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Abstract

This goal of this project is to support the Administration of
Government to establish the review technology of neutron activation
analysis on reactor and bioshield and piping before reviewing the
decommissioning plan, in order to facilitate the development of future
nuclear power plants. As part of the project, the review team will widely
collect neutron activation analysis on bioshield and piping and review cases
related to nuclear power plants at home and abroad. Ultimately, the project
investigator and his team will list the top priorities and key issues for the
decommissioning and further propose administration recommendations
from the review results to assist the Council in auditing the
decommissioned plans. The project will promote the successful completion

of the decommissioning plan within the scheduled time.
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Neutron targets
Group 1
Values

I 7 4705 - 2.89E07
I 1 93E04 - 7 47E05
[ 5.00E02 - 1.93E04
. 1.29E01 - 5.00E02
3.34E-01 - 1.29E01
8.65E-03 - 3.34E-01
[ 2.24E-04 - 865E-03
I 5.79E-06 - 2.24E-04
I 1 50E-07 - 5.79E-06
I :.57E-09 - 1.50E-07
I 1 00E-10 - 3.57E-09
I 2.59E-12 - 1.00E-10
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Neutron targets
Group 1
Values

I 7 47E05 - 2.89E07
I 19304 - 7.47E05
[ 5.00E02 - 1.93E04

[ 129601 - 5.00E02
3.34E-01 - 1.29E01
8.65E-03 - 3.34E-01

| 224604 - BB5E-03

I 5.79E-06 - 2.24E-04

I 1 50E-07 - 5.79E-06

I ::57E-09 - 1.50E-07

I 1 00E-10 - 3.87E-09

I 2.59E-12 - 1.00E-10
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Main element Ordinary type 04 concrete composition
[g/cc] [wi/o]
H 0.013 0.55
@) 1171 49.83
Si 0.742 31.57
Ca 0.194 8.26
Na 0.040 1.70
Mg 0.006 0.26
Al 0.107 4.55
S 0.003 0.13
0.045 1.91
Fe 0.029 1.23
2 23WHG O A SR ENRRIME~FE LT EL
Trace element Quantity
Average 1o [ppm]
Li 20
Cl 45+ 18
Co 9.8+10.3
Ni 38+ 25
Nb 43+3.0
Ba 950 + 1950
Sm 20+1.3
Eu 0.55+0.38

12




% 24 WO P 4 b B aR

RIS SRR 3.3 ]

Main Element Trace Element
Target | Reaction |Activation| Target | Reaction |Activation
elements type products | elements type products
H-2 (n,y) H-3 L-6 (n,0) H-3
Al-27 (n,2n) Al-26 CI-35 (nyy) Cl-36
K-39 (n,p) Ar-39 Co-59 (n,y) Co-60
K-39 (n,0) Cl-36 Ni-58 (nyy) Ni-59
Ca-40 (n,y) Ca-41 Ni-62 (n,y) Ni-63
Fe-54 (n,y) Fe-55 Nb-93 (n,y) Nb-94
Fe-54 (n,p) Mn-54 Ba-132 (n,y) Ba-133
Fe-54 (n,d) Mn-53 Ba-137 (n,p) Cs-137
Sm-150 (n,y) Sm-151
Eu-151 (n,y) Eu-152
Eu-153 (n,y) Eu-154

13



%25 BB GIY 2 p BRI £ R RS ER R
Activation |Specific activity |Calculated activity concentration [Bg/g] after shutdown
product  [for exemption
[Bq/g] 0yr 5yr 10 yr 50 yr 60 yr 100 yr | 150 yr | 160 yr
H-3 1.00E+06 352E+05 [2.66E+05 [2.1E+05  [2.12E+04
Cl-36 1.00E+04 7.79E+00 [7.79E+00  [7.79E+00  [7.79E+00
Mn-54 1.00E+01 3.40E+02 [5.92E+00 [1.03E-01  [8.72E-16
Fe-55 1.00E+04 5.45E+04 [1.53E+04  |4.30E+03  |1.67E-01
Co-60 1.00E+01 1.33E+04 [6.88E+03  [3.56E+03  [1.86E+01 |4.99E+00
Ni-63 1.00E+05 152E+02 [|1.47E+02  [1.42E+02  [1.08E+02
Ba-133 1.00E+02 1.53E+02 [1.10E+02  [7.90E+01  [5.65E+00
Sm-151 1.00E+04 6.17E+01 [5.94E+01  [5.71E+01  [4.20E+01
Eu-152 1.00E+01 D 50E+04 [1.93E+04  [1.50E+04  [1.93E+03 [1.16E+03 1.49E+02 | 1.15E+01 | 6.91E+00
Eu-154 1.00E+01 1.45E+03 [0.67E+02  [6.46E+02  [2.56E+01 [1.14E+01 4.54E-01
226 EFVY AP REERARI ELF AP RBREET
Activation Quantity for |  calculated activity concentration [Bq/g] after shutdown
product exemption
[Bal 0yr 5yr 10 yr 50 yr 60 yr
H-3 1.00E+09 1.62E+09 [1.22E+09 |9.22E+08 |9.73E+07
Cl-36 1.00E+06 8.05E+04 |8.05E+04 |[8.05E+04 |[8.05E+04
Mn-54 1.00E+06 9.64E+08 [1.68E+07 [2.92E+05 2.47E-09
Fe-55 1.00E+06 1.54E+11 (4.34E+10 |1.22E+10 |4.73E+05 |3.74E+04
Co-60 1.00E+05 2.98E+07 [1.55E+07 |8.02E+06 |4.18E+04 |1.12E+04
Ni-63 1.00E+08 1.33E+06 |1.28E+06 |1.24E+06 |9.41E+05
Ba-133 1.00E+06 3.33E+07 [2.40E+07 |1.72E+07 |1.23E+06 6.37E+05
Sm-151 1.00E+08 2.83E+04 |2.73E+04 |2.62E+04 |[1.93E+04
Eu-152 1.00E+06 3.16E+06 |2.44E+06 |1.89E+06 |2.44E+05 |1.46E+05
Eu-154 1.00E+06 1.83E+05 |1.22E+05 |8.16E+04 |3.24E+03

14




Hoftde blA A8 % PR T R PR A F A g
BFEE R 10 #E > 1 & PfE A Fe-55 # ¥ d 148 Co-60 ~ Ba-133 ~ Eu-152

1E EU-154 33 o RS ARIE kg 0 AR BERL 10 #EEREd X R
5 & P8 Co-60 ik — R 4 i i+ e & B E B 50 £ 318 0 -7 4] 1/500

AR S -

A

A - FERBAAPFF RBav B G £ E Y FEEOE 5 F) o 4o
P AW RFERRZE ERREZ SR L RTERE AT RLIET -
o % & o [RREATY VA T s I TR iR i,%nﬁ%uﬁ
5 AL s B P S RR P RF E 2 By e

Maine Yankee ??“%K,fﬁi@ﬁg»_:‘ s FIE TR REBA AR L MT FARE T
e H BRI~ D F o s R R P R PRI 0 K
Fe K o do% - BT R g R ET R 3 i

SAroki Bk BB R o &G

78 (400650 gpm )- o -k & 7§ #% & ¢k 4c 600 gpm %

A
/2

7; )
f&?%'

o

X

(S

IH
- W
%’;3

T

}Wéﬁxyiiﬁﬁ\Wéﬁh~%ﬁ#ﬁ&’MA@{ﬁﬂéﬁﬁ%o

TEERS 77 BT FE S - P 35304 RCSak i 240 3>
R RS R RS etk R ERE S 5 Z RS AT
fr%éﬁ%“f KA o PiFEfAF R 1998 &£ 2 7 10 P Bdp B30 7T PR &
ﬁa%ia%ﬁﬁ,mawnﬁ%&%ﬁ%iﬁﬁﬁﬁﬁo

FLPEEF 11=x/%k 5190 B - 5% 218K+ 5 13tk 7 182
[N =AM A= S A

L]
|

02 £ 2 i § e dtHEiE B kA5 % (98%45-60)
+ 673 ey i3 & Ak A5k (4 278 B ~ 44 262 B fris 133 B)

—\

« 904 =% ehd 5 %5 (DF) 4 31 % <3t 100mR/Mh 2 5 713 5 89

15



-%ﬁéi5%:&f*qmﬁ+%#ﬁ”%$#’mfﬁ bueftg A 2 3R

90 2 ER oo

- 25 {30 e 3 EM AR EaTE0F 5 2 EE - & F > Maine
YM@eﬂﬁ%&?¢%ﬁ&éﬁéﬁ%ﬁmiﬁﬂﬁﬁig’wmﬁﬁﬂﬁé
%@ﬁum%,g%w$%h@$¢ (e R4 B 2R RE - AN 3
%ﬂ@’ﬁ%ﬁﬁ» FHiE- BLA B A A Maine Yankee (hmH o s 0 #
- BELFFEAFAROFEALEE (RAF R A RTELALEE &
ERFph? FEL AR EEE2E ) B2 771 %% 130,000 = 357 £
frdp#E > 7800 Bk A BT A 1T o EFEF SR o 45

CARIF R EPRA R A WF BRI FIFREDBRE TR
@
CEPEAE PSR R B P FRF L BRERLETRY - BB H

IR RN RSB S S TG AR F e % Bailey Point s £ 10 L 2 & 2
FoiE 6 F (= Bs) e
'ﬁ%ﬁﬁﬁﬁ%ﬁiﬁﬁ’ﬁ%ﬁJ CEpfeliEm g AP ER

