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Estimated E?stg Percenf ?f
Cost Category {($ millions){a.b) TotallC

Disposal of Radioactive Materials

Neutron-Activated Materials Z2.300

Contaminated Haterfg}s 4_.909

Radicactive Wastes 1.469
Total Disposal Costs B.6/8 24.9
Staff Labor 17.561 50.4
Emnerqgy 3.519 10.1
Special Tools and Equipment 2.016 5.8
Miscel laneous Supp11e? 1.859 5.3
Specialty Contractors(e) 0.356 1.0
Muclear Insurance 0.800 2.3
License Fees 0.051 0.1

Subtotal 34.840 100.0

Contingency (25%) 8.710
Total, Immediate Dismantlement Costs 43.550

Other Possible Costs

Spent Fuel Shipment 3.788(f)

Facility Demolition and Site Restoration 13.244
Deep Geologic Disposal of Highly Activa-

ted Materiats 0.848(9)

Fuel Channel Disposal 0.617(h)
Subtotal 18.497
Contingency (25%) 4.624
Total, Other Possible Costs 23.121

( H.D. Oak, G. M. Holter, W. E. Kennedy, NUREG/CR~0672 Technolojgy, Safety and Costs of Decommissioning a
Reference Boiling Water Reactor Power Station 1979)



Ver@ont Yankee Nuclear Power Station
% RITEIR I AT ¥4 (thousands of $2006)

Facilities Decontamination 10,039
Dismantle Removal 80,287
|"'Waste Packaging 11,981
J| Waste Transportation 13,075
Waste Disposal 70,476
L Off-site Waste Processing 33,761
Program Management 312,639
Corporate A&G 19,414,
ISFSI Related 127,934
Insurance and Regulatory Fees 24,906
Energy 5,933
Characterization and Surveys 11,138
Miscellaneous Equipment 6,564
License Termination 468,844
Spent Fuel Management 219,249
Site Restoration 40,053
Total 728,146

(TLG Services, Inc. ,Vermont Yankee Nuclear Power Station ,Decommissioning Cost Analysis for 'the
Vermont Yankee Nuclear Power Station, January 2007)
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(WASTE ~ CLASSIFICATION OF RADIOACTIVE)

=
| e
0o

h level waste (HLW):

N

71

-
£
B]
g
&

SA
3 LW
~108-109 ‘ .
Ba/g .
. ILW ‘
~400 Bq/g (alpha) ALY ‘
LLW
~100x
clearance
levels LW
Waste with naturally
Clearance occurring radionuclides
levels

o2
S ESSERE St
€%%m%ﬁ#é§$
.:::]- ’

ed

s‘:
%a
e
Nen @
e

PRl e TE P 5
= SETHTES e K
ﬁm%2ﬁ$*
o iy

\3 ’V‘.ﬂ —E%gp‘%it;ﬂ'
K s 33% 3 B % A
84 froff 3

"’FM-WB._.

<
Q)

-

5

> (e
- TE

— PR ke
X

—
o
H
<

-
te (LLW): % %?5;-%?;‘%
L E ehh & i s
it N
| ngd | » 7 F 3
%’gi’ /SI -

~‘-r-u\

%\-ﬂ%)'—‘ A‘éﬁ‘éq-'-l 1\v .
e ?«‘#A‘a%”‘ m‘*

» /2 2,

|, ==

\J
. ! ¢
o

evel waste (VLLW): &k &

) =

= o W
.—K\\S
&
W A=Y=

O

p.*a‘%m»
for o

W"

@

-
@D

L<

o

'#'H?i?m%‘ F (EW) » 122
mlf]i* s 'ﬂ»"“gg
14 ‘Qr?vsj.’w% ¢ dou

ed waste (VS

o 1‘

h

wm °-“M

N

rt LW): 42
e Bt > W 1Y é_-E:i
"\’ KT 1o

ol Ff

-l‘ £
A2
—

3 awﬁ
R‘i‘ﬁ“ﬂ“ﬁ.—

izl % i

EW '
~100 days ~3() years

Half-life

O

@

1V
ol
F;P\&&f«‘@il B
(E
B

)%’éﬁf? B .

