NTEN-2026-3001

NRA £t/ — k

NRA Technical Note Series

By )75 O RIZEY SRR R D EE
-FAY Rz —T O RUKXEOEHIFFAEN
VIS DEETEE-

I~

Technical Overview of Clearance for Melting
- Case Studies of Germany, Sweden and the United

States, and Issues for Future Consideration -

mH £FE T K HRE Bt EHS =B
HH BE

FURUTA Yoshinori, YOSHII Taiki, NAKASONE Shunya, SHIBUYA Kengo,
and SAKAI Hirotaka

TSR - BESEVIRAZRERRT

Division of Research for Radiation Protection and Radioactive Waste Management

[RF NRRFIT
REEBRNERIIL—T

AN
Regulatory Standard and Research Department, TM8ETH
Secretariat of Nuclear Regulation Authority (S/NRA/R) Jul 2026




RS, RFIRBITREBBKITERED )V — I T o CREMREDRREIEDICED T,
RFIRHRERT. CNSOBRRNELSRMASNDSC EZHHRF UBISICARIDCEEUTNET,

ISR, NIRSEDONEZARHESLE, DI FEE U CEEORECTERIDHEICIE. BIRRFIR
FIRSRDHMNTTONDCEERDET,

RREONBICEI DE™IE. PEelcRENSHESZS0,

RFRET KREEBRXMERIIL—T RBEHR - SIS
T106-8450 RREFEXT VAN 1-O-97NARDT »—X~EIL
& 55 :03-5114-2225




NTEN-2026-3001

et V7 2 o 22T 4 HEffraysn B o R
-FA Y AT = —F 2 R OKE O FEFHFHAE I QN4 1% O E -

R T REEBHINAE 7 v —7
LSS - BEFEMIAT FEER
mH SRR HE ORE SR Rt e BE O WE KR

U

BHRENCR T D27 V7 T AHIE LT, BREEE . BB E K OV 47 D B B
T DUEME (N 32 RIEHEES 166 75) 61 KD 2HE 1 HTED LN TV DR FEES
MIHFECBWTHWEEMEICE END B E O RRIRED, JR T Il ZES
DEDDIEEZHR 2N L OMEREZT T, BMEZ BT OEEREY & L Ty X
BAHATEL2bDE LTHROIKETH D, BEHEMEIC KV IGRINTZEEDOFENL
ZOWTIE, 7 U7 7 ARIEO T TRIZZHROEFENRER SN TNDLLIATHY . &
FIRICBW TSN E = — & FEFEICES W TR BT O RFEIEY 2 Eh 4 %
FEOMMBPED SN TS, BFEFEICBW T, R EHREBH CHEA L8R 2 R
MiFg CERELL A > Ty ME LT B G RRIR EE 4 3T 2 FIEDRRET S LT 5, AR,
GRAERMOE LI BIZ7 VT 7 AREEZBEHAT 22 L2 TEM 7 V7T A1 80,

S 6FEEE ST HEEIZES (BM741H2 B) I8\ TTAIRE @I
Vo7 V7T o ZAEPIREIEIAR D 5% ORGH#) (ICEED & R BTl g
N—TVXEE Y VT T v A RO PEE TG Y S 1L 7= &8 O BRLERF BT 2 it
NG ONC BB VERE OVERBIC BT 5 i & M L 7=,

7 VT T ARIEREBIIEA SN TWHE AT = —F U RN RA Y Tk, WL ic
BEL TR0 WER ARG T 2 BN R ARMETICB W THRICAEILLSATEY . &
BE DA IIFEEY S AR ST EFHIN TS, B0 CEHEALZERH D
i JE AR A O TR ALER T, 2L MRS RICEE LT W Y T A
A FUNIAT T IF T HARZASBATLED Z D HESRTWD, FHEMNEO
JFELN S | VRS RIS T D 200 MEITERBRIC L0 2EMIIFIES oA L e
D W, T O¥— L OFEEIXAR S TR OGRS SR ITRIF T 5, LTzhio
RN X DRERBAT RO — L R a2 miiR E Lo v 7Y v 7S K 5 REIR S O FFAff &
TOBEITIE, BWRFZ L OFEIFET —Z IR SHARLE L EX 5N D,

REHT 7 — R Tl EPNOFERIZEEE X, ERL2 VT T 2 ACBT D HAR R A L A R
L, HHRBSEBTRELBZONINAE E L OERETNAT 5,



NTEN-2026-3001

Technical Overview of Clearance for Melting

- Case Studies of Germany, Sweden and the United States, and Issues for Future Consideration -
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and SAKAI Hirotaka
Division of Research for Radiation Protection and Radioactive Waste Management,
Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

In Japan, the clearance system is a regulatory framework under which materials and other items
generated at facilities operated by nuclear licensees and other entities, as stipulated in Article 61-2,
paragraph (1) of the Act on the Regulation of Nuclear Source Material, Nuclear Fuel Material and
Reactors (Act No. 166 of 1957), may be confirmed by the Nuclear Regulation Authority (NRA) to
contain radioactive material concentrations not exceeding the criteria established. This enables such
materials to be treated as eligible for disposal or reuse as ordinary industrial waste.

Concerning the radioactive waste recycling, a substantial number of achievements have
already been accumulated under the clearance system. Further, Fukui Prefecture is pursuing in
commercialization of a project for centralized processing of decommissioning waste from nuclear
power plants according to the Reinan E-Coast Plan (hereinafter, the “Centralized Clearance Project”).
Under this initiative, metals from nuclear power plants are melted in a dedicated facility, cast into
ingots, and then assessed for specific activity per unit mass. In this context, “clearance for melting”
refers to the clearance system application after these metal materials have undergone melting
treatment.

