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The 2nd Japan-Taiwan Nuclear Experts Meeting
(The 30th Japan-Taiwan Nuclear Safety Seminar)
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2. BREAE

D AR EF TP RERR(TF FFRE §RTII0 % HAIE)
i sr 42 p : Status of Nuclear Power & Fuel Cycle Back-End Management in Japan

(The Federation of Electric Power Companies of Japan, Nuclear Power
Department, Takeshi Omori)
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Current status of investigation towards the resumption of operations @

» 26 out of 45 Units have applied for compliance with New Regulatory Requirements (PWR: 16

Units, BWR: 10 Units)
» Of these, 12 Units (PWR) have received approval

Toman@m " ma
Kashiwazaki-Kariwa ~ 4 Approfv’e\lll status
AL of New
0000600 f G Requiatory | "WR@ | BWR @) |  Total
Shika @@ \ S Requirements
Tsuruga O@ o — LB TP | approved () | 12 Units | | O Units | 12 Units
Mihama OCHE Higashidori 1EC0) @ |y i (©) | 4 Units | 10 Units | 14 Units
Ohi @@ Onagawa ©@8)

Takahama [€NE3[EIEY Fukushima Daiichi | Not yet applied | 4 Units | 15 Units | 19 Units
Shimane @@9 £ @ RO Total 20 Units | 25 Units | 45 Units
Genkai @m s ,f SR | ggs@hlga = The plants under construction (3 Units) are also included above

B { \r Tokai Daini@ Status of
P decommissioned PWR BWR Total
i{ Hamaoka DO Units
Sen dal- 3 Nt OOB @ pwr [ Approved Pecom®y " | 4 units | 10 Units | 14 Units
= ® BWR © Applied
(O Decommissioned
> R 4 A A=
® 4 Bj‘%ﬁﬁ,}&‘éﬁﬁ.@.i%bﬁ R CE 3
BPap AFcfranig i $8F 2 A 2030 £d e o> T
20% - 22% > 4@ 597 o $] 2030 £ s 0 P AEHES L0 E P F R B E
ZoaK,ﬁ\:“/-gt?Z&/ ’%ﬁ/ééf!]}%’,‘hbﬁ‘;Tiﬁ’]*%‘;ﬁg[,LEI*%'__O

Formulation of Energy Mix
[Jul 2015]

O Composition ratio of
power sources in FY2030

Nuclear power About 20 ~ 22%
Qil About 3%
Coal About 26%
LNG About 27%
Renewable o
energy About 22 ~ 24%

Bl 5 P &Fchri 2030 # TR 3t ek i a0 R e

L



Status of Nuclear Power & Fuel Cycle Back-
End Management in Japan

Q) PR RRARGIT A 2T A7

)

B oA AR R AR
FEA D LR PR A 1 G BRR)
i 3r 42 p : Current Status of Nuclear Backend Management in Taiwan
AR &
Bisfars d SR 2P F T A HEARE REFIZ O RP B8P TR
2R AR PR G R F D G TR R E PR R L e
o
FHPPR R RE T E R A B DB A Bl T T 0 e 30
P Rt B ARME S LS Bl P2 B B8 2 BT R T A L AT
BRAPN e g L - R REF P R TP AP s R o
2o vgFRAZ AP R R RAEKEFE 4 oBRT AV F N5 122% A K
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Nuclear Power Plants in Taiwan
Chinshan(CS)

GE BWR-6 985 MWe x 2
Commercial Operation Date :
# 1 Dec. 1981
#2 Mar. 1983

GE BWR-4 636 MWe x 2
Commercial Operation Date :
# 1 Dec. 1978
# 2 July 1979

Lungmen (LM)

GE ABWR 1350 MWe x2
(Mothball)

Maanshan (MS)

In 2016 Nuclear Installed

Capacity 5 144 MW Westinghouse PWR 951 MWe x 2
12.29% of all Commercial Operation Date :
( L ) # 1 July 1984
OCEE SR #2 May 1985

Bl 7 c@ia R s g

FRATLTRY G R IR N G 8 ELS AR LR BT K %6
(Centralized Interim Storage Facility, CISF) s &3+ & - * RATPFpT s 3 FF &2 MFF 2%
BB R o B B P NRFHR GV AL 22016 £ 9 P
RAIPARAPRKRTZ AN BFNTF 6@ Rd ¢35 o g

B~ tH

-—\\

RS B YR IYFRLGZ 10 & 5 st p

CAORPEAZS Tnt6+10, & o G F M E P Spr33En > pad [ 29 7

N

Py b DEASELR N AR EE o BRE B A BRI R P
RRACPET RSB~ 2 RS Bl P M eski@ i SRIPR2 &% %282 ZEAL

T e
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Nuclear Backend Fund

® The backend fund was established in 1986: for LLRWD,
HLRWD, Decommissioning, HLRW Spent Fuel Dry
Storage, etc.