(Ref. IAEA General Safety Guide No.1
CLASSIFICATION OF RADIOACTIVE WASTE )

F
% =
;1'93

4

EHT

5>
1

#
EFEHRR  BRE

N

14

B
i




Exempt waste (EW)# 4 ¥ 418 4 & F

PRARCR RS R A R S A IR
(clearance) & % 3 3cbf |3 B dm B 3 B o

FFTET B L ¢ )t ¥ (clearance and release) 4 3
Sy CFERRE (Pl ) 5o R ol
T3 w e 11]‘& 0

e ERRESFF - BAFEE N JRL T R H
i ® L Uit o 3 MATARM T muau ik 0 FEL
F_ikyp -+ o 8% (JAEA RS-G-1.7> Application of the Concepts of

Exclusion, Exemption and Clearance ) ¥= (IAEA SRS No. 44 DERIVATION
OF ACTIVITY CONCENTRATION VALUES FOR EXCLUSION, EXEMPTION AND

CLEARANCE ) (%% ~ Bdfoif iF) e BT R + 7 HRAR
» 3R THRAFHAMRERFARFE R SRZRLY
& TAFA stk o

( Waste Management & Decommissioning Working Group ,World Nuclear Association(WNA)
, Methodology to Manage Material and Waste from Nuclear Decommissioning February 2019



% £ 4’7}1 et iz (exclusion )fegs & % #](exemption)
/‘i‘ i i? )/% BE (Bq/g
Radionuchde Concentration Radionuchde Concentration
H-3 1040 Sc-48 1
Be-7 10 V-4 8 1
C-14 1 Cr-51 1O
F-18 10 Mn-51 10
MNa-22 0.1 Mn-52 1
MNa-24 1 Mn-3>2m 10
S1-31 1 (0 Mn-53 100
P-32 1 (WD Mn-54 0.1
P-33 1 (D Mn-56 10
5-35 1M Fe-52 10
Cl-36 1 Fe-55 1 OO0
Cl-3 10 Fe-59 1
K-42 1M Co-55 10
K-43 10 Co-56 0.1
Ca-45 1040 Co-57 1
Ca-47 10 Co-58 1
Sc-46 0.1 Co-585m 10 OO
Sc-47 1040 Co-60 0.1
a: Indicates a half-life of less than 1 d. it ARPEFARE

(IAEA SAFETY REPORTS SERIES No. 44 , DERIVATION OF ACTIVITY CONCENTRATION VALUES FOR EXCLUSION,
EXEMPTION AND CLEARANCE ,2005)




2.0 P K %‘ #&ﬁ‘-f‘?" € (WENRA ) (#2424 IAEA documents (requirements,

guidance)
FRPEE R E (WENRA) £- BREFRE - ¢ &7 BT RITENR T
PEEBHENE F AR BT o
WENRA ¢hi & PRI 2F 2 287 3 > REB B AT 2ehin 4
EEMMLIEPL 2EFBHREINERIHB LA X 2P L 0 3
TRAFEER A WENRA P A28 B ite——F REHALITE
RING) f8 3 ¥ 2o 3 fee (VD) - gxg
WGWD %k 6% RAEehl (T2 S foi st R P A2 P B P +hE 1935
RHWG ### 4~ 1AEA documents (requirements, guidance, etc.
Pk 0 B EERBRES 253 KT (SRL) -

18 = B A

LN UE A SIS LS RN AU EVE VR S U
TR R RBBAL CHASLER PRI RE S FILT

BENBLNERFrER

2 ApBE = B
de £+ frsk BRren
12 B2 E R
TERT~BP o WRM - B TR -2 ¢ -EEF~~P & -
RHEF S RF - ERERLER

( Report of the Working Group on Waste and Decommissioning (WGWD) April 2018
Report Radioactive Waste Treatment and Conditioning Safety Reference Levels)




(b)) MEAPKSFEBRRF FREF{ER

Poliiical decision making.

