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The radioactive waste is mainly generated by nuclear power plants
in Taiwan. In addition, it also comes from various sources such as medical,
industrial, and academic research, as well as low-level radioactive waste
and radioactive waste sources produced by isotope applications. Although
the amount of low-level radioactive waste is much less than that of
nuclear power plant radioactive waste, it is diverse and complex because
it comes from different use case. Due to reasons such as the unavailability
of a final disposal site for low-level radioactive waste in Taiwan, the
storage space for radioactive waste is decreasing year by year. Therefore,
it 1s necessary to study feasible reduction and treatment technologies for
the low-level surface-contaminated radioactive waste mentioned above.
Improper disposal of radioactive waste sources can easily cause harm to
the environment and personnel due to their radioactive energy. To further
avoid environmental pollution and harm, it is necessary to collect relevant
management, storage, and disposal information for further improving
safety management. This report serves as the final report for the
completion of all tasks outlined in the contract project. It includes the
completion of data collection and analysis of international surface
contamination of radioactive metal waste reduction technology using
high-pressure water jet, verification of high-pressure water jet waste
reduction technology for small quantities of low-level surface-
contaminated radioactive waste, and the collection and analysis of
international information on the safety management and final disposal of
radioactive waste sources. Given the long-standing development of the

nuclear industry and the research on the application of radioactive



isotopes, we can draw from international experiences to enhance the
effectiveness of Nuclear Safety Commission (NSC) in the management

of radioactive metal waste and radioactive source waste.
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Abstract

The radioactive waste is mainly generated by nuclear power plants in
Taiwan. In addition, it also comes from various sources such as medical,
industrial, and academic research, as well as low-level radioactive waste
and radioactive waste sources produced by isotope applications. Although
the amount of low-level radioactive waste is much less than that of nuclear
power plant radioactive waste, it is diverse and complex because it comes
from different use case. Therefore, its disposal methods cannot be as large-
scale as those of nuclear power plant radioactive waste, and it needs to be
treated individually based on its physical and chemical characteristics.
Currently, such small sources of radioactive waste are all sent to Institute
of Nuclear Energy Research for storage in Taiwan. Furthermore, due to
reasons such as the unavailability of a final disposal site for low-level
radioactive waste in Taiwan, the storage space for radioactive waste is
decreasing year by year. Therefore, it is necessary to study feasible
reduction and treatment technologies for the low-level surface-
contaminated radioactive waste mentioned above. Improper disposal of
radioactive waste sources can easily cause harm to the environment and
personnel due to their radioactive energy. To further avoid environmental
pollution and harm, it is necessary to collect relevant management, storage,
and disposal information for further improving safety management.

This report serves as the final report for the completion of all tasks
outlined in the contract project. It includes the completion of data
collection and analysis of international surface contamination of
radioactive metal waste reduction technology using high-pressure water jet,
verification of high-pressure water jet waste reduction technology for small
quantities of low-level surface-contaminated radioactive waste, and the
collection and analysis of international information on the safety

management and final disposal of radioactive waste sources. Given the



long-standing development of the nuclear industry and the research on the
application of radioactive isotopes, we can draw from international
experiences to enhance the effectiveness of Nuclear Safety Commission
(NSC) in the management of radioactive metal waste and radioactive

source waste.
Keywords: low-contamination radioactive waste, high-pressure water jet

reduction treatment technology, safety management and final

disposal of disused radioactive sources nuclear power plants.
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132 ARE&BMFEHETEZ ERIFENE
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@%Eﬁ%ﬁﬁ%ﬁiﬁ;wwﬁ%ﬁﬁ%é%Eﬁ%ﬂﬂ%%ﬁﬁ\%ﬁ
Fip AR 2 B AE TR AR B P A IE (T EI00 A o E 4
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S RERMAG AR EREHERRAFL B RK B RIERN JrF
HRE
AP EFL P PR R TR E BT R E AT R Y

EPJEd B TR AT R S MG A BER I F A A
HALNERBRDF SEAH B E RIS > = Gross aff 75 L & K> 1R
1%'(TP< MDA)® §§ 53 £ F:E )% F E(% 0.12 uSv/h) » ¥ 4= | 2_3
RAAZFHEIFEAL ERRAT MNEFADERER P AFEE
“,/-fﬁ TE B EFE B E w53 AP E 2 ", ’“/T‘,% RS2 EEBRAP
RGN RER AR R E A TR R R 1 Mk
AAERRER T2 sk

21 # @’]\’Evm‘ﬁ%ﬁ EHA

Pan 23R e RAEAY o #F R I RBEATA 2 ARG

EERTE: R A ] "/f z,t;&i?#fr",f (Decommissioning and demolition, D&D) %
ﬁ%ﬁ%%’ﬁ%ﬁ%ﬁ%%&%ﬁ%ﬁaﬁ%&i%&ﬁ,y?%@ﬁ
DTSR R AR o F R AT R i RER Y e T ERURP
FE O WEPRMFELF R L0 2 7 R BRI d RIS
)~ derkep e~ ki s MBRT A E RS W RTRR TR § g
bfifik o H ¢ i % 3R -Kef % (High pressure water jetting, HPWJ) 2 3 /& i
% (High pressure liquid nitrogen, HPLN) » g *% /5 Bt fiee 4P # § scifiF
A Ee  HPWI @& * kL% AT LRI - A7 2474
FREE SR S0 BRKFEIAE AN RIL L M- Bk SEAL T R
BRE > #-kBRES T 25000~55,000 psi > i€ EFE S|SB F L E K
VA SR AR RBELEOREFREEER L EAET S
800~1,000M/s » H k48 4 Fai B 7 Ko BRI HA > 4 fEH s



T oA RIL Aok h X REEF L2 BB I A kT4 0k
AEARIT Rk kS B AR B RS R DR G 5 R RARFR
RGBT RE 0 L R HRE A BRI R E R B2 AR RRR
%#%?ﬁﬁﬁﬁ’—ﬁéﬁﬁﬁ%ﬁﬁ%@21%ﬁ,f—ﬁ§ﬁ@ﬁ
Feo BRKA R B RBFHREER REFEFILEEAE T
GEr o T i PR EBE R B00 B R LG T LS
AAfa 4o 2228 F 246 L5 BRFER ST & <403
AR FIAR G AR FIH T RERA) AR RA A2 J B, TR

BB E T HRE > PR ERRFTL > IAFRAIRFTE -




PR Y TELY. PEE S FoL LAY TR Y

AT EFREAY é/];%/w\%fr’u é)gkv'ﬁ“ésc%@&i@ 4 gaep it &

Bahed 204 0 (5 R R B Y R A E ROTA (RS I RAT)iE

et A 7 -

%021 R AT

@ 4
FR e <30,000 psi >30,000 psi
\:ﬁ 4
b Ramaretal | 1Lesurf (1981) : 10,000 | T PIoynert
(14.5~)14;,503 P gf3,51i~.58,01
psi 2.Roed and Andersson 5 psi
2.Guo et al (1996) - 2,176 psi 2.Zhong et al
(014) 3.Majersky et al. (2021) :
4,351 psi Igzs?oo) +1,160~1,450 580,151 psi
ook
RER S YO_O (2015) 4.Rezbarik et al.
4. LzeC;zeS al. (2002) : 3,626 psi
( ) 5.Liuetal. (2022) :
1,450~14,500 psi
6. Takeuchi et al.
(2003) : 145 psi
1. Jenkins et al., (2015) :
8,000~15,000 psi ; 90
=60 & =
- 2. Hitachi-GE (2016)
1,450~14,503 psi ; 60
R
Nedyalkova
(2019) :
<
60 % 26,106~34,809
psi ; 45 B




221 ¥ ‘ﬁ‘? 7 -FE MR (Nuclear decontamination- The current state of
technology)
ﬁﬁﬁ“f,ﬁ%ﬁm EAE o IF ﬁxi_kﬂ\"ér‘ﬁ#iﬁr o ~ BT S Pk
FoPE R E oS “f ST R RORE RBE PR AL BN R
PR E R R R E L e KA R A G F
DF &/ * 2+ DF % “,f 73 #]+ (decontamination factor) » * DF=Xy/X » 1‘_+_",$
ARG SRIE S L Koo SR i SRR 5 5 X o 1980 £ ri kA
fo B B-Kvg ik o 3G FFE A PR R(Vermont Yankee) 2. scram (safety
controlrodaxeman » % & & B = T ¥k B & fr&mﬁf LM PF)scram &=
B > 2E 16 B ’BLE B =30 SEN T Hi CREIRRP. ,ﬁ;g’;rj;@vﬁ IR N o 3
ﬁ“T Ao EPPN o FHELENES N 20RhELTSBE MR BT H
)} RPLE N i%‘ﬁf B ROKFE A 2 2 B R o ",f 75 WE AR * -k 1,000 gallon -
ok R E Y AR eE g ik HY BWR F & E Torus
plenum (LeSurf, 1981) » *& * -k && 4 ** 10,000 Ib/inch? (psi)i 2 4 ek
B oo
*"f 75 F]+ (DF=Xy/X): 10,000~20,000
222 2HVEHHTL2Z CIS AiB3 F & “f 5 (Clean-up of urban
areas in the CIS countries contaminated by Chernobyl fallout)
ARIBA AL I FVEABFAS &6 585 % 8T % > % Cs-137
“73¢ = (Roed & Andersson, 1996) o &t B #7{c & 5. fF ¢ * B & -kef £ (150
bar/2176 psi) > i3 Z ILHF % 7 £ {5 > Cs-137 2 ",f Wr B T5% 0 3%
P E BRI RS A G o Wi MARIE Fx Uf A%k 0 drd 2.2
ST MRS AR MO F (R F)11~40% o gt eh o gt v pRpes
I J‘/ﬂ.i‘]‘f[‘i/xﬁ B E R o
*",f 75 F]+ (DF=Xy/X): 1.12~1.66



2022 RRRF RS ER S

Site # gb Contaminated test surface B3 E5 4 % w Reduction
K;% /—g LU _‘_‘;\
Novozybkov Sandstone wall facing south (wet deposition) | 32

Tk TR LA

P # i & (RiT#)

Sandstone wall facing south (dry deposition
just below roof)

)BT e (§Ti )

11

Yarlovka
Ei M E

Sandstone wall facing southwest, hot water
(65 °C) (wet depos.)
FiEdEi e @ > #0k(65°C) GRITH)

19

Clay brick wall facing southwest, hot water
(65 °C) (wet depos.)
L4 AT & 3 o k(65 °C) (RiTHE)

19

Poleskoie
B 7| Fr L PR

Limed wall, hot water (65 °C) (wet depos.)
T g #k (65 °C) (GRITH)

38

Pripyat
1AL E

Sandstone wall facing southeast (dry
deposition)
T ER B ALY £

28

Roughened concrete wall, hot water (65 °C)
(dry depos.)
e RER L g o #0K (65 °C) (2 )

34

Sandstone wall facing northeast (dry
deposition)
L2 A Ae (F2f)

28

Clay brick wall facing southeast (dry
deposition)
L2 A Ae (FTf)

29

Varovice
A Rag

Asphalt road (wet deposition)
BT B (RITH)

11

Pripyat
$2hLE

Concrete pavement (dry deposition)
Rt B (3T H)

40

(Roed & Andersson, 1996)

10



2.2.3 #7543 5 Jaslovské Bohunice ¥% & A 'ﬁ% 73 * ;£ (Decontamination
Methods Used for the Decontamination in Jaslovské Bohunice)

AR S L IR 4 L T 0 Jaslovské Bohunice ¥ 7 By * 800 L #k
it -k (demineralized water) 4 & = 80~100 bar (1,160~1,450 psi) » & {7 # % &
NI [ % 50 Fwm 5 A0 E Rk 1/10 (Majersky et al., 2000) -

*"f 73 F]+ (DF=Xy/X): 10
224 21k B35 NPPA-1 345 fr]‘i'}-'f 5B fv& % (Procedures and
equipment used for decontamination in the high radiation fields at
NPP A-1)

Rezbarik et al. (2002) 44+ Jaslovské Bohunice +% & Bifie = -k T F &
U%@*ﬁ%@ﬁ%ﬁ’ﬁﬁﬁﬁ “ifﬁkﬁimﬁ4#°$@ s
i * 33 B-K(16L/min) - & 4 2 250 bar (3,626 psi) > -k 5 3 AR ek dEp

Pl A TR Rk R (7 4 A Y PR E R
FEFIa3 A o S REZEYE WERFLAPFEF Lot B Wpr3t R aH
HoTmE"rmikcF 2 € Rk 3R J\Pf;,f’a“/fﬁ? t8 0 bRk b

hi
voE R R S EAcd 230 R RFAET " 5 3Bg/em® -

11



3023 BRRFRBARELA LA T FHE

Dose rates before | Dose rates after
Measuring points | decontamination | decontamination DF
[mGy/hour] [mGy/hour]
1A 6.3 0.6 10.5
1B 8.6 0.7 12.3
2A 8.2 0.45 18.2
2B 9.1 0.7 13
3A 10.6 0.3 35
3B 11.5 0.4 28.7
4A 11.9 0.35 34
4B 11.0 0.3 36.7
SA 12.9 0.4 32.2
5B 16.5 0.45 36.7
6A 12.1 0.2 60.5
6B 13.6 0.15 90.7
TA 9.4 0.3 31.3
7B 9.7 0.2 48.5
8A 11.5 1.1 10.5
8B 11.2 0.95 11.8
DF=31.9

(Rezbarik et al., 2002)

*"f 75 F]+ (DF=Xy/X): 10.5~90.7

225 P AUEBBKFEE RSB i § B BIER (Improvement of
high-voltage performance of acceleration tubes by cleaning the walls

with a high-pressurewater jet)

1982 & p A & & #7 3 #7(Japan atomic energy research institute)#
JAERI-Tokai 47 # ;% 8 7% 4c i@ B 20UR Pelletron (National Electrostatic
Corporation) » ¥t ~ 3l 4eid B k3 3 R B jFieip g £ 0 Rl h
3%7%*$%*%ﬁ%@§’% BROKF ARG 0 ¢ F 3 H

E2 A RArR 220 M RIS FHIMBEL G2 f};w

12


https://www.sciencedirect.com/science/article/pii/S0168900203020801#BIB6
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‘q'kd— de-ionized water

(Takeuchi et al., 2003)
Bl 2.2 B B-KegiE4cid g o 3B

Takeuchi et al. (2003) ¢ * B /& ke % (145 psi)## T 4cid Bg » B B-kefix
#* 4 35 -k (Dl water, Deionized water) » /% e id 8 % & > 2 f,mumlw ’
I3 Kf G A e 2 Rk 0 3 oy fﬂ:m iT* o F]pt Takeuchietal.
(2003) 305 BR-Repie - BEF B ~ Al4viE F k2 BRI o

226 % B kg ir}*h"'ﬁ"fﬁ % % 2 4 P 3% (Research on

decontamination effect and damage of high-pressure water jet
cleaning to matrix)

Guo etal. (2014)41* 30 MPa (4,351 psi) B /& -Keg e fojis » 7 7 B &K
" m*ﬁz%’%mf AEEF G H I RA R R EEEKR O BT
RPIL R BRI R 2 LG ek R R AR B
i fm AL mﬁ‘&ﬁ%‘ﬂﬁm oK 5 SiAeB 23 %7 od B 2.4
BB 257 NEED A fEF R piaw S & G kR RO ART < Rip ko

13



20 PR Tk o A5 R MR AR RHI3 AR 2L S kR
FitE P H RARG M A G ISR B iR AR R
fe ﬁ%ﬁ’ﬁﬁﬁﬁﬁﬁ%?ﬁi’z&ﬁkiﬁﬁﬁkwﬂ’@@
3

Fikts o Bt R o Baehdnk B Rk M A G SR AR

L

(Guo et al., 2014)
Bl 23 R KA LE K~ 2.8 BRI (0~30MPa) ~ 38 4 4k -
BE~S5.T0 6.8 RE T8 Kk

14



(Guo et al., 2014)

Bl 2.4 AS4wiF B BOR T (S & G fe kR BRI
200
S — ]
Sl A K
£ 180
=
=~
2 160
Ve
o 140 P
= /
W qgaf <= 3§57
120 SN
100 1 1 I
c c2 ¢3 c4
M5 n

(Guo et al., 2014)
Bl 2.5 HI3 4wz 3 B-Kepikm (o & o fupd ik @81
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Guoetal (2014)E &7 7 = % :

(@). FI* B R-KF G R BAFER LG R B L G A B T Y
Peid & B e h5E 0 Aok 2 G B e o PIFEEF R - et R R A
Bl AN BkG - LR R RERE R M

(b). % B-kefiig 1 @& a3 - A2 FFRARIF - AT
BRI K e R H W R AR Ry

€. 1 Hi5iER Bk > Ao AR 25 &THL

(d). HHEAL B 4 6 FSFid Bk et ERBEF AR 0 &G AR
PRI RPEMFDOT B LG kR SER R A
BoRAp Bt E EP I LG FTR i e ST AN
(E0E S U S REP T

(€). # B-Repiig =1 FRGdpf > A2 FRARIVF > S fEIVFE

PSHAL P R RTE K Ew hE A e R AT e )

&)

RV LSS A S THL2Z1ERT
227 BAIBAER BoRE HT R ‘,f X e 4 (The potential of high-
frequency forced pulsed waterjet for nuclear decommissioning)

584 % 4 B /& -+ & (Forced Pulsed Waterjet, FPWJ) @ 32§ &4+ 2 % %
Bafprz o RS- B R o BRERY FPWIR 707 (8 A
PP d® > FPWI @ 44307 & 451 3§ * (2 (Jenkins et al., 2015) - B &K+ %
RO A HIE A P HARE BTl RS A
FIRITRK O B BE LT R AN T EFRZ B IR AR
WAL To fFHESPAKk2 4o ",f B oFE - REfrE 2 RSP
® % 5

10§ B 2inch pJZ 8 sE S04 kst B P AR FPWI it chde 3 4

PR ST N E LT Ry A SNSRI T
16
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v
lip:2
\\ﬁr
A

i (718 e 0 25 (TR £ 2 F e Jenkinsetal. (2015)3% 5 %0 0 A 49
iE

4 %% 10 um TIAEN2Z & F i s R R R KA AP

4

o HF R A S A BORA S TR B B2 BB 8 T e FPWI
PR Rk RHPWI) 2 i i Hole > 7 5 2 AR K 4% 0 ik

BOH S (T o SRS SR AR i R R 3R e b R -

d 2KW & S F B ~ frde g B -Kep k0 B 4 1 8~15 kpsi (8,000~15,000 psi)
FOARER bt R O R S A ] 2.6 0 AR F AR BRI & G R S
IR EEYE 0 ) 5 25~50mm o E R R ATl U OKNFAT o R B E-m R
2R FHRETE i B S ARl o FPW) T R g 3R g e
48 A 2K 3 (Jenkins et al., 2015) -