® RBackend Fund is managed by Backend Management
Committee.

Total Backend Fund Target

(TW dollars) ~3,353 f&7T. (base on 2008)

Accumulated amount

~3,248 {&7T. (until Jun, 2017
(TW dollars) {SJT (until Jun )

G)edamd 37
Bl 8 sitra s S @A LM

P RO R DR A P el FEM R § LY - ARA TP
F e g AR ol 904 R & e fant P TR R R BT, e g s o
200 ] & 4 u;rf (R I T
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Current Status of
Nuclear Backend Management
in Taiwan

Chen, Yu-Hsien
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3. Session | © %% %Kﬁzf,tufg;g AR A
(D) TRREL ™ P F BEE P - 2 RUfRRR(P AL 11 e 3R

Bl k)
i 4742 P : Decommissioning Status of Taiwan Research Reactor and Chinshan,
Kuosheng Nuclear Power Plants

MR R TR EY e

AU o S *% PR Bl R P R R B CE I TP P

o

BEEL T F BE(TRRIZ - - R RS R A KL e -
TRR (23 % © 90 2004 # B 92§ M F PL o K1 e - FRA
P 8 2004 £ 1 2018 £ > 4 & H A i PG W E 5 4 ?',"é‘f’:%%“fléi"}%-

1,

0'14\
oy

ok g R o TRR %R 175 = (RS AR5 2012 & 3 2028 &
ERE S e R E AR S T n%iz‘%(DSP)/ﬁ“"f **L”Jﬁ%*":}fr"f i*% o %L F1 TRR
F s id R e 7Rt E Py omy BB F G gLy KT 7 22 00%

et & > 32§17 Mock-up Bl3# o @ R EP 4o B 11 “17 o

{\>A_ . . ° .
< # 3.Status of Taiwan Research Reactor Decommissioning

 FundamontallResearch B Taiwan Research Reactor (TRR) was shut
Purpose : 2. Isotope Production down in 1988 with the intent to replace the

3. Irradiation Experiment reactor with a light water moderated, open pool
First Critical : | Jan. 03, 1973 reactor (TRR II Project, then terminated).
Shut Down : Feb. 1988 B Systems including heavy water system, cooling
Rated Thermal |, .. system, neutron experiment facilities etc. have
Power : been dismantled.

Max. Thermal 01 o G
Neutron Flux : | & X 10" n.cm®.sec B The reactor vessel was removed and placed

under safe storage in 2002.

Natural Uranium Metal Rod
Fuel :

(Aluminum Cladding) B Decommission permit obtained in 2004.
Moderator : Heavy Water
Coolant : Light Water
Reflector : Graphite
Control : Moderator Level
4 x 12” Dia. Hole
Beam Port : 4 x 6” Dia. Hole
1 x 4”x6” Through Tube
Goie &g Cylindrical, 352 cm height,

269 cm O.D.

M 11 TRR % R 4
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Pro R 30 e 2 EE A PR oclp o #A B[ 2018 £ 12 7 2 2019 £ 7 7
ﬁ’%““éﬁﬁmﬁ PR 4 e o w3t 2015 & 11 7 #2 2016 & 1
LEWMFEL P - RUF R R S HBIHFEA L > 1 IFAR%HE(WBS)
EEPEREARY] ATIEE R BRRFAIT RS R R G Eg R
cn 20176 EERFARNLZAEF ALY ARFRER LRI L ER
BWELFWHF AL TP EREP- f FV BRI RBERNFRZ

o fj AR IA hol 12 45 o

(,"C.ﬁ)

= The Decommissioning Plan of Chinshan NPP

* Decommissioning Activities Planning (DP CH1)