Developement of safety standards

WENRA & % p & * $5 5% 018
& B B RnE § B omss

B, F21aRLIFE

Supports Euratom (F BER31 ive (RHWG)
Developement of guidelines. FRAF R RL ﬁ(—“;,%w])))

EURATOM & ® B r4 ¢ enjfp

4 b ,3E$\’f££?§tﬂ:£§€§»f+
Institution of the EU. JER LS
Gives recommendations. ENSREG ® P X R €3 &
x> 4 BriFe (BF 2
| EMHERRFIEREE

Members of FEPRARCRE £ iF)
Implementation in national law. BFE B2tk 4 ¥ 2% 2
the EU | r s

( Dr. J. Shang , Waste management during decommissioning of nuclear facilities in Germany, Seminar on
regulations and technology of waste management and disposal in Germany ,3 28 2018 Taipei , &it € )



3. 3 ® (US) 10 CFR §61.55 Waste classification

bk RSERRAF TG T 2 1 ol

Table 1

Wi o A R R R dpAeT 2 5N
(ID¥c%x kR 724784 1 P &iEen 0.1 & >
PiaRfHF5 A -
(ii) w*x kR REL1Y hE(0.1 & >
BRAFF L C -
(QiD)¥c s ERKEEL] ) - 873 &2
BRAPFF ERAI® T8 £ BB AR o

000000000000000000000000000000000000000000000000000

Wk PR EAFFI T L ] S

Radionuclide Concentration

curies per cubic meter
C-14 8

C-14 -94 in activated metal 0.2
Tc-99in activated metal 80
Ni-59 in activated metal 220
Nb 3
1-129 0.08

Alpha emitting transuranic nuclides with half-life

greater than 5 years 100
Pu-241 3,500
Cm-242 20,000
(Units are nanocuries per gram.)

I E SR oF i

(D% kR *£ES 1 5(Col) ¢ #hig >
BRAFF S A Ko
(i1) % kA KE % 1 5/ (Col) » =2 A
EF 27 RAFPF S B o

(iii) % EARRES 2 5> €7 LiF
¥ 37 g AP E C oo

(iv) &% kR AZE %35 BAF R &

FRBEEESABNEL 08
BRAPF AP 54208 (GTCC) |

Table 2

Concentration,
curies per cubic meter
Col. 1 Col. 2 Col. 3
Total of all nuclides with less than 5 year

Radionuclide

half-life 700 (1) (1)
H-3 40 (1) (1)
Co-60 700 (1) (1)
Ni-63 3.5 70 700
Ni-63 in 35 700 7000
activated metal

Sr-90 0.04 150 7000
Cs-137 1 44 4600

A LILPRFHRRBEN) RE

(1) There are no limits established for
these radionuclides in Class B or C wastes.
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P 5_/73.) B 5_/73.)
H-3 1.E+9 1.E+2 1.E+6 Co-58m« 1.E+7« 1.E+4- 1. E+4.-
Be-7 1.E+7 1.E+1 1.E+3
b ™ ™ ™ Co-60- 1.E+5- 1.E-1- 1. E+1-
c-14a 1.E+7 1.E+0 1.E+4a
E.18 1. E+6 1. E+1 1. E+1 Co-601m«~ 1. E+6- 1. E+3« 1. E+3~
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1. 4 B Konrad AiB 3% chid st B 3) 4 35 c i 8

¥: © Bi® AKonrad repository(B 48 Ak ) ehit s i 3 4 (LILW )% F £i& 3§ § oh
AE o PRI ERPEE 7 (BGE) & Firdl o UHRBREERNFELEEF (WAC) -
EpwERE WAC ¥ > e TvE& R (Brennecke > 2014 ):
L2k gwajykagf e Xk e AL F ) -
2. a ~ B fEsMmeani g 5% UE (100 bg/cm2) o
. Rfe Ep b A R4 2 7R (1.2 bars) -
4. LILW » %6 % (APG) : (APGl) B il » (APG2) A ~ (APG3) £ & -~ (APG4) R H. -
(APG5) "3 %A+ ~ (APGE) k¥g+ -
TRLFAMKT (RFR) ZHBERAP %

