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The Nuclear Science Research Institute of the Japan Atomic Energy Agency* constructed the Advanced
Volume Reduction Facilities (AVRF) in February 2003 for treatment of low-level radioactive-
miscellaneous solid waste (LLW). The waste volume reduction is carried out by a high-compaction process
or melting processes in the AVRF.

In advance of operating the melting process in the AVRF, melting tests of simulated LLW with RI tracers
(*°Co, *’Cs and "*Eu) have been conducted by using the plasma melter in pilot scale. Viscosity of molten
waste, chemical composition and physical properties of soﬁdiﬁed products and distribution of the tracers in
each product were investigated in various melting conditions. _

It was confirmed that the viscosity of molten waste was able to be controlled by adjusting chemical
composition of molten waste. The RI tracers were almost uniformly distributed in the solidified products.
The retention of "*’Cs depended on the basicity (Ca0/Si0,) of the solidified products. The solidified
product j)ossessed satisfactory compressive strength. In the case of basicity less than 0.8, the leachability of
RI tracers from the solidified products was less than or equal to that of a high-level vitrified waste.

In this review, experimental results of the melting tests were discussed in order to contribute to actual

treatment of LLW in the AVRF.

Keywords: Volume Reduction, Melting, RI tracers, Plasma Melter, Viscosity, Chemical Composition,

Homogenizatidn, Basicity, Compressive Strength, Leachability

A part of this work was performed under a contract with the former Science and Technology Agency
of Japan (the present Ministry of Education, Culture, Sports, Science and Technology) from 1995 to
2000. '

+ Nuclear Cycle Backend Technology Development Unit, Nuclear Cycie Backend Directorate

* The former Tokai Research Establishment of the Japan Atomic Energy Research Institute (June
15™, 1956 - Sep.30™, 2005).
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Table 1 Heat balance of plasma heating method.
Heat balance[MJ/kg] Thermal efficiency[%]
Input Electric energy 43.4 100 '
Exhaust gas 1.2 2.8
_ Loss Cathode of torch 1.9 4.4
Output Anode of torch 19.7 ] 45.5
For passive heating Melter 18.4 42.4
For direct heating Molten concrete 2.1 4.9

Table 2 Chemical composition of simulated wastes.

Chemical components [wt%]

Non-metallic waste

, ALO; Ca0 - SiO, FeO Na,O Others ®
Heat insulator ’ 1.6 - 46.1 47.0 0.9 1.1 4.0
Glass 1.6 - 104 743 <0.1 11.7 2.0
Concrete 7.2 11.8 73.5 2.5 2.1 3.0
Simulated ash 10.2 153 389 20.3 - 16.0
Mortar 6.9 32.5 55.3 2.0 1.2 .30

. Chemical components °) [wt%]

Metallic waste —C S Mn Cr Ni
Carbon steel 0.12 0.16 9 9 R
Stainless steel 0.07 0.72 1.65 18.4 8.72
Cast iron ‘ 3.56 2.68 0.17 0.04 0.01

® Others are MgO, K;0, TiO, and ZnO
~ ® Component except for iron.
° Not analyzed.
Table3  Composition of simulated wastes prepared for melting tests and expected basicity of molten

products. (3CHR[23]1 Y 51H)

Run S1mulated wastes” [wt%] Expected B 1
No. Concrete Others
PM-1 [100] - 0.18
PM-2 [70] Glass [30] 0.17
PM-3 [70] Heat insulator [30] 0.35
- PM-4 [70] Simulated ash [30] .0.22
PM-5 [70] Carbon steel [30] 0.22
PM-6 [70] Stainless steel [30] 0.18
PM-7 [70] Aluminum board [30] 0.18
PM-8 -[60] Heat insulator [30] and Alumina crucible [10] 0.39
PM-9 [50] Heat insulator [50] 0.50
PM-10 — Mortar [100] 0.59
PM-11 — Heat insulator [80] and Alumina crucible [20] 0.98
PM-12 — Al,O3 [49], Ca0 [34] and SiO, [17] 2.00
PM-13 — Al, O3 [42], CaO [48] and SiO, [10] 4.80

* Total weight: 3kg
®) B1, Basicity: CaO / SiO, at wt%
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Table 5 Retention of radionuclides of solidified products.

-- . . 0,
Run No. Retention of radionuclides (%)

6OCO 137CS
PM-1 87 90
PM-2 9% . 95
PM-3 95 91
PM-4 - 83 78
PM-5 59 89
(19)? (0.3)?
PM-6 78 75
(11)? (0.3)?
PM-7 53 89
6" 0.2)?
PM-8 86 64
PM-9 79 72
PM-10 92 68
PM-11 96 30
PM-12 94 68
PM-13 61 8

% The values in parentheses are for metal layers.
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Table 8 Test condition for melting test of crucible, ceramic filter, asbestos, and fly ash.