¢ Reactor Final shutdown » SNF transferred to ISFSI

¢ SNF transferred to SFP  TB large components dismantlement

¢ Systems drainage and ¢ RPV and internal dismantlement
decontamination » Reactor coolant system piping

e Site Characteristic survey dismantlement

e Engineering planning and bidding | |  SFP dismantlement
o Set up ISFS| & radwaste storage | | e Primary containment dismantlement

area » Decontamination of concrete and
buildings
(3yrs) (2 yrs)
eration : . Final Site
. >> Decon & Dismantling >> Surel
201812 (8yrs) 2026.12 (12 yrs) 2038.12

2041.12 ‘04&12

* CSB and TB buildings || Other buildings
demolition demolition

o Site remediation o Site restoration

» Final site survey

)

21

B 12 ¥- Bf TR AR E A
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Dccummissiouing Statn

S of Taiwan Reseqred h Reactor

and Chinshap, Kuosheng Nuclear iy ower Plants

Bl 13 P9 TR de5 Bl e & ¥
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PEX R STRACH &) _ f Touruga Power
T tion Status of Decommissioning Measures o hi KARIGOME)
rati [
AL Prépa Unit 1 (The Japan Atomic Power Company, Satos
Station
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Prep'aration Status of
Ommissioning Measyres of
Tsuruga Power Station Unit 1

Dec

July 2017
The Japan Atomic Power Company

Bl 14 ()25 A SRR T & 513 5 ()3 A% S 47 4

Project Schedule 9

< 24 years —

Demolition preparation period Reactor Area Demolition BuildingsDemolition
(9years) period (9years) period (6years)

Authorization of decommissioning plan

Remove Facilities except Reactor Area

Demolition preparation

Reactor Area Demolition

_ Bu“dings —

Removal of contamination by nuclear fuel material

Disposal of contaminated material by nuclear fuel material

Fuel discharge
.|
Maintenance

16



FOU(Tsuruga) P & B 4 3 /7 f S i Figis - FIA & fRFRLATH A0 g
S AARR A Flt o RGBT ki F R o AT R AL ARG o B 16 41T

%
ST (e (TR AR R G LR RE 7§ HF BERY

H
AR TR TR E BRI G R SIS 2 su kR W) 2
AR BRI R RIAT
Dismantling procedure 10
/f’reparation for reactor Reactor dismantling Buildingﬂ/
dismantling dismantting
Time - - - . >

) Important object to be dismantled in prevention of emergency
Axis caused by contamination material. ;

' Radioactive decay

Cancel residual

T_Ef_‘f?jtj‘;[afgfe? e radioactivity
: i Dismantle to Dismantle | Dismantle |[|controlled area
| Fuel i secure work areal|| reactor bioI(_JgicaI | Remove
{ shipment | for reactor ikl eElas shield
i | dismantling
Dismantle to secure temporal | ,—————————- ‘
storage at turbine building ] N ! _
'Waste | | iCancel residual
| I | . Lo
Torus \[ Dismantle to | ! storage | Waste iradloactl\nty
i| secure temporal | | | '_Sh'_p_"f‘_e_"_‘E _____ icontrolled area
water '|storage at reactor| ---——-——- ;
treatment | building Remove
= other
Dismantle auxiliary machine * building
C‘(;b The Japan Atomic Power Company
W 16 Fc i (Tsuruga)y & 2 47 2 5 A2 4 31
AP EEEENE S T RARGIE T torus (Fr&RE )P 20 K edE 0 gt 3R
AR G- BT BRI A R EH L B P 1 0 2

Bl 17 3 imz 3RS R ARSI 4oB 185 A K& T RS T E2 F R ER

~ W2 3R Lo 19 S e
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Preparatory phase for reactor dismantling (2016~2024) 11

<Main work>
Dismantle and remove facilities such as Turbine, Suppression pool at area of relatively low radioactivity.
Faaility Turbine

Reajmr.b“. "ﬂ“g D To be removed 5 Height : 4m
7 N Size width : 20m
- . Turbine building weidht 1,000ton
~ > 5! ) g (Mostly metal)
Fadility Suppression pool
Siz External diameter : 30m
= width : #9m Facility | Condenser
. 1,000ton 2 Height : 13m
weight | “tyostly metal) Size width : 20m
800ton
Weight (Mostly metal)

<Work image>

Removal of low pressure turbine rotor

i 2

Secondary cutting in controlled area @

[

<Points of concern>
(OPrevent exposure of personnel (Wearing radiation protector to prevent internal exposure, Shield to prevent
external exposure etc.)
(OEnforce measures for asbestos (Prevent health damage for personnel, assign operations chief of asbestos,
prevent scattering of dust etc.)
(OPrevent occurrence of industrial accidents (Prevent falling or nipping while carrying heavy loads by crane)