»

—

V- S EREANE NP LD & £k 3

LRGIOF BB A REE o

PRZLEPEIRBAS

Ao g g AR (b4 2330~ 2350 ~ 239Pu ¥ ) @43 0.1 23 5k
BRPP P nid ] 4050 2 % ered] o

10, BRPEAEXERRE O B kB E-REART 800°C FFiRlzé > BBRAF % B FE

=
11. RFBEFREIcFE FERESOT 2047 1 30 14C & 1291 £ 308 472 B a3 £ 1334
UPEBR Y R R Rk b 4) BB AR TRERF RS 1%
UG AR REFRELEEF AR 20 EB
12. F2EEHET BIrR BHE (Sl4drBerylliumS gigg= = fy) o3 € (FFE) > e
TR Rk ET o

13, 2AEE BRAF FARIRE B9 3.

(VTT Technical Research Centre of Finland Ltd ,
Acceptance Criteria and requirements for the Konrad repository 2018)
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2. ¥ P # Envirocare M cstid g F Al Heric b B e 3 X P
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Plant Greifswald site
18,00,000 Mg

Category |
Ca. 1.235.000 Mg

Remaining building
| structures

Ca. 471.000 Mg

Ca. 471.000 Mg

As radioactive waste

Ca. 28.000 Mg

D

Category Il and Ill
Ca. 565.000 Mg

Plant parts and
concrete
Ca. 94.000 Mg

Ca. 4.000 Mg
E

16000/565000 =3 %

( Energiewerke Nord GmbH (EWN) June 2011 ,

Ca.16.000 Mg
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Total mass
PWR
330,900 Mg
|
| |
Mass control
area
128,000 Mg 202,900 Mg
J— 16,600 168,300

[_ 120,500

7,500 _I

Plant components
Mass mass to be
buildings dismantled
120,500 Mg 7,500 Mg 16,600 Mg 186,300 Mg

119,200 J— 1,300 6,525 975

-

—l [ N 3,300 13,300 |

d'smantled I'Esidl.lals fl'0m fI'DI'I'I dismal'lﬂil'lg rE'Sid uals fan‘I on non_dismanﬂed
buildings dismantling 975 Mg dismantling buildings
119,200 Mg 11,125 Mg I 13,300 Mg 186,300 Mg
875
Secondary
Additional 300 9,275 1,550 waste
masses ,
425 i 200 Mg
500 Mg Nuclear Clearance acc. DideOS;I_ as — I
= ragaliocactive
material cycle to §29 StrSchV e
300 Mg 9,700 Mg 2,800 Mg
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Waste Class Waste Volume Mass
(cubic feet) (pounds)

Low-Level Radioactive Waste

(near-surface disposal) A 664,829 43,733,487
B 1,002 88,330
C 505 71,287

Greater than Class C

(geologic repository) GTCC 357 65,690

Total 1 666,693 43,958,794

> 199 49 CFR §173-178 chidk » + 5 BB F il &
BASA) 24254451 (SCO) 4L L E RS

* e ERR
> KSR EHRB S NERREITALIFA R B AF B ERD J 5 Hn
RILE G (5 % & B4 BRIL) o TR FE L 304 AR S AR
TG SRR 0 2t ARENTS B R AR E DB AR

> 2 Bk AR $oRakiE ) Envirocar Utah Aok 3 o

(Vermont Yankee Post Shutdown Decommissioning Activities , Prepared by TLG Services 12/2/2014)
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Waste Type Estimate for Selected European Maine Yankee - US Rancho Seco - US
(U.S. Classification) Plants (m’) (860 MWe-PWR) (m’) (913 MWe-PWR) (m’)
Very Low Level and