REGULAR JET
e ————— i e
MODULATION STARTS

FULLY DEVELOPED

(Jenkins et al., 2015)
Bl 2.6 sl 4% BRI EREL
(B~ F : REGULARJET 4 i #f &+ ; MODULATION STARTSH
433 fo » TRANSITION & ¥ ; FULLY DEVELOPED = 2% & )
Pk E SRR R ReF S P RO HF MBS EL RS B

TR RKE A S G ok B fbed RGO RE T AR R
17



ARl B ROkof s B BF R iR R R g

p
=
&K
\?k a
YRS
WE el
~
)
s
ﬂ
.
=5

BB R A E ARG o b R BT R
FR O TRERFTFE- IRARADEEFR L BT RO
R oFPWI = 7 % vk 2o B & 0 £ & BT R & - Jenkinsetal. (2015) %t
FPWJI # 4 T 303 B ) 4 15 75 AR R Bt B RKof e o R ARB R »
B4 RRTEE &R FPWIsaF o+ v o X426 30 M- ERM L HFT
% 5 st 4p £ % Nedyalkova (2019)# 3 HPWJ - Jenkins et al. (2015): 3% i% i
B0 AL R R e o PR A R S B B B R G R oo B
@’ﬁﬂﬁ%%%%ﬁﬁﬁ’#ﬁﬁFWW&ﬂﬁ’ﬁ&%&?ﬁﬂﬁﬁ
Gh gz P AT o A Frl A wiee
228 RBBRFEH KL BERAFFFRIFAL (A study on the

decontamination performance of radioactive metal wastes using

ﬁw

ultra-high pressure water jet)
Y00 (2015)4% 4142 B /B K ¥f vk 75 P 31 & A R K e ahibis 4 &
R TP AT R S & B AR F A PTARE

5ARK 0 FIE (AR A G 1 (i SRS £ PR P R P AR e
RS VA RS SN U ) SUCRES SR PR
B ERERFARL - PR R R RRR TR (0§ Rk ke

4 F Jis B Ry % (reactor containment building, RCB) 2. 19 fécéti+ & B3 4
5 5 iﬁﬁé%%fﬁoﬁﬁ@%&éiﬁ%iﬁ?ﬁﬂ’ﬂiﬂ

=

%ﬂ+ﬁ%ﬁﬁ/"@*%%%ﬁﬁ4ﬁw’%@ﬁ$&£&§o
*Kﬁ% 5 TS (DF:XO/X): 3.13
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229 wEF-PTRFREZBERLY P‘E‘f i3 %% (High-pressure
water jet decontamination apparatus for upper part of 1st floor of
reactor buildings for Fukushima Daiichi Nuclear Power Station)

WhHF - PRREEBEL o SRERdBRERE o F R ER
AL R T AR SV S R S S B '
% - Hitachi-GE (2016):n 5 § 2 B ec L2 A p 0k 5 > 5 18
FlRa e 2 B E AR WS R 2Rl 2 AR A
e killex > 25 = BHRM B fgquﬁ Hevk HEER S R R 4{}1:*;25; A
Fhtd o3 iundjch i tag- Bl E e ks
KA RSB 270 B RKEIREE Rk 24975 o

High-pressure water jet nozzle Nozzle head

<73

b
ok

| /H

A

4
oy
DN
S

=

High-pressure water

Hydraulic
lelescopic
maslt

GO0 mm

High-pressure water is jetted out from the nozzle. Crawler
('This photograph was taken during a mock-up test.) us vehicle

~l
-

00 mm

5

|

|
.~

Flipper Outrigger Flipper

19



(Hitachi-GE, 2016)
Bl 2.7 ®BR-KepieEE AR EFEILM

(B ~ F : High-pressure water % /& -k ; High-pressure water jet
nozzle B /&-k+ &+ # ; Nozzle head *f # g ; High-pressure water
is jetted out from the nozzle j¥»g # vf & 11 3 & -k 5 Expansion 4 &
Constraction 3 -] ; Flipper §s4= ; Outrigger ¥ ¥z & ; Hydraulic

telescopic mast j% & # %54 ; Crawler vehicle /s FE o)

3024 FEoRREERRE

AHEE 1,300 =7

A8 E*E*% | 2,100 mm * 700 mm * 1,500 mm
CRE B ROk

B 3 BOK et | 2-8mp i ~ THABE I de R T
R Fo b RATTHMEE B

#E 5 aa Ak

# B0 R TG &+ *LAE P 1km/h

#% B L a FESE B B70mm > A%iF A+ 15°4 Ay
R HEF 2 42 | 0~ 4,500 mm

R A R | 0~120° (€2 2w 5 0°)

FRERA R 10 ~ 100 MPa (1,450~14,500 psi)

(Hitachi-GE, 2016)
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22,10 E 5 B4 GRE B Gl g BRI LR K3 (Design of high
pressure water jet decontamination device with pressure and flow

synchronous control function)
WARB Rk R EE G A Leietal (2020)4% O T B a e i
LR R R RCEARS B R BER R AR R # R
PR AL Al R BRSO R SRR o e R T AR AR
WA FROE S O] o Pl e R Rf R KR
TS ek BT BF R AR AL R T BRF T HR

P e

2211 FidstiiF 4 £ BHL BTG oL 'f 75 * ;# (Existing and potential
decontamination methods for radioactively contaminated metals-A
Review) 4 4|

PR ¥ ﬁ‘%@%ﬁ&ﬁﬁ’%%*
g A S NESER: Ay if‘i‘ffﬁ °K$ &
HALF Y it FRTEF L <A TRAS ERBERF > T

LIPS H o R Rl AL

i
(2021)4* #4325t i5 2 & il 5 » SRITL BB > (T 2 A

4»

B drd 250 B IR AN B Rk R S A S s P  4
‘ix/‘jﬁ—é/z,’/_"_%”%ﬁ‘n/f FAF B I fl!/f/ﬂi&]_:.‘gﬁ‘_j ,%,‘L,_ﬂ,»
PR RCRE WS REE O AR T EA G LG AR o
PR R R NS £ AR B RS SRR R A A
4o R R P T B F R B AT B F

ﬁﬁ%ﬁ’@§W‘@~w’éruﬁﬁé$ﬁg EE O S
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%025 R AL E RS R L R AN

Decontamination
of radioactive
contaminated
metals

RS EERLR o

Chemical reagent

A

Dilution chemical reagent #§ i* & i &

Concentrated chemical reagent k43 i* 5 &4

Chemical foam decontamination £ ¢ ;%4 /5

Chemical gel decontamination * § &% 3 /5

Chemical foam

decontamination

v gekd 5

Chemical gel

decontamination

Y3 T8

Peelable film Traditional peelable film % 3L+ & & og

A A Self-brittle peelable film p 3%+ 4| &5
Magnetic separation peelable film & # 4 37 £ i

Microbial

decontamination

Hed ¥k s

Smelting /¢

Laser 7 &%

High Pressure

Water % /& -k

Abrasive il Closed Abrasive Jet #fFF 3% Bl vf bt
Mobile Abrasive Jet # # 3% ¥ #)

Ultrasonic 42 5 ;& | Ultrasonic & Ce(IV) 42§ & &2 Ce(IV)
Ultrasonic & Molten Salt 4z 5 A 22723
Ultrasonic & Inorganic Acid 4z 5 l;’i’ E i
Ultrasonic & Electrochemical 4z § A& 7 it &

Dry ice blasting

L2 Rl

Plasma 7 #

Wiping, Baking

#?1;’-}.% 73—_J_:E

(Zhong et al., 2021)
2.2.12 it d 5 EHPFABRTIFE 0 FIR T RT] k2 BRI R fodriRan

L P (A state-of-the-art review of radioactive decontamination

technologies: facing the upcoming wave of decommissioning and

dismantling of nuclear facilities)

%95 b Pk

R
Rl 2.8 -k s

~

%’a:}fﬂ,ért T3
» HiAe Rl v 2B E o Liuetal. (2022)4% &
R F W iR eE v &% > B4 i 10~100 MPa (1,450~14,500

2 P RILALS T 4 f

B B KR 2 ATAK

22

B s

)‘L'k["




psi)> 3% HLiFe P ¥ 3 2uiFF A % @ - Nedyalkova (2019)F 3 % & -k ¥5
A A G 2 0F 5ok IR RKE R A R 0T & R 1L 450 90°
Lfredspait f o ¥ 30pisdLag e

wastewater
treatment

wastewater
collection

(Liu et al., 2022)
Bl 2.8 B B-Kep BTz A2 R

(B < % : water -k ; Base material 44 ; wastewater treatment %

-k A2 wastewater collection & -kiz & )

23 BE-kpEFRCF S PRGARFLER
BRI A KT der &G AR A A W LRITS @
Bn o B2 =% (droplets) o B Bl e de N Bl B F 3R AR
b heri 48 7 (FesOa)~ = § i #7 (SIOy) 2 ¥ 73 141t & i 48 (4- B,03{r EDTA)>
Fpre TR S s I I e B s R ok DE 8 25 50
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FH g4 By 5 DF af 8(LeSurf,1981) « Zxm 3 BRK AR 4o
AR R BT - R L Y ] R i
blasting » &2 3 B R ? o ke o
231 i F ~ 2 p s mSffeEE L DT 4 4o A k5 # (Chemical,
biological, radiological, and nuclear decontamination: Recent trends
and future perspective)

Kumar etal. (2010) 4% B~ % & -kvf ik > 2 K,!rtl e 3L 0 RS #ﬁgj
% 14.5~14,503 psi ; #4113 W) & RR RS B o fo 8 BT AID LS
B ERF AL L AR ¢ RFFENFETOLG o Aog g It
SRR AR S TS RN R R R T 0 R i R R A
fom B fi b -

232 % 'ﬁ? w3t 3 ‘,f 75 i 42 fe # 4 (Decontamination processes and
technologies in nuclear decommissioning projects)

Noynaert (2012)& 2% 4c B § &K E # & iR (5~15 MPa)ig {7 » ot HopiF
FoHONFRE R R AEHE kR REAFR LRGSR BIEE ok
%@«%%iﬂE@J%ma&mhwwv*ﬁa&a%%ﬁ’uw»w
R *v?“,f‘}ﬁ FTA4 20 wRBIERR SEFE oL

4% i 60~6,000L/h>60 CiE ’K#f?ﬁﬁfjﬁ So o gt PR R G F i R A
T T fjfag A 254K § %% - Noynaert (2012) ¢ * 3 &
-k (>70 MPa)*t £ fh+» &) > -k & i 3] 300~400 MPa (43,511~58,015 psi) » -k
PR ST E N T o iE 900 Ms o 3L e BT B RS o R
ERL
T h o K AR P ok R AR F RS L R F e
& fx # iﬁkq‘i,ﬁ’-"f AR I B4 E B Ef R % o (Noynaert, 2012)
SRR ERT EAF Y 0 D AR S AL BT R
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EEE RS ETLES S S YL B R R R S ES
[P IZ 5 B~ BRI E X RE F(FEB N R R ) o L * 2R 7 &
SRl T i R T’F‘év"#%g@ i H N IR ot 1 . O e S B AR
JIr# Belgoprocess = @ p #5 % 3uz jRi2-rf #)i2 F %6 (T B 40 B 29032
RGN - & A ) i = & % (Noynaert, 2012) -

(Noynaert, 2012)

Bl 2.9 RiZ-ERZ2FEEIENE

233 ¥R ER&H ‘f 73 (Decontamination of Nuclear Plant Steels)
Nedyalkova (2019) B /& -k ¥ i (HPWJ)4# % i & {7 #8450 Kf 5O AR G
AP SR SRS HT BT SR R AR S (TR DR)e KA
AR E A o R AR R AR ORI ERE 3 2w g R
Kefierkis o B Bokef e s B 0 SRF GRG0 T R RS
R BRI R E) BT R MGEIES A A h LG 5 #
BRRFFARLRLEY o 5B Bk ARG BN RS RERY T B
CAERZIBRF B R R ERMEEE S R8T S
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Nedyalkova (2019)#% 1 % B krf i g f54c B 2.10 0 3 B-Kef e € & R h
P B R s i 3 P & BB 40T 0 $5.8 R (Core zone) | i

B 1 (Ao 4 ol )on S dh 5 1E 2 d8E % (transition zone) Vi iE bt
RS E SN RIS ?ﬁ%ﬁ EFRTH I E G R RF
(dropletzone) : d b RBg s &b 7 f BT IRGA TR 0 CRIF b P A5

SRR B RRF R G E 4 KRG AR AL

Fo BZRFOF ARG AR WA KBRERZ A G TS
S ff‘}% eF oo

|
>\\
Q‘ﬂ

=

Water jat

(Nedyalkova, 2019)
Bl 2.10 3 B-kepitz ki

(B ™ ~ F : Nozzle #f ¥ ; Core zone +% % : Water jet -k g 5t ;
Transition zone & % ; Droplet zone % % )
Flale s T3 s s "?vﬁwﬁi‘ ) HR
R p g N g FEfe? Rpld e 0 2D hd 5 i%;?%’ﬁir—," o 3 4c
PR R S R F RS E Rk M E R E S e B
ERE R CFRNME IR o Bl 211 Ko 3ROk EE SR 4
R R A BEARREE RN E S e B4 2 “f%ﬁi?ﬁ(?} 2.11a)
2 e+ R R (B 2.11Db) -

/\~
‘*‘_"
pais
&=

N
=5
et

\

ﬂ\
La
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150 0.3
[ traverse rate in cm/min a) - traverse rate in cm/min b)
‘20' =254 —o—157 . =254 —e-157
[ coating: ductie § [ coating: ductile
£ | £ 92k
£ 0 :
i | : |
2 g0l g |
é ! 5 01L
ol 8
[ 4y t
[( L -M 0 RNy AR SO | R
0 0.1 0.2 0.3 04 0 0.1 0.2 03 0.4
Nozzie dameter In mm Nozzle diameter in mm

(Nedyalkova, 2019)
B 201 o o B AT HOEA A 8 SR R

(BIp = F : traverserateincm/min ¥ # i B = 4 /4 ;coating:ductile
% K . ut B 1 5 Nozzle diameter inmm g e 8 jS 5 o)
45 it &mﬁ’%%ﬂﬁ S R R R B &
BORKR mbk”!fﬁ w2 bt E BV ETERFTLAHA R T‘}"i#i
# 4 & 30°~45"> “,fﬁﬁ.—‘ili&r"s v -8 i&«ﬁ—rﬁxim“fﬁ e o pLooh g 1t
ARPEFEF AL F A BT R LT E ARG
éfﬁﬁ%ﬁ<oﬁﬁéﬁkﬁ i%?“%%’éﬁ¥%ﬁﬁ?’%ﬂ
BB T OUEATR Y AR T o B RRFE R *“uf il
e dg & goel JongkiT g ROKFIRIET TS G oA 2
S B IBERF N E LA G AT 24 0k & o Centurion 3 B KRR R
BRERRA D RERKF AR SRR R R LY v
dLfrdd 3 ;fﬁ,{gpggf;;gfﬁrkvﬁj;t-‘gfﬁg » = =335 200 mm X 60 mm X 3 mm
(£ XEXE)> 4Bl 213« 55X B B-Keg EREIL Lm0 A EREES N
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FedZ o R B o~ S 4 457 907 > R EEAE Y 2 20 mm o sE L B AR
w A # B ROKE SRR % 7 1 TR 4 (1,800 bar [26,106 psi] ~ 2,000 bar
[29,007 psi] ~ 2,200 bar [31,908 psi]{= 2,400 bar [34,809 psi]) > # #% & & &
10mm/s > 4r@] 214 245 523 A fod o fekE Rk o Bl 2.14 B 304 e 35 4
KR4 ughe g BRoRFE R O~ BT & 45°27 00°2 3 RORFE AR RETEAA
{ & o MEF B R-ReE LR A 40 (1,800 ~ 2,000 ~ 2,200 £2 2,400 bar) > & &R
Kef etk S ET R AR A BEE R 40 0~ Bt & ABOHE BRORE R S TR A
#_1.5 mg/cm? 34 3] 5.3 mglem? » 2~ b & 90°¢F etk 5 0 BB IFLHLL
mg/cm? 34 2.7 mg/em? >y~ B4 ABCRE Bk IS R A { F o B 215
ro~ B4 45 90°8 Bk SR i A w2 SEMBlo P A F LR

(Nedyalkova, 2019)

Bl 2.12 Centurion B /R-k¥f L7 %K B
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Nozzle

High Pressure

Water
Stand-off

Distance

: ] a
D e = = = = =

—— Holding Fixture

X

(Nedyalkova, 2019)
Bl 213 BRRFERIET LR S e~ SRR R HRMT

(BIp < F :Nozzle v # ; High Pressure & /& ; Water -k ; Stand-off

Z 4F = ; Distance §EZE; Screw 4@%" ; Traverse Direction ¥ & > & ;

Speciment& # ; Holding Fixture # 3% % £ o)
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5_5_- ® Water Jetted at 45°
® Water Jetted at 90° %
50 4
4.5
T ag
e 4.0
0 -
o) 3.5+
£ |
% 3.0
- 25 ] §
=
= 20- i ]
T L)
1.5 [ ]
4 [ 3
104 %
I ! I ! I ! I
1800 2000 2200 2400

Water Jet Pressure [Bar]

(Nedyalkova, 2019)

Bl 214 FEFLE S RBfor 50 & B %(SD 5 1 BHRERL)

(BIn ~ F : Water Jetted at 45° 45/ vf -k ; Water Jetted at 90° 90 & *§
'k ; Massloss[mgcm?] & #4F 4 [mgcm™?] ; Water Jet Pressure [Bar]
7}(\2?,?&,1-@4 [#]°)
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(Nedyalkova, 2019)
B 2.15 BBk EAILE £ % SEM Bl (a)22(b) 45 B » 5+ & ~ (0)&
(d)90 B » & 4

# W4+ 2142 45 (Ramsbottom)zk *5 i& {7 % /& -k *f % &2 > Centurion
Beokef k% d Jetchem Systems LTD. 8l > #f ok B p >3 471> &
R AR R KR R RIE R R A R P Ak o B RK R AIR TS
® % SIC 3 FES 2T PR HE - H AT AR R F R
E ST e o ’sﬁiﬁﬂﬁfﬁ EEFEFLAZEF > 5 ARG
(Nedyalkovaetal., 2018) o % & o4& & LN RE AR P o) 216 0 A
AR E T 04 G ek R 5 0.540.02 umo 4 B BRK R e~ 6t & 4505
tRE Ao e R {8 0 B B RRILEAR 2 ‘R FIARAR & 4 52
WAz (Adler, 1979) - p A2 £ G § b4 K o SR Lo 0t g S|
£ B fr = 4 (Kadar et al., 2011; Kadér et al., 2010; Répanszki et al., 2007) » 7]
SRR RAIEE S A G R R A L BRIk
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0.74 -

