 3.15E-1

2 4.95E-1

3 5.68E-1

4 5.81E-1

5 5.37E-1

6 5.68E-1

7 1.75E+0

8 4.72E+1

9 1.98E+0

10 1.06E+0
11 5.37E-1
12 8.33E-1
13 1.06E+0
14 9.85E-1
15 8.94E-1




Dose equivalent rate ( ¢ Sv/h)

a) Pipe of O.D. 100.44cm, I.D. 100cm, and 150 cm long

Dose equivalent rate (£ Sv/h)

¢) Pipe of O.D. 100.26cm, I.D. 100cm, and 150 cm long
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0
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C. Dose Equivalent Rate Around a Pipe Source
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D. Dose Equivalent Rate Around a Steel-Plate Cast Iron Waste Container
and a Multiple Casting Waste Package
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E. Dose Equivalent Rate Around a Receptacle for Slag and a Slag-filled Drum Package
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F. Dose Equivalent Rate Around a Drum Reinforcement
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G. Dose Equivalent Rate Around a Drum with a Reinforcement

and Metal Waste
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Appendix 2

Surface Stresses on the Ring Receiving Concentrated Load

A. Calculation Formula of Stress for a Ring Received Concentrated Load
B. Stress Distributions on the Surfaces of a Ring Compressed with Concentrated Load

C. Influence of the Thickness of a Ring on the Inner Surface Stress
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A. Calculation Formula of Stress for a Ring Received Concentrated Load

Ring with tenstle force

Fiber stresses at any cross section of a ring

a=—E-[ ! +i{ ! -—1—008111} > ]
Alrnl+k) & La(l+x) 2 Bty
where
P : Tensile force Pq : Radius of curvature of the
. ) ) center line
A © Cross section of a ring y . Distance from the center line
K - Section modulus of aring ¢/ : Angle to the horizontal line

Section modulus of curved beam (Rectangle)

1
N pr7h 1
K-h Oog 1
po_Eh

1 2 1 4 1 6
() 5(E) (o)

where e=h/2

Stress Distribution

Outer skin stress

L= U S ) A °
Uext_A{Jt(1+/c)+/c {n(1+x) 2°°S“"}po+e ]

Inner skin stress

R =2 S S S R B ©
Gint"A[n(‘lﬂc) P {n(1+x) 2008‘&} n-e ]
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B. Stress Distributions on the Surfaces of a Ring Compressed with Concentrated Load

S - DU I R SR M B y ]
o= A[n(1+/c)+ K {Jt(1+/c) ZCosw}Po*')'

[. Outer lnner]

30 10 tons
AD

20

10

Stress (kg/cm?)
o

10 tons

0 10 20 30 40 50 60 70 80 90
Angle to the horizontal line (deg.)

Stresses of the ring compressed with10 tons of
concentrated load 0= 27.1 cm, y=% 0.9 cm

C. Influence of the Thickness of a Ring on the Inner Surface Stress

30

25

20

Stress (kg/cm?2)

15
15 16 17 18 1.9 2
Thickness (cm)

Maximum tensile stress vs. thickness of a ring
Concentrated load : 10 tons
O.D.ofaring: 56 cm
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