2,911 90,650 17,244
Low Level (Class A)_ <gt.;l_ P ,:\>
Intermediate Level
(Class B and C) 2459 0 P
Greater Than
Intermediate Level 109 Not Available 11
(GTCC)
Total 5479 106,610 17,348
%‘K*’Gilﬁ"fﬁ R o § ERPFfRE BRFLF
%7 R g £ ARE KEH 203

KA 7H 3 SRRACERAL A I KPR F LRER D A 4 -

(Richard McGrath , Richard Reid ,WASTE MANAGEMENT FOR DECOMMISSIONING OF NUCLEAR
POWER PLANTS: AN EPRI DECOMMISSIONING PROGRAM REPORT, April 8-10,2014)
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ot | e RineL 4 H % 1 .gﬂ]:-;é % LIS TR gLE % 7% £ (Bq/100 cr’)

(B i B ) (mSv/h) (mSv/ h) (mSv/h) u B
I | ALOL00 |—3tAkiustics 1725 0.00009 ~  0.018 0.0022 0.00009 <MDA(0.292) <MDA(0.311)~ 7.6
2| ALO200 |-k MEE 39.83 0.0001 0.0055 | 0.00077 0.00007 MDA(0.292) | <MDA(0.311)~2.18
30| ALO300 |—SEmA MBS 7383 000012 ~  0.013 0.0012 0.00012 MDA(0.292) <MDA(0.311) ~ 0.5
4 | Al0400 (’;f;*im"w‘ TORUSO85 1 0 oo1g -~ 0165 0.17 0.00009 MDA(0.292) <MDA(0.311) ~ 619
5| AL0S00 |- R JE % EUE 39.83 0.0006 0.1 0.013 0.004 MDA(0.292) MDA(0311) ~91.8
6 | AL0G00 |—3MA JE % B A\ 67.33 | 0.0016 22 0.066 0.004 MDA(0.292) MDA(0.311) ~ 76.2
7| ALOT00 |- AR EE R \95.00' 0.00 117 0.045 0.12 MDA(0.292) MDA(0.311) ~ 42.6
8 | AL0S00 |-k % k] 1000 0.0004 1.2 w.m 0.004 MDA(0.292) MDA(0.311)~22.2
9 | Al0900 |~gma g EE| & f%é“é’& % 0.06 0] 1 fg 4 ﬁ fT¥5H] <MDA(0.311) ~ 109
10 | AL1000 |—##kA B -0.83 0.0002 0.56 | AZHEX 3”:’]%-2?‘ 703 | <MDA(0.311)~915
11 | ALLIO0 |-k 1733 0.00057 ~ 30 0 0% & % (mSv ) <MDA(0.311) ~ 63.9
12 | ALL200 |—3Mmiiis 39.83 000046 ~ 04 0.075 0.006 <MDA(0.292) | <MDA(0311)~927
13 | ALI300 |—8mmsES 5683 0.0004 14 0.34 0.006 <MDA(0.219) | <MDA(0.320)~427
14 | ALI400 |—3esAEHtEE 78.83 0.0003 12 0.20 0.006 <MDA(0.292) | <MDA(03M)~57.1
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2. TR EARAFEEREMITE EBAWPIE{I* chl g AR 2
R R R R Additional information
(Ba/g)
0.10 Germany Specific activity limit regardless of type of emission
Applied to scrap metal originating from nuclear installations
1. 00 - BB RREY RN AT LR
0.10-2.00 Specific activity limit for beta—gamma emitters
0.10 Slovakia Specific activity limit for beta—gamma emitters
0.10 Sweden Specific activity limit regardless of type of emission
Over and above the natural activity that occurs in
similar materials outside the nuclear installation (primarily
used for limiting the activity in materials that, having been
melted down, can be reused in new products)
Applied to radioactive substances originating from
application in nuclear energy production
5.00 Specific activity limit for beta—gamma emitters (artificial
activity)
0.40 UK Specific activity limit regardless of type of emission
Total activity for solids, other than closed sources, that are
substantially insoluble in water
1.00 Belgium Specific activity limit for beta—gamma emitters
1.00 Italy Specific activity limit for beta—gamma emitters