<3 The Japan Atomic Power Company

B 17 3 (Tsuruga) 17 ot 1 e 82 3R 4 2 R 24707 R3]

2 Water treatment at suppression pool 20

Purify organic anticorrosive and inorganic anticorrosive included in 2,000m3 of cooling
water stored in suppression pool(Torus) until equal to or less than treatment criteria.
A

\ To existing ex‘haust <Torus water P f?c?ltijgyffy existing decontamination
system aFterH-eatment té'—reatment facility> : (Subject to change in accordance
Treatment E===== 1 o————— (Capacity : 5m3/ 3day-unit) |with future detailed engineering)
tank Exhaust ; T |
Diameter : 2m H treatment device Chemical agetnt adding H # Estimated amount of
Height : 5m I T apparatus, . I radioactive waste : 30m3
Weight : 2t ] 1 Ozone generation device, i ) i
Capacity : 7m3| |l 1 Resin column etc. I (spent resin of reratively low
Unit : 2units \I 1 | radioactive level)
1 Il
[
1 Il
Circulation H
pump I
I
— I

To existing liquid
External diameter : 30m ] waste disposal system

Height : 9m after treatment
Current status Treatment criteria
Organic anticorrosive 1,500ppm | Total organic carbons : Equal to or less than 100ppm
Inorganic anticorrosive 100ppm | Hexavalent chromium : Equal to or less than 0.5ppm
Total chromium : Equal to or less than2.0ppm

it is necessary to remove radioactive material from torus water because it contain radioactive material # The Japan Atomic Power Company

Fl 18 33 (Tsuruga) ¥ & Budr B -k 2 23]
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3 Dismantle equipment of low radioactive contamination level 21

Dismantle and remove equipment which contaminated by radioactive material at
reactor building first floor and turbine building third floor to secure area to install
water treatment facility for suppression pool and area for decontamination of
dismantled material.

Turbing <Turbme buﬂdlng third floor>

<Reactor building>

Object to be dismantled

: Turbine, generator, etc.
~ADismantled amount : 1,400ton
—~|Dismantled area : 2,000m?

Object to be dismantled

: Control rod-driving hydraulic
control unit, etc.

Dismantled amount : 100ton
Dismantled area : 300m?

Generator

<3= The Japan Atomic Power Company

B 19 3 (Tsuruga)t: & Rt ¥ > 2 F BB > A RdvfER)

n B 20
L1 AR 93 300 =
%5 650 W RFNGERETE LA PREPM(F I IR 0 RFEARE R

Wi
A
P
=
-
=¥
=
Rty
=
By
N
A
&
B
ﬁ
=
50
Sy
£
(\x
=
<F
4
L
ot
Ar
Th
W
<l

MK R ATIE ISR T RT ) MU AN L3 AR 4 RGP R 20 55 4 6 1

Bt R R drum yard p(FR AR Ao R 2 R 2 ER ) B Fe A
B fe ko R AR 47 (CLmaterial) 257 8 F % — WS AR RI(GrE ¢ 2 42)1 o
Bk AL EEE S LA BEEP DL ABLF S LR AT £ R A K2

BER LR RD BN AR
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Treatment of radioactive solid waste 15

(intermediate depth disposal
(Store in reactor building temporally) [300ton] with artificial structures)
TR\

l\&\l +4 T'
Preparatory phase for reactor dismantling : — -
Reactor dismantling phase : ponm :

OCore internals[40ton] ) @ LJ ,,ﬂ
: f& (shipment : late stage) e

(JSpent resin[90ton]
(OWaste in site bunker{120ton]

Total : 250ton surface disposal with

(Store in turbme bunldlng temporally) [650ton] artuﬁaal structure)

L 2waste 3 . :

Preparatory phase for reactor dismantling :
Reactor dismantling phase :
OCore internals[40ton]

== =50
1 — -
=

JReactor vessel[170ton]
_Reactor shield[300ton] Sg&n‘;g\ée)
Total : 510ton
i (Near surface trench disposal
L 3waste p==i)

mam w4

Preparatory phase for reactor
dismantling :
)General equipment[5,000h>]
Reactor dismantling phase :
)Core internals[40ton]
_Reactor vessel[170ton]