B Water Jetted at 45°

07zd ® Water Jetted at 50° {
0.70 -
'E 068
= |
O 066 -
o |
5, 0.84 4 L
o T T
E 0.62 - 'S
) - 1
@ 0.60 I
= |
@ pes 1
0.56 5
D'E'q 1 1 ] ! | ¥ |
1800 2000 2200 2400
Water Jet Pressure [Bar]
(Nedyalkova, 2019)
Bl 2.16 Z ofefd R 2354 RBfor 544 B 2(SD & 1 BiRE K L)
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Nedyalkova (2019)i¢ * XPS 4 45> rrzt B B-Kef e fish it k ~ F o= 2
B EAY FIERMR B oK EB LG H FF C&Cr) T AR
AABE AR Al BRI E Cr/Fet > 4ol 217 &SR &K
ki 0 Ao B Crg 8% 300 43000 0 b & 45 s Ap gt r st & 90
R R N WYLEE Y S SRR Y N B e o
Fpcl AR 0 A xS E 90°F BoRrp iRt Cr 2 an S R R SR
Aol 207 % HEP O FRORF R ok B LRFE A5 55 A
e 2 B MEEFIF 0 A R RORPABR BRSO SR 45 oG K
2 K,ért F & B - Nedyalkova (2019) % /& kv 304 L 3] 7 4 4% > T i¢ fd €35
4B 4 (1,800 bar) » & Bokefie r B & 45000 00° » £ F 1iF sk o AT
P frAdd - R P ART M HP LIRS T ARPIT R H
BAIH S &R MEFARRAEI AR EEILE S AP FRA
s - BT RE A TR RAR R R R R e

# Iron (Fe) # Cromium (Cr)
102 -

100
98
96
o4
92
20
88

Cation, at%

86

P X
o8 o
AV A
@\ %q.\

Q N O o
& & F P
%Q\N &v)\% Q)(}{b @Q qﬁfb
(Nedyalkova, 2019)

Bl 2.17 X354 Acs Bkt &iz XPS 24740 ~ & 2=
33



IS RNKA R SRR FEE Rk R E AR RS
A?%#ﬂﬁﬂikﬂﬁ%ﬁiﬂﬁf&’¢é%£%ﬁ%ﬁ%%%’

RRLRRCACE R BEE AR R R S T e AR - o
W EBER Y O HNEFEEE B HEHIRBE Y
2o LRSS B RS B BRRAFE Y PRk L
(o 20 Aakfp T - TER LV ER T SRR S E TR
TP g e ARG AR b '*%%L%%J LR T R A
AP REERARL ) > P FEIE

31 *RsBRAFIBEAR

AR RS E AR TR AR A 2R T R AR B AR A AT R
ﬁﬁﬁﬂg‘“%ﬁ%@wv;mm B A Rt R 2R R R RLR S
PR TRESHF EFRAMERAITER T DR RS
FREPEL- L ERNERTRAMIFTE T EEAR L PR A
AREFEBRPFIFFE IR 5T A& B A RE R
GCRITERIITRIBEE L KRR FE 2 FETRE e BTN
Wasghrm - e B (EE) pFFamin T4 o HE
Pl 4kt BRY
()% &£ B3I ods i SHF L (EoRR S 7 D125 2 §5 52 (4o
F2PE AW ARE)E o

b

B &R BT R ARACR 30977 0 BRI APTITE L A Z BIERT %

PolEER G bﬁ’%ﬂo\%ﬁ*ﬁé FoREAERERFRGEE S K
RRWEREER e BRIAITREE S E4od 30 LR
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B s FoM At

HEAL q i
AT R |-
T —RRAR
(REFEENERSB)
S #EADR 2 2% Bik o~ 2
;
2
FRA LR EATEE R4 R AT I A
Y !
(REHFEFAERD h J
Py IS T LI L)
kAR @_’
F
v ‘w’
A TR E R AW -
YT s
Mubpioript b4k L R B
@ = 0.1 Bq/g?
E 2 2
BHSHEES *
o
FE

1. MDCR (minimum detection counts rate) : & -] 8 B2+ & F
EZoHAERJTERLERTFE B EFHFLIRMER -
FIPAZEREVER

2.
3. G:
Cio: % 12 ERVEN VL FERUE o

(Pric 7 3 9l R ARG S o e £ A ,2014)

B 3.1 E&BHFITERE
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3.1 ErpEie* 2R

AR EE S

R i

Bopla i

TR A TP 0

e B oag A AT

A B AR A | i B A .
*Eﬁ% ;%;g f ®oo/P AT FEe il =
HO IR Sr89/90 4 45
o s
BEEMIE | Rt |G MRS AR
Pk S.E.A. 7 n S
. | CoMo 170 ! %
A= W & iE
R RS , o o n .
i&T(;LI\I;I"li;J};(P BREFKE E4 e |mine 204G fg st
AT1121 S SRS SR
, | > B A4 5 o
. - SWAM-2 s | oy b S 2o I B ’:\.\. ¢
%:fii VEERREH N h e o i
EE R
(f#'5 ¢ # WMEASfTEHRE 2
Rl Q2 4% AR A YR /H*%m}w* o

e T

301 26 AEFERRE
(). 4v B B+a 45 5 18 P K
Rk Al 5.

R AL

RIS

ATOMTEX AT 1121 -
D M ER 5 Nal(TI) P % i 4 a2k 7

T e R (R AR S RS
PEAIR ST R BN T 3 e 3 R
ERFw Rl AT Yk q

» S St eiic £

Ak e s

REBHE M
v Ok M E

Bl e X Lo
Wk e b R

R
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Bl 3.2

DBl E B 15keV ~ 10 MeV -
:+35%), 15 keV ~60 keV ; + 25% , 60 keV ~3 MeV ; +

50 %, 3 MeV ~ 10 MeV -

: 50 nSv/h ~ 10 Sv/h -

(b). # o 55475 % iRl

g Bl

RERIL R

TR RIT

S.E.A. CoMo 170 » & % : 0400 -

Berthold Technologies GmbH & Co.KG LB124SC -

B 55 1 10-12681 -

ﬁ%%ﬁ%ﬁﬁﬁﬁ%%gﬁﬂ%ﬁ’w%ﬁﬁm%

F) o i kT V ARFRI BRI E LS T T E
AR A R At Bacd s BTN

Rl Heps B (F)) 1047 > WRIE e 1 28~29 D6
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R EBH B #F (bi) : 18~20 cps(’F -] »>+150 cps) »
MDCR=2.32x(® % # % 3 #ciEcps)l/2= 9~10 cps ;
Fh Ry E&F=REF F 3 #%&F +MDCR= 27~-30

cps °

Bl 3.3 % & 55455 2 1 3B %(S.E.A. CoMo 170)

Bl 3.4 % o {555 4 14 P&k (Berthold Technologies GmbH & Co.KG

LB124SC)
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(c). BirliZ 4 RE
RO A5 WIMPE0OM » B 2 © 166 -
BRI RIL 0 ZnSY Ry R e B B AR T RH
BHRERTF AT URE S EEMEE o By
BIE o APIE T FRAE E ChINEET B BPIE S
ot 23t #c (eps) ~ Bg ~ Bg/cm3 £ Bg/m? -

REFE P EAMIFARE FRRF B A ARLET B
%

(WIMP SERIES)

B 3.5 2RS4 & B(WIMP60OM)
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(d). 55 4c & 48 AlE A £R kS
R A5 0 SWAM-2
BORHEE L B 7 R ARs P AR 0 2 SWAM-2(&
SWAMIF s ZI A2 3K % )i 7 2 8 FH 4 B 0t 75
RER RS ER A ESWAM-BL(E I 3 s
2 RKF)EF2EHE RSB ERER B R
W R 300.1 Balg (<100 Batkg)F # & H RS -

(Prac A g orid R EFAMAERD S FERAE,2014)

Bl 3.6 WA SS4ehti A EREPR B

(). farf § #1ER 4 5(Q2)
R4 A% ¢ CAMBERRA Q2
BORIRID R R B TR IR - B B R Ao B B R AP
oo i RS A BERF e 2 (4obSe 6 B R P B
;’*‘fﬁ-ﬁ?vﬁi%ﬁé FR)EEFR S LR EEA TR L
S 2 BB P A SR R
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R SRR R LR & AR LY R N

BEER R EREE ARSI RS AR

AT ITE od A KALE 2 = 2 i B R FRS A

PRt F R U RBEETRESPERS

P F ARG R RSEER B P
th A #zgﬁ S ER SR AT 2385

REAAE RN R B 2 100 keV ~ 2 MeV o 45 it B Ap o

T

% 1 >32%at 1.33 MeV (A ¥3t 37x3” Nal P* 248 1§
BRI ) o EfETAR C <21keVatl.33
Mwowf%NWMﬁﬁ?Wﬁ,ﬂ@ﬁﬁ#iﬁ

5 7 48 (4-°Co2 'Cs) + i 50.02 Bq/g

!

B 37 BRRGEEEHERTRE QPSR A TR Y

32 BRI ‘ﬁi‘?ﬂﬁ»

l;j}i rﬂ}:*ﬂbp;z’*r}\ }’:" r‘]’?*"%ﬁ)*ﬂ }’]%)‘L%é‘ . r’]ﬁ’_;;k—ﬂz ,:Lri

SHRAMERFARCERAS o MRt (RERZ ¢ B LG R
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R EREE ) ARG ERLEEE 1F £E9 100 2 72
"B EHE ¢ 2 A GRS R BRI | o R E G L RHEER
B R AR~ A R BB BRI R HEREAY £
&ﬁ@?#hﬂﬁ?,?ﬁlﬁ%&ﬁﬁﬁxiﬂﬁiﬁ%ﬂﬁlﬁﬁ%
BOEE - LT ER P AR T RERIERE A 2 G FRERS

TR E I EE ) YA R L EANE L 100cm? 2 #iE - = Gross o/p i3
g 1 PR U(TT<MDA)® £ SHE £ FE DA F E(H 0.12pSv/h) > #-
REFWERFEHL ERARAY R FED F FLA G F FAOE
i%%ﬁ@ﬁﬁﬁﬁﬁ%%’W£@§%pi’#uﬁ %% B 3.8 0%
FEARFE T AR PR RSP R TP AR S
PEEERA 2 T 1 e RTERAE ) SAPMEHF ERT -

\

m

SN g » Hk/ R
AR ¥ S
- = a1l \ Jf
0% B R A E e
Gross o/p (75 #18) : <MDA Y spectrum
; 1E & - (Cs-137, Co-60,
\\k a%m%&-&%ﬁmnuwmﬁ$ AmML&Jﬁ{//

P

03 1 £8 4% fRA A 53 O St F
Ve b 3 40 B A5 “SWAM (BA)
Q2 (20%3h Bx)

(hid % 52022)
B 3.8 prEALBRE T
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33 WAk S T AR EBRAS BT TR

AP ER AL PR FRRLARAME Y 1L ET ) SR
f%?! :$1,088,000) v pLR B g:,i\]‘m A B EaE "fﬁsﬁlﬁﬁ‘" Ao it — E z

P

P 10F A FL RAREAEY ’Miﬁhbﬂ*l‘f“‘fﬁm AR o d TR AR
U3 RN PO I S g L WP RIE A & 4K F
15 A48 > Afaiz B & 29wt kwe 22 3000 kgiﬁ}%ﬁ%%ﬁ ’

WA RGeS & ARt L 30,000 kg TR A EBIET o A E M
TR FLEH(rrdr ~ 7 X)R T RBEY > FRAKEER S
28,000 psi 72 120 sec > e RAr » St & 5 90 B 0 A% = H G ik iy
Ao BAIM P R RS LA e 0 EAF L AR R
kg B BN AT SR RERITE RS EARR TR
LFFERELp SRR KRS ARA AR2GFAERTF 97 3=

AERER-kE AR ERAS WRER > T I TR E(Y 012
uSv/h) - E i i 5 B M* rRFEEA G HERER P A G DEE oA
T RIELG PR F R B R L 2k s W - g

FROIARBRERBRAY f 75 w0 15 (A~D; A’~D’) % & 4§ 3.9 1 B 3.12-
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Bl 3.10 ] AR £ B RES B R ()47 SR B R (R
o B g S0 £ 5 21 (d)"f 05 1 HR 5 BIR S £
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B 3.1 ] ARAEL2HE@RESC R (b)zfmﬁ, = ChE S (R
& CHg st R 5 &1(d)'F 75 & Clg Sl £
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302 o} AR EB@RESD R (b5 SRS DR (OR
B DB STH R F 51 (@575 158 % DR SPAE

331 ¥-FFE_BRKE ;‘;bt% i5 de ik
f/‘? 9:_.' "luflﬂj r]+(DF)FLF]9 ,)J-B Kffg 0 \Kflﬂj féy ﬁg,j—gffl_g._\_%f_
Bb BB W5 R 5 B W5 g s B (DF) B R 20 7 e
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2

a7

e

Frg o Mgt avg E i E(DF) < 3 1o A H A G p
G2l AR AR 0 A B EHE X 100em?2 5 4 0 R A4
%32
Bq 2 1 (N) 150 cm?
o598 () == S
100 em?/ &= F E(E) » H 1k & 5 f (W) 100 cm?

A #cS N=C-Ba % F +#c3 B=1.8(cps);p/y ¥ F ++#cF B=392.4 (cps);

B2tk C (Cps) M B & E=0.289; W%

& f W=150 (cm?)

32 P AR ERBRAYFADEEMREAE B E
SRR B R VRS (SRR BE o
o 541 5 541 T
o | HF| . |eprsse| g2 |70 laopradE | £8 | ed
hu 3 =
Bg/100cm? K Bg/100cm? K DF
(wSvihn) (Bq ) | (Kg) (wSvihn) (Bq ) | (Kg) | (DF)
: 7 4 < <
A28 s | @SMDA 00| BG @ <MDA_ |5812| 755
A | Bly: 7.34 (0.192) | B/y: <MDA
| Ak : <MDA : <MDA
Bl A& g5 2 0794 BC [ © 0.788 | 47.2
B | B/y: 75.93 (0.195) | B/y: <MDA
: 4 < <
C: &?} 073 @ <MDA | ' oo0| BG @ <MDA | (o0 ag
| B/y: 4.79 (0.191) | p/y: <MDA
: 7 4 < <
Di| 78| 14 | ©<MDA |4gg| BG 0: MDA 1)879] 756
D | Bly: 14.54 (0.186) | B/y: <MDA
e
1. # # &(BG) : 0.11~0.14 uSv/h
2. iputEE X ERK & AE-AT1121 - RE R 54433 > et p #-112.02.14
3. RS2 IR L WIMP6OM B 5 166 & p #p-112.03.21
PEF RS a0222[%0403
fﬂzfﬁf%"'(*%frﬁ 10 F): 3min
®BH F 2 o=1.8 counts, f=392.4 counts
o LT R Jﬁ—}#m MDA023 Bq/100 Cm
B & ¥ pli5 4 E MDA 1.31 Bg/100 cm?
MDA= (3+4.65NC) / [ &k Erc 3R (5)) )
4, “,ﬁ% A F+ (decontamlnation factor, DF) = Xo/X
fn@ﬁ%wiz
X ’Fi - BT iﬁ;ﬁ’fﬁ'
5. BR* BT & (3%% g5 % 00702 %) ; £i#lp # 112.09.22/112.10.13
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g TR AR AMAED R EE(102 2 12 7 26 p
PER) T RAAD T R RMAR S P RITERA (103 £ 80 12
PYPR) SRt TR e B A R ERES pE
EARFEREBE TR ER965 72 TAREEE e E 45 15510
Rl BRI % i 334 o5 TR E A 2 Co-60 i A& 0.5626~1.169
Bq/g ¥2 Cs-137 7% & 0.3714~0.8380 Bq/g * %, B 2 46.7% A& 0.228~8.35Bq/g ;
A& B 7§ Co60 # A 1579~1047 Ba/g > 4 o PifaiF A
0.0627~0.0995 Bq/g » 44 B 17 &% & 0.671~81.2 Ba/g : %75 % & C 7 §
Co-60 i A 0.4636~8.105Bq/g * 4, B 1 487% & 0.190~6.04 Bq/g 5 *4 /5 % #%

& D 73 Sr-90 7 A 0.270~0.550 Bg/g » % B 2 487% & 0.331~1.82 B/g
FEGREFERIDMONT R o e ¥ RAR P ILE R L F ROk
FAFEGE T R TPRE A L) SRR SRS FREY LA
Fr e WA R 5 25,240 = 7o rqRE S5 4o 5 48 KN 5 B4 (R
HEH 1300 2 730F) BRRRP S EREIF92% -

% 33 %ﬁ%‘fﬁﬁ?@?&%/}%‘ré& af F v ERZERIES

BE&HE | PR oo SN L
Fiaan v FRBg/g) | FE Y E R B
ASA T Ea/ BB <MDA /8.35 <MDA /< MDA
BB [wa/ P 0.0995/81.2 <MDA /< MDA
C:C | ®a/ &P <MDA / 6.04 <MDA /<MDA
DD | s a/ B <MDA/ 1.82 <MDA /< MDA

Bl s mPtkp D112 £ 09 7 22 7
(AP citis B9 % % 1120949 554 4738 2 4r')

2.%‘;% et pH i 112&F 10" 16 p
(APt sd it B9 5% 3 1121032 514 4747 2 4ory)
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332 ¥R _BREBIBIGE

ok oo iF 55 4 W R ik Berthold Technologies GmbH & Co.KG
LB124SC & 2 P a/f i5 4 > FEILE TS 18 KA o 3 & 47 P& E 2 "T
SR ER MERE LS 2 L Hple BAwigstn R o K S
BHf R R E ATII21 48 ple & 4o fgodH & 5 > Feeld o FoHE 5
4 012 uSv/h » E BA R G E AR LR E 1 0 TR ARE & 24 g0
Pl BRI E Aok 34T o B AR & A G IphR R e
PR ARV RS FRSEFNL AR PEREBITRITERAES
ZRREERESE

%034 %AUREREELGEHE R BRESE

v | REF Frde & | %5 55 Fiigigst | = £

p %;&hfgq;?%:ﬁﬁ“&ﬁW$%pﬂg;zm§2 e

| % (cps) Y Z(cps) | (cps) & & (uSv/h)|<0.12uSv.
mi mi R

A’| 18~25 | 9~10 | 27~35 | 21~23 |47 &4 A 0.11|0% 2 #
£ 2R FiRE 2R
mi mi R

B’| 18~25 | 9~10 | 27~35 | 23~25 |u7 &4 s #F 0.11|0% 2 #
g £l FiFE B
mER mE R

C'| 18~25 | 9~10 | 27-35 | 21~23 |57 &4 - #F 0.11|n% 2+
Wi £ FFE R
mé "