RARZL

USA

X TR P R R R

YA

(© OECD 2017 NEA No. 7310 ,Recycling and Reuse of Materials Arising from the Decommissioning of Nuclear Facilities )




ETRERETLEEEAMTH EBR YL H* DR* hB-cf ERILE
RE
2334 E KR Additional information
(Bg/cm?2)
0.37 Germany Averaged over 100 cm2 for fixed and removable
contamination and for each single item
Applied to scrap metal originating from nuclear installations
0.50 Applied to scrap metal and concrete originating from
nuclear installations
0.37 Slovakia Case by case decision on materials from decommissioning,
100% direct surface measurements
0.40 Finland Removable surface contamination over 0.1 m2 for
accessible surfaces Applied to radioactive substances
originating from application in nuclear energy production
0.40 Belgium Mean value for removable surface contamination over
300 cm2, for beta—gamma emitters and alpha emitters with
% low radiotoxicity
0.83 USA TRMP 23332 REF 1 T3 ok TR0 H7FAE
100 T2k > PIF B+ E&+xF5% % 2.5 Bg/cm
1.00 Italy Case by case decision for a limited amount of material from
decommissioning
1.00 Canada Averaged over 100 cm2 for total contamination, 100% survey
of all surfaces
3.70 France Materials from decommissioning, 100% direct surface
measurements
4.00 Sweden Mean value for removable surface contamination over 100 m2,

with a maximum of 40 Bg/cm2 if the contaminated area does
not exceed 10 cm2
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3. PRRAEARIF(FH & B)ATREHL H R E%REL (D)

RERAF (7 h&B)% R EAEE TR

PR P AT F LB R fos Rt f*';{&xﬁ; wA 4 e
BRR P e P F R A T FlREE

1. B2 PR RAFHNE 7 0 F &8 ETE ) FragRA &
BXERE

2. HTRTELINARIS R - M FRET B AFE > BR 5

FHB AP (Flafel 17 v & & EX308) o

3. $HE B it E HAE A BT SR » TSR R F
R 1 R o

4. F e RS R R T A o

(World Nuclear Association 2019, Methodology to Manage Material and Waste from Nuclear Decommissioning )
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FERBRAF TR ER)G AR L RIS

Area Technology Remarks

Mono-material sorting Sorting criteria:
Steel types
Combustible, non-combustible
Activated, non-activated
Post-segmentation Targets of post-segmentation:
Removal of hazardous materials
Separation of plastic from metals
Disassembly of control cabinets, valve , etc.
Segmentation / Mechanical processes Sawing
Decontamination Milling
Grinding
Mechanical cutting
High-pressure water cutting
Abrasive blasting

Thermal processes Autogenous cutting
_ Plasma cutting _ _
Chemical Processes Electrochemical decontamination

Ultrasonic polishing (normally in combination
with electrochemical decontamination)
Volume Reduction
Compaction In-drum compaction (100-500 kN)
Low pressure compaction (500-5000 kN)
High force compaction (> 5000 kN) typically 20,000 kN
Metal melting Stationary systems
Conditioning
Solidification Embedding in cement matrix
Embedding Iin epoxy resin matrix
Grouting of bulk material
Packaging For interim storage (drums, boxes)
Waste package for final disposal (steel container,
concrete container, high integrity container, etc.)
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What are BAABRF LR & 5 hoA1203 ~ Ca0

they? Si02 - #EHis » B AIXFAWESHH -
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e oo
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depend on?