AF O RITLEZFRARPZANETET BRI FNLH AN

22 =~ /‘5-}4‘5 ‘ELI_

FRERFFF RBaOE > MY FE ’g BN G b s g £gd B
B2 et $paE it AgF A HAS (FP) avpfaa 2 1 L g
BT s > BT B PSS [ (P S

P F e BRI PRfiaE i F R 2 A E o LT
S EUNERS SUEC L A S S S R I I R

ﬁr%mﬁ“’ﬂﬂ”*ﬁm@a‘¥ﬁﬁ’ﬁﬂﬂiéi’ﬁﬁ

o

16



o
‘A??i

B3 Rk 2 T AR B &b B R

A RIE R g
kRSP fE S s YT B s RE F2 Bl o T AT Ry
LR HAFEBE F I F M SE S TR E o ARBIPFF REAL IR R
m#’?”f’i%% RGN SRR S A
b TR EESES 0 L FRF A RMEKG P INE DA F A
MR R 2 RE e o pM 2 AL FME S e
BRI SREZ o PV REREN 2 A RAPR 0 F E

\“‘b

*Ewﬁﬁﬁﬁii’fﬁaaﬂ**fé¥éﬁ%f RS ]

(- gk o o3 ARE

PR (EHEFTES S o gpu s FEE (P P LA

L2LLEEM |

PRREE (GEFES S RS F R G FERE
9212 §mp AR R A A5 2 R B

2 By (TR

AR SRE fo & 38 (7 50l % Sl (5 238 g & fe & 38 {7 BERE kb
8, 213 sEp A E -L;J:‘f'é r;i’:“;—;-%

17



23RN F BBh? FEL AP NP

2314 k5N F EY FE AP RE AT TR

£ g 2% 5 5. (AMEC Nuclear Slovakia ) i L) hiciE 28 &
= ¥ ud 5 > =3 Jaslovske Bohunice s V1 5 F By 0 A %] & 2006 £ i b iF #
15402 2008 # (2, Fd 2548 o P ar > & 20w (BR-KAF B E WWER
440,7230) = Fie b 384 > & 4 2011 & 7 7 B~{ErR AR o V1 %f"*’}‘g\mﬂéf
B> bR RFHEET 2284 B d Bohunice B % 2 4 £(BIDSF)
AR RN F £ o p 2008 & 6 1 2011 # 12 * » AMEC Nuclear Slovakia
t= I STM Power 2 EWN GmbH # = BIDSF = B6.4 3+ % (F’“’?“f AR
Decommissioning database, DDB ) -

B6.4 3+ H ik P FE- B ZFMFTEL HBERLE FE
(Radiological inventory ) s L & > 121 £ 4% V1 % ?)&% iEARaTRtE it 2
Prde oo BB P KA HE 2 40T

1 x/gl; ?f'&]"’“’?mﬁ{
2. WEH B Y HTER

3. FMTEE G2 R SHBALLEE 2 2 vjf
4

EREP RS
c BIRAMHEREGFE
M FREREFEAEALEWAELEE

AMEC Nuclear Slovakia 1 & f § *t0x (L FR L B 4F i3t > e R T E
k0 i 2 ansdE R #44 (Radiological characterization of activated equipment )
BE2EE AP T REVFERN AT E R G RS R E R B
WERFEIRE AR A 0 N E RS ANER R E AT T E g
WHE L AGHEZ HFERFEAE - ABRT RORFRgHEZ R BT

18



R TRERE R B Y R s BRIHEE fpﬁ» peniE g o
ANEAGEIR PR E 24T TESEI KR 2 D AR B R
BAA L aB6A4E Y Fup foh- B iEit-FURL i hEiFERle 2
1, /B it A% o
2. Fhd WA RSME R P T A R FREE - 1 0F2 Ko
3. BHPHRAE 2 L EF LAK -
4 H{HTIHpREREFEE B
s M AR E S o2+ R&EHE (Civil structures from reactor shaft) -
e B2 A asmEE > RBEREL 2 L0 L RES (baryte concrete )
c B EA VLY R R B FE s A 3 4 RER #7311 Mogilnik ) 2. &
R e 7 DadEs il E Y FEEREE g
S VI PR R B es RERS G B s o VIPTR 2

-n\q.

E

We2 FREBERINEE
© A BAR B A ED 2 BT 2R

5. AL 37 0

6. H3HERLE FEEF RS ER (Bq) =P EARBELE H
B F i

7. ii%] Bt EHBFRFETEID

ERREP R AR MRAEHEPRRE TP RN R F T
r14ty LED skiRz ddg SALERE T P ALK & o
HRIFEAEA AT o

wPthzom oo TR L H N PR E SRR R A H o

EERAIPHRIF S % o3 %

SEESHHE A 7 e A 19 2

TR A BEFREBE 0 AT A fg N B
e F BERCIRES 2 E M RREEFE
%ig@ﬁﬁﬁéigﬁo
EHAE TR E A VI PR R B s R PR E T BT

19

)

o

TR E R R AP M A AR

w



MEFYPETp 7 BREHRE O NE RS R A IR AES TR AR T
BEM B R P R R S T B R (TBR o 80 i WA itk A 0 g
P40 BiE T2 @3 ts 2 VIPIR B I s g g 2 KNI g » &2
FATiERY o fre 2=y 23258 eY 75 30Svh A BIE iEAR
oo fe ik R 2 B RE Y BRI R E Sl ARt E A A
* - B o

THRAOHE BRI AN M e AL T2 1 R P

1 FRERIpinesd 28 BEF L Shof @ F BRESR -

2. A T2 Kl o

3. FEFEEA WAL D pF RER G AR Rl B
22 RN 2 e FOREBERS HPNEEE

R RPRPE € DOl

1 S84 2 A B RA o S BRSO RIB R E Y B

2. FAHBIFHRRA (frd FEH R P R E R qpke ) * 20 F
BERAFP MRS F BRI BN NEEFHE B s 2 B oo

73 VA E AR ACBRRFRA 2ELISEN > AEFLE

F_*

PrigAey o frbprle EPREEE B 2 =¥ 0 A fEHE 10cm Bl 7 500 Sv/h o

pebotp g PR R 2Pt B 2 B VIR Rt B Pakhs 4r
P REELRA LA Sk i TR A R E 0 TR E
F A AAZD 350 pSvih e KERRFHEADSTT ER L FR RS

L4 15 BHEP T AT REZHEA R AT N VIE T Rk
2g e ey 19 B2 arcstit i fae £ 3 (radionuclides vectors ) e
CH A arc b PE s u’;w; = >> Mochovee 34k 1T & Bl Bk f o
YR R BEAR ) URERT A B ERAREFE 0 ¢ § 7Y

20



st Sl BRI T T VIR T A e E s E e 2201090 30 P
MR TS R BE S 2617107 B R
TREARGRDELFEE S 3R BRSPS TS (radioactive
media) E P& s FAP > T E - HALE b FRF AP I FL P TR
BARVARG T Lvien B H AR IFEARY § A2 MGk Ay o
ot ende 2 R R Y VI PR R B A E RS Y R E
MARSSIM = j# > $i& it e iie 7§ R 2 Bofivha 109 L33 chf Bidh a2
Bei@oiry bR R RE G R Y 22011240 32011 & 120 HiFRE o
Flot o $ 2 B E BEAIEE > AP s HERS AR L E T2
Brjrhe & > 002 158 % @ P poRA drid B R DM E R 2 A o
VI 2R A4 %% - Bdet 40 #3885 f e+ 4] (100 § kWe )
FTrFRE ARSI BRREL  apEHEAEY S 107 R % (Bg) ik
Bt FgEs BEY 0 PFFRE ﬁﬂ@*’$£4#vﬁﬁf1% AZ 18
99.9%1 F it H o A EFNHE T RAAFAR AL S F R 0.1%

2015 # 3" 18~19 p m+sc & gi?”%ﬁ?ﬁ%&*@% ez S B AL o
TP AN BHEERRIE 285 P RO R ARF AR R B
it A R B b 1017 FLIIT S 4 29 7 AR TRS RS R £
AT GRS RO ERTAUP MR > CRCHEAAPF KT > FR*
BSR4 10T B S b e

21



# 2.8 ¥5- f&“ff FAaE R ALERE S
A i B #f C#f A C#
<3 P KE W £ 3 (2
BREFH ) 2R (B | 4 2B | % #rE0 | o (%12 2 Bg)
EERD P
(2 2 B jr 10510 6.56E+13 576 4.54E+13 228 1.8E+15 91 2.28E+16
)
AABRP 59542 4.88E+13 9133 3.87E+14 - - -- --
H 1 b
s 3335 -- -- - - - -- --
i
&2k 73387 1.44E+14 9709 4.32E+14 228 1.8E+15 91 2.28E+16
% B (Trojan
TRBER 1.55E+17
Bq)
iz 5 (V1
TRAER 2.61E+17
Bq)
%29 BE LA R AER S AR 2L RT R R4
- ol e A ey o - R, Maine Yankee(860 Rancho Seco(913
3 M Bk 7 N kE ) I LIS & 5
CHERRFERSGRN | RETRI R ) MWe-PWR) MWe-PWR)
ASER R 2.9110E+03 9.1920E+04 1.7237E+04
Bigani 2 Cughih 2.4590E+03 6.0000E+02 9.3000E+01
A2 CHRARDF 1.0900E+02 Not Available 1.1000E+01
&2k 5.479E+03 9.1860E+04 1.7341E+04