- W
L3 waste will be ship from nlnth year of the
project to before building dismantlement

2 = Drum yard
_Hggﬂ.‘;ﬁ:ﬁ?{g%%ggn] (Verify at turbine buudlng first floor) (free releaserecycle)
s
MG T
OGeneral equipment[1,500ton] ., - = =Ry

o -7 7 Area for measuremenE an% ;nspectlon )

¢ The Japan Atomic Power Company

B 20 p & s B AR P 2L BT 2

“OConcrete[7,900ton]

AP TRL2EBE RN P ECEMT TS 2P RS B E AR
%@#i[l’tr‘} :u?%#—%&;‘l‘é‘ﬂ lifﬁfg % J}é—?'{)

i 4742 p : Decommissioning Planning for Units 1 and 2 at Mihama Nuclear Power
Plant (The Kansai Electric Power Co., Inc., Hiromu ISAKA)

TEE
£ % (Mihama) P T e L~ 2 548 5 B A gl AR K5 F  B(PWR) 0 1

25 PeapEgae? Aw 5 1970 # 01l P e 1972 207 P > FEERF R E A Y

)
f

% 340 MWe 4~ 500 MWe » # 5 B & % 4 = & (Kansai Electric Power Co., Inc.,
KEPCO)e% 1 B f’“& A P RE e K/%g;gﬁ}’fﬁykit; BE(F h- AL
TAPRRDLIEHE) 2B E NIRRT T RSB BN FLT IR 1
432015 EFh3 7 17 p et A EfciERoMT T4 20T HL PR il
F 22 #077 o

FAPTR2 B aE B F R A S 4 BIA(FAZY 30 #) T % 1

Febeha A2 B o (f 2017 & 3 2021 & » 2 0P G & § KA AR

20



B POt s BARR E R ST  F R R & 2pF S E) % 2
FEEenE B B fREATR (p 2022 & 3 2035 &)~ % 3 FifenF B E AR
7o (F 2036 4 2 2041 ) 04 2§ AR fL e J R fRAEATIR (B 2042 & 3 2045
&) HRBIFATIoM 23 407 5 A EFFECRBITE 2 1 R 2 FAecT R 24
ST B LIF A RAEF AT W10 7ok (removal of nuclear fuel) ~ #1253 &
(survey of residual radiation) ~ % %t it ?u,éf 7% (system decontamination) % ;7 #$ g 5 P
1 EXRA 1:}%"5‘? (turbine ~ condenser ~ generator) » g 3+ 2017 & 7 * #-:E {7 % fu;r‘
B RHFF ARSI 2k «u?[’i:}i,{h‘l KEF L e

EEALDE B ARG ”Uv\“f R H VR B 2 R ﬁ:”‘—‘i% o
SPERGI T e TR B 2l o BHFEEN 20 & BB
BB Ry RS L2 B b ¥ 0o de ] 25 45 5 F P T R f R PERAT
RLREFEF FF REBRS CABREEBREEE B 2aRT) ) ¥
]2 B FMAR P RIERE(F I 12157 ) % 4 kR 3R (2 d 2T )
LA BED LS S SR N 4 Nl S G

108 Kansai Electric Power Group

power wn‘h hm]

Decommissioning Planning
for Units 1 and 2 at Mihama Nuclear Power Plant

B 21 & pF(Hiromu ISAKA): 4 4 3 4 i 3F
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Overview of KEPCO’s Nuclear Power Plants -

® Nuclear Power Division

Unit Gross Date Unit Gross Date Unit | Gross Date
Output put into Output put into Output | putinto
(MwW) service (MwW) service (MW) service
1 1175 1979.3 1 340 1970.11
1 826 1974.11 2 1175 1979.12 2 500 1972.7
2 826 1975.11 3 1180 1991.12 3 826 1976.12
3 870 1985. 1 4 1180 1993.2 >
4 870 1985. 6 v T et
O P . f - 7
-Out of all 22,000 » 41+ Mihama Unit 1 is Japan’s
*

first PWR. It was put into
service in November
1970.

employees,
approximately 2,000
work at nuclear
power stations in

Fukui Prefecture. - Mihama Unit 1 and 2

decided to decommission
on March 17th, 2015.