D’| 18~25 | 9~10 | 27~35 | 22~25 |o% &4 % 011|07 &+ >
£ 2R FiRE 2R

RIS SER T L R RoL

HIJ%T L’LBBléizFﬁsﬁ)7f )lz?b%“? _1,08-5};6% +‘—~’J;_494$ 12 E 00 a1

v P2 = (S S v IR & - 0:14.4%;B:3

é’ﬂ?%ﬁ%@&% 18~25 cps - MDCR=2.320\/[215;5?%0 P i) = 9~12 cps

FREERDES =R =T ¥y PMDCR= 27~37cps # % 4% :mg U}

ERlpH 122107 18



333 S=RE BV ER>EER
CHERBRBIATEZEREBER TR G R FAEF T
ERFHRE BRI PEAER AMEEZE

B3 iE % -
st e o g 4
£ 0.1 Bq/g (100 Ba/Kg) ik « 475 3 & e 2445 2 &

P2 B AR B2 1.0

N 77 —.“) ;—r‘ L
/E'J e e =+

P i R g 2k

n
C;
<
ZS /Qo_
i=1

C % itifaz "W iFR
C PRI AP & 1P R UE
not AT PifEedcp o

htd R RokeE ik /T‘ﬁ}%$/§,,l?4iﬁu EE &
» 2K - R EH (K E 500
R & 27.64 Bg/kg >

333 270 ik

%&wn%ﬂﬂwf%?# B Rl T EAs 2
TSR FATHRE REER0A 35S R L BR
&% 2 R fER ) SWAM-2 “H{#5UE(<100 Bakkg) © k3t F (7403

R "R TEREREMEYR L TRERIETERAES > KM E

FIEEPT oL 7% 3L~ 5
SR EBFRED G

£ ITEAAR ) dopt T ] AR
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%35 BRERVFEREZZRESR

E B | - RER | L, L. .
gy | wp | SR BEFH
100 27.64 | wa e &)
B2 BoKe | BaKe | o7k grer g

145 54 F AT o feqcp B 2 112 % 10 * 18 p

2APTRE R

g E AR

55 4c & 15 415 & £ 8]k (SWAM-2)

B RIFFER C 2 min

& E 110 em( 5 )x50 em(E x50 em(F) < o R P
R E iR 1190 em (% )x120 cm (& )x120 cm (%)

Rl E RS D110 em (% )x70 cm (£ )x70 em (%)

£ PI$ B 60 keV ~ 1.5 MeV

e pfp - 112.08.04

PRI il ¢ CML-SWAM2 11204 (4 i)
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T~ BRRT PR RIEEMEIL ] BRI RAF LR 2R
MM 2 BB RNP G S5 e b R E AP EFEFZ £ AP

P (FEEE H ABAR - 4B~ 4P A0 P )R E RS 1,262,000 2 T (k3
11 & 12 % 31 p o pri st fi 5 196 48~ 38 55 4c 4 4 K 5 2,574
1) o Mo BOR Ry O15A AP 5 B R APl & R-KIE > GgRP- 4 13k 12
SE TSl S AL U R A S R T AL
FERERRLGARA FLARERL AR ALV AL RATE
ﬁ;ngﬁ T B BRAPFELRE  RER TR ARITRS 284 A
Rk § % o2 RF A HROL Mg R ¢ L MO £ R
ERARE S TRFZ EPF ORFERERRFS EERRELEI KL
FER 2 ek LRI P T R L IFA BIEHRE S RS FET 2o

e

) BB 2 a4 o TR R PRI AR
FEEF P @l 2 26553 B AR # (35 HYL 300.20E > 4R
4.1) > £ WOMA % B & jf » 1 i¥/&4 300bar > 1 (/% & 22 L/min > 3
Bt 4 8 N S R TR E R B B T E RS o
FecFRZP A BREAGOFRELEE YR Z T TRE
ERMBRRGFRAE IS FRK G/ A L BRI £ EPH
FRa7 R F Bk KA HR 3D R MBS L (- B 42) RE1 R
40 HA - B -~ FHESL T CDARYL - T 5kR2 B S
FPe TR RIS R 1 PR B TRl R R R
THERBPpERT G HRFZ L FHRITEM R ® 0 2022) -

=N

=+
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Bl 41 RE3RBFEKA

-
(5% % > 2022)

B 42 & &R-k7 K& HEFIDFHERE R
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KB KARCHER = & £ p m 23f4F L hg 222 & X F R TF
AR BB KARE T H A 2 i E R T
W P W - AR £ 38K B R (3150 - HDSER/16-4M) » 1
£/ 4 30bar> 1 T/ ® 760 L/hr» & * #-kie 7% > 7| ik R4
% ;%;%E%F.;“ s AP T4 J"P T i{wm,ﬁ S~ (e REFER A 10T
PR N RG 2ZNBETE Y- AR VIS B R ABE
g I HD5/17C)» 1 i¥/& 4 180bar> 1 iF/n& 500L/hr> &K 2 7 Hd 50 ¢
B 2 PR s  BFFELAME F* WG i RPN F
A BER A B ITE o kA Y 7 e EASY!Force & 2% 3 B+ >
HABJImE R Bf 2 A A HIFXR TR RTEL 2 2R
Guyson = & & ic— & S| Ff* ohd d 1 LR B et o URE )
BT R EE ROT IR HRE LA FZ o U - L H 1 FRS
¥ F)F 2 1% (35 1 MANUAL 50x50 CABINET » 4c ] 4.3) > %1% d 7
Gdh e g o RfeR Bhx X 2BB[ERBT NI B ARY RETRIE
M TR RINFRRET pEE e S S hd £ T o

(755 % > 2022)

Bl 43 581 %560 kL 24
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42 % p ﬁ*%l&’k‘ﬁﬁaf#a?%ﬁ(rﬁﬁfm ® - 2022)

TEZE AP TE ) BRG] 0 T MG R R 8 MO BOR R
015A 4573 % Bk % (2]5 : WOMA ISOMP14) » 3 %5 f £ = % 3 K&k
B2l Y FYFIRAPIFELS FRARGFAR Vﬁi"fﬁ?f
H ¢ 2R Guyson = 2 (Guyson = & F > fexb)E B it g B-Ref ik (B
4.4 2R 45)chw g £ 7 R Wipz o ¢ 3 Bk R iR
AP FHm i GRADE BPHEE# N 2L 27 A5 HREp &

@J\fﬁ&"ﬁi%ﬁ KrgE#alt, @ g 4%%',%;5111%%.#"\0

(Guyson = & F = fexb)

Bl 44 Guyson = & Z ®1* B B-Kef ity
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(Guyson = = ek

B 4.5 Guyson = 7 £ Gt B B -kef Ly p B

ST BP PTG B RARGEBZ RN RS MR R TER
FEZFRE RFEZPEFRLGFAIRA - oB 46 977 0 KA I
el IR S RFABEE T hles o B ik fad
P e o MR A HFE R R LxWxH 5 IXIX2mo p e 3
BLEPRET CBPE /B RGF AR BRFREFEE R EXR
B Es Y T2 e i - TR RO fr A iRd R
ZHBPE FEPRART 2 P2 GBHF CERHET A G0
Foided gRFABES FRERF(F A HmEF L2 FEX
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B)>F B F BT E B (7 3 R 3B KL FBHE - e
SRZARBEWE B RER FHLBRF iRE R R e FR
KA FRREBEBE R R ERT R 3 RES 3Rk LE

xR R FE T g R R T RTE ]k sd 44
Ao BchphEor BAe s PLC Mmoo Azl & f8cdy 0 ¢ 8R4 BT o
FEORTETAET L F Al ¢ FRATERLF A PLCH
FIsF o BRI HIRER S FEHET LB BB E
B2 EAEE(EGSEN AT EE BRETR) #i s TR
A TR R/ F SRR S R R M SRR

3L E

(Msa % 2022)

B 4.6 Eﬁvrsf’é}xfﬁ K& TR B
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>
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R R AR AR BHEAL | [RAEHR
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HEAKZAR/KPELRE SENSOR

B 4.8 BBk RE L LA S HEER)
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EPE R RREER AR R MO R OISA R S B RS
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OISA ®£i5 B > B 1 3 B-REFH T o 5d Lol 2 p &3 Rk
R RJE (S 0 A MR RIS > F Gross off T P B KT 1 RHER (<
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FERpl 2R EE e RN R 4110 R i d PFEP- {538
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FERE e (e R Ac ] 4.12 7o o R Eor BT OEE L YRR TR
BF L BB P EBE S RE S S D R 1 SRR
Bos 3 RRE R SAE 0 2 X H o ofRATA S IR HIM B f S
TP PRIy R BPF TR LR Bse 0 1 20
@’ﬁﬁiﬁmﬁ’$@*¢%%i@’ﬁﬂﬁﬁﬁﬁﬁwﬁﬁ’%wl
BodieEA N G RERITE S RE2 ERRRFRIF R FEIY S
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% 4.1 X

é@$@¢%ﬁﬁ&lﬁﬁ$@$%ﬁziﬂ

R RRARES

CIH TR R

He (TR A (psi) 28,000~35,000 15,000~20,000
H (EpF T (sec) 90~120 240~300
kAL 5 §E4E(mm) | 20~30 50~80

Beim A1 e E
P E o I R/
PoRGF s E
IS R B
o H oG RARR o

BHELA AL L1
SRR B

BT R L F R KR o
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AR R R ER
% » DF @k
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1

A EFNETR BRAKR
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PR B ROk RN E
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RE2FHRASTRSAL 2FEATR
t%ﬁﬁﬁ%@ﬁﬁ S iﬁ«dﬁﬂﬁﬁwi # p it

HadGrosk s ) B g > 75 iy TR 2 G i i R it
HRAME F RRFIAYVAY N NP1 EEET o FA Y
b1 SR BB e ] 5.1 e SR A B il f F Iy E L R
Br I EP I e R E o BN R R YT hB K ik o T
BHRe 3 ik * 2B 100E > BATE SRR L SARAL > e L KF H
‘ﬁi%’aﬁﬁﬁﬁﬁﬁﬁﬁﬁi’ﬁﬁigﬁg%ﬁﬁ%%oﬁﬁﬁ

B2 G0l FASLY st R HHsRE? § ERG T 7o

m—

ﬁ%ﬁ%ﬁﬁﬁﬁgﬁﬂﬁgﬂﬁﬁh%iwﬁ@ﬁ@ﬁw~?k\
LR o AR ELEE RS BE AT LR Wi
4 A RESH SRz A > BT U HEMRIE- BRI~ w oy B

“}‘—

el o BSTIRGEE A F o FURRE B B S RGE W 8 ORI
B bR b B R BB E TR G RE 0 2 TR A E T KW
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(Hasan, A., et al., 2004)

B 5.1 iR R R A

5.1 X % &tk g 22 (Management of radioactive disused sealed

radioactive sources in Egypt)

25—

B2 g W A MR R B AL I L B R el 3
(Ministry of Health, MOH) & %: 2 J <+ i # 4 (Egyptian Atomic Energy
Authority, EAEA) & ¢ B 3 > 3 323 2 24 B 3HRE R 4038 % 1 £ 5 3t
BRI ) BRI B A NAE  RERT o
BRENA B EARAL R X EERE R # #(International Atomic
Energy Agency, IAEA) % *7 3% (Hasan, A., et al., 2004) - 3& % b4 fx 3 B
et g WAcB] 520 BB R ERTH > E 2 v cs R E
o b fATE R T IR A ¥ F A RER b Tl E R 34F R
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%”ﬁﬁﬁﬁﬂ“—ﬂﬂﬁﬁ’uﬂﬁ%éiﬁ°

=

(Hasan, A., et al., 2004)

Bl 5.2 32 SRR R L

(Hasan, A., et al., 2004)

Bl 5.3 el b bR E I
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52 % FA& %k E 2 (Management of disused radioactive sealed

radioactive sources in the United States)

3 st > %o % (Office of radiological Security, ORS) i 7% £ 02 %
SRR R S G R "f B SRR RE 2 25 2 o B Bk
"o 1994& o P st RAtRE Y 2 AR SR S RT R LK
&k ® J2 3t 4] (Radioactive Source Recovery Program, RSRP) - 1997 # » RSRP
PR ITAP LIRS EH > ks ERE S A - 1998F 5 £
R it &k (DOE)#& &1 T 3-#t T ik v 4238 P (Off Site Source Recovery Project,
OSRP) ; > OSRP ¢ % B %4% % 2 ¥ 7 & (National Nuclear Security
Administration, NNSA)#° 24 » OSRPd + 8 i> 2 B % Fle = > 4 7 B SR v
T~ B SRR S ~ BRAT R Ry TR PR L
(Cocina, F.2020)= 199797 3 2001£9 7 » OSRP£ AT 1,599 5 b4 i » 2001
£ 12 %k > OSRPL 355 & £ 322,100 T B 5k > rd2 £ 4o B 5.4 (Cocina, F.
2020) -

1997

1998 |

1999

2000 m

2001 P

2002

0 500 1000 1500 2000 2500 3000

Sources Recovered

(Cocina, F. 2020)

Bl 5.4 1997 & % 2002 & OSRP z *citt % 415 3 ik gL £



PAHLMRL R BT L ERFCRA BA AR FRERE REE
B s #?8%‘?) FyE»~ <85 P TE o OSRP ~ £ W74t
272 % i ¢ (Nuclear Regulatory Commission, NRC) & #43& H3# ¥ 84 & 17 >
Sk o AR g ?Umﬂfr L i FoE oo T BYE w T iz 4% 0 OSRP &
HRIKRRETE H B TE i'gi&%%ﬂiﬁlﬁﬁ?ﬁ“#°OSRP R
Blt7ic# TR ~DOE ENNSA K ~ BX Ay - BB R -FEE
EHgor R SR RE 2 BRARKRASEHRIZ > FE B EY o
LB R RHR R E R R X R R S
gﬁg;r?g%_%*ﬁ —-'ﬁ EIEF 7 o4 2 2020 & > sk p Ty F RSOV 2E R
£ 27 B B 7o OSRP © P A7 i 43,000 i+ fxbtif > £ 3-42i8 135 5 & 2
OSRP AT B 5tk & R 22 SRt ()4oB) 5.5 2 B 5.60 4547 I SR A S &
4o 2 5.1 (Cocina, F. 2020) -

. . DOD  DOESite
Universities Other

Licensees

(Cocina, F. 2020)
B 5.5 Xtit3 2020 & OSRP 2 x4k 2. kiR
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(R < 5 : Drilling rig #F% ; Waste Disposal Zone & # 1 ek %
Deep geological formation for nuclear waste disposal * 4% & 3 4~ Jiw
2R B T o)

# 5.1 33 2020 & OSRP /&2 it ik 2. B 4

Isotope Sources Curies
Recovered  Recivered
Co 6,741 340,931
Sr 303 640,567
137Cs 5,404 333,862
238py 2,537 16,118
2P 1,186 1,337
241Am 24,557 17,519
All Others 2,986 399

(Cocina, F. 2020)

(Cocina, F. 2020)

Bl 5.6 3% 2020 & OSRP AT Bk b ik 2 54 iR B
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B E TR SR BB S SERE B IR R Al BT R
TR o PR e R 3 KR 5.7

» Devices are disassembled and
sources removed.

» Source serial numbers are
verified

* Sources are packaged in
approved disposal
configurations according to
the Waste Acceptance Criteria

(WAC) of the disposal site.

(Cocina, F. 2020)

B 5.7 bR ASEARS

[ERI "$ %tk 5 source serial numbers are verified 2z 54k 5 55 5
Sources are packaged in approved disposal configurations according to

the wastes acceptance criteria (WAC) of the disposal site 1245 e ¥ 3~

B A et IR (WAC) P 8 Al fie B 44 K 84R ©)
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2009 # > NNSA &2 OSRP# 7 & ;* B Al & %48 - 435B > — fafi | 3£ 7
RhrB] 5.8 2B 5.9 380B > i~ 3 &4 5.10 ©
o L HEE/i% 1% (Cocina, F. 2020) :
W i ﬁe?‘l i% i (Normal Condition of Transport, NCT)fr B3k ¥
# iF ¢ (Hypothetical Accident Conditions, HAC) ;
CRY TN T ST K
&<t 1 %827 x*HjE(0OD) 70”7 ;

‘ﬂ\ﬂ-

Meze 4 F607 x P E(ID) 437

Z ¥ 10,1008 (4,581 kg) -

o h AN:FE ﬁig?]%%i%/ 1% i# (Cocina, F. 2020) :
B Cs-1375 Co-604 frzk # - o+ £ £3,5058 ;
B Cs-Sr~Ir~Se~Ra~Am-Pur? 3k nim @3 Iv 3 %

435-B Design

(Cocina, F. 2020)
B 5.8 &&BEEKE435B T & B
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ORS 435-B Testing

Office of Radiological Security

Pratect - Remave - Reduce

(Cocina, F. 2020)
B 5.9 BlEmHRE Z4 435B

ORS 380-B Design

Office of Radiological Security

Pratect - Remave - Red

(Cocina, F. 2020)

B S5.10 AstR %48 380 B ot & B
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d 3 F RILGT 2 0F ] 0 (2 = Few 2 (Land Withdrawal Act)) f#§8 & 35
FRAF AP ETRRHERED BT e 7w ot BRI AR
F F3E 39,000 # Am-241 AR FRRFFIF 2 E R &2 v L
frdek B¢ 4 7500 2 EHI vE AL TG ARERE Y 20
FERY el AR e A2 E T AR R 02025 £ o bt
BcE AR E 20,000 B 0 NNSA 3+ & Ak %) 7,500 B Btk o

435-B

Welder Nobot

and LTSS
Gripper

(Norris, S., et al., 2020)

B 5.11 2 F >~ W% R+ ’bﬁﬁ‘-"t’b 'F%)‘z EY m}%\ﬁj‘/},ﬁl’g

(B < 3 : Welder % 1 ; Robotand Gripper #% % % ¥ & & 5 LTSS

Long Term Storage Shield & #p &% 5 5 i )
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2011 # # B K 4% < 2 /& (National nuclear security administration, NNSA)
B fa = 2 Bt i® 2 (Disused sources working group, DSWG) » *t 2014
£33 FEFAFL > T 2B EMREEE b PR ER O FIRESF Y R
ﬁééé*ﬁ’ﬁ*%&%%%?ﬁﬁﬁﬁﬁﬁ’ﬁﬁﬁé4?%**\

3@]5 BaAOUZHBFFom A FEATR * T e B SR
DSWG z£ Fif@jfﬁviﬁ*&# O3 P IRRE R A UE RT -
BREGPHT CHBE G AR P IEFT{AETR FIREBHRS &
T oo 2015 E g sl > %k B E € & (Conference of radiation control
program directors, CRCPD):# & Fazd #05 = L DSWG 23k > § § 1)k
BB EAF R Y SR AR E B RAARS > ¢ FBR YR S BT ATMAE R
B RNRFIFT R BRNEKE CFTLBRFRAMRFT R I RTR
S dEirp & oo ¥ b g 414 B € (Nuclear regulatory commission,
NRC)Z scie £ 4 = & > % 4L4 % it (Slosky, L. C. 2018) -

53 R BBRSR % 72 (Management of radioactive disused sealed

radioactive sources in Germany)

R SR F TR AR Bt e AR E A e B B )
6 B R 5 L o5

o EREEE R FI AP RS S RFERSIRE T N
FHE WA CERIE G 0 FAMBEE AR RS T

. @ﬁﬁﬁﬂtﬁWﬁ%?ﬁﬁaﬂﬁﬁﬁ FOOBREBL S Wt

AFd BPSHENR T T RB R R RS R 7 A
o EWEFGEZVIDESR VA ERES I FTLDIFER
1

o PR B A Beth % 2 RE R EF KT SR e
P IR EDE 2 E
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B P E I i v T AL SR SR A R B 6 R