22




"

FZR SR RTAREF BRI A2

S AR LR YRR S RE > ¢ 5 F RERS %
SR BEME F BERA N BRGS0 i R R S
15 5P SHE B BRAE N OAIE 0 A R TIY A5 R REKILIER ¢ Aok
952 Ft5g ¢ 10 CFR61.56 2 i st ool 2 5 > 3% > Bl PWR 2 BWR 7 g

%’%ﬂfé%iﬂf’#‘r%fi",f&%;“’ﬂ%ﬁ FoE B2 A KT Va7 %2 PWR &

4.4

BWR > % 36> chv 3 5 i Boplio™ jrag A A & B2 o fe 4 PWR R a3 o
E%’Kﬁé'»mﬂ Bttid 22 F RkASINI63 2 Nb-94 7 fF#A C# > A
BB RIRHEEAE 0 X Ypes BIF A7 e0 Ni-59 ~ Ni-63 2 Nb-94 2k
RANCH2Z s AFHARCH - 27 5 BWR a5 Zipdith 2
Lo '5‘«3?‘“?%@”“?“%%‘ 2 57 5 Ni-63 2 Nb-O4 B i & & C 474 B
M A AREFATA C & 0 Ypeu RIFE 97 e Ni-59 ~ Ni-63 2 Nb-94 2% & 428 C 47
2 B TLUiE o FIUR AT A AR C A o d SR Pfiz L R B K > Wi 35 100

-r:\q.
%Bv
:“"’ ¥

EULEFESRR RN ER DA T ABMERE ) 0T K aE A4 C s
CHfz i - AR &51% chFfl» 2 md £ &R 20152 3 7 18~19 p a5 &t

§ 2 PROPIEOE L LT € TR D OR IR A 2 o
312 4 B jrtis it Airieis B 5
Maine Yankee 1 st{wi 4~ i¢ % "Cold and Dark":hiai2 i& {7 ' i > "Cold

and Dark"§ - B #* 3% > * Kfgifi—- BK¥ 7 e oo *K#kgc T U

e A AE A ROFRS R ARG R HEATR DRSS

T3 2 FFA2% £ - Maine Yankee ;& #z_i# * "Cold and Dark" = ;2 @ 2£H @ 3 ;2 »
& g 7]
CRERAPE D (- LB R R ) R RL S T

23



ZPEARR R G G L LT e
ﬁl&<m1%&i’vFﬁm&ﬁ%%Wﬁﬁﬁ%%@ﬁ’ﬁﬁﬁﬁﬁ
TR
- "Cold and Dark" 1= ;% {% iT®-ke i (DOC) #;’:#;‘;—-ig T ek ik
BHE - B %70 6 ORI RITERS F A IR -
ST

+

X
A

T R ¥ A "Cold and Dark sk i %
« g r S vl & (Spent Fuel Pool Island, SFPI) %
- & EFEG 27 £ 4 2 | PR (System Evaluation and Reclassification Team, SERT )

« 74| % ## (Control Room Transition, CRT)

- "Cold and dark"z* %

FEREP G ORRGT A B s At ad
B 50 RTFRBAITEER S Y EP S RS L FEERREETE CLF B
Fl s R E Bz TRUNE UIRA o BMIE T T S fmmxﬁﬁﬁﬁ’
B Rs B pE 0 F & A2 SFPL e SFPI % S = * i+ Bkl 4 e kB

ATR A AP ks ATEEAE CRHF AR ) AT R 29 kS0 ATR S E P

B8 A B ARk P R T g s ke (SSC) o 4
4 SSC iF 8 A5 (3 i@ @ﬁ%%%ﬁﬁﬁ’$C1?%§ﬁuTﬁﬁi—£%
* SERT ~SFPI e { sx i {rT § %% THRAIT FFT T - AP 84,

BB pdeRE AR

R B
TE-FEE 2 uBN ey
¥ H

it migzr4 4 B (Maine Yankee 11 %

.‘3‘3}

S8 L X m‘ﬁ>7‘§1”¢ BERIL AP g KR PE" A7
’?Kj@f 7 F;llt ) KZT\?E"'Z:%J_

7 AR
ﬁﬁlﬁ?%’@mlﬁﬁgﬁﬁ’E{ﬂ%ﬁiﬁiiﬁﬁ—@%ﬁiﬁ1

24



FREAE A BT o LFIRG AH RN R BRI R
DAL e TR R LR RS e E AR PN
FTHREXDEHSRALE -

R B AMOEEY CBHRR AL RPN EAL e FREF RS2
FRERA{VEIERME » 2 QLT E 0L HHAE IR gr 2R
SR AL o oA ehPa B R HU I (NUPEC) B4 2 A 2 2 arcsfit b
?%&’%%ﬁﬁﬂﬁﬁﬁ’%IﬁWﬁﬁwi‘&—ﬁﬁﬂﬁiaﬁﬂﬂi

e ¥t R R R S B EZ A SRED 02 S AEEHIRY FE A
%wm%ﬁﬁ%%%9$:@whﬁﬁﬂ%ﬁ#ﬁﬁﬁiﬁﬁ%%o

Bldc > 1986 & ¢ 2 AT F F R EE IRR—3 %4 (£ £ 2200 #F) ,T%,uﬁ R
LI TR BT R g A BT AL vobo 2R FF
( Shippingport) # 1989 & & {7 7 — AT AR 2B (Trojan) R & 1999 # i&
77 ZRM R F BRSO fiia‘fr",ﬁ%.l 2o 33 mF V4 A (Maine
Yankee ) ~ ¥ 5% 3 (San Onofre) 1 5L - Big Rock Point ~ Connecticut Yankee
o os Al Bk Mé”f GTCC st (3 Mg F it 855
CHult RgCupmAt)higitT™ ’;%g\zf - fii#fr“,fﬁ BERA 23 2001

3] 2004 & @ iE 5 T%E.m o PV RN SRyl 0 T £ RS
%@@*ﬁ*ﬁ@%@*ﬁim*Mﬁ%l%°

@”l%iﬁﬁﬁﬁ§ﬁ$ﬁ@ﬁ%é%?ﬁﬁ%i@ﬁﬁ%’ﬁﬁwﬁ
%o BG % 4% W Erik River (ERR)» ¥ #t:B5 p 2«1 JPDR % g * 7
% > JPDR 2% iy Hfs > 2 % K¢ ’s‘?i’J\ w7 | e

3.2 Rt ik e Rt 2

R Bk s R G2 ik e RS B RLET (4R BURE )

Mok B2 02 (4077 S RER ) A RGEE L P2 g A2 (4
Rk R E Bl R ) B AR F 4 PR QR R B R E o 2

25



PeKBEIRE R g F ek R A JPDRF SR * T RS RS
FrABEL L 2 > Bon Dk F B ARE R K o fpaEE B R A HEN S G 0 B
| Bk iR e 2 s 632 > AR KRB-A 2 2 £ & Big Rock Point %
BRGSO I YT R L b B B S BOR B R FATR R R 6
Bl 3.1 FIH 3.4 5 4% REDRY ) o B} A ATE LenF s AR > g S
SHET RET ARG 0 B AR RS S E 4 o Spbe o B H i 0 B 40
FRESRGERT TAE L AR K P REE S e TG TR

L3R 2.4 37 aHIED 4 HEZD 5 HED 6 hE D

26



TEMPORARY
GANTRY SYSTEM

CONCRETE TO
BE REMOVED ~

® 3.1 # K Big Rock Point +: ¢ l&a“rﬂf e oS E2 N

27



28

B®l 3.2 % B Big Rock Point % T {1 * 47 %



A\

3.4 £ 3457 % 45 ﬁ%@%“

29



WP REHERES § T3 d TR kTR F 2

aawﬁaﬁfﬁ%fuv~«mhﬂ EEZ RS NYREE TS LS NN

IR RE 0 TR o P TY 3 TRRIBRTH > 20k b E
@%ﬁ’ﬂ#%ﬁ%ﬁﬁﬁ%ﬁwﬁgﬁﬁ@%w:
AP S O R AR B L B AT E R e Ak

*ﬂMVmRﬁWﬁ”%@%aﬁﬁ%ﬁ%@;mﬁ%%T

ﬁ$ﬁ%‘%ﬁﬁﬁ®*”ﬁ%%@#§ EO RS+ EAOE

Ainitigsed ﬂ’mg TEMBWMETRAFEELSE FF Y 12
PP o NAIE T WA G S BRI o RARY SRR G B JEd A4
Fom e RN a,ﬁ,p YR AR SRRBAR L AT B Ak 3 $ AP o & JPDR ¢ ”TMQ
WisAokigE ~RES ER S Co-60 #® f (mm)~Cs-137 5 10 #k® 4 1L p

TR ARk RFARS H RIRRL A RE SR R R

"