Bl 22 Mo R4 P h R e

Decommissioning Schedule &
Preparatory work Dismantling/removal of peripheral facilities Dismantling/removal  bismanting/removal
of reactor region of buildings
2017~2021 2022~2035 2036~2041 2042~2045

decontamination
Survey of residual
radiation

Removal of nuclear fuel material

Dismantling/removal of secondary system facilities

[
Dismantling/removal of peripheral facilities

Dismantling/removal of
reactor region

Dismantling/removal
of buildings

Safe storage

| Decontamination of equipment

[ [ [
| Treatment/disposal of radioactive waste

[ [ [

(= SHUN eweylly) sassadoad BujuolssILWodag

B 23 % 7% (Mihama)$: £ f 1~ 2 s 2 'k (A A2 4]
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Major Decommissioning Work

16

®Preparatory work (2017~2021)

Scope of dismantling I

@Dismantling/removal of peripheral facilities (2022~2035)

l

urvey of residual System

decontamination

cVv Scope of dismantling cv
Removal of ssiall;itr? audiary rizer Turbine building Ee_zli?or auxiliary Turbine building
uilding
e e e | -
\ s [T} = T[M—;Gf‘:g?]r nuclear fuel P stqrag > Other
g W = - = =) secondary
'] gar—s || [Feo | Seavatef LS system -
i = pump o S equipment pump
lea - e B [ T | e g

-System decontamination

-Survey of residual radiation

-Removal of fresh fuel

-Dismantling/removal of secondary system facilities

Siom Jole|y

-Dismantling/removal of peripheral facilities
(Following the 1st stage)
-Removal of spent fuel
-Dismantling/removal of secondary system facilities

SIom Jolely

@ Dismantling/removal of reactor region (2036~2041)

Scope of dismantling

Reactor auxiliary g
building

@ Dismantling/removal of buildings (2042~2045)

Scope of dismantling

cv

Reactor auxiliary
ilding

a

]

-Dismantling/removal of reactor region
(Following the 2nd stage)
-Dismantling/removal of secondary system facilities
-Dismantling/removal of peripheral facilities

Yiom Jole|y

-Cancellation of controlled areas
-Dismantling/removal of building

oM Jofep

B 24 % % (Mihama)+ ’E’:)&“,f ix

Rt

FEBRBIAT R 2 L RK A 2

Spent fuel container, 4
storage building

No.2 solid waste
treatment building] >

Water discharge pit
(Unit 3)

Solid waste treatmentl ' \
building No.1 solid waste

storage facility

)

v
o
.0

0
Legend

D Scope of decommissioning

Unit 2 SG storage facility

Water intake

No.3 solid was
storage facility
No.4 solid was
storage facility

(Unit 3)
Water intake

SG storage fac
o
Bridge
J

Water discharge pit
(Units 1&2)

| No.2 solid waste storage facilityl

Note: The areas shared with Unit
3 will be excluded from the scope
of decommissioning.

ility

B 25 % ;% (Mihama)¥: 7 e 1

2 BAp 2 f B ERAT 2305 B
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AAPRACRGFEGRFAL LB FE > ARE SRed 3 Ha
s

WEBR i v m/%‘_/%:%}/ v

2 3 Fx(Mihama)t: £ Bk (R8P A 2 2 s ) - R

~

Estimated amount of radioactive solid waste to be
generated during decommissioning process

Estimated amount of waste

(Unit: ton)

Classification of low level radioactive waste

Unit 1 Unit 2 Total
Relatively high level radioactive waste (L1) Approx. 110 Approx. 110 Approx. 220
Low level
radioactive | Relatively low level radioactive waste (L2) Approx. 630 Approx. 800 | Approx. 1,430
waste

Approx. 1,600 | Approx. 1,790 | Approx. 3,390

Very low level radioactive waste (L3)

Waste below the clearance level (clearance material) Approx. 3,600 | Approx. 4,100 | Approx. 7,600

Approx.
Total Approx. 5,900 | Approx. 6,800 12,600

4, Session | () : 23k R R TR R

A TP TRCF R L IR SR B (B AR T 4 7§ B {4 E JAEA BE
FIEINE ES ReAE Y e A5 pleTR)

fi 3748 p : Development Activities for the Decommissioning of the Fugen Nuclear

Power Station (FUGEN Decommissioning Engineering Center, Japan
Atomic Energy Agency (JAEA), Yukihiro IGUCHI)
AR &