Based on the policy direction for the Centralized Clearance Project approved at the 57th
meeting of the NRA in fiscal year 2024 (held on January 29, 2025), the Technical Support Group of
the NRA Secretariat conducted investigations on overseas examples of clearance for melting,
businesses engaged in the melting treatment of metals contaminated with radioactive materials, and
the performance characteristics of metal melting furnaces.

Intentional dilution by mixing uncontaminated metals during melting is explicitly
prohibited by law in Sweden and Germany, where the clearance system is actively utilized, and input
materials fed into melting furnaces are managed according to waste acceptance criteria.

Radionuclides such as cobalt tend to remain in the metallic phase in melting treatment using
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high-frequency induction furnaces, which have been applied in the nuclear field, whereas
radionuclides, including cesium and strontium may transfer to the slag or off-gas systems. Following
the induction heating principle, radionuclides such as cobalt remaining in the molten metal, are
largely homogenized throughout the metal through electromagnetic stirring; however, the degree of
homogenization depends on melting conditions, melting furnace design, and operating conditions.
Therefore, it is necessary to provide explanations supported by empirical data when evaluating
radioactivity concentrations by sampling on the premise of radionuclide migration and
homogenization effects.

This technical note clarifies and summarizes crucial technical knowledge on clearance for
melting, including domestic and international case studies. Further, it discusses key considerations

that the regulatory authority should consider in clearance for melting.
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7.1. Paragraph 1.13 of GSR Part 3" states:
“Clearance may be granted by the regulatory body for specific situations, on the basis of the
criteria of paras [.10 and I.11 [of GSR Part 3], with account taken of the physical or chemical

19, Such clearance levels

form of the radioactive material, and its use or the means of its disposa
may be specified in terms of activity concentration per unit mass or activity concentration per
unit surface area.
“85 For example, specific clearance levels may be developed for metals, for rubble from
buildings and waste for disposal in landfill sites.”
Hence, the radiological basis for specific clearance is the same as for generic clearance (i.e. as
described in paras 1.10 and I.11 of GSR Part 3'"). Examples of specific clearance that have been

applied in individual States include scrap metal for recycling (melting), buildings for demolition

and waste for disposal in landfill sites.
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Figure 4.2 Overview of Transportation

(a) BWR Turbine Rotor Transported by Sea (b) Boiler Transported for Interim Storage
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Figure 4.3 Unloading of a PWR Steam Generator Transported by Sea
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Figure 4.4 Layout of the Metal Processing Facility

42 RUz—TVIBITIEMI VT T U RADFN
B 45 1Y A7 74 T7DERBAY T v T ONBET ot 2O % /RrT, A7 o8 X
BT MM R TRIZ, LTORT v 72 bhnd,
(1) HAFRTEE
Q) WD T K ORI
(3) VWERERTIEZE
(4) T
(5) WLHEMKIEE
(6) W
(7) FREBEFN DIEH)

16



B EREH O

aAavFqavaz=vy

S5 - =5

45 VA7 TATOEBAT T v THRET vt 2O
Figure 4.5 Schematic Diagram of Cyclife’s Metal Scrap Processing
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Figure 4.6 Incoming Inspection of a Large Heat Exchanger (Dose Rate Measurement)
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Figure 4.7 Cold Cutting and Hot Cutting Operations

(a) Cold Cutting Operation (b) Hot Cutting Operation
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Figure 4.8 Melting Operations

(a) Slag Removal Operation (b) Sample Casting Operation
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Figure 4.9 Residual Waste
(a) Slag Generated from Melting (b) Slag Generated from Cutting (¢) Dust Generated from
Blasting and Melting
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Figure 4.10 Photograph of Samples

(a) Sample Casting (b) Overview of the Sample(c) Gamma-ray Measurement of the Sample
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Figure 5.1

Overview of the CARLA Facility

(a) Aerial View of the Giesserei Site (b) Internal Structure of the CARLA Facility
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Figure 5.2 Material Flow for Metal Recycling at the CARLA Facility
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Figure 5.3 MOSAIK® Cask for Intermediate-Level Radioactive Waste (GNS Product)
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Figure 5.4 Receipt of Consigned Materials for Processing at CARLA

(a) Receipt of Containers (b) Storage Conditions
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Figure 5.5 Verification of Consigned Materials within the Controlled Area of CARLA
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Figure 5.6 450-Ton Press Cutter Used at the CARLA Facility
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Figure 5.7 Recirculating Blasting System Installed in the CARLA Facility
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Figure 5.8 Melting Furnace at CARLA
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Figure 5.9 Ingot Production Process

(a) Ingot Casting (b) Ingot Product
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Figure 5.10 Sampling before Ingot Casting

(a) Slag Pulverization Process (b) Sampling of Molten Metal
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Figure 5.11 Residual Waste
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# 5.1 CARLA TOHERMLILIC X 2 B T O BAT 2 8)
Table 5.1 Migration Behavior of Radionuclides during Melting Treatment at the CARLA

Facility
TCR BITEIS (%)
(BEHIEREDEBE) 143y k 259 | F 2~

aiEE T DIRIE
U (235, 238) 1 99
Pu (241) 1 99
Am (241) 1 99
Th (231, 234) 1 99
Pa (234m) 1 99

By ¥ig
Fe (55) 100 <1 -
Co (60) 88 11 1
Ni (63) 90 10 i
Sr (90) <1 97 2
Cs (134, 137) <1 60 40
Ag (110m) <1 32 68
Eu (152, 154) 4 95 1
Ce (144) 50 50 <1
Mn (54) 60 39 1
Zn (65) 36 12 52
C (14) - 5 95
Zr (95) 28 72 -
Ru (103, 106) 67 <1 33
Sh (125) 95 4 1
Nb (95, 96) 81 17 2
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