23R 0 S R IR

RIS PR s B o I R MR B E R EFFS L AR PSR
FRRLIS SRR P cha & HS TR OB ) B c0lf T o 15 5 R e
SRR P DR B RE T o KRB RAATE kihe 4 210

gl

Yo AR ABMY R AR 2 A S S AE T R R T

30



31 F B RBiEM AT E B

% & P R #hchlR g P R/ RE
2 BB S AR | LT B FRF i Eeh
e g B A Bk LS
) Y7 B

¥4 B HpE

Wi Pk

-V ke

LL

W FETAR R AL

o R e B3

BT 7 B B

Bk of S B

éjii 55 1§ T éll‘ V’ J%ﬁ_;}iﬁq—

k& B P
W T L TR B R FEE L Eh
- ARG R p | TR R B B % B
fARE P HET % 4 B B

31




@%ﬁﬂoﬁ:ﬁ A A RE R ER R s HAS PRI R
Lo TR N ERIR AR 5L
%ﬁ‘ﬁ*ﬁiiﬁioﬁ*m%& AR ST e R R YOR R S
BES RS o~ BOFLR 5 2 B
7 NUREG,/CR-0672 % 9.1.2.2 &2 3+ f 1'% 75 iz & A 4 5 & R

ﬁs
=
N
7—.
4\
\Z
RO
—\
G
~
=k
—
>S4
as)
=
T
N
RS
cr

B2 o) BEZRE A GER AR LG o

X 50 2m (FF,mm) F - ~F &30 % 4L Ralf Oberhaeuser, “Sampling of
reactor pressure vessel and core internals ” , Workshop on Radiological
Characterisation for Decommissioning, Nyképing, Sweden » # 2% » 7 f&g i 75 it

SRR

41 F s BR A odg s o FR Bk

PrR AR BTy ST R g A R hE 2 - 0 (RS T0 & R
Boe 3]0 @Bl R AR R} R s R B A PR
o ddF e E2 N ey AR R B RETERE I

Ryp- e WEFPAHFoW > 7 U m ) R & adrfifos ks o
BB FIRT o 2 A F Bt R 1t A eikengend o

AREVA % & k4N LBEEP Rty > ¥ 7 A3 FRFRETR > TR
G- BB R e en- BB 8o

32



411 B enp i

Aol PR 0 S ATR RS ek R R R A gw%,¢@g
HERBERAI W (RPV) frdd p30g 22 704k > 4 %RBENRHZEHEa @
PP TRETH 3T gV A dFRFERRITE S XD FRFEF M
PR ZEE R R YIRS D o R BT B

HFwen= % CAD (Computer Aided Design T "o B4 3% 35 ) #4] » ¢ AT 2L

BoY B AR EEG P BB SERE @A o A g

8
FEES RiEd o= B CAD A7 U % B ME K Rl B B & Fug
F

—
7
G
=k

L SRR e e N S
DR AL R SRS F T

JF“'
“J
e
=
3
nR
B
&p‘
>L.

412124 B3

AR TR RNMTABE L

e — H e FlEFREE D A 4 kR
PR RGEL L P F

s ot B it &M

« ATV UF B ORLFE 0E)

o BEF 5 4

« iF )

s BEL 2

£ @y B (As Low As Reasonably Achievable )

SN RARLA ne¥
ﬂﬁ/&?%@ﬁﬁ
£

Iy G ¥
)

#ER

33



LRI M g SRR A e IS (TRAIT AR T R

¥k R R B Y K T U RPV g St o RPV ) 3G B
fE oMk ki s R P E I o

413 BFBHES 4L

DUHBRAEA (TREEA) EEE20F43 70 E4 0 4 AREVA
WA B E (R4 A1) TG 245 2 BRI A (e
B 4.2)-

B4l % g s ey

34



B 42 & &5 > 2 DA~
FOLE RS SR S
P fp BT RT g

TAHF 12 FF > GERARIE BT
;P v B"in °

PR Bl 0T BI04 e

C R S E A

FBH A

« o EEE
B fR e R 0 A
Rl S FEEE

A R EF R HR

P HKERFF BN R .

A A

olf.{l gﬁ:m*{j\ F#fligq*%x\g*ﬁ_

35

ATy IR

pjulS
By

b
{t-t'i

7



PFREEEL)

&%m»%iﬁ&&%@iﬁ@%i&i#ﬁi%wiﬁ&mliﬁ’i
#aih o P ok (Core centeraxis) F = o™ 2 % & Bk (FE (4o
43) FREMHEG Y G R A R D G T G DR R € e 0 AT
kg oargd 3 R g SIEY AU E R 2 AR R TR i A
L oo P INE BEN AR A B AieSRE R EYy o P OORE LB
AR A ERPBE e K BEpioie F BLKE o

ok - BRFEREE (G- LR REDERFRE) 7T
S B Y - BATH S Bokihin oo WA T 0 57 Al T Renid RS

Y ekt BRES BB R £ 8

36






(s

ﬁJ’EW%EPﬁ4?éJWV%ao%u’<ﬁwﬂp RIE Y BT SE
FRPHE B B R T B
CHEE PR R EET R (FEHE)
- B A R
s R B FR AR AR ) (Blde D RSB E RS
s AT R A RER (A 24THR)
$#RPV 2 Hp R izogh > @ 2 F RA7f2F & > L7°F
e

&
o+
—

2

5

b T~ B H
Tl ko BEREAAFEBET R T R E
i%%%@ﬁﬁﬁ £ o {
S (PR ERBAFEIH ) LR IR 2T T B DI] o BT

’éﬁ?&%¢$%i%ﬁi%iaﬁﬁaﬁ,iﬁiﬂﬁﬁaﬂmmw

¥ 25 AP R - BB R TR TR

é\}

%

F\, o
& ' g 515 A%E"' - E E'Jé"fg—ﬁg °

e

AN

i

Bra b BB > X3 VOREATE R G R IEETE LS 5o
B> & o TP > R4 L2 ER/ T R RBEZFTR X2 BE 3 F
Rl BeovEdifred VR PadER S G 0 BEREM ST 2 A G i

"1,\)*(

P R EP G AR BAAERE T LB RBREORF I T R ko

38



o RPAERB LT L R % o

HarBep RPV B hRenf A B R o » &)
B RPV e + Bjre Bz B 9L RPVIRSG R » 7 R ¥ Rt
g o] e

Bl 4.4 fcB) 45 E PR 8 B » 4 B % > RPV E304c RPV 3 + ehi] 5 o

\
v
ES
xS
Nud

1|

g
=
B3
=

=

B

Bl 4.4 P45 B > RPV B4

39



B 45 P fi 48 B K B 0 RPV 46

4.1.6 EFrfcid ix
HERORSEFHEPEILE T FIiRFTEIFTHRIFTEF T
R EERS o Bldo - BEREE oAk

4 A

S Bl AR - B Y A e R
BPEFRMEORARNTE S B kAT (R A Efmd %) §8
PRI R A J A RDE I T R 0 Bfind 2 oo
£

FAF AP LRSI IR KT RART R T RS

4.1.7 5 S 1A 45
LEERADEHFELAT ) BEHET KE A2 KEGEOT R E o
TEHREAEL FERENY I EC PR £ R A S

40



460 (C0-60) frH i iy -5 S48

- 4% 55 (Fe-55) » 44 63 (Ni-63) frzt 14 (C-14)

s BBk PfE (o] 7dp )

cZfW 5 G 4 (4560 kR)

PR & (7 Pl A R 8 Rl I

BHFL TR 7207 Feagsk

AP IEEREG R G AR AR XA KBRS ER LT R
& (pw @ g F)

CEERERF Y RABRR Y FOE AR 4 ) (M PR R R

o

=
M —

2.

BEERNE D AT BRT AT RITOEE RAGE T - B F Y gL o

AN LG windFd o AT ERL A AR EE  YREE VRN
']i}_’ 7‘ _ /{h.}é]m \iﬁ,.ﬂ‘/‘l’i‘q/’ff'-r“%:% “'E_’FK:\A‘}E%YIJ—%/}'%O

KE- IR A BT ancs  Fodripsk o 7 Uk RNE R R M A > X5
Ba- Bz aazrid -

HRPV el p30ie (7 2 5 B> TR P T RAR B £ 2 BiE
AL RaE P o PG EBAD RS A REHE iR §Ee 26
Bent (B $ R A B N1 R frh 8 S AR L SuTRfes ERA P

GRS T O TP

A2 P TRCF BF e F R 0 B el
PR R F B ER R s (L B R
Bk~ S AR LG 0 T EMH KPR o FAA

P By o d 0 ALK B E T 0 RS PR

41



PR S RS ATREARY 0 § A2 S Bemc B RA Y BR P KT
B G & 4R T @W%’Uﬁifuﬁ4 %*m&%fﬁ?&%&%’

=

HR 52 a’%‘;"ff&lf%}?}g—hé.igf—?9%&@?&%4%@,?%@#,64«, 1584 R
AP BB ApE Bt AP ESEREL B 0 - T EE LRSI T &R

/av\ * 7??7; %i-é’l‘]"riﬁj/ﬂ/}:ii sy VI — ﬁ}‘;}%:ﬁ) 4’7’*9 T}' P];C o
Mg AP PEE R R G E TR 2 T 2 TR

1 ﬁg v AR s 1 F”g LY i%'mrmv&:)‘l"f‘—"wuvﬁ_d BB o ,;&,L GiE o B
FEROPBER L LEFTRF RS R o FAY FELEL AT D
WrRERNE > BRPFE L7327 P EgACR 0 P fp\m iR 3] 3 S

Efop * BT SR TE K

BERIFRARZ
R

REEMH > TatRA
RIS

(open or closed system)

L4~ TS BHAD
HHE ~ T & KX PR5H - &
FIRFRT RN

B 4.6 71 T ACF KR AT 15 2 %75 ok i

42



)
Pd

USSR R Y 10

,;.F,
CY
P57 B Calder Hall i+ &3 ®a A 25 Sellafield » .+ %+ % - &7 * 7
Foo m R ¥t 2003 # 2L VS RRELEE 2HRE AT EDR A o p