B ABERIR & 3 1P ROR (A MOX SR 2 | JaTRET SR 5
PAPESREEFEEEBOR 5 JAEA) 1976 & B 4 (FEH A B R F BED
B s el s p g K(Fugen)fr T e ie - R 23y A @7 2 MOX 2
Fleme A 4¢3 2 4 4 F % (Advanced Thermal Reactor, ATR) » >+ 1970 & &
T

v
:‘3‘

BaeiEag ~ 20 1979 # 3 7 B4 8 ~ 3 2003 & 3 7 xisds > H i 2 g

165 MWe - # L & F AL 4e Rl 27 #77 -
FPPa A Ry h S A S5 BIFE S T F LipRa 2§ (2003

&3 2008 £)~ ¥ 2 FEE e PSS (A 2009 & 3 2017 £) - ¥ 3 REEn

24



FREEY K fRAATR(p 2018 & 3 2023 &)~ % 4 ePF B B fRAAT (5
2024 & 3 2032 &) v 2 5 5 FREE RS fRHATH (0 2033 & 1 2034 &) -
b2 1 i iAo B 28 fTon o

FFP TR 2003 £ 4B BP S TRIGEE S LRGSR T & R R

TR B LR (D0) A Rk EEA R P ARG R

4F

BRI PDOE S FFRRATERFE S M- R RS REX 2R
RN S A

T2 AL FFPRfchr BELARFEY &0 wAEA L A g Fren
EEH P AL ST T FRTRG ROT & RRE DI p oA
PEAREE - REFRURSFRFE L 2gp 2R3 4 R4 | ¢ (NRA)
IR 2 P A TR EDEF U R R RERT KRR REag H
T %5 0 3 LPRAT £ B odFis p ) B p B G fedl b
FI 2 - FIA 3 B il - R R R AT ARG A

[ p s R i *WJ’—;&%&/L NIRRT S Y 280 I - D 8- A= A e

B 26 ¥ v % 5+ (Yukihiro IGUCHI) &l #7& f§ 3% {2 31 %
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@ ] ] Fugen Decommissioning Project
Schematic Diagram of FUGEN

Advanced Thermal Reactor “FUGEN”

+ Commercial operation : March, 1979

Core : Pressure Tube Type * Final Shutdown : March, 2003
Moderator : Heavy Water

Coolant : Boiling Light Water
Output : 165 MWe (Proto-type)

» Approval of the decommissioning
Plan : Feb. 2008

Containment Vessel

— Steam
Calandria Tank
Turbine Generator
Heavy Water Light Water =
(Moderator) (Coolant) + Transformer
— M Condenser
Fuel Sea Water
Pump Feed Water Pump
G > hooh * = iJr
B 27 ¥ F(Fugen)t T Ae2- A A T
( Fugen Decommissioning Project

Basic Schedule of Decommissioning

Current stage

2008 V -2017 V -2023 V -2032 V. 2034V
Preparation Spent Fuel Transfer Periphery Facilities Reactor Dismantling Buildin_g
Dismantling Demolition|

Termination of Operation (March 29, 2003)

'

|:| Discharge of Fuel (-Aug.,2003)

D Decontamination of Reactor Cooling System (Nov.-Dec.,
2003) ¢

Transfer of Spent Fuel

Withdrawal/Transfer of Heavy Water | The transfer of heavy water was completed in April 2014

[" ” Core cooling System, Control and Measurement Instrument System etc.

Fuel Handling/storage facilities,

Approval of the Program Heavy water system etc.

Feb.12, 2008

Reactor core

Ventilation
Reorganization of FUGEN system

Release of -
Fugen N.P.S. controlled area Building
>> FUGEN Decommissioning Engineering Center

Copyright (C) 2017 Japan Atomic Energy Agency 15

® 28 4 Fr(Fugen)t: & fu2 ' it PR A2 R
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¥ F(Fugen)¥: T Beds * 2k st é‘,f 75 > j# 2 HOP (Hydrazine Oxalic acid
Potassium Permanganate)fihe » 3 * B g ~ ¥ At 2 B4R 3 R 7F VR A A
72 (Reduction and Oxidation process, REDOX) » i & f %4 2 90°C =+ » H W
P f4hem 29 2 B 30 47T o AL Fl4cB 31 P o 2k g R o
7T e d LOOP B A G FFH Loop A B kg T2 G AR SRS
Ve 32 HEHDFER 1065 690 %5 FF LA F

FF TR B 2A7p 1 (58 g &k # E (feed water heaters) ¥ 38 %5 > 31 57
Yol 33 AT oA RE P F N TR ey R R R LG
PAE AR AT RAR T o Rl A FRERHBI R B LR

CEREL .