Joanna M. Buckentin , Brian K. Darnkroger , M. Eric Schlienger ,
Radioactive Scrap Metal Decontamination Technology Assessment Report, April 1996 58
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CARLA Plant, Siempelkamp , Germany

STUDSVIK Melting Facility, Sweden

Waste Volume Reduction Facility(WVRF), Japan
Energy Solutions Melting Facility, USA

INFANTE Plant, Marcoule , France

Science Ecology Group (SEG) Plant, Oak Ridge, USA
Capenhurst Melting Facility, United Kingdom
Manufacturing Science Corporation (MSC), USA

TIRERAOLLI2EHIREP TE > ¢ AR Fp s ok RAR
i X o
¥, % i B AR LT #Y 30E 2 R P ACs-1378 7 BiafoRE ¢
W TR AR R GIEESG - 6 AR e (B 5 g
AR b1 EH =¥ 00600 i dehX KRR $5.3# o H i
flapnp it 2L 3T L | FP ’&?ﬁiﬁﬁw’%ﬁ%&ﬁ%ﬁﬁ

BRFULEFISARLAE o
Wi F P TR R AT BoAR 5 SRR P IR -

(S. Coors/R. Pau ,ISlempelkamp ,NIS Ingenieurgesellschaft mbH , NPP , Krsko Decommissiongf%g
Proaram O5 06 2019 )




J

#H i (Technical Data):

-- Melting unit—3.2 to MF induction-funace

-- Equipment with a 3-step filter unitin 2 line

-- Mechanical and thermal cutting facilities
available

-- Pre-decontamination by blasting
-- Melting and pouring to 1 ton metal block or to
granules
-- Storage of metal blocks for decay
-- Release of metal for recycling or waste for
disposal

Charging the funance

!'..llll'
—

Pouring liquid iron to granules

B S

B HUE

(Acceptance Limities):
--Specific total activity
<1,000Bg/g
--For the nuclides H-3, C-14,
Fe—55, Ni-63,< 10,000Bq/g
in total

60




Studsvik $+ 7 FHEES RERTPET ERELS.

Material
Category

Weight,
tonne

Measured nuclide content, % of total activity

CS and SS** 27 749 Co-60 Mn-54 Sb-125 Zn-65 Ag-110m Ru-106 Uranium Other Others

Aluminium*

772

alpha

96% 1.1% 0.7% 05% 0.3% 0.3% 0.2% 0.1% 0.4%

Co-60 Zn-65 Uranium Mn-54 Cs-137 Cr-51 Na-22 Sb-125 Others
62% 11% 6.4% 56% 46% 42% 1.4% 1.1% 2.8%

Sr-90 Ag-110m Cs-137 Co-60 Ag-108m Am-241 Pu-239 Sb-125
Others

52% 17/% 5.8% 5.5% 5.0% 39%% 1.3% 6.3%

Samples from all ingots are measured with gamma spectrometry, and
most of the ingots (by alpha spectrometry. depending on the origin) are

also analyzed

61




ERIRRIEANFTAE BRI FRFEL T RAERT
(H >:Bqg/g )

Country 3H 14C 63Ni 60Co 137Cs 90Sr 235U 241Am 239Pu
Belgium 100 0.1 1 1 1 0.1 0.1
Finland 10 10 10 1 1 1 0.1 0.1 0.1
Germany 1000 80 300 0.1 0.5 1 0.5 0.05 0.1
Japan 100 1 100 0.1 0.1 1 — 10 0.1
Netherlands 106 104 105 1 10 100 10 1 1
Spain 100 10 100 0.1 1 1 1 0.1 0.1
Sweden ( 0.5 Bqg/g for beta/gamma emitters) 0.1 Bg/g for a-emitters)
For ingots:1000 100 10 000 1 1 10 1 1 1
UK 04 04 0.4 0.4 0.4 0.4 04 04 0.4.
USA (XA R4)
= 100 1 100 0.1 0.1 1 1 0.1 0.1

L PR ER2EERIPERER( L Ba/g EEREES
A5 R F Cs-13TH 48
0. & & BAE- 2L BRAFVERTE(E R/L)
| AEA PROCEEDGS SERIES, CONTROL AND MANAGEMENT OF RADIOACTIVE
MATERIAL INADVERTENTLY INCORPORATED INTO SCRAP METAL, FEB. 2009

62
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AT REF.: NPP Caorso, Italy
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MECHANICAL DECONTAMINATION
UNITS—Dby brushing and

grinding until their contamination is

below the limits for free release

PHADEC™ process (Phosphoric Acid
Decontamination) has been especially
for the decontamination of steel scrap.
Scrap treated will be free released and
conventionally recycled .