W0 BR SRS B B E LA K ehd DR 0 R st

AR st B fhsefr i R AR PR ETRE T & L

o TSR IEFERNELEFTHHEHE RIoRE D G
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(Dollan R., et al., 2014)
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54 4r& 4% 24 R € B SIRGE 25 IR)3$I(Canadian nuclear safety

commission disused radioactive sources program)

2009# 6" 4c £~ 2% >4 F ¢ (Canadian Nuclear Safety Commission,
CNSC)z& = g & iR (8 525t R ) w 23 4] > 54 B £ ¢ % (Directorate of
nuclear substance regulation, DNSR)¥t &8¢ /h & ¢ i 7 2% % & » IAEA{F
5 BR] 5 B REEH]IE 2 0 2000 4o £ < B F BAlERE 2 e
E) T £ A A RREEZBREL > Jlﬁ A £ % R RGEeT A
Pric o fv £ X PP FE # B (DNSR) . #3020108 F 53233 32 F 17
JB =x .

e FHFEFMEP foiaR ]

o MY EFIHEECFET  RREHY

o TG MRS R fr g

e FhESPEX AR E4EE > BT RMBAT IR

IR EE R SURY: R LR R R A (B 3 B Gy
T2 f S i 0 CNSC #efi e ph > Bl o Bebdifn e iRe7g o > B 5

e £ AP E 2 AR € BRSTIRE & A2 F Mo F % 6)2,000 3 4,000 4r e
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55 @it IRSEA 72 kit F® % (Characteristic analysis and
optimum management plan of disused sealed radioactive sources in

Korea)

& IR A A gk B A 2 0k &k (Disused sealed radioactive source,
DSRS)"K T e dE R A R %}Hﬁ(Korea Radioactive Waste Agency,
KORAD) e fep it 133K %6 - 2015& 77 —FT =< #-— BDSRSs > 7 = #Ni-63
Pifieng + > A2 A Y EF A A K% - KORADF 3+ #-T 155 & & %
3343 #%1zDSRSs » Flot & P19l Ko auE L feid F 34 412 A Kk
DSRS/EE 3] o d **DSRSsE % i 1 > B4 g BN el B ok b
FAE s R Rl P2 o 139 DSRSHEH ML Ap B 2 R E Ko 32 I DSRSA
xﬁxu’g D HlEk o 1991F 22014& FF > < 5 #DSRSk p 1 % =5 >

AR 87.5% o 1% PR 0 LD H I P B KT
PHfeE T 2 A2 34 AR B R LN
o REBHM AL EH U 30 & (23 48) 1 21°Bi~ 121~ #*Sb/Be ~ I
Se ~ 21%Po ~ 13Gd ~ 8Ge ~ >"Co ~ '°Cd ~ 3*Cs ~ 2Na ~ 'Pm ~ 22Cf
SFe ~ 9Co ~ 3Ba ~ ¥Kr ~ *H ~ 2Eu ~» **Cm ~ °Sr ~ Sr/°Y ;
o B FH L 30 £ (9 48): PCs®Niv M Am~ 2 Am/Be~
226Rq ~ 26Ra/Be ~ 4C ~ 35U ~ 280 :
o R EEMPFAER2 FE)  PCo fr P Sre
iz DSRS § 7 #3485 o ik ¢ 45 2P0~ 2CH~2*Cm~ > Am
220Ra~ U~ H a8 5 B &tk ¥ °b P 3 JRide Sb/Be ~ Am/Be
v Ra/Be - * % #c DSRS % F48755% » 384 DSRS(4r ¥Kr fv*H) g *+ 72 ¥
BArd b R A TR S B o 24 24 #£(1991~2013) » DSRS
# L 52,176(4c B 5.13) » 2Ir 36,382 # 5 ik 69.7% > *H i+ 10.5% » & =&
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% Pm (3.9 %) ~ *'Am (3.7 %) ~ ®°Co (3.3 %) ~ ¥'Cs (2.5 %) ~ "Pm (1.7
%) ~ 8Kr (1.0 %) ~ 2°Ra (0.9 %) ~ *°Sr (0.7 %) - k&t m £ » £ 1 2014
E oo BB ER B35 1514x10°Bq o Cs s ER R E 0 9 b &
E R 59.3% 0 OCo A ER 37.5% 0 B =t i 2 Am (2.0 %) ~ ¥Kr (0.6 %) ~
241 Am/Be (0.2 %) ~ 2°Ra (0.1 %) ~ Ni (0.09 %) ~ *°Sr (0.04 %) ~ "Pm (0.04
%) ~ 2#Cm (0.02 %) - DSRS %8 (¢ 7 5 % B)5 643 x 10*L» H ¢
OCo it 55.1% # = 5 37Cs (16.8 %) ~ It (9.8 %) ~ 7’Co (4.9 %) ~ **' Am/Be
(3.6 %) ~ ¥Kr (2.1 %) ~ 2°Ra (1.6 %) ~ ©Ni (1.5 %) ~ 2*'Am (1.4 %)Fc 7Pm
(0.8 %) » M %@ % > ©°Co~ PCs ~ ¥r ~ 'Am fv 'Am/Be &% 7 ¢ > i
LA F 2 DSRS 2 3% 5 fE s irfd o r 1 & % 201 E AR B 2 kiR
HEgpm TR 20 srétiaid § o BCs 7» % 301 £p £ >

B F R LR H st An g -CCo * 2t & BATE de g AR R
4R F 1 ERIE S Fied B EK 25 (100,000Ci) i * < £ “Co

DSRS 584 {3 vt b 5 ©Co B btiR o
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12000 60000
= The number of DSRS —=— Cumulative number of DSRS 52,176
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(Kim J., et al., 2017)

B 5.13 =3 1991 1 2014 & g stiREics () ~ s E B (P ) B2 Wi
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(BIp ~ % : The number of DSRS DSRS#c# ; Cumulative number
of DSRS % 2*DSRS# & ; Cumulative number % :*#¥ ; Year #
> ; Radioactivity (MBq) <414 (MBQq) ; Activity /# & ; Cumulative
Activity #3+7% 12 Volume (L) #4# (=) ; Cumulative Volume (L)
B A () o)

2006 & B R i HE(AEA)R 3 B G S8 2 Bfo R itstihand 24y
% 02014 = TAEA 5 & Mt A SR E IL2 2 6 % o #5020 R F LE
BANBBF R AR PR AR Y R IR
BeotiR- AETETE > ¢ SHARAR Y ¢ EBRERT /ST Y

FoMAE B BREA A o AF EE S PS40 PP 5T 192 g2 210pg
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PR @%,ri{r:@.ja;,@éﬂf;ﬁn EEFITH ARl o led T Ak

Rl 2 B ARE &}ﬁzb/%@ﬁ;& W oA A & REE TR AR o IABA
15 A/D ARSI o 2 ARIE 10 vt g S P R UE R (A)F SR
LRI E) BSRA LT A A/D B L BRI X fo- A&
o BB b *& o DSRS ¢ 327 ?»J—%"f'";:klj—r})fa‘rr}frf— Bk R o 1935
IAEA %4 #g > DSRS 3|4 5 7 Bag%| » BOEH/ERY)FEE R 8
Bz dgth o 437 TAEA 875 % T s & 5 R (7 A/D < 0.01) » 23k * 342
BT RGOV ARG RPN 2 A e iR g st [ BT gkt
f HEENEE o R R ER ii%gﬁ#&% g% =& £ > DSRS #
”ﬁ@%ﬁﬁﬁr&%’éfﬁ%ui%i?f%°Wﬁﬁﬁfﬁéﬁ2

Bk DSRS» g2 B X o #30 ab R R B F 2100 = <X %
H<30 E)NEH T (L FRIH>30F) G KBS AL B iE
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#2¢ > d 3% DSRS 2. o st SR D 4 Ak T sldedE & {8
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e BT o RV B i AR E 2 R A/D 2 RS R
f'g"; ,ﬁ{?’ r,F

o

4

A

el
© IAEA A% % - #{c¥ - S AMRAD>10): LG
o IAEA A% % = 55 A sR(1 <A/D < 10): {9457 % kT &3
(Intermediate-Level Waste, ILW) 3 &4 44 75 B *U4) 2_ Fg T RLE = i
U R AT uF R A R
e TAEA A% 2 8% T FEAMR(A/D < 1) Ry kT R &
(Low-Level Waste, LLW)3x 5% 75 B P24 2 Fr Tl = % 0 3% '3
RAT LF 1 RER Al R -
HIpti% 2 %Rt B ¢ (Nuclear safety and security commission, NSSC)zi 2

AR PR R AT AN PR A L SRR AR P R R G
AT ARE 1 AR AR E T R SRR fRR AR 07

FTEAFR* N w it DSRS > #-435 A s R AL R 2 R ARS o
HR B S04 $T AR L R B 2 F mamt it P (L % <100 2 )
He ispicy MT; ERHEBITRIIEFRRR T L I RHR
A Y A 100 & o B F AR E AR RARR 2> 55 AR
kAx £ AL B kR F 12 %1 fert & > DSRS = BELZ F 122 G > & JE s

—u»

MfaL w8 SHREMEE D EY G R R R 'fﬁ TS R P
FEP TR BARRA TS AR RS R REG N 2P AR
B % kT DSRS eJ2feif it L A2 T g AT R F R TG 8
FEFP B bt o P om izt DSRS It #7pF % 75 t KORAD Fp¥ i 5 3K %

82



Very short-lived radionuclides
(Half-life< 100 days)

|

Short-lived radionuclides
(100 day £ Half-life < 30 yr)

BEFHGR
Disused Sealed M = = = = gﬁ%ﬁﬁﬂ?ﬂﬁlﬁi
Radioactive Sources euseor +ecvc ng
| !
EECTEEGENG YES J
Possibletoreuse orrecycle? [~ = T T T T
[ vo
| | !
mESRIEERE HEMI REGISEGE
(FEHI<100K) (100 K < ¥ <304F) | | (FZ=EI2304F)

Long-lived radionuclides
(Half-life2 30 yr)

S

Decay in Storage

AR

T A A

|
! |
= . I
ES T ERE) | " | Conditioning |
-P: Consolidating storage Separate storage I
: container (such as container (Other :
: 192r etc.) radionuclides) i th e B TSty |VES
I -— ———— Neutron or e-emitter?
1 NO
M EGER T ‘
fj100(2? RPGE
Less than 100 times NO Centralized Storage
the clearance level for
the nuclide?
YES
A/D<1 PP >
© [a/D<0.01 L 1<A/D<10 ARET
s BRI R H
ves | PEBBHTRITAT? o | RS YES | TR R
Less than the clearance & Exceeds limit on the radioactivity ﬁi{%ﬂiﬁlﬁﬁﬁ%ﬂ? YES
level for nuclide? concentration for LLW? Exceeds limit on the
\o radioactivity
BO=a concentration for ILW?
Ef&:—grt-\ived AR NO
{ Short- and Long-lived vy
HiTAE BHRE TEEEEE cEmGtRERe | | [Eoes
Self disposal Trenchtype disposal Engineered vault type disposal | =] Rock cavern type or Long-term
Borehole disposal storage

(Kim J., et al., 2017)

Bl 5.14 & iR b F Az A
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5.6 %= A&tk § 2 (Management of disused radioactive sources in

Norway)

g (P R L) R UL RZEF 76 03223 ¢ 3
Bld2 oo Bt (B RAEANE) BRAFRIUDEFE o PR EZEE
Ffed B2 R SR E LR

e R* BIEABAMAT > T CIRD G BT > A (DSA,
Norwegian radiation and nuclear safety authority)#2 & ° B /= & % 3t
SRR R G B REBA B 200 8 B o

o R* P XERHAGLEERL B A AQWZE 200 F B) 0 X E
DSA # i dr d gl SRE F* 31 XRERE S

o HPMMATE B OR T 2 MOTs AR 0 2 F R RES W A

o DSA B FABH L KT B IHIRT S ek § ¥ 01 s
R~ ERERE - 2RE ~ FRieRZ RIHR B4
BERE A RETIE & o @ %5'«%;‘)%:%75 FERY H o s E R
WE+ 3 e DSA R 7 A

© TF FRR T Fa FOGLP e A{eRE S £ F e TR

o 2011 # (fpstr 2R T ) F4ad 20 #7532 v JAEA % 1 #fc
% 255k > 395 DSA 1 ;

e VIRBZERMAZAMHE O ZEIDSAE 5 DSA 5
FEME AR AR AR RHEIRZFTHE 0 TR LR
ROFEFZHET o XA FISHPRBIG L 0 2G b
# o R R KA E D N R P T A7 (IFE, Institutt for

3

energiteknikk) aJ® o P & B 5 £ 4 MO st AR B e P A bbd
7 3 47 (KLDRA, Kombinert lager og deponi for lav- og middels
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radioaktivt avfall) Himdalen & 7 &% 15 & B ©

FREBHEG A GHREBEE Y A F R ERET R RIS R AT
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% 5.2 ﬂf\‘ }%\bf,}ﬁ? J]'/;Cﬁg;ﬁ,ij

(Norwegian Radiation and Nuclear Safety Authority, 2020)

£ R £y Rk WA IEE/3KF A KRB
Wt v ok @& | [FRUSHF 0 | FREFARF:
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Himdalen /% > Ll o & -ﬁ G KLDRA -2 o
2 EATER Kjeller o o AT A e
LSRER: 2 e 3;ﬁ%”%$
KR T RE o P RT3 ¥ o

5.7 ¥ FA& %k g 2 (Management of disused radioactive sources in the
UK)
¥\ 524tk (orphan source) &£ 4p A X Il & B dxd] 2 s aR o W oA A
FlriZRE A PE i dl AAE R 3% ~E T ANy R
A o Vi AL FE LR RTESRRF
© BRI E AT F R O e WA A
F A AR A
* SR FALAD Wikl B AR
© HRAALRT A Y U B B ASIREA R £ - A
I AT S
EFRFCAIEE T A AL IR & RS SR
v op ER SRR E M IRA L E g T RN QEH R b e o B R
(7 2 B bfil B LFCR
o FIINDERPE - HERBE FIEE] o wofT & B PR T ALY
ARV R FIRANR > Rz
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B 3£ & (SEPA, Scottish environment protection agency) &% & % |
o TR W EBM G FERFT R EFRINTHF - B P P Rigs
Btk L E RBEABE T M ARR R
o ERFAr R SRR AN T E T BB HAMIRE
BREEEE 2R G RE PR AOE R b e F (AT ) e
PR Rk IR
FRG RSP F s £ R F TCyclamen 341 R A ERF &
Feuz (CONTEST, UK’s strategy for counter terrorism) = ] N f& iR {ofE ok 25
RS SEEE L ?ﬁf"ﬂu%%*@ﬁﬁﬁﬁﬁ%%ﬁ’ﬁ%
R WERFRAEDFSLFAP R
BRI & 2 B TR FT e R SRR~ B
Yofeod I o 4p 2R 2 5 EPR1636(3F {73 & 2 7 fo = f: £) ~ EASRI837(%%
7 gR1e ) ~ RSA9338(» (7>t € [ f7) > 2005& (% 7% & 3B 5\ i &2
Fe SR 102 2018 (A H5oH(3 A A% 2 HRE - RTEH)R L)
I IR R ke £ FIE F
. BRI R  mEdor Ok R
. Iﬁﬁ#ﬁ#i@% DB SRR 2 B R e e e
B E R
o WP FANGE FEREMNE RBEBHERT B L
%%viﬁ}?ﬁ‘%iéﬂ%ﬁ%A’%%w%ﬁ?wwﬁio
TR B B oEk LfeB§ o W2 B 7IE 5 # (NAIR, national
arrangements for incidents involving radiation) » o 3¥ % p %5 fafeti 1 ¥ b
EEEE 0w T,Q AR P B > PR EHE vy R &
i 3
U

}EF'%—f-‘ka'T/})’ﬂ-‘z‘ sV fr}f@_g,_ » 1 |§‘F§ N R 9’”)\)%_@1./&,%

p
R R L S S T YRS U
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P MR A KT EFASE NAIR £ o8B 29 & F £ 4

7‘"\

z
FX'}S’” %0 % 3 NAIR ¥ E etk o it € %?Iﬁ!’.ﬁ ERR
FI# B e st 4448 > d NIEA % 423 (Department for energy security
& net zero, 2023)

Nor n Irelanc
Envnronment

ncy

Environment
Agency

Cyfoeth

° Naturiol

Cymru

Natural

Resources

Wales

Office for
Nuclear Regulation

HASS sources on nuclear
sites in Great Britain

(Streatfield, 1., 2017)

B 5.15 &= R HASS & ¢ #4¢

(Bl» = F : NIEA Northern Irland Environment Agency # € f i %
% % ; SEPA Scottish Protection Agence # - i ¥ %% ; Cyfoeth
Neturiol Resources Wales = f #7p 2% F /&% ; Environment Agencym
# ¥k % 5 ONR Office for Nuclear Regulation HASS sources on
nuclear sitesin Great Britain % ¢ 72 % s BB R RF R Kk <)
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B E2003# 127 22p MR G k FMEET E L
/122/EURATOM % 5% » % 7% & 2z &4 )k (High-activity sealed radioactive
sources, HASS)4# 3 * » & Jf %9 #75 HASSI ;%34 > d SEPAt & & |
A E WA EOR FIERE 0 T iy U2 81 E s HASS © BPE RS
% % (IAEA)*>2017#37 20p 223 p B4R A5 4R 5 201 (£3F o pb o
HASS & * # 7 i wip B 3072 B4

e JEF i * 37T HASS ;

© HMHASSHREEHB ™ K

. %H%Sﬁﬁ%ﬂ%ﬁ:

e HB-HASSH#EHM IRV RWGEFLIRE T -
nggﬁﬁﬁﬁﬂﬁsg NP R R B Tk o TR By
Fa oo FoiE & AR % R 4] i HASS friic g o ﬁfﬁ FRELETEHT
{7 emi@d s & - HASS el & B dtil - £ 8 DIALILT G5 iE
FEDR T Y EEYRABNR LB TR E R
“73 HASS jH - 3B+ rgin7rid h g & 5 HASS » iBLEFE ¢
B o P % G 70 B k2R ) 400 B HASS 0 2t € X 7] HASS & & %
{ B2 %(Streatfield, 1., 2017) -

5.8 & A5tk g 2 (Management of disused radioactive sources in

Sweden)

R 7 & (B2 ) (1988) 0 B bfilh g ILi2 28 > B P-if 5
WA UE 2 E AR LA AR E R 0 f HREMIAT R
TR R RE TR B AR T o Ri%E R A R
T Arie ~ 38 5 12 3B Cyclife Sweden AB o 30 4 & JE 3N im0k 3B B RS
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B pE o M R SR T BE RS H W A 2 A RE R
PR el o d R SRR IR A A RR]