—\

BRI o w0 AR R ERR G SRR R I

HE s BEER L T e % e gl (T A it Calder
Hall 2 16 f# 2 4% B2 APk > ¢ 7428 2500 iz 2 B B2
{‘;]q;ﬂ]%_mﬁfil ff)“‘ iF o

S T%E4K$ I IE R & £ A P SR AR B & 1 > Sellafield Ltd % »5 3%

R h b SRR AR P E et R R ARG AL EERL
AEEN B s BB EE B Ao A RTEZ B F12d 5 1
IAEEERAPBLZ AT 5T ER P PR FHEIPRTESIR B ¢

)

c EHAER AT A TIRTF R AT ¢ ST

CHEAURGR AR 0 TURRA 2 B

cBEHF R F BEF M REFINEEFFRTR o LE LR
KRR RS AT Ry

CHP R A AEPtE 0 LB T K P AZIE 50 E X F ﬁ i 54| £

cRENRY FREBLER PR RT A B HHE 0 T

VAL G R T 2 g

BEFEIPREBIAIR 2o BN A @ ARE 0% iR AT
B U T TEF AR GRS Z s 702 % (Radioactive Substances Act,
RSA) 2 #pdtHfl » EF T = < PR 1 B4 % 2 TRIEE & Ah g o

431 P TARGR S A

Calder Hall /& % &% B & # % 3.7 Cumbrian ;3 A~ - = & Sellafield 1% it 37 &

43



*oph o gl BEARST Calder 7 0 & # 4% Ordnance Datum 3 % 20 £ 30 2 & > §E
WEE@AAEF 1 223 - Sellafield i 35v * 2 d - BE X 2 4F20enir T
Fofriea o B e 2R @ VHRET RS o L RITR S C BRSPS BRR T
BT % B % » Calder Hall % Sellafield +z5; 3% ¥ % 3+ 2300 2*F ¢ | 27 &+
5 B Aol 4.7)
Calder Hall #1953 &+ % 1959 & i :if
pld

o
¢ B

A0 fe g 1804 2r 3¢ Magnox

z
B e BlAp SR A”ﬁﬂﬁl%@@4*$°§ﬁ%$@

44



%2003 & F REBEAMMPLE  Bind - BREMAGaE > 29 & 2 HRTE
1@3;ﬁa;@ﬁﬁ%£@ﬁopﬁ%&ﬁi%%@éﬁi&%%éﬁﬁ%
%#ﬁnm/ET’iH1&~$Eﬁﬁrﬁ%°Lj**m$ R . AR OR
T EPNKE A2 AZE 2500 2P chE M2 AR § R ALRIE o

& A SRk & ek OB 20 g 0 R st 2 2ha
b2 PR A IS E R e B L By & P %+ (Data Quality Objective,
DQO) = %z J Plen ik kot T & 47 » Sellafield %3143 & ) 28 771 1
2 A G o

35 g i e SRt B2 % (RSAL993) R = 2 M kbt
$ % (Substances of Low Activity, SOLA) #2 % £ i di3=f > H R ERER 7 &iB
0.4 b 5/ o 22012 # 4 » 150 > Sellafield 34 {7 £ #84p T2 4 TS P fEen
B e R OUPHRE (FRG2 o F27) 0 4ot R R > P s R 2
B A gt R 0 FIUCF AOBRGFAT B R RSB a2 oo dpil A b
Pprifiz R E &k p FEFE (RP) 122 2 pt 4R 2 2 g0 o74r * o

432 N &

g R R B F 0 @4y i Calder Hall B 4prf i (v 4 o af g
[l et L8 7 2 o (4o Bl 4.8)

c BB RHE R

C BB ELFF ARER (PMIBAIHE)

b madE (P A K2R G AE L) 1k
2 AR BT AR L G F R DB AR R AT B SOLA B4R L -

433 F A LFL

%Jliélﬁ%%niﬁ¢nmaﬁﬁﬁz’%
SEEOA F B o 50 RN R LK

45

K
33’53 s
Elx
A .
~mh

or
c
R

.

1-—3

H
o1
o



T T ERE F A LN T 2SS
PR TRl F S e
IR R A
A PR A S AR
EF RSB GATEFR T EFAC FFE LT

4 WH A ST A RS
POOAFERgEL Vb G R A &R niE 5T 4 1%

P LA S ﬁi%ﬁiéﬂﬁ%@’%ﬁﬁ%ﬁﬁﬁ%ﬁiﬁ?ﬁﬁ%

FAWFIE TR BEWRET B G- R 22 AT i g ST R4
T
- EEEMFBEF N (CO)
°§ﬁﬁ%%5@$§%@%%§}&1?ﬁﬁ
« o ** Sellafield fy % & & k7 ¢ 5 88 PR G S L
e F PR R AP 1 F ST A HIE S S -
AT g 0 &
RA2Feng B3 2 R g g o

46

Hrehidl® ”fa W T HK o A endp s AR EL SN H



AL &L B lg s A B HI 2

2R

BT GRS A H] - A S

EEER
CER R

) A=

=

R s

R |

RN AR

® Py E
F g o~ ¢RI

A)

v
(>

T4

B R 2B

x/ﬁ;)

B A

Vv

(5 3%Ad 2

B4 Z)

Y
(>

T E G

R 2B

x/f)

SRS

\.
El
=
[

47




B 48 A 2 B2 % B2 #1,B

4331 F k4 M A

THERSE e FRBREIEKET %iﬁ@%f%m$wﬁﬁ ?ﬁaﬁ
AR AW L 15 2% o FAE 104 - pagd 2y (W 49) 4
BAFFE - FRBRIARE (B2 ém%ﬁ%ﬁ.iﬁmﬂ&?ﬁmﬁ(%

_—

B 410) BB ARIBELIF RESAY F 15 2 LehFEE > F5 A F B8

48



e rhEE bk F8 o b B E L F W SR MF QR e BB EPEATA A b 7R
B2 BLERRY  TREIRLTBAILEYINFRED BIFF L
BA22Z 58 (CO) frih g RAPM DA L 30 2o o

B 4.10 £ 8 env £ 8 SR04

—_

49



BB T A E’fﬁvﬁ%@:’vﬂ*{&]‘r}#ﬁﬁgw?— Tehg e o
- f

R oF AR S M aE L o L g MRS
A HE o

&G A e R (Low Level Waste, LLW ) » * &
Bffe 3 P RAOGHBEF (Fd A/ F) g B E s EERY
(Intermediate Level Waste, ILW ) =77 &t {2 > d 3t 7 Foig 3 fz\ o i 55 4 i
PR OFIZH NG gL 5 o

BRIk

)

50



433128 H2 P ik

FRAUEAER AL P EATEOEED A > RE R TR R
BiE o H P g

45 5175 4 2 b 48 B dends 3 (Derivation of a radionuclide fingerprint
for the contamination )

cHRE B2 PE

o W HALE R E R R 2

43313%FHa %

P

TR PR EA G o 1 TR SRR o B - IR
&&%%ﬁﬁ%ﬁ@ﬂT’ﬁﬁL—ﬁﬁﬁﬁmﬁvF%F—ﬁﬁﬁﬁ

Aﬁ

ﬁ

SR AT e oS R ELER T TR EINE MR ATV E 0 3

RS LS REOEHDRAERBSE > 2 FIRBG S AT R
% -

(7
Bl
i

AGVEER S BRI M REE - 2S00 oA BREY L L EX

(o]

0
DT o JEA BEILREY BE 4 BAILE o BML A BHET LIRS
ol FEK T H A T4 (FFEENH B fingerprint) TR A 2

1o PR AR AT @I AR N2 0 2 T i A S R

4.3.3.1.3.1 3 7 %

;7ﬂﬁiﬁﬁ%£{@%%é%ﬁﬁ@’&%?ﬁﬁiﬁéib“%ﬂ
ko HUopds
TN SEEr |

51



- PRI &R SR

- B R

B b EBEGRRRERS > G RS AR SRR
1o TURIRE 2 Ak o FFPIEE ARIRES L S X UALK TR A

Foo A A R B EAT T 0 FBAIT N E A NRAIT L1325

-+ B FRE ) 54% 3 100%:0® 2 5 il e F RARHE PR o ¥ g o
AROFFEEVE O BRI A -ROTAPTF o

CE e T s R e A 02 0 F] T7%3 100%2. § 4 3
GEE L EOER > BB R PRI - R HEMERT TR kg FE N
FRIATE S R AGNET O PRICRE TR

AR fRE e T E R A0 AP 8 - RMF100%2 5 sk o
- R ERET U B % PR EARR B SRR
v 100%:h4 5 S % % & 2 AR o

4331324 G igs5 4 % nzr 2 Fada

AR A GRS L ERE 0 EREP AL FEE E a0 5B
LAVEDRAE LG aRRlE o AR R G T f > X - kST it
TR A $5 o

BAren A e 3

Alpha % &

Beta %, &

% #3247 & Gamma sk ##p| %52 (Co-60 » Cs-137 » Mn-54)

Fe-55

Ni-63

52



H-3
C-14

SN LN SV I WESIP YN SR T

i
3

WA Bt

2 KPR R A AL Sesh o

% 42 T354 5

B AETR AR I - R 242 5308

$5 5475 4 & 3 i P geendn 0 H B o SE 8 b 48 Jfe Calder Hall

e

1575 % 3 2 st P e 4

T35 4 G 4 ST R | s PURE A%

(B 3/T=2n)
Co-60 44.93 5883
Cs-137 0.70 025
Mn-54 0.04 003
H-3 6.47 115
C-14 1.34 086
Fe-55 91.43 Y
Ni-63 11.05 =08
Total 156.01 100.00

433133251 % 7 i

EBp IReniE

ML IR R FTL

ﬁjég\;ﬁbpﬁr‘—”&.