The sorting stations can be equipped

with the shredding of material as well as

the in-drum compaction.

Super-Compactors have a capacity up

to 20,000 kN for the volume reduction of
solid waste

PHADEC TREATMENT MAIN RESULTS

MERRBR)GERIZE  RIERFLAP 0 &
B Y 2 20 3 60 A4 (Bt RgReh
i) ZrEdiFRRE o BEL AR
EARR > P RALF

53 %R A
NPP Gundremmingen , Germany
NPP Grafenrheinfeld, Germany
NPP Beznau, Switzerland
Ignalina, Lithuania
NPP Caorso, Italy




EL

FRAUAEE T ALK IR TRGRFY PR 5

Pk /BT Q7 /5-RaFiR/-PABFETENILE w

&S /L8TF 27 /Pl ¥ER /4t Ry;E L Bl

%myﬁ;ﬁ%*&ﬁ/#ﬁ@%%@&J%&#ﬁ%ﬁ.gﬁ 2

NRH R 105.11 .05 ~ 11 .18 ¥
b B

# ~ 4§ SOGIN(Societa Gestione Impianti Nucleari, SOGIN) = & 2
L ¢ 2 & 2 (Radwaste Management School, RMS) & < "3 8 > p\ ®
REBEHE - HEFEAE 7% %J"Ei'#ﬁ*f “BRAF R EE °
AFLFFp " ?}1‘&%‘] g?f’iﬁ’i‘iw “3I9% PF R "“’ﬁ"ﬁ'ﬁ;-’» ‘?f}'l’,*’”ﬁ3
X % #’s‘? i aorsow 2. 1T ¥ M3 7 3 SOGINS 2 B & + 9] 41999

# A2 *ﬁ%ﬂﬁﬁ#ﬁ#%w P R REORE 2

PREVH © TR AL R §RMEPEERES
PLBAE R AREHE(RERAE) B AdEL
AR R &

DREFI05F1125p 2112 18P

¥ B e

&ﬁ#%#%ﬂ“ﬁ%ﬁ

Radioactive waste management : Treatment/cond1t1on1ng process of the radioactive waste
The Waste Management Facility : Design, optimization, equipment, operation

Waste minimization techniques 4. Storage and Disposal of RW

Waste Acceptance Criteria for the disposal of radioactive waste

NPP radiological characterization 7. Waste Characterization -
Characterization of material for clearance: Final site survey for site release
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The decontamination facility establishment for metal scraps at INER

-

mechanical blasting

chemical/electrochemical 0%9%7 m

24*5.5*6 m
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Clearly marked backli; / =

emergency exit 3 —R —- 1
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WTI

Helmet or hood air-line fed
respirator with an inner bib

Hi-visibility shoulder cape,
jacket or protective suit

S §
\ Interlocking doors

Blasting chambers

This Code of Practice on how to
manage the risks associated with
abrasive blasting is an approved code
of practice under section 274 of the
Work Health and Safety (WHS) Act.

Decontamination {EEHE


https://www.safeworkaustralia.gov.au/doc/model-work-health-and-safety-act
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OR51 4k %5
e Scabbling ¢ Shaving e Milling e Cutting/sawing
¢ Grinding e Sand blasting / (Wet abrasives)

OR52 205455
e Jackhammer e Drill/spalling e Explosives

[0 Some “Innovative” techniques

------
------

Milling cutter
scabblers floor shaver Allows single pass for

thick (several cm) layer
removal

grinding
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