AR A A SRR P R el 0 F R B R BRI 3 AT el
F s B R ¢ F 723K %5 Cyclife Sweden AB v 4 {7 e B 70 eldT 27 (0%

|

o Cyclife Sweden AB/ 72 RIEDF 2> & » »82016# 77 1p o 4 27 3% s 4%
2> # (Studsvik Nuclear AB, SNAB)— #84 » f F & IETRIACATHE 5o 2 B R
o mo@%ﬁiaf%*@ B el 0 o0 LR %
B4 2547 B @ P kTR 3K % (Treatment facility for radioactive non-nuclear
waste, FRO-A; Treatment facility for radioactive non-nuclear waste, R0-A)#
72 - Cyclife Sweden AB# & $:T 2501 B8tk - & A &2 %130,000 12
REFHPRIE > § o ITREFHRI B2 300 iR o K &I E IR 2D
5tk ip ikt Bk SR d Cyclife Sweden AB - Nykoping* 1T Studsvik3-at § 72
VB R R MRS Y R RS 5 S A A B AR B R A MR
o F ILIN VT &R & JP TR HTh L §F 5% > A (Stralsdkerhetsmyndigheten
(Swedish Radiation Safety Authority), SSM) » ¥ ¥ =% 30 % > 2 frad
bk S 7 o SSM4 3£ Cyclife Sweden AB ¥ I e ¥ A &1k > Cyclife Sweden
AB#: % F o A SR T ZPF 0 S H KR SIRYTS B AR
i FIStudsvikHFak o P HRLETAIT ~ ER LT 3 E Fl 0 fEE
FERMRT AL PR o R $ F 2 & (Swedish nuclear fuel and
waste management company, SKB)IRL 3 &8 4 3k 3 $ ¥ K 35 (disposal
facility for short-lived low and intermediate level waste, SFR):& {7 ik > 4[]
RN ERAEL  d e BEEF R
- BEAES B KEUT HNS0m F £ 563,000 3 5 0 & 1 2015F K ©
i * %38,000 o 7 ASFRiE {7l » B SRS E R KB EE o MoK B
PR J A S BORSMR C FRE KL R B st AR Lk T
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Studsvik#-ht > B 3 SKBHZ| £ #f TP 3 sd B 3 47 B 3K %6 SFL3K ~
FY o SKB 3] A & A SFRIFEINA e 1 3 T RT (R A 2 st A
¥ » SKB#2014# # = 3 ;F P FEIEAT2028 & B 4eiE oo 3R HIIEE R
WX GRETZFE 0 wBS5 1747 > o2& 7 £8P 763,000 > F 3
4v1170,000= > f > ¥ R734 Bk p BWRF BiR/E4 FE o
FRAVEFERAEFRLAGLLEH TREASFLERF A

(fgbffrdkiz ) MAT R RNE 2 I Bl 1 F - 5 L P2 & 3
W’UWi@%ﬁ%éiﬁﬁﬂ’ﬂa%@%mmﬁ%%’ﬁ#*@@@
JeR W F IR e R 2R, TR A RRFE F EEM R Al
TG o R L SSMASZIA QTR ~ AR SRE LS AR B B o8 4
a0 B B IR B EMEEFR -2k Cyclife Sweden AB &
Nykoping*it 1T eStudsviksb 32 o 3 RINZ Rehd & FIHFESSM » & ¥ 3
k% > f Bkt ¥ & F £ - SSMZ 3= Cyclife Sweden AB ¢ T2 fr e B
¥ 2 ko & Cyclife Sweden AB#% % F = frj B SSMZ I A 7 7 o %5 [E3
feoidh (e (Ao BB v R 9) 8 iR & 0 P ¢ o foF R B 9 B
A FRERP IL AR~ TSR P E SRR L A
FAESFTF F 7w SSMk N A SR AR & (8 5 X AP B BT AT -
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o~ ot A \

(Ministry of the Environment Sweden, 2017)

B 5.16 FHu Edp MATER P AL K
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(Mlmstry of the Env1ronment Sweden 2017) |

Bl 5.17 SKB 3] A k & SFR #h2 ek K

59 B R+ i 1% (IAEA) = # F I 5k 4 3 (IAEA guidance on

managing disused radioactive sources now available)

ERhEFAFRF I E R FIFL R L i B § R
VIR BERTF R A SRS T oar v ARE G RS Ft & AT P
L PE > E BT EGE o 22017297 B R S s 34 ¥ (International atomic
energy agency, IAEA) % 615 < ¢ 2% (A csfthdmins ) %% |
Fa (otihE 28 % 275 B)) A dps o R (btibiher o
Mvdns ) IABAZ 1701 ¢ B B> i 5 ° 5 137% # (R wstiih g 2
fae ) A7 KE 4B ¢ B RAH QiR r fodic e ) &7 KR
FELALIS MR R R o B G MR Y SR RGP F 4
PR ERB R RAEF s Y GERE S B2 S 1T JAEARK 4
MR E IR TR > o 5% 2% I AR R RES 0 g
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pﬁM@iﬁ@%ﬁi?iﬁﬁﬁﬁfﬂ?%’ﬁ%%%%iiai’ﬁ
LHBERE SRR ABAp Ttz ile 75 M A g Rk
BRTA o MR E IR S S ek S JAEARE BTG Mo R E

N

ToocesfodfF L BSRE IR R ET BREERFAEFEP L 2
2 R ARBEITTRS IR BT T Y R PR TICE BT
FORE PR o p R B e 2 IR MR 2 - RIE T IGEREALE
LT ERPAHE RS G AF R RAR B RE 20
# * Hilaire Mansoux % 7 : inﬁrﬁ S A SRR RS
EREZI e ERAFTE 0 Y CRET 8- Ao o (P R
MERipa ) X2 2 2o Ayt S gl R ikl % 2
P PEAAME P (FEEWIDT T BABMIRIL: B AR
E I B L B AR FIT R e Rag > 0 E 20 R AR o 4y e iR

FFRMEEM AES HAMAERREER - RNERAF LT HH
fe®k 5% 230 § § * Muhammed Khalig4 7+ @ 84 2 3| &2 > § »c 2
AT Efrd @ 2MEE P B T30 - Lt (BRH
RE g ) AP o L AR ER BT PAgS FRIFYE
FEREY O MERBELITEFAEAS F o0 R R B
MRS REILF]E 0 7 AMREY - & 2RSS FIE .

B2 hFa 85 REeR 3T THITZERD S RNZRER
FRBFI FRHEBT GRS 20 B R 2 FRER AL E
BT At TN A kB YRR K AR

o

ST R3SEMHRL BN LR
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(Roughan, K. 2018)

Bl 5.18 B SiRd WiE IR
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'-4. Rl

"'ﬁ»"s’i@; e

(Roughan, K. 2018)

B 5.19 K KB ¥ AESRE EALY

96



(Roughan, K. 2018)

Bl 520 FEEEES 355k

(Roughan, K. 2018)

Bl 521 RS 35 R
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(Roughan, K. 2018)

B 522 #EHF*NH "ﬁl’??% SR AL BER MR

(Gaspar, M. 2016)

Bl 523 E RGBSR R R B
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AREEFREEAMREY AL TR
it R £ ?ﬂ AR FE- RHE 2EAC R (M B G

PPN FFL Bl P RERPFREPFHE o A B

£ A1 0 el e AR B ""%a}_i%“ﬁfEf?i%‘%%}ﬁiﬁ(i%‘?"%l)i;%“ﬁ%?’
EF AWMU BRI AE LR B Al T MAJERT G 0 Ra
B LER: SR O S S -’:ﬁf#tﬁvﬂ PR BT TSR R

(o EIEAE S R BN S T EHNTE > Bl R P B
Ew‘fﬂ((ﬁr%wﬂ*%ﬁl#?ﬂﬁa\ RN IE IR R SR | Y-S AL
Fps 2T g & f U - LB BT R) p RIFE(of R 35

BOEA)SE BRI o AT RRAPM ¢ pra AT o L E iR e &
& ROER (IS I RAT)E A AT o

6.1 FUALE PEA BB R T AR BRRARSIRSNRER X (Borehole
disposal concept: a proposed option for disposal of spent sealed

radioactive sources in Tanzania)

#Fit i B P2 & (Borehole disposal concept, BDC) @ = 2247 i = &
(South African Nuclear Energy Corporation, NECSA)# 4= » 7 fizd b4z
P BERY F I o HOTA R RS R TE Tl o & ER TR
TR R 0 R S PR R F 2 B F BB T
AR R B AR HECF 4651 (260 mm) 1 AR e o BT R ok R §
T btif o L d L IE Y - r@w‘zﬁfﬂv}@»q),fva? W5 > A FEF 3 5 2
FHEEA - 2 FOR AR B RHERER R (1E61
8.8E+3 Ci) o #Am » £ Hp ¥ * 2w 2R ¥ - B 4E » Salehe and Kim (2013)
ZRRFIHFTBDC B RF R L H G 2GR G 3
PRy Fl RS A A F R R R A TR

\
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Bl 6.1%77% °

Borehole
D 260 mm

Borehole backfill

Clesure zone Deflection plate
Mglémmn ! Casing split
m

Borehole casing
0D 160 mm

—

Casing grout
Centralisers
Casing backfill

Wasle package
0D 114 mm

Borehole plug

Disposal
zone

(Salehe, M., & Kim, C.-L., 2013)
B 6.1 éiﬁb?“/%@j‘ei LA T &R

(B <~ F : Closure zone minimum 30 m 3t B % & -]- 30m ; Disposal zone
e ® % 5 Borehole ID 260 mm gFat p j2260% 5f ; Borehole backfill &t w
# ; Deflection plate i# %4 ; Casing split £ ¢ 2|4 ; Borehole casing OD
160 mm 4=t £ 3 *F/£160mm ; Casing grout £ ¢ i 4t © Centralisers #* &
%  Casing backfill % ¢ = 3 ; Waste package OD 114 mm gl 3t b iz

114 mm ; Borehole plug 43¢ % - )
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& R &R+ s % R € (Tanzania atomic energy commission, TAEC):& ¥
Wz ¢ st B3 4 32 3% %% (Central radioactive waste management
facility, CRWMF) » #77 K& Bicstimfod i scbbit g 4o 38 4323k %6 4
PRRT 3 B I o XA 2 Rl B R IORSRE Y S R PIERSE
PABDC) > &[T AAEE o & 6.17]112013& ZFFH o

6.1 B &R LRI RTE

it A% | B (B) | RBERC) | RET AR a5
4-60 1 1.0E+1 B AT b
1 1.8E+1 FARI SR Ce

1 0.5E+1 T REAL b R e

1 2.6E-1 T BB S5 &

4% -137 17 0.475E+1 1 ¥ iR4 e
2 1.432E+3 4 Fig R E o

1 1.583E+3 4 15 R E ce

1 1.583E+3 2GR E e

1 8.0E-3 R o

1 8.0E-3 BR oot

1 6.0E-2 B oo

1 A B e

101



45 -226 1 0.46E-2 | iTHEZLITH: IR CRE.
1 5.0E-6 F g % 4t
£5-90 7 9.84E-4 ISIRENE &k
1 2.0E-2 e G i
1 2.0E-2 iP5 & G i
1 1.0E-4 fog 5ot
1 1.0E-4 e ERE.
1 1.0E-6 hy % 4t
A4k 20 3.42E+0 ko2t % 4+t
1 8.1E-10 koAt % 44
1 8.8E+1 koAt % 4t
1 8.8E+1 AR S
1 1.0E-2 koAt % 44
1 1.0E-2 koAt % 44
1 4.0E-2 koAt % 44
1 2.0E-1 TREHL B Ry o
1 0.5E+1 L PR B %3t
4£-109 1 2.5E-2 R % 44
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1 2.5E-2 A AT B %At

1 2.5E-2 7 Fogi % 4t

1 0.2E-4 L T FT S

&5-57 1 1.6E-2 A AT P B3t

1 1.6E-2 L T FT S

4241 1 A Ir A A5 B s
Y-S 1 & s bk pr i HFE
# 1 U-238 9 A 2t P iF By R

(Salehe, M., & Kim, C.-L., 2013)

ABDC % il Ak 7 B4cH) 6.20¢ 2 FEEFIod BA o
20014 % > RA 445 % B o o 3047 4N 0 4003160 0 fe B 38
Brak = d B A o Bk R BT g

(8). #-* SRSH i+ 5 7738 cirie st b [ (L IAEAE B iF 1) ;

(b). B ok 3E R A s fE T 2 F B iR S

(. E*FE e R > FLFFRIL;

(O). # &kl 7 B4 7 RIEEHER PPkl % 2 35

TE
o

B>
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I
1

— Concrete Bacldill
- 1'|.|JI|]||]]ll]|.|l
I Birehole Backfill
(Weathered Zone)
ITTTITITITITTINIITT
Casing

= (Weathered Zone}

Bedrock Zone

T T T T T LT L T LT L E R LTI AR L L AL LR L L Y

H

=== LI“T:T:‘T:T:‘I‘:T:T:‘TILT i e e

- T T T T T T

T 1T T T T T T T T T T T T T T T T T
L T T T T T T T T T T T T T T T T T 1

T T T 1T T T T T T T T T T T T T T T

HHHHIHT

e e
I -
I T T T I

=
T
T

- RASSRRSLRNNNES

T
1T T
T I

L | T e
-153mm|

—209 mm—
(Salehe, M., & Kim, C.-L., 2013)

B 6.2 % Ml Btk BDC A %3

(BIp = F : Weathered zone h i # ; Concrete backfill 2 52 w37 ;
Bedrock zone # # % : Topsoil % 4 : PVCcasingPVCZ% ¢

Borehole backfill 43t w4 ; PVC casingPVC% ¢ °)
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Salehe and Kim (2013)# " Ax 3 & 313% 64k ke BDCE #8 p & » i34
5 R RaF e ok &R HTH)T}' FH? 2 - 0’}’7#21 = R thﬁ‘ﬁle}?lzp ¥
D ARG A B RHAMR AR TS R AL R

FHRL I S BDCR T v TG 3R RETAR
Pl X 2 E o BDCR PR G F S S EIE RGBT § B kAo
HBREHEFE Flpt - B BER > ARIFHFF > H 6 BIR
FEO L BT -BDCR * MAZ AP EHGT TR EEHZT L Aoy

=X
i § ¥ B i% i o Salehe and Kim (2013)#F 3% & 3%%2& = B e ® B 3E 4k e
F pFHerg A T2 BDCHEAS & Bfrd 23T o

6.2 FERF N AF RIRHRGI AL 14 F % (International
implementation of IAEA’s borehole disposal concept for sealed

radioactive sources)

Wh A AT EFRPERL R ¢ (NRC)RISI 752 5 2 35 5
Hu L #7 0 BB RS B H(AEA)F =30 F 403 il 2 4 (BDC,
Borehole disposal concept) » £ 4e Sp ~ 222 F {r b k& I P st SRk
PR E AT o R E WA AR RARSRT LS G G st s p 1901
Ak e SREEE F B RICIROREFRG BT F g2 o Kk
A= 2% 2 @ (South african nuclear energy corporation, NECSA)#&73 -~ €
B st R E 7 0 IAEAE B BDCHE 3 1‘#’(’1 'BDCk3 37 % Bad
AEfrX KB F RPN G F RN IORE RHER T B E
BRIRw I ORE 0 R R FTRE S B o WA TERCERE > L ER
REprad P RIIRERE > Ry 2By TaELPE 2 s
ER O B(F 2) e LOAH B(F )2 T A B RIS
el STIER < 2T30 M~ 4 E 426 om o AF AR £ F 1R A BT A 0 &
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TABAAFL S E

IAEA ~ NECSA{r37 % # & #84# > RIAEAL st R 4% 27 4
ok 0 2RISR E R LR ALY T fifRE EBDC - e £ 4 23T 0%
WEB U2 EFPEREAR € H B HEAET > e @B Bk
O L e ge B R G iol g AR SRR 4oEA A
AR B B e T XK R kM o i R R R
Bl B R FR A 100 me BEF rot F A5 £ i ane Fik e
e S kT LY RS A EY o X 2R R TR E 2R
FL o RS H L pFTVEY Gp2 £ & 22304 o Cochranetal. (2017) 5 &
WP IAEAC AF L ERIER A S F AL F 2 A pRFNLE €
felb kR F LYt HT B %] FBDCIE 40 M B 7 7 i
SIS M B B RE 2 B AR R IR R b AR
H

g 2 ek B o
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RARLIE
Native soil
/% % / HHE
Crushed Closure zone
rock N— __A
ﬁ Bﬁ @ == > 3 O m
Closure >
zone
r &
Casing \ B
FHEEA
Disturbed
zone \.,. T
backfill i — | 5
isposal zone

REEEA
Disposed
zonIe) AR 6
backfill _ Waste

packages

% & & E #Disposal zone plug

(Cochran et al., 2017)
B 6.3 BDC 1 & B
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‘ SHE Y&z

/ B ﬁgﬂﬁm t
” - - orehole grou

B '

Spacer =3

PEFL ' - Lifting ring

Borhole ' 25 SR [alHE

e | T o

Disposal akch

container .