CCHR[30] &k v 51D

Run No. Weight of Simulated Wastes (g) Weight o(fg;\ddmon Radioactivity ¥ (MBq) H]?;trt:g
Concrete Others C FeO = ®co P'cs "™Eu (min)
"CN-0 3000 .- s - - - 03 44
AC-1” 2400  Alumina Crucible [600] - - - - 03 45
AC-29 2400 Alumina Crucible [600] - - - - - 34
AC-3Y 2400 Alumina Crucible [600] - - - - 03 40
MC-1P 2100 Magnesia Spinel Crucible ) ) ) _ 03 45
U [900] .
MC29 2100 Magnesia Spinel Crucible ) i i i 0.3 ' 4
[900]
CF-1Y 2100 Ceramic Filter [900] - - - - - 45
CF-29 2100 Ceramic Filter [900] - - - - - 50
AS-1 - Asbestos [4500] - - - - - 39
AS-2 2100 Asbestos [1300] - - - - - 35
FA-1 2100  Fly Ash [900], SUS [240] - - 03 03 03 4
FA-2 2100  Fly Ash [900], SUS [1370] - - 03 03 03 38
FA-3 2100  Fly Ash [900], SUS [360] - 830 03 03 03 50
FA-4 2100  Fly Ash [900], SUS [1540] 90 - 03 03 03 49

% Radioisotope tracer solution was added dropwise to the surface of concrete.

® pieces of others were set on pieces of concrete.
9 Pieces of concrete were set on pieces of others.
9 pieces of concrete were set on crucible powder.
SUS : Stainless steel rod.

Table 9 Coefficient of variation in measured vélues for chemical composition of solidified products (slag).

(STHRI301% Y B1FD)

Coefficient of variation [%]

RunNo. — 8 " ALO, CaO0 MgO _ FeO
CN-0 0.7 10 23 - 3.9
AC-1 43 62 27 - 43
AC2 194 541 229 - 04
AC-3 12 75 7.0 - 5.8
MC-1 0.5 0.6 1.6 03 -

MC2 69 133 304 364 -

CF-1 11 66 58 i -

CF-2 5.1 40 130 - -

AS-1 16 78 - 11 .

AS-2 1.2 0.4 15 24 -

FA-1 0.4 15 19 10 09
FA-2 0.9 09 20 34 09
FA-3 160 111 112 87 138
FA-4 57 255 72

26.6

17.8
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s B D ©Co, Cs DBHIBBICHET B & & b1 RHBRBRATHR I BEIRAE O MR E T,
VS VTR R VAR O A A R IR B OV IR DAL 2 7 A0, rds, B
RSOV TIIANCHE Sh Tk v MY AR TR BT 2Rw, |

Al. YERIRRBREE Y o

EEIIEMEL MR E U EREEE & | ?ﬁﬁiﬁb:%%#%ﬁ%ﬁ ARG AR O R KRB E
DR ZHIHT B 7o D OHEN A NBEB M OER SN TV 5, BREEEO O HERIF, i
B ELH BB T ¥ O ANICRBE S TR Y . BRFT v o ERRHS T v
NEER R L B HER S5, TR EEEEIL, EREN~OREWER. WREENOY
VIARBEE VD, HEU A LEREET TS E . PEV AR EBS 2 M A, FRFNE
YR T 2B CThH 5, WARE FigAl IIRT, : |

VARE IS B SR L T X< MBER 2 X T\ 5, BEERFEFITERS 350 kW (A
W 1000 Hz) OEERTFE A LR LY A U RZ A A—2—FRT, FERITH 70 L
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HAFERELET AL Th D, BELHENCEE BH L CRBELE 2 RIET 5 E0EE,
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TANERBE LTI =T AR, AT A, vy Y — N EERB LU, EREEN OIS
«mwﬂiﬁ¥ﬁ%%ﬁﬁ%%waé%@¢%$%®%ﬁﬁﬁwﬁ%%£%KLkmﬂ@km
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BoKICBES . PrEM S L ICBERE Y 7Y v 7 LR ORI 2 JIE Uiz A%9,
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YR % 7 O PHECB L BBRSE V5 2 & LT 5, EBHRKICOWTE, thorEmicid
5 AR BEIC LT, 10 %RERE—HOERLT 5, '

A3, VATBEIE ORI,
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PEIXE WD ERHER SN, £, ZRAD O B ALO; IXEHIEDFEEYERND O FELfE X
DRXL 2oty ZAIABUFETH AR DITICE NS ALO; OB AR LD L EZD
s, BEERESREREOMBILFRS (Fe LSt % Table A4 ITAY, &BIEICE LD Fe L
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Table Al Chemical composition of simulated wastes.

Non-metallic waste Chemical components [wt%]

- ALO; CaO Si0, Na,O Others ¥
Heat insulator 1.6 46.1 47.0 1.1 4.2
Glass : 1.6 10.4 743 11.7 2.0
Concrete 7.2 11.8 73.5 2.1 5.4
Metallic waste Chffmical components * [wt%] .
C Si Mn Cr Ni
Carbon steel 0.12 0.16 ° o %
Stainless steel 0.07 0.72 1.65 18.4 8.72

? Others are FeO, MgO, and K,O.
% Component except for iron.

© Not analyzed.

Table A2 Combination of simulated wastes in melting test. (SCHR[A3]L Y 51H)

Heating mode Hybrid  Induction
Test series - MR CR
Simulated waste [wt%]
Carbon steel pipe
Stainless steel bolt & nut
Aluminum sheet
Copper wire
Calcium silicate

— S

heat insulator 12

Glass 7

Concrete 6
Total weight [kg] 127.5 98.5
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