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Lead is widely used as a shielding material in nuclear power plants (nuclear and radiation facilities), and lead and lead-containing
materials contaminated with radioactive materials are generated as waste during decommissioning. The operator must secure a
disposal site for waste generated during decommissioning. Therefore, operators reduce waste by treating low-level radioactive waste
below the clearance level through a clearance system. This study aimed to establish a method to precisely cut only the contaminated
parts with the aim of minimizing the amount of contaminated lead waste. The method involves reacting lead with Bi and Sn to turn
the lead into a low-melting-point alloy and then cutting it. For this low-melting-point alloying of lead, a method was examined in
which a Bi-Sn alloy was produced and supplied to the lead. As a result of the study, experiments were conducted to confirm the
effectiveness of a method in which the Bi-Sn alloy was dripped in liquid form on the lead cutting part and a method in which it was
poured in paste form. As a result of the experiment, the method in which the Bi-Sn alloy was poured in paste form on the lead cutting

E

part was superior in precisely cutting the targeted part.
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Fig.1 Liquidus projection of Bi-Pb-Sn alloy
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Fig.2 Phase diagram of Bi-Sn alloy
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Fig.3 Dropping type cutting system for lead blocks
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Table 1 Comparison of performance for different supply methods of Bi-Sn alloy
Positional
Depth The between the
Supply As Supply P Liquefaction | necessity Supply Supply . .
. supply . . . cutting Evaluation
method | supplied | means by heating | for single | adjustment | accuracy R
performance . object and
heating
the supply
means
B Fixed up and
Dropping Liquid | Dripping A @) Need X X down to drip by X
type gravity
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Granular . Not the top and
type Solid Spoon X O required A A bottom are X
fixed
Gravity-fed, so
Powder q . the t d
type Solid Syringe O X - O ©) boett;)xl:lzl;e X
fixed
Paste . Not Viscosity allows
type Paste Syringe O O required @) O for side feeding O
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Fig.6 Paste-type cutting system for lead blocks
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Fig.7 Bi-Sn alloy paste used in the experiment
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Table 2 Comparison and evaluation of cutting time and

alloy usage of lead block by dropping type and paste

type
Lead block Amount of
Supply method = cutting time  Bi-Sn alloy used | Evaluation
(minutes) ()
Dropping type 36 569 X
Paste type 16 48 @]
Effect 56% decrease = 92% reduction
min g
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80 20 300 '—;
% 15 200 =
© 10 <
100
0 0
Dropping type Paste type
m Cutting Time Alloy Usage

Fig.8 Comparison of cutting time and alloy usage between
drop and paste cutting methods
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Fig.9 Injecting Bi-Sn alloy paste into the cut part of the lead
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Fig.10 Situation after cutting lead block using Bi-Sn alloy
paste
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Table3 Comparison and evaluation of cutting time and
alloy usage of lead blocks using solder paste and Bi-
Sn alloy paste

Lead block Amount of

Paste Type | cutting time  Bi-Sn alloy used Harmful Evaluation
- N : white smoke
{minutes) (z)
Solder paste 16 48 Existence %
Bi-Sn alloy 10 77 None e}
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min g
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o 70
E 1 60 &
[;'b 10 s0 5
é' 8 40 E-.
g ¢ 30 F
4 20
2 10
0 0
Solder paste Bi-Sn alloy paste
W Cutting Time Alloy Usage
Fig.11 Comparison of cutting time and alloy usage for

solder paste and Bi-Sn alloy paste
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type and paste type
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