GF A3

\4

|

—_t

Lz Rl R A EA

g
= -

(AT L) BEPHR - VL IR T L7 i o PR EAR S 42 138 4P
o RREEFAIO NAA R o RAKIBIERARR (0-14 ® K 5 14-28 = X

1!

W 255 4 A (e 4.12)

.—;_EZ»W 7F ' o E’

28-42 5k ) AP AEEYE T §FTERF R DR o K BB AL
WiEAPF (¢ ZH3)EFAT WATERILTIoFRRAPM o pt 2 2 fRE
R o BT EEAG R > TT AT F L R EER Y @I A

T a4




URAPHZERRZ FRAEEEI NS FERZERSETILR (R £/
WAEREB ) BEHTERPRAFTARBEL RA 0 2 SRR ELEPN IR

TRER TS5 L E RER R RERALD T MRS TR £ 2
FLH R

Bl 4.12 L 3- F fi%H‘r

4.3.3.1.34 %"ﬁ’ﬁ AR PR iR R

B A E 2 H3 RIBRRRGF TS BAREE R P AN
MERRRNF o ERINS S Fptd Kt x A P F B (Low Level Waste
Repository, LLWR ) FE3PRF* & X » FE T dE > 2 2 H gk * 5% o 57 @ R4
BT TR BERASFFEA L L (Waste Characterisation Form, WCF) *® 3% &
o AT ERARMINS R RRR -

ﬁgzwﬁ@%%ﬁﬁ%ﬁ%iﬁ%ﬁﬁﬁ%&@ﬁﬂ%ﬁm¢’fu%

FRABERE - s RATE AR VAR R RE EF AR
RO wa;‘ﬁ‘d Mo A B Bl A IE R Y AR R o

Mercurad » — B & & F B gcfE - 7 U KRB P R Z ApM P IR 4 F sy

54



AE F 02w 0 E DS R 3 F) 8 (Activity Conversion Factor, ACF) - >+ §_»
LD ERERE T B SR S RER (PR ) TRy

AT TR R RN 2 TR ff 5 o
43314 B H R AR B P ESE AT

@w?ﬁmkﬂﬁ”ﬁ“kﬁﬂﬁﬁh’“Q%@%%%ﬁ@@ﬁﬁgﬁ
FEAEPR I & K% 3 AUE ?ﬁp@w&g%%gﬁ TR EIRIE B Jﬁils\'é_
S FIR T R T AR E R RS R P R ALE ek o

43315 A KFMEA L1 (THTE Rl P I

E0 W ) ﬁ-—:-g*{ ?‘Sﬁlmu mﬂﬁ—:#@p\aﬁ ’ ll‘é‘ﬂ' L 31»3-@{},]?;{1\&@
o - AR gD A BASER G HERER PR o
AR Y SRR TP ARAZTEGRIRT o SRR ER FEITH w

FA AR B R B B A T BB R AT R s 5

FRRVHEEA LA T LMD FRE KR A BNE B
Wl Eend A (dofl 413) FREEFF FATA (0B 414) © 9

F’E
B
=+
‘a’
Ar
fx

WaEF B (bW 415) ¢« Ff 35 £ 10 oEenfliedl 5§ - %3
ﬁﬁ«ﬁ#*%%’ﬁiﬁi@é*f@%ﬁ%@’iﬁﬁ?ﬁﬁﬁ%iﬁ%
g oo -
S P B EY GG 60 Achg BE oA F At e

\“"

FORehE S Aot B 2 BURE 0 R EF kAL 304 o e g

55



56



%]415 <A Z&F B

43321 A2 BHEa s

BRI E LT A DR L o RALEP TR EMER 5 - 2R
L EAF ML LR A i o B MK E AL R FF 5§ W

o BH IR EFAP R B E e B AR G A BT
BB Ry GE ST o BRI R R P i T A
MEEA G B RRR R AR € REH L HERE o

ATEINALF BEEFRPSLIE  RAFRP S FERL N DEF
}&i%ﬁﬂﬁv%iﬁ%@?ﬁ@ﬂﬂﬂimHSKCM’%9¢R%W#

F2k Tl A FEIFEENZF ERTRBLZIFY o
AA AR EREFIRGTH 20 0 - TR P A R A

i 2006 = 3 2008 &£ 2 [ > § M0G0 T UF R TR A o

57



o T 0 ol YK F AR

?\\t
\-'-H
Tk
W
Pt
?\\t
“11
("’
—1
-+
Fﬁ*

43322 #FHAH2 Pk

FF AR ARDD LA B%E ERFN 0 EH TR ERER
13 e o BA NP R fRAR AL RO BN BFHAR I

Calder erff B Z 5 & 5t o

43323 #F A%

B SRS L BRRG BAG RN 2 BEBEZ 2 BRIKFELL
AE O RFRERAEARER A SR LT R e RS RIER
AF ARZBFRERZREMET X B BIRE G AR 27T i MR (LP)
2B (HP) josu» MR isd S5 F 2 FMIBS L8] i RELF L
ZEE TN e A

T EF e PR ENE I GERA PR RIERA D - ko
FUBREILE - F M BN AR, PRl i AR FRTERE FF B

BT AF A ATREE 20 ERATZFE o F s AR ER
ERBEE Y 1 FT L R ARG RER DT RYE (B 416) HER
MEFFBHAEPHE - & B- i%#ﬁ;éﬁtﬁw‘ SR R SERCR L U o R R
fro B igP@E R 1 amifk A e LT R aufAee o R FEHERGER
R MAREEHF ACEERS 20 R 0 LE LI P p 4 o

58



B 4.16 & * 12 KA ii‘q—;{méﬁ@&?‘ij
OB RN E R S oF BRERAGHIT AT e
WS TAT B E G A B Y At A b o A 4T IR
REFFLEARIL G A PO B F AR 0 C14 2 H3 o417

BEHP LA FIEDLTETEY LA 3T LR T A
FOE T3 aPgR SRR ARG D S 5 H TS T o

IR KA RRIFEEFF I AR SR A R o e FE 165
Ptk (48 iAo gttt > 328 p B R (B L FHIB S ) g
R AT LR AT 0 RIREE T v - AR R B ekt P8 5 C-14 3 H-3
C-14 P& & e Rl 4T HEILEAPT « & 44»ﬁ%ﬂ’ﬁésaﬁmﬂﬁ%

EOH3 A4 ERET TRHAEDRR L ERE /:‘ii?ﬁf%

*’T

59



43324 F§ 5 RBLR B BIE ke 2

Fofe 2 BRAIEBEREOEF LR EREERATHEENEGE 0 H A
R IR AR AT 0 T PR AT EAIE B g A
BT s &R AT

43325 ARFEA L1 FHEF KA Rk ol i

AL BEBMERFEF ARTRAEHE T UWBRIHENE
BEFRED G PR T B R (LP) 2 3B (HP) jtenzg b 1 &
PR IR Rk - R iTSRE

60



IR BHhagi

APERBE LI P RFEWE FERERAD e TP RE
ES A - I %wiﬁﬁﬁﬁﬁﬁ’@iﬁﬁf%&ﬁﬁﬁﬁﬁ@
o F PSP R R AR B R F B A ﬁ/%&lﬁjﬁﬁﬁﬁJ’
ﬁ@y&ﬁ%ﬁ§+%ﬁiiﬁﬁoﬂéﬁwﬁﬁﬁ*f@%»1£B¢{ﬁ
PAR SR ?5%113% Al TR LB FERD B2 iTE o 451
AE PSRN ARG CF R RS E AR R
o d AP IR LTRKET ZV TR L e 1T LI FAAM LM LT

(1) PRRSHE RATE TR A AR > 7§ 5 o™

ﬁ%ﬁﬁ®£ﬁ%%©ﬁﬁ®%ﬁVW®%ﬁ#gw ﬁfg?