(EE5TREE Fees

Waste package)| . . Capsule

JE 5T | TR

Sources o

Centraliser

EE

Casing

SRS A I3 : :

Repository > /

backfill ‘

(Cochran et al., 2017)
B 6.4 BDC i3 7 & B

A2 TSP EDY A S EE TS T 0 Sl s R R P AR
¥ I LB % stk (Disused sealed radioactive source, DSRS) o i 2 -
B R AR Wi 421,000 B R HEocsR o AT B F B o AR
BB TR SR o A RA BTSRRI o DSRSEEAE A 0 2 i

L3 st AR PRI AT AL 2P s TR AR R
AL ehE 2§ o DSRSETPFRTE = 34 > G A st F R w2
Vit R 2 ADSRS Rl 2 vE- T AL B EA-S % o f24DSRSw

M3 # s = o Cochranetal. (2017)3% % Au® 1 (P B X FEpdads > H4e? &
108



2L TG i P Ak DSRS#® % o it i E F(US) > d a4 il o B
=B DSRS» W 5 #pFpr s o #3TDSRSkY KW EA 0 RE R+ ¥ £
Brao WER-dFEEFR ) A S i B E 2ok DSRS © 3234 ¢ 4%

w%%@ﬁ%i’#Vﬂaiﬁ@®m3vw@‘5*ﬁﬁ‘ﬁﬁ?iﬁ
HEFRREESFHBDC A £ X FHT 0 BERT A B ¢ R

ek § %5 BDC3+ 4] - DSRS § A3 Bl G KO BERRAP S LR AP A
30m ~ &)554“ =26 cm o

6.3 ErRFREL BRI &Y HIRLEE A (Planning and
concept of borehole disposal technology for disposal of disused sealed
radiation sources from using in health and industry)

B Rd I (B R B RARE 0 T R AR IS R
B SRR S IERE S ek 3R BRI S SR & d Co-60
Cs—137'era-226:‘£G‘ » Bk &R (DSRS, disused sealed radiation sources) /e ¥
R AR FK - ARF RHEELEM AR T B LT
DHEE, PVELAL NIRRT ?]L“;Ea‘%ﬁ*ﬁzh/%@ #£ 4 (Pratama,
2020)° 53K HEA 0 F ZDSRS* & 35 Bk H ¥ B 4R

§,“\1

fiod E e foX 230G 2 A#H > 2 2 DSRS/E it 4 o P @ Fr @ DSRSH B~
HETt AL o BE R i B F (TAEA) @ B 5 fd g * 0 st B 3 7 3%
booiE 2 gV A > R6.5H IR 2 MR AL PEA CITRA A3 F NS 7
tofr s HR IR S B A B (dodk 2 ) TR AST 0 A3EDSRS ¢
BT B P G S R B R et 2T
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Conditioning/Transport/Disposal Vehicle

Fenced in Disposal / 4%
Site and Building : L aaans
if required) A b IEE o ma i maah
(if required) =————— /|~ Borehole Facllity _
"| [ Borehole Casjng’ 100 m
< 'FV 3 ,.::,:f-ﬁ-}
’ o 994994 " 209099094 ;.,3'23
: R )
3 R S
R’ 0 i SR eRETeY
0400900 : s00¢ S |
SesesscsecPesssstssseditily B
R g
Strag,gm R A A R e
umts > o & 4
[
Waste package
\ § |

(Pratama, 2020)
Bl 6.5 R 4Et el PEE

(Bl = F : Conditioning # & 2 & & ; Transport i& gi%l Disposal
vehicle k¥ # §% ; Fenced in disposal site and building (if required)
vk H{riE A4 ¢ BlAe k(% F &) Stratigraphic units 3 & ¥ i ;
Borehole facility #F3t 3% * ; Borehole casing 43t £ ¢ ; Waste

ES
package A &tiRItEAF B o)

B R B bR R Y E T 1S Bk~ K B 20 B oK 2 SS304 Ak FOE ;4
Pk PEE X ATF B BAVE A E AT 16.5 B K chgat o 483t RE 100 m
FIVFR & A8 me kdpkont R o W ERIE R HHE 0 (7 AEdFE 100
By KA BB LY LR L > Ao TORER
i %ﬁr}f“"%“’”ﬁ”’ BREARD H T - RERF R G R

B %5 ag*r f’:éﬁ% AR EBER PITR o

K

3
w*ﬁ% #
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6.4 ER BR&TREY K ELE KW 2 4~ P24 K 3 (Preliminary conceptual

design of borehole disposal facility for disused sealed radioactive

sources at Serpong nuclear center-Indonesia)

R )R B SRR R A LAY S BIR R

* EE Btk (DSRS, disused sealed radiation sources) o B DSRS & %

S EEE
*eSerpong s ¥« eRPE S K% 0 4§ HDSRS % f

1 FfeF e o
22019 > 3,031 2 DSRSHE % 200 L7 222 350L/950Li% 58 4 4% crfip¥

EE S @gb;b/%@jﬁ‘:&:%%i']ﬁjﬁ%&«i B 100 miFR - K> * R

B 13
g E B BPR RS o X IR ok BRI G kR 8L R TR

FEALERME W AT AN FRED T D o

JI: Puspiptek Serpong Gate 1y

Lokus Batan serpong
B

’ N

PTBBN-BATAN (@
IEBE GEDUNG .65

m
Engineering:Center BPPI
BAS AR

Auditorium Gedung
71-BATA

[ '

Ku masih disini
a

Center for Radioactive
TR

~Waste Technology. I

L 1 PPIKSN

(Setiawan et al., 2021)

Bl 6.6 £k BRI i # 4Rk A st iR(DSRS) = B
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2 allﬁﬂﬂ{%}%ET/@fNE?*‘%;E,‘,q Tk o BT 2 »I;@FE LR kA
Tﬁ‘éiii@fﬁlm,g@ %E&%wﬁalﬂg ;z'é“ ]“?_/, fu’%ﬁ{ﬁﬂfﬁ;@ﬁ—’é‘i
fr:}.ffi - fﬁ&]‘ﬁ?f 3 XFEF Bk /fk!%&_ﬁl_ gw,f$q\{»{§r]_r,}%+7f N

ST M KRR 2R EM AN PTG A T R

LT R PRE B Hi > TR 2T o o

6.5 ¥ BB KRB A R 7742 (The United States implements the

final disposal method for disused radioactive sources)

201748 4= > 441G 2B SRR ¥ ¥ o JRKT L P RM R
AeED A FAGELERFTE CMBEREEFFSAF 2 E
By ok T AP EP SRR 2R 2 20 48 M 4 (source collection &
threat reduction, SCATR) » 14 % 3-*t T /v 438 P (off site source recovery
project, OSRP) - 2017 % 3 * px &t/ 1 i % (disused sources working group,
DSWQG)#t+% it § 4 B ¢ (nuclear regulatory commission, NRC)% & % # >
FEm3KE SR RS F E4 R 0201757 > DSWG ~ & 4+ 12 & ¢ (health
physics society, HPS) £ § &+ 47 4] > % 3L ¥ € & (conference of radiation
control program directors, CRCPD)# % * ¢ 17 & » £ 3FNRCH#& I 2. 22 2% »
P~ MR REERD IS - oy - SR 2 2 B SRR
¥i(Slosky, L. C.2018) - 2017# & » DSWG/a® 4 & % F (st % 3154k

B2 B EE AN R EY LTS R IR R
IR B AL ERE R R FRERE  BERIE & B
EREE P REEE > RB ARV ERE LA g RDSWGY 4 F
FRFHRAF TS EAFR Y Nl R W R B E O KT R
PG A LFZ RPN EHIL R € (US.NRC) e NRCE T & R iz

A ? AT BT 0 Y RN Y E :@5;,}}% BT R A FT 0 LIF
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Wi AR A PTRE IR ERIER TR LR S G A
£ 4] 5 0.25 mSv/yr (Slosky, L. C. 2018) -

6.6 i BB S¢IH B3 AR #42 (Final disposal method of disused

radioactive sources in France)

1% d ﬁr:} 1 %4 422 £ F & MKTEA P (Low-level long-lived
(LL-LLW)waste) & 43 F > £ & & & st ficnigitih 2 8o 7 %
EHT AL X P TFN RPN > NE L B RE T L F 4 3 (Uranium
naturel graphite gaz, UNGG)2. 7 £ &3 ¥ » 7 E B R 1L & 3 By3| %%
Boo B oav iz BB 73T B 3 4 ¢ T2 5 (agence nationale pour la gestion des
dechets radioactifs, French national radioactive waste management agency,
Andra) it i€ {75 BELL-LLWH % gl ¥ > 4-4430,000 m’ 7 4R ~ 40,000 m* %
FAERF ~70,000m® 7 4TER 0 £2100,000m* 7 F EAR T o B E AR
PEAE » 2 A MBEPART AER PN BER A R Wl TRWERG
RIS (AR A E N 5 )T200F (5 A £ & #F) > LL-LLWF ¢ st
4 B 3 4~ (intermediate level waste, ILW) 5 % % 7+ & Bl4-B86.7 (Andra®,
2015) -
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s 2openegging 1992 .

- ———aGapsety. 1,000,000 m?

i l__‘zmmvouume 000 m?
“'"“_

(Andra®, 2013)

B 6.7 LL-LLW T ILW & % ji ¥ 7 R B

(BIp = F @ Opened In 1992 B # »+1992 # ; Capacty % &

Average annual volume & 35§ o)

195 2006 & § MoTsH RS RS T EEFLRLNE R 0 1 E 2008
£ 47 16 p % 2008-357 L2 £ %> Andra >t 2008 # & > & 4

&=
AR 1S

[

s TAEEE BACA I BT R S RS iR L > B
¥ 3K s>t 2013 E Eo o 32 2008 # ¢ 0 43000 BB E & B FIE

NH

o 2R AATRLFERR S hp e o £1 2008 £ 10 7 & o
G40 B p e RREAE G BE LD e TN KRR E G M
SE ARG FAE S R FEATER 0 KA o BRI A R F o
B I3 & K Andra 3t 2015 # ¢ B AR L o R A B RIEAS %o
PR AT E AR (T AIE P IA T 0 2N 2013 & BB 47 ik
Fod B(dogat) - 2006 & (312 ) $csfil i #aalie 7 24

FRFIPEB C FEERF C FA R C BRSMR O A HBFHEED
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PRl FhR R BipE B F e s T RR (Andra© 2015) -
2006 # 6 28 P BMGabtP iR frRR TS E RS T2 %
2006-739 ;> F T 0F

o TG ARKZERY Sl B

. ﬁ%ﬁﬁé%ﬁ%ﬁ@ﬁ#iﬁﬂﬁﬁﬂﬁﬂﬁ%*ﬁ?

© FIOBERITFAEFELEHDPL S e RHEE

6.7 F%ERIF AT (AEA)Z B SREY A £ 21 % (IAEA’s safety
standards for final disposal of disused radioactive sources)
SRR W EFE L AR RFIAE T IRARSFEE

CEEY ALV EE B TR A Y Y R

é‘«!ﬂ

MR RATE KT CARMRE T A B B A AR o A
POERR o SRR S TRR o TRPEEET R DR R o KR

5
2 o+ i % % (international atomic energy agency, IAEA)2_ /& &3k B ¥ &
% AR PLTAEAR I 2 3 R SREHRR SR M B TRV R0 0
R R E Gl ER DR T ﬁ-g Frolie g 248 FIRZR 45 RS
oo TAEAFE 4138 # }%&E’/T;‘}%z{v}ﬁb B BB PEAZ X 23T LY Al
Yoo R F AR A Rl BER O RENTRTFHH FUETRE 2R

% R MAET 2HAGE 1 L AT R PSR T AT AR

|~

T Rl i 2 & 2 FGERF RHR T  o
FI % Z 83 % T 8 A SR (disused sealed radioactive sources, DSRS)

2 i * & 3% (generic safety assessment, GSA)4F7" Jeo ¥ IE T 4 T
I i 2735 f2 (features, events, and processes, FEPs) » iz FEP B3k ¥ if j#
4 o gFit ek 124 (borehole disposal concept, BDC) 7 1 A2 F k= i st o 4t [
BEG B ATAISI3047) 7 4% 4% A 3 4 " £ 22 R TAISI316LA) e ® 5 B> Bk
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RPR Rl FELRE O ORR R RREE S B3 GRS SRR BT
MoRRR R U IRE el F R RAR G EF LR
Wﬂ@ﬁﬁ?ﬁ°$ﬁﬁﬂl@ﬁ%%ﬁﬁ%ﬁﬁﬁiﬁﬁ@ﬁﬁﬁ*ﬁ
PR ARE LMY FIRBEE L KRB SR AR S A R
B A F Benmt R AR o FIM F AR Y > £ BEORE I RIS
MRl SRR A INTR B - B IR PR o B SR B B R 2 ki L
B - % 2302 st P e £ 62> GSABRE 1 1fadk 3 WMy a8 =
B 51 TBq d * ARG HEE S 7 ERPBES % - fEGSA
FTEA RS BN RSREE FREER BT A Bk F
WicRM R GSA? TR EA4F PP AFZ CEL 2543 44
B 7o slAe st B R b e 42 IGSAR R -
PR R EESRA TE AR ARERT
AW R &R o 0 3 Bk ?vié‘*a‘ﬁ“fii
F 07 A FA-F6.8% F6.9 0 Bk Ak A RARM ¢ o
o HETUER ] T30
.« 4B E E260% AR B IRR A B B
grith e 2 g2 B AR E &S 50~100 mm

FASR & RTRET R TS BT R 2 ¢ RlE - g
WEM TR LR B RFRTTE R HIAMAERIBL KT TE
PERY o 7 F PR SR 2 Bl BB Rl £ U B16.10 0 3R BIHE T B R E
BPAE - AT B A fod [ WHIER U B AL LA

VIR o

PRLEDL LSS HEF -
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3062 - T 2R h AP

H-3 Se-75 Sm-151 Pb-210

Na-22 Kr-85 Eu-152 Po-210

Mn-54 Y-88 Gd-153 Ra-226
Fe-55 Sr-90 Yb-169 Pu-238

Co-57 Cd-109 Ir-192 Pu-239

Co-60 Ba-133 Au-195 Am-241
Ni-63 Cs-137 Hg-203 Cf-252

Zn-65 Pm-147 T1-204

(IAEA-TEC-DOC-1824, 2017)

 —
.

Transport, Conditioning
and Disposal Vehicle

E Borehole
0
Q

\ Stratigraphic Waste
= Units Packages

Fenced in Disposal Site
and Building(lf required)

(IAEA-TEC-DOC-1824, 2017)
B 6.8 FdtihE el T E B

(BI» = F : Fenced in Disposal Site and Building(If required) %
¥friz A4 (% 7 &) Stratigraphic Units # & ¥ =~ ; Transport,
Conditioning and Disposal Vehicle iﬁ’ﬂi%] CHEFEE Sl P dE
Borehole #Fi- ; Waste Packages & 3 f~4t¢ - )
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HELL

Borehole

i B s [m ] EE
Disposal Zone Backfill

i
Lifting Ring
PR BN
Disposal
Container

Eagel
Capsule
EapaEatr
Source
Container

BRIEES
Centralisers
HDPEE
HDPE Casing
B eE
Disturbed Zone
Backfill

E=
Host Rock

(IAEA NUCLEAR ENERGY SERIES No. NW-T-1.3, 2014)
Bl 6.9 B il B btiRdE 2 F o LB
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Pu-239°
Ra-226
Am-241°

Pu-238*
Cs-137
Sr-90
Cm-244°
H-3

Fe-55
Ci-252°
Ru-106
Po-210

r-192

1 10 100 1,000 10,000 100,000 1,000,000

Years
(IAEA-TEC-DOC-1824, 2017)

Bl 6.10 7 ke Prfss bR 2 Boif B R £ 12

GSAZ Wik EIE » GSAY i Ak 3tiR4r% 6.3 0 & %3 40Co-60 & &
bt AR F RS S KA B - L e 7 RMAR RS AN AT B
BRp O » o3 oRE N T BB STIRIRTY 0 B SRR L AR AR Y o
AR AFRTRY PRI FE B Rl FERAR
A i F R E o e R R RO ALY 7 B RYE S
WA o B <7 454 (AISI 300 % 7 2 5 )4p b B icdpdc 464 0 il
F e Bt iR B R £ LAY P RF AArdk 65 e
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% 63 * P

Vg ’7/2 ~%‘§’T/}£"%H

2 #8Radionuclide

P B AR

& Physical/chemical form

H-3

WOF A F WA RN ook
Often tritium gas or liquid as H20

Co-60

Metallic form in thin dlSCS or small cylindrical pellets.
Very low solubility

Ni-63

FRE o &Y R IH
Solid. electrical deposition on metal foil.

Kr-85

# %8 Gas

Sr-90

R R a3 RV AR U & 2 /\Fg%)@g R
‘\' RIS R REGRE

Oxide or titanate form, Often silver plated for medical
applications, Ceramic or glass bead or rolled silver foil
for other applications Oxide or titanate form

Cs-137

R I I Y L
2L M)

Only used as a salt (often caesium chloride), Sometimes

ceranuic form for weak sources (very low solubility)

Pb-210

ETREE R Ty Pty

Solid. mainly carbonate and sulphate

Ra-226 (+Rn gas)

P SR NE £ R E@Lk\?(%(r',_,_uh BN ST ‘E‘fﬁ’x
B B)

Very reactive alkaline carth metal in form of salts (e.g.
bromuides. chlonides, sulphates or carbonates). All
soluble

Pu-238 (+Rn gas)
Pu-239

UK 245 CHELT HRIG- ¢ 5 5 4 Btk
Used in RTGs, and for neutron generators and calbration
Sources typically have Pu oxide in ceramic

Am-241

FEFRET B A F €0 T g
TR § MAEmb AR LS ® Y o i ¥ FIRR o
TR .

Chemical charactenstics simuilar to rare carth metals.
Americiun oxides normally used. For neutron sources.
fine americium oxide powder used nuxed wth berylliun
powdes. Often in pellet form. Sometimes in sintered form

(IAEA-TEC-DOC-1824, 2017)
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Z 64 B 17 44%(AISI300 % 71 & % )4p B JF 4 Bicdy

E S pH B RECC) [CT] 3 LR Rixi H s
Grade Temperature | (Hgeg") Redox conditions | Other
304 ~ % %8 90 7000-43000 | 4 % Aerated 10 hrs
Ambient
304L < § FE&HE | 25-100 ook 4v § Aerated & = I
Ambient Freshwater pEEI
8 years,
Pacific
Ocean
seawater
304L <~ % BB |27 oK 4v % Aerated
Ambient Saltwater
90
304 < F By |25 B aRd ok
Ambient Interstital
clay water
50
75
316 BB |~ F BB 19000 4v % Aerated
Ambient | Ambient
316L < F Eu5 |30 koK 4v % Aerated
Ambient Freshwater
50-100
316L < F EE |27 oK 4v % Aerated
Ambient Saltwater
316 < F &R#; |25 B EAR2 -k | 4v & Aerated
Ambient Interstital
clay water
50
75
s | < F B | 25440 SN %t 5 Deaerated | 120=
Ambient Seawater 120 days
7 dhdn | S FRB | 25-40 7.7 ngeg'! O,
Ambient 2.17 pgeg! O,
7 44k | 9.8 25 2000 5 % Deaerated
9.4 80

(IAEA-TEC-DOC-1824, 2017)
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%065 TEME P EE AN AL D BRI
PiEE & Fy it % #d Radionuclide
Target lifetime Description ,
(years) R 73 Inventory Other
> 10° MBq
10 SN LR IS Ir-192, Yb-169 | Hg-203
He EX Y <
100 % +& b4
Safe handling
requirement
Containment of
radionuclides with
tin = 100 days
300 e EX R < | Aed it o e b | ek iR s Ao f
30 it i 4 As above, plus As above, plus
Containment of H-3, Co-60, Se- | Na-22, Mn-54,
radionuclides with | 75, Kr-85, Sr-90, | Fe-55, Co-57, Zn-
tin, = 30 years Cs-137, Pm-147 | 65, Y-88, Cd-107,
Ba-133, Eu-152,
Gd-153, Au-195,
T1-204, Pb-210,
Po-210, Cf-252
2x10* #He L L EY< dob AR s de b | ok AR s e
2000 2z iti4 1% 4d | As above, plus As above, plus
Containment of Ra—226, Am-241 Nl—63, Sm-151 R
radionuclides with Pu-238
tin = 2000 years
10° FRELFYSI0 | ot Aid o de b [ ek AT
E: RS SNEA R - As above, plus As above

Containment of
radionuclides with
< 10° years

tin

Pu-239

(IAEA-TEC-DOC-1824, 2017)
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6.8 ISR AR Z ki 72 (Disposal methods for disused

radioactive sources and nuclear waste)

SRR P R AR - K F IR R P R E R
F(HE) PR R DI RTEOE D el RIS R PR B
g K 0 ™ F 37 E Bow (Ojovan & Steinmetz, 2022) o ik # AR 5 ST
RRFFER LA RREFB)E G T RET O S RN
B ottt BRASFEF AR AT BRF B BN 2R
WGkl > TS MA £ B B fri-
BB BRAREPCLPEP RHEZEB DT PR G o EH Al
Pt F 5 B 0 ¢ HPMF R (o R A o R g) (TR FE (it
BRAFERAR - FATREAr PR AW R AR 25§ & )
FURAREAE R R > M ERRP RIEDE > dog FiEE 3 Fie
BRW g A LS FCRBERIF AT FF AL R DI X AR
BRSNS 5 2T IR P IRRAE 4o HP (Ojovan
& Steinmetz, 2022) :