@ - . i Fuge: Decommissioning Project
Applied Chemical Decontamination

HOP method
(Hydrazine Oxalic acid Potassium Permanganate)
— Reduction and Oxidation process (REDOX)

— To dissolute deposited chromium oxide due to the decrease of
dissolved oxidation caused by the hydrogen injection for
countermeasure against the SCC

* Applied treatment agent
— Oxidant : KMnO, ~ 500ppm
* Decomposed with (COOH),, then IER treated
— Reductant : (COOH), 2000ppm (controlled in pH2.5 by adding N,H,)
* Decomposed with H,0, in catalyst beds
« Operation Temperature : 90 =% 5°C

* Process: (Oxidization>Reduction) > (Oxidization>Reduction)

Bl 29 4 Fr(Fugen)t: T Rl ® 2k suit Hop 5 i
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N Legend @ : 60(Cq
Fe304
Gr 203 Outer layer (Fixed oxides)
Fe304 -I-n-n-e-r- I;);ér (Oxides developed from base metal)
NiFep04 .~ Base metal
Gro0y .~

Oxidizing

Dissolution of
decontamination

— chromium oxide

Potassium permanganate

Reducing — Dissolution of iron
decontamination Base metal and nickel _O_X_iC_i?§_1
! 2+ 3+ N2+ !
Oxalic acid, hydrazine + Fes, Fe*, Ni

- H,0, addition + catalyst

B 30 HOP % siv#& RE PR il

@

Fugen Decommissioning Project

Decontaminated Area

to Turbine

@
o529,

Pressure
tube

: decontaminated on each loop

Recirculation pump (B)

Copyright (C) 2017 Japan Atomic Energy Agency

32

M 31 4 F(Fugen)pr g 510 8 %5 o W
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Fugen Decommissioning Project

@ Surface Dose Rate on Each Component
Before and After Decontamination

Loop A Loop B
Target of
Component Dose rate (mSv/h) Dose rate (mSv/h) dose rate
(mSv/h)
Before After Before After
Steam drum 0.45 0.23 0.73 0.26
Down comer 0.23 0.03 0.43 0.08
Manifold 0.18 0.04 0.17 0.04
RCPdischarge | 55 0.01 0.40 0.05
pipe 0.20
Lower header 0.71 0.10 0.42 0.06
Inlet tube 0.84 0.04 1.22 0.11
Riser tube 0.59 0.11 1.76 0.34
Average DF 10.6 6.9

Bl 32 ¥ F-(Fugen)t: T R & it & K’% A I | B x;rt R TR AL oY

@Dismantling work of Feed Water ™ @
Heaters etc.

ﬂo.s & 4 Feed water heater Main steam Pipe \ /No.5 Feed water heater\

In 2009

Copyright (C) 2017 Japan Atomic Energy Agency 38
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@ Dismantlement Of Fugen Decommissionin%t

Before dismantling of condenser Iower body )
(see Ieft side B condenser body)

\ Cutting of sea water coollng tube
|

* Dismantling of condenser body

Copyright (C) 2017 Japan Atomic Energy Agency 39

® 33 # F(Fugen)t: T Rudv's 7 9

HAERE S TRIBERFEERE E Y BE LT %*‘,f&ﬁﬁfé“é_i
ZFERBERT L BIEE S F R PR REEFLRACR 34 0t S g RS A
CEE R R A R Pl S 2 ek FRJLE R XK 2
DR T U RJIEF B2 AR R 0 RIES Z G E R RS S FRR BN
o WEERT G AMBE TP 0 BFA e f 41H ¢ 3-0h iRk Si(clearance system)2
PoE Y R F e AR KRR A PRS0 9 1,000 ) ~ R RIZ K
S AE(L & 1246 10 48 > ¢ 42 Co-60 ~ H-3 %)% 72 & £ B2 326 = 2 (Co-60 2
ERERIR Y FIRRE R B 9 BEAE R P-4k £ Bl(sample measurement) >
WU GEARY R REFERE R TR SR BRF AR g R
PR EDBEE I E 2 B RA AT RERPFEFIF o p AR E
0% M do W] 34 P EhRR P TT o & BT RIS BT Il 2 M 0 4 B0

WEMERERE  EFERZSSIE FARATLERFHLERAY,
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