PAE R R RN PR R RAIE R PR AT ER
PP FENEEEFEL R FFECAFRE LETRA G
F¥ FREATEROE BEMEFSHE O N E R FREP FYFEA
PoRE (2 ) d FREPIPIVGFDGEHFLE AL HES (FP)
TR G FRRE -

(2) 3 ®> 2014 # & * SCALE6G.1 A28 & -7 4 B A 1 R R G P FE
v o drdeN 2 =3ty > SCALE6.1 #25¢ & ¢ £ * MAVRIC ( Monaco with
Automated Variance Reduction using Importance Calculations) A 7] > k3 (752
%28 4% 2 g (Korea Standard Nuclear Power Plant, KSNP ) # % & ﬂr%ﬁ;wzﬁt‘l v
FEEA TR o d BETE mY 5L 3221 Fe-55- Co-60 ~ Ba-133 -
Eu-152 12 2 EU-154 & *chphpifieiys 5250 7 4 5 Bl gt st B
FAFEL  RHEBAEFEEZOEELSF O R R AR
[E R AR IR A TR

61



\h
'~\
sh*<

(3) m g a7t & 5. (AMEC Nuclear Slovakia) *f 5% & ] > 3 & -
FUFE2 SHBERARE G EOTHRE 7 UL EP TR REARIP S
TR :@i% 2R o 'Ef‘ BEIE P mv%%:‘; Wﬁz = 4o

Lo G R AR
2. KW B R AR
3 FHIFTAZZ AW FEALLEE 2 EviE
4, ERBEPHRES
c BIRM LR AGFE
MR TEORGEAR T EEHRECRZE
(4) 20 FARTE? I ELASRERER 24 0 PlE A F AR
REFREFERMUPIE AL PREAITIE REFEM AL H2TE o ¥

1HaAE 53 F fa st Tk g oo

(5) - Aft 40 # B Sf+4) (100 F kWe =) #2* F BB » &
Hpr 3 F e Biktsts  aplfgstan B9 5 1010 5 (Bg) et Fa§ 0 #
PP I FRERECRPIURA FREZ AP AEEE NG A2 99.9% 11 F st
PR AHFRETRRA TR LS ARG 01%2+ - HiF S E s
TR A T SR ’mhﬁwi WAL S T LR R H Ak T ¢ A4
PR A o P RN R R AR B E R RHER
BB E 107 BT TV @R TR RO AR AR R Y
FRTREAPV AR > CRCHEERIF VORI » FRITHER FE

—\
\\

i
Y

10 B 2ot b oo

62



(6) M Pifiles > ¢gFRPLEEa g2 Rt &F BERPHL 10
#03 B P46 F_Fe-55 # % d +548 Co-60 ~ Ba-133 ~ Eu-152 12 % Eu-154 i # o
IR SRR S kg o hF RERSE 10 #2880 LR 95 E aidE Co-60
W= FRA A g o (e k4% 50 £ (8 0 -1 ] 1/500 §F S E 5 o

(T)E5 558 B e 204 2 A0 % 2 6 5 % X ABGR B P JF L AT

ﬁ@h@%mﬁﬁﬁ@ﬁﬁ%mﬁﬁ%w ﬂp#?%%um A
SR RAET RS S BN R L 64 o e LB R A
BUEE R AERRRL T E R BT R o R s 2 e T ] F
R FAEF A RRA NN R TP G GRS g R
kP R Z B R o BT RAER Y RRACT

=i

LAIARD 2. 4030 3 oD 4 piE 5. fiED> 6. B AIL

(B> PWR R i % » B0 g Rdr 2 RI8 A 4d *0 7 5 B k& «Ni-63
% Nb-94 @ [Fap i C4f » RV BB AR » 2 o RFETE 5
Ni-59~Ni-63 2 Nb-94 2_ ik i 4z # C #f2. "Li# @ A §F 41 £ 42 C 47 £ ® $1°7 BWR
TR B AIEE BN KRB SR LA TEINERLE % 4T 5 chNi-63 2 Nb-94
# i CHpiRIP A ALFFAE A C 4 > %o R4 #7 ¢ « Ni-59 ~ Ni-63 2 Nb-94
PIAZE C a2 B~ iF > FIMARGFME A AZ C o o d izl Pifiz 2 % 4
Rk o T4ty 100 FE R BGFITR BT IOERADPATRAEFRR DV
e SBAF s Y C g e Cwaﬁwo%?&%&Eﬁ%ﬁ@ﬂ%fé%@m%‘
FERRCS C WEARLS o B RS 2 IFIR ST F R ERE 0 R s E
%%ﬁ’%iﬁﬁggiﬁf,gﬁ%ﬁ’Eﬁéﬁﬁiﬁﬁﬁ%ﬁﬁwéﬁ
(£, mm) /% -

(9) 5 TATFR S e BB P LA S~ P iR 5 LR HF BER

4 (RPV) el p3ng Fig 704k > 2 BRI HRIE A Fanesdiy 77
63

Nud



BREFTH L EFFRANEHFBKITES L F

£ Pz ff 414 e~ 4R
EOREFVRYEHEHFIML o S0 BARITROF R A Fmz
‘& CAD (Computer Aided Design T "o B* 2% 3 ) 3] > e AFF2EH 3 % « 5

TERE AL EE o IREFE VRN BB G~

‘f\:’"ﬁ ";.lv_El:brsl

N

2 S ST NS R SR SN P T S
ERE MBS SF B A - B2 R RN - #RPV el p e 7 2 6

ﬁﬁ%ﬁ’%ﬁ%ﬁ?&%i{ﬁﬂéifﬁﬁifiﬁﬁg’?jg@ﬁp

AR EEE R gk R 0 § e 26 M0 fR o HTR S B 0

1F b b A AE L dTfafos ERA) PR SRR E Y L& Hro
(11) 9 A& B# 6 R URGERE - &2 B0 G T 12 A4

FEERGS T LRI R 0tk o IR BT E AR FS L S 0 T UALH TR

BB AT R TR B E AT 0 B B S A SRR L

32 504 0

S
SN

- B R E T 54% 3 100%:0F 4 5 il L F RAPH R OPERF o P i

FROFFEVHETC O BET - ROTABEAE o
IR AP Red o %’n’ﬂ“*%—fmbﬁ?h‘,ﬁ FAp 0 E 3 7T7%3 100%2 % 2 75

GHcE: LBl RRERFHEA - Ko MAMERT FHRMKF > L5
FELAT A RAGRAF AT Y R ARA |

BRI fRE T E R A0 AP S - REEF100%2 5 sk o

B R P ERGET U B F IR R AR A it R RS
12 100%¢:03 5 Bk A 2 5 AR o

(H)ﬁﬁﬁﬁiﬁéﬁ%@ﬁﬂ’géikﬁﬁﬁ%@%ﬁ%,@ﬁ%

é%%@%WUF‘Q*E?V*ﬁW%’Hﬁ? TR AL PR

TR RS DB A X ’“M%ﬁ%’ﬁé.%;ﬂlméﬂﬂ’.@%]&
PR PR AR RS o f LI IFB e B ep

, /

E jvi"':z‘:.r\',—a.%:qj,fﬁ’d%

64



R BRA P B RARE R A o e AR RS RS > B- B EEE ARG

z

£ X204 3 B bR g o T - MR PR AT A v T o

(13) £GP 30chig it 2 4 1V chip| L R LA TV E AP VBT 4 > 1

eyl

WH K FEm R FTL e

i

TR PR BATEESEA GRG0 p bR (K
RHHF L) BEFHR O NEL LRI ROV o B RIB LS 3 g
PR Tl LA Ko A3 BIEA®R(0-14 5 - 14-28 % 5 - 28-42
EoL) AP R E T TR LB R hE G o F BB YR ASHET
P AP (¢ ZH3)BEAYT > WATERELTIRRADM < 2> 2 AR EAF

65



£8 430

1. Consolidated Decommissioning Guidance: “Characterization, Survey, and Determination of
Radiological Criteria”, USNRC, NUREG-1757 Vol. 2, Rev. 1, Sept.,2006.

2. EPRI (Electric Power Research Institute ) , Power Reactor Decommissioning Experience.
Technical Report ID 1023456. Palo Alto, California, USA. http://my.epri.com, 2008.

3. Klas Lundgren, Arne Larsson, “Validation of activity determination codes and nuclide vectors
by using results from processing of retired components and operational waste,” Workshop on
Radiological Characterisation for Decommissioning, Nykoping, Sweden, April 17-19, 2012.

4.  Christopher Hope, “Characterisation of metal in support of decommissioning a reactor site”,
Workshop on Radiological Characterisation for Decommissioning, Nykoping, Sweden, April 17-19,
2012.

5. Kiristina Kristofova, Tibor Rapant, Jaroslav Svitek, “Radiological characterisation of V1 NPP
technological systems and buildings — Activation,” Workshop on Radiological Characterisation for
Decommissioning, Nykdping, Sweden, April 17-19, 2012.

6. Ralf Oberhaeuser, “Sampling of reactor pressure vessel and core internals”, Workshop on
Radiological Characterisation for Decommissioning, Nykoping, Sweden, April 17-19, 2012.

7. TRS-389, “Radiological Characterization of Shut Down Nuclear Reactors for
Decommissioning Purposes”, INTERNATIONAL ATOMIC ENERGY AGENCY, VIENNA, 1998.
http://www-pub.iaea.org/MTCD/publications/PDF/TRS389_scr.pdf.

8. J. C. Evans, et al., “Long-Lived Activation Products in Reactor Materials”, NUREG/CR-3474,
US NRC August 1984.

9. NUCLEAR POWER REACTORS IN THE WORLD IAEA, VIENNA, 2013, IAEA-RDS-2/33
ISBN 978-92-0-144110-2 ISSN 1011-2642.

10. NUCLEAR POWER REACTORS IN THE WORLD IAEA, VIENNA, 2014, IAEA-RDS-2/34
ISBN 978-92-0-104914-8 ISSN 1011-2642.

11. NUCLEAR POWER REACTORS IN THE WORLD IAEA, VIENNA, 2015, IAEA-RDS-2/35
ISBN 978-92-0-104915-5 ISSN 1011-2642.

12. Yong IL Kim 2012 — Application of SCALE 6.1 MAVRIC Sequence for Activation Calculation
in Reactor Primary Shield Concrete

66



e

1. Ralf Oberhaeuser, “Sampling of reactor pressure vessel and core internals”, Workshop on
Radiological Characterisation for Decommissioning, Nykoping, Sweden, April 17-19, 2012.