&

CN

LE'
H¥ ¢ 7148k

N

(@. H Al * 5555 F 3 A fo s L B E)

(b). ﬁﬁ?iiﬂ?-fi(ﬁ‘f‘ R b/ T P FRE S FEE T

(€). #* p-REGLmE-k A ~ 22 BR)

(d). & & &% 2B (G55 L)

TR RILDLEENE A ARREY MR REIFR ~ FIEREH
BAEERESL S PSR AURR S BN o MR Rl
Ko ¥ B pe s ® 4o 2 B2 & R AY(Ojovan & Steinmetz, 2022)

@). At BB E S mARFTARY > FEARRIFBETE

T EM % 2ok

Ay
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(b). B ' cHAg § 4 i % L F KT AT IRE R B e 0 B
R RAT AR R R S e S L IR B IR

>

(C). 7T Al K6 F g A" (SERATH Y KT o
Ojovan and Steinmetz (2022):% 5 A &R (DSRS) ¥ #1373
PUERGE ARl o FYRB FA R HTR > 408090 ~ $5-137 - &5
-238 2445241 B ¥ & * & 1 f2f3 kR % Y(Engineered Barrier System, EBS)
20 FER R AR AR R W T ERM fi® o Ojovan and Steinmetz
(2022): 3k fix R 40T Fic B B B AR B T A A L R (Ao 6.11) 0 3F 5 A
RER T ARER Y R G AP ER RS EE TR AR G
WrAIEREREY XA
WREZEBIDEHHE - AR/ AN LF BT ER > ER T
I RGERT 2 BSR R
B IR YAR R Tl K

-

BT ESE B REFFOTRT T i

-—\

%
{
Fek s Y vl A 0 2
VR ERE AR 0 R A R B S S A g o Wi Y 0 <
Piae 3R o FlUt T E RARKAR § R o o2 s T s a 2 e
ORI R R e BT R F B AT( 8 R KSR R R AR R

B dph B SR AR AR
£

3
‘T
733"‘\

124



(Ojovan and Steinmetz, 2022)

Bl 6.11 EMRT &g THP A 2 fgﬂé,éﬁ\z;b,f@%_

(B < 5 : Drilling rig 44 ; Waste Disposal Zone & 3 4 ek % ;
Deep geological formation for nuclear waste disposal # »*+% B 2 # e

B2 Rk i )
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=~ %%
‘-‘p
AFEA PR AR MR T2 MR G 5 R on st

B g Rk REHLESRE X E IR o d BRR T A
PHATRERSLFTHE - FLLL 1L ANE 2 FPITREAM
25 AR E R ER L F R PRI A5 R
Mok b B R EDFERS BT FERITHMTRE - A E 2
FATRE B A SR % > F WE M8 RS ARl T &
AR RR T R RSLE ML | A R A ) P
Mk g o
FEIRIELY - £ IN112E30 9 B0 KR4 TR
B d i ma r L kAR HEE S ST RN F Rk
FRR T Y G R ACR Bk A 6 AL SR T IRIERE - X 5
25~50mm ¢ E TR ATV T T 0 B SRS R ES R 0 F
BRI 2B B@ AL S - PR EREL 0 5
BRI RERE O F RIMZZAF PN INFHEHIES > AR
ML IR EAT AR A XA o FRAKFAERF
N OKREE S LS Ll NN L R RS S
40 R IRIT R i s o B 2R F (droplets) 0 ¥ JE 1F { 45 DF
FHILERRY BiRSEE IR BHAEETFE S A
R R Mo ok BRI A B S Rl Rl
BRREFFH - AR IR F - 22 PEBRRAKFERAE R
1A RS RE AR SR B E SRR
iﬁ°_“i%?*h~ﬁﬁéikfﬁ§% BRI A
AT REAEE R E R EHE e MEF T ZBGE > o By %
Ef~%*MDA%ﬁrT+’ﬁﬁﬁﬂi(DDé38 37550 4 T bR

E e
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B/ 52524020 7 > AN £BARRF G2 % -
ATERBALER TN AR 2P IRE B T 3
FRAR £ 5 3 PR~ BRFFL B2 o d RFI7fR
B B bt o BB SSERE 0 BSIR R F TR R P ST
T PERE el e K S AER RS TAM I RERE
AR STREIL s M FHE P BFE C ERIE D G0 T2 RS
RESZER)F AR HAMAE FEF 20 F A RBFADE(E
2 RH)EFEE R RAR 231k % f‘iﬁu"f ki laks EE R R
MRERMABRSRE TR ZER R L a2 AR T
3RS ALy BT AT LFER Y A
NEIFUAVTRE SRS BRLER TR RIE LT A E R
F150.25mSV/yr o &4 B R AR E B S % BIE R A
£ 4 (Borehole disposal concept, BDC) » 12 if &7 X A B o
R AF RS 2L R AR PR B SRR R
WERAUBFAHANLTE 0 WRF F R BEETIEMR

DARHRE S NSRRI R B G R R -

=4
E
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b GAMMA SPECTRUM ANALYSIS il

3 s sk s ok ke sk sk ok ke sk ok sfe s sk sk sk sk sk ok i sk e sk ok sk ke sk ok sk ke s ok sk sk s ok sk sk s sk skl ok ok e sk sk sk ok ok ok ki skok sk sk ok skl kol ok ok ok ok ok ok

Sample Date :2023/9/25 01:37:00 PM MCA No....: :AIM

Sample Title vA ADC No....: :DT1-30

Sample Identification:1120949-A Detector No.:DT1-30

Sample Size - 1.0000E+00 each Geometry No.:3018 filter

Collecter : Review:

Acquisition Date :2023/9/25 01:37:01 PM Peak Confidende Factor:95%
Live Time: 1000.0 seconds Identification Energy Window:+-2
Real Time: 1000.2 seconds Error Quotation: 1.00/SIGMA
Dead Time: 0.02 % NID Library:

Reference Time  :2023/9/25 C:\GENIE2K\CAMFILES\Long_life.NLB
Energy Calib. Date :2023/8/1 Efficiency Calib. Date: 2023/5/26
*******************************************************************************

Nuclide Activity Uncertainty

Name (Bg/each)
Co-57 < 2.562E-01
Ga-68 < 4.563E-01

NB-94 < 6.826E-01
Ag-108m < 6.207E-01
[-123 < 3.475E-01
Sb-125 < 1.867E+00
[-131 < S5.176E-01
Cs-134 < 6.855E-01
U-235 < 5.880E-01
U-238 < 2.026E+02
Am-241 < 8.776E-01
Co-60 1.169E+01 +- 5.626E-01

Cs-137  8.380E-01 +- 3.714E-01

137



e sl e e sl ke s skt ke sl sk ok sl skl i okolkokolokokolokolokok kol ek ok ko ek ok ekl ok ok ok ko ok ke kb sk kR ok ok ok ok

*kkkk GAMMA SPECTRUM ANALYSIS *xkkk

s ok s sk ok sk ook ok kol ookl okl s okok okl ok kel ok ok ko ok k kkkkock ek bk ko kb k ok sk kR ok k kR sk ko ok

Sample Date :2023/9/25 01:37:00 PM MCA No....:Lynx

Sample Title :B ADC No....:DT2-30

Sample Identification:1120949-B Detector No.:DT2-30

Sample Size : 1.0000E+00 each Geometry No.:3020 filter

Collecter : Review:

Acquisition Date 2023!9/25 01:37:03 PM Peak Confidende Factor:95%
Live Time: 1000.0 seconds Identification Energy Window:+-2
Real Time: 1005.2 seconds Error Quotation: 1.00/SIGMA
Dead Time: 0.52 % NID Library:

Reference Time  :2023/9/25 C:\GENIE2K\CAMFILES\Long 11ife.NLB
Energy Calib. Date :2023/8/29 Efficiency Calib. Date: 2023/8/29
Rkkkkkkkckkkkkkckckkkkkokkkhkokkkkkokckokkkkk ko hckckk b kb khkkok sk kckkkkkk sk kkk ke kk ek ks kk k%

Nuclide Activity Uncertainty

Name (Bg/each)
Co-57 < 5.873E-01
Ga-68 < 8.312E-01

NB-94 < 1.649E+00
Ag-108m < 1.281E+00
[-123 < 6.524E-01
Sb-125 < 3.887E+00
[-131 < 1.200E+00
Cs-134 < 1.425E+00
Cs-137 < 1.960E+00
U-235 < 1.099E+00
U-238 < 4.064E+02
Am-241 < 4.863E+00
Co-60 1.047E+02 +- 1.579E+00
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Sample Date :2023/9/25 01:37:00 PM MCA No....:AIM
Sample Title 2 b ADC No....:DT3-30
Sample Identification:1120949-C Detector No.:DT3-30
Sample Size . 1.0000E+00 each Geometry No.:filter 3022
Collecter : Review:
Acquisition Date :2023/9/25 01:37:09 PM Peak Confidende Factor:95%
Live Time: 1000.0 seconds Identification Energy Window:+-2
Real Time: 1002.4 seconds Error Quotation: 1.00/SIGMA
Dead Time: 0.24 % NID Library:
Reference Time  :2023/9/25 C:\GENIE2K\CAMFILES\Long 1ife.NLB
Energy Calib. Date :2023/8/2 Efficiency Calib. Date: 2023/5/26
3 e ke ok sk ke ok ok ok ok ok ok sk sk ok ok sk ok ok ok sk ok ok sk sk ok ok ok kool ok ok sk ok sk skl ok sk ok sk sk ke ok ok ok ok ok ok sk ok ok sk ok ok ok skl ok skok sk ok ok skokok sk sk sk skl sk sk ok sk ok ok

Nuclide Activity Uncertainty
Name (Bg/each)

Co-57 < 4.800E-01

Ga-68 < 5.642E-01

NB-94 < 9.660E-01
Ag-108m < 9.082E-01
[-123 < 5.564E-01
Sb-125 < 2.840E+00
[-131 < 8.069E-01
Cs-134 < 7.811E-01
Cs-137 < 1.185E+00
U-235 < 8.159E-01
U-238 < 2.007E+02
Am-241 < 6.128E+00
Co-60 8.105E+00 +- 4.636E-01]

139



3 s s s s o s ol ok s ok ok sk ok sk st sl ke el sl e sl sl ekl ok sl sleslsloslokololokoslokokokokokokok ok kol skokok sk sk skskok kool kol sokok skokok sk ok

*kkkk GAMMA SPECTRUM ANALYSTIS *okkkk

Fkkkkkkkkckkkkkkkkhkkkkkkkkkkkhkkckckkkkkkkhckckkkkkkkkckkkkkkkkkk ke kk ke hkkk k%

Sample Date 2023/9!25 01:37:00 PM MCA No....: :AIM

Sample Title ADC No....: :DT4-30

Sample Idcntlflcallon 1120949 D Detector No.:DT4-30

Sample Size . 1.0000E+00 cach Geometry No.:3024 filter

Collecter : Review:

Acquisition Date :2023/9/25 01:37:05 PM Peak Confidende Factor:95%
Live Time: 080.4 seconds Identification Energy Window:+-2
Real Time: 1092.6 seconds Error Quotation: 1.00/SIGMA
Dead Time: 10.27 % NID Library:

Reference Time  :2023/9/25 C:\GENIE2K\CAMFILES\Long life.NLB
Energy Calib. Date :2023/4/24 Efficiency Calib. Date: 2023/5/26
e ok s s sk s ok ok ok ok sk ok sk sk sk skl ok s ok sk sk ok o ok ok ok ok sk sk sk sk e ok s ok sl sk ok ol sk sl ke sk e ok sk ol ok ok ol ok ol ok sk ke sk sk sk kR sk okok Rk kol kol ok kok sk ok kok sk ok

Nuclide Activity Uncertainty

Name (Bg/each)

Co-57 < 4.285E-01
Co-60 < 1.181E-01
Ga-68 < 2.395E-01

NB-94 < 2.860E-01
Ag-108m < 3.759E-01
[-123 < 3.458E-01
Sb-125 < 1.312E+00
[-131 < 3.604E-01
Cs-134 < 2.644E-01
Cs-137 < 4.902E-01
U-235 < 3.720E-01
U-238 < 4.846E+01
Am-241 < 3.242E+02

No peak search results available for nuclide analysis.
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3% © 1120949
L% A8 (Bq/ea)
@ q <9.32E-02
BB 8.35E+00 + 2.28E-01
A Sr-89 <4.23E-01
Sr-90 < 3.26E-01
8 q 9.92E-02 + 6.27E-02
B “p 8.12E+01 £ 6.71E-01
Sr-89 <447E-01
Sr-90 < 3.44E-01
B <9.43E-02
BB 6.04E+00 + 1.90E-01
¢ Sr-89 <4.23E-01
Sr-90 <3.25E-01
B < 8.70E-02
“p 1.82E+01 £+ 3.31E-01
- Sr-89 <3.91E-01
Sr-90 5.50E-01 + 2.70E-01
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Sample Date :2023/10/17 02:45:00 PM MCA No....: :AIM

Sample Title :FILTER ADE NOvivos :DT1-30

Sample Identification:1121032-A Detector No.:DT1-30

Sample Size . 1.0000E+00 EACH Geometry No.:3018 filter

Collecter : Review:

Acquisition Date :2023/10/17 02: 45:56 PM Peak Confidende Factor:95%
Live Time: 1000.0 seconds Identification Energy Window:+-2
Real Time: 1000.1 seconds Error Quotation: 1.00/SIGMA
Dead Time: 0.01 % NID Library:

Reference Time  :2023/10/17 C:\GENIE2K\CAMFILES\Long 1ife.NLB
Energy Calib. Date :2023/8/1 Efficiency Calib. Date: 2023/5/26
*******************************************************************************

Nuclide Activity Uncertainty

Name (Bq/EACH)
Co-57 < 2.103E-01
Co-60 < 6.129E-01

Ga-68 < 3.366E-01
NB-94 < 3.412E-01
Ag-108m < 4.024E-01
[-123 < 2.421E-01
Sb-125 < 1.201E+00
[-131 < 3.676E-01
Cs-134 < 3.115E-01
Cs-137 < 1.081E+00
U-235 < 4.563E-01
U-238 < 7.755E+01

Am-241 < 7.874E-01

No peak search results available for nuclide analysis.
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Sample Date :2023/10/17 02:45:00 PM MCA No....:Lynx

Sample Title :FILTER ADC No....:DT2-30

Sample Identification:1121032-B Detector No. :DT2-30

Sample Size . 1.0000E+00 EACH Geometry No.:3020 filter

Collecter : Review:

Acquisition Date :2023/10/17 02:45:57 PM Peak Confidende Factor:95%
Live Time: 1000.0 seconds Identification Energy Window:+-2
Real Time: 1005.6 seconds Error Quotation: 1.00/SIGMA
Dead Time: 0.56 % NID Library:

Reference Time  :2023/10/17 C:\GENIE2K\CAMFILES\Long life.NLB
Energy Calib. Date :2023/8/29 Efficiency Calib. Date: 2023/8/29
********************************%**********************************************

Nuclide Activity Uncertainty

Name (Bg/EACH)

Co-57 < 2.314E-01
Co-60 < 6.374E-01
Ga-68 < 3.641E-01

NB-94 < 3.571E-01l
Ag-108m < 2.463E-01
[-123 < 2.455E-01
Sb-125 < 6.737E-01
[-131 < 3.320E-01

Cs-134 < 3.825E-01
Cs-137 < 5.319E-01
U-235 < 4.302E-01
U-238 < 5.946E+01
Am-241 < 1.825E+00

No peak search results available for nuclide analysis.
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*************************************************************************

Sample Date :2023/10/17 02:45:00 PM MCA No....:AIM

Sample Title :FILTER ADC No....:DT3-30

Sample Identification:1121032-C Detector No.:DT3-30

Sample Size . 1.0000E+00 EACH Geometry No.:filter 3022

Collecter b Review:

Acquisition Date :2023/10/17 02:45:59 PM Peak Confidende Factor:95%
Live Time: 1000.0 seconds Identification Energy Window:+-2
Real Time: 1001.4 seconds Error Quotation: 1.00/SIGMA
Dead Time: 0.14 % NID Library:

Reference Time  :2023/10/17 C:\GENIE2K\CAMFILES\Long 1ife.NLB
Energy Calib. Date :2023/8/2 Efficiency Calib. Date: 2023/5/26
*******************************************************************************

Nuclide Activity Uncertainty

Name (Bq/EACH)

Co-57 < 4.287E-01
Co-60 < 6.781E-01
Ga-68 < 4.490E-01

NB-94 < 3.409E-01
Ag-108m < 5.788E-01
[-123 < 4.447E-01
Sb-125 < 1.600E+00
[-131 < 6.116E-01
Cs-134 < 4.925E-01
Cs-137 < 7.025E-01
U-235 < 6.274E-01
U-238 < 8.938E+01
Am-241 < 5.768E+00

No peak search results available for nuclide analysis.
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*kkokk GAMMA SPECTRUM ANALYSIS *RkkE

*************************************************************************

Sample Date :2023/10/17 02:45:00 PM MCA No....: :AIM

Sample Title :FILTER ADC No....: :DT4-30

Sample Identification:1121032-D Detector No.:DT4-30

Sample Size : 1.0000E+00 each Geometry No.:3024 filter

Collecter Review:

Acquisition Date 2023/10/17 02:45:55 PM Peak Confidende Factor:95%
Live Time: 1000.0 seconds Identification Energy Window:+-2
Real Time: 1000.0 seconds Error Quotation: 1.00/SIGMA
Dead Time: 0.00 % NID Library:

Reference Time  :2023/10/17 C:\GENIE2K\CAMFILES\Long_11ife.NLB
Energy Calib. Date :2023/4/24 Efficiency Calib. Date: 2023/5/26
*******************************************************************************

Nuclide Activity Uncertainty

Name (Bq/each)

Co-57 < 2.624E-01
Co-60 < 5.609E-01
Ga-68 < 3.706E-01

NB-94 < 3.251E-0l
Ag-108m < 3.280E-01
[-123 < 2.526E-01
Sb-125 < 1.182E+00
[-131 < 3.534E-01
Cs-134 < 3.937E-01
Cs-137 < 4.806E-01
U-235 < 3.758E-01
U-238 < 5.995E+01
Am-241 < 2.492E+00

No peak search results available for nuclide analysis.
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4« <9.32E-02
A “p < 1.34E-01
Sr-89 <3.52E-01
Sr-90 < 2.40E-01
4 a <9.32E-02
B’ B < 1.34E-01
Sr-89 <3.52E-01
Sr-90 < 2.40E-01
Ha <9.43E-02
cr KB < 1.25E-01
Sr-89 <3.52E-01
Sr-90 < 2.40E-01
Ba < 8.70E-02
D Bp < 1.38E-01
Sr-89 <3.52E-01
Sr-90 < 2.40E-01
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