Studsvik Workshop “Radiological Characterization”, April 17-19, 2012, Nyképing, Sweden

Sampling of Reactor Pressure Vessel and Core Internals

Ralf Oberhauser
Department for Decommissioning and Dismantling Projects
AREVA NP GmbH, Paul-Gossen-Strasse 100, 91052 Erlangen, Germany
E-Mail: ralf.oberhaecuser@areva.com, Phone: +49 9131 900 91626, Fax: +49 9131 900 94052

Keywords: sampling, lens sample, RPV, core internals, under water, dismantling, packaging, activity
model, interim storage, final storage, accessibility, radiochemical analysis

1 Introduction

Decommissioning and dismantling of nuclear power plants is a growing business, as a huge number of
plants built in the 1970s have now reached their lifetime. It is well known that dismantling a nuclear
power plant means an extraordinary expense for the owner respectively operator. Besides the
dismantling works, the disposal of activated components and other nuclear waste is very expensive.
Moreover, the fact that, in most countries, final disposal facilities are not available yet implies the need
for interim storage on-site in specially built facilities. It can be concluded that a special attention is paid
on producing a minimal radioactive waste volume. For this, optimized dismantling and packaging
concepts have to be developed. The challenge is a fair balance between the obtainment of optimized
packing and on the other side the fulfillment of stringent regulations set by the authorities and the
storage requirements.

The basis of a well-founded, optimized dismantling and packaging concept must always be the detailed
knowledge of the radiological condition of the component to be dismantled. In the best case a 3-
dimensional activity model contributes to this basis.

AREVA has developed various dedicated studies and already carried out sampling activities in different
countries for many years. This paper describes the approach and the main aspects of sampling
activities.

2 Objective of Sampling

Under the above mentioned aspects of dismantling and minimization of radioactive waste a sampling of
the reactor pressure vessel (RPV) and its internals is necessary to verify the theoretically calculated
radiological data. For keeping the necessary sampling effort as small and efficient as possible,
representative sampling positions are defined in advance by theoretical radiological examinations. For
this, a detailed 3D-CAD-model of the components to be dismantled has proven very helpful and
effective.
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The obtained results of activation and contamination are taken into account for the optimized dismantling
and packaging strategy. The precise 3-dimensional activity model will reduce the necessary number and
types of final disposal containers significantly. The shielding effort is also optimized. Besides,
components or even parts of components may be subject of release measurement. All these facts can
cause a significant reduction of costs.

3 Main Aspects

The following main aspects have to be taken into consideration for sampling activities:
e Site-specific conditions in general
e History of the plant
¢ Representativeness of sampling positions
e Accessibility
¢ Handling effort
¢ Radiological conditions
e Occupational safety
e ALARA principles (As Low As Reasonably Achievable)
e Approval conditions
¢ Intermediate and/or final storage requirements
¢ Legal and commercial aspects

Taking into account the relevant protection goals, a detailed planning of the work execution on-site
enables a trouble-free and time optimized project process. In the end, the customer gains a precise
overview over the radiological condition of the RPV and its internals necessary to optimize the
radioactive waste management.

4 Sampling Techniques

There are different sampling techniques available. Each has specific advantages and disadvantages, as
shown in table 1.

Technique Advantage Disadvantage / Comment

Mixture of CRUD", cladding and bulk

material
Scratch sample Low device-related effort
Subjective factor with regard to removal
depth
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Low device-related effort

Drill sample Wall activation profile possible
(samples from different depths)

Mixture of CRUD", cladding and bulk
material

Relatively high device-related effort

Sample is suitable for materials (EDM)

Shuttle sample . . 1
testing Flush water influences CRUD" results

Relatively high space requirement

Undamaged surface for CRUD"-

sampling in laboratory .
Cooling needed when used on

Lens sample Sample of cladding and bulk material
i atmosphere
from same position
Enough material for reserve sample
Table 1: Comparison of sampling techniques Y CRUD = Chalk River Unidentified Deposits

To decide on which technique is the most suitable the respective boundary conditions have to be
specifically taken into consideration.

41 Lens Sampling

To sample spherical samples, i.e. lens samples, with a diameter from 20 mm to 70 mm, the sampling
device designed by AREVA cuts these samples out of the surface of the component (picture 1).
Thickness can be chosen from 3 mmto 12 mm. The well-proven, robust and adaptable sampling device
is applicable for both under-water and on-atmosphere sampling.

The sampling device consists of the following components:
e Control unit with integrated surveillance system
¢ Pneumatic unit
e Cutting device

For sampling the device with its hollow-ball-shaped cutter is placed at the defined position on the
component and is fixed by vacuum or via tensioning or clamping. The drive of the cutting device is
operated pneumatically.

The device offers the following advantages:
¢ Works in dose rate intensive areas
e Cuts out complete samples which are perfectly suitable for analyses (CRUD, cladding, wall)
¢ Dimension respectively mass of the sample can be influenced by cut-in depth (important for
handling in the laboratory)
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Picture 1: Sampling device positioned on a wall Picture 2: Lens sample

5 Sampling Positions

The challenge is to keep the number of samples and the handling effort as low as possible and, at the
same time, as effective as possible.

An intensive sampling far away from the core center axis, above and below (picture 3), reduces the
modeling uncertainties in areas that arise from the relative distance from the neutron flux, from
rescattering effects and from different materials.

Characterization samples taken from low activated core internal components are then used to verify the
calculated activity data. This prevents an overestimation of activities leading to higher effort regarding
packing, shielding and container amount can be avoided.

If sampling at a specific position is not possible due to e.g. interfering edges, a new and equivalent
position will be defined. Overall, it is very important to determine and consider the exact sampling
positions in order to create a most realistic activity model.
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LT = =sssssns Core center axis

Picture 3: RPV (without head) and its internals

6 Accessibility Studies

For shielding and dose rate minimization reasons sampling of the components will mostly be done under
water and remote-controlled. In the initial state, as assumed, the RPV is in installed position and the
internals are located inside the RPV. Therefore, accessibility studies need to take into account the
following main aspects:

e Accessibility of the specific position with the chosen sampling technique

¢ Minimization of preparation and execution time (dose rate)

¢ Current licensing conditions

¢ Other boundary and site-specific conditions (e.g. influence from or on ancillary activities)

¢ Early consideration of future activities (dismantling of the components)

The easiest variant resulting in the lowest expense is the sampling of the RPV and its internals without
dismounting the components. This means that samples are taken only from positions accessible in an
installed position. Hence, this variant avoids time consuming disassembly activities. On the other hand it
is clear that some sampling positions can only be reached with higher effort (which might lead to
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increased personal dose rate). Some positions are not accessible at all. To conclude, this variant does
not provide comprehensive sampling, as important positions inside the RPV can not be reached.

The other extreme is the temporary dismounting of the entire core internals, causing a logistic and time
consuming effort. Transporting the internals might cause additional personal dose rate. Space and
tooling is needed in the ancient area, e.g. spent fuel pool, for parking the internals and for the sampling
activities. Additionally a lot of water may be needed for radiation protection reasons. On the other hand,
both the upper and lower core internals as well as the RPV inside is easily accessible allowing a
comprehensive sampling and by this a detailed overview over the activation conditions can be gained.

As shown, there is no ideal solution which satisfies all technical, radiological and commercial aspects.
Therefore, a compromise between different variants has to be entered. It has proven effective to develop
a matrix of different intelligent variants comparing their characteristics. For this a detailed expert
knowledge and specific experience as well as foresighted planning is indispensible. Finally, the most
suitable variant can be chosen.

Attention must also be paid on samples to be taken from the RPV wall (outside). Accessibility has to be
checked here, too, as space between RPV wall and biological shield, respectively RPV insolation, is

often limited and hindered by interfering edges.

Pictures 4 and 5 show examples of the sampling device positioned at the RPV head and the RPV wall.

Picture 4: Sampling device at RPV head Picture 5: Sampling device at
RPV wall close fo the calotte

7 Handling and Transportation

Dose rate measurements of the samples taken are necessary for their radioactive transport to the
laboratory. Afterwards samples are transferred to an adequate primary packaging, e.g. a plastic box.
Samples with estimated higher dose rate are handled with appropriate tooling (long-stemmed gripper
etc.). For transporting the samples there are different boxes available that take into account the specific
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characteristics of the samples. Beside its shielding effect the box protects the samples from cross
contaminating. Underwater samples require special boxes with holes for draining.

8 Radiological Analysis

Radiological analysis of the samples is employed in a suitably equipped and accredited laboratory.
There the samples are analyzed with respect to their activation nuclides and other important element
contents:

e Co0-60 and other gamma-emitters

e Fe-55, Ni63 and C-14

e Other nuclides if necessary (site and country specific)

¢ Element content of cobalt (source for Co-60)

The goal is to get a correlation with the activity calculations.

The final report may contain 2 different examinations:

° Checking the acceptance conditions for an on-site interim storage facility at time X (current dose
rate)
. Checking the ability for final disposal at time Y (decay correction of the relevant nuclides)

It is recommended to hold back spare material for possible necessary future examinations.

9 Summary

It has been shown that, in order to choose representative sampling positions and to verify their
accessibility, different technical, radiological and commercial aspects have to be taken into account.

The results from the radiochemical analyses performed with the taken samples can be used for
correlation with the activity calculations and to develop a 3-dimensional activity model.

A comprehensive sampling of the RPV and its internals is of decisive importance prior to dismantling.
Only this provides for a detailed overview of the radiological condition of the components. Being aware of
this condition is a prerequisite of being able to develop a dismantling and packaging concept optimized
in work amount and, in the end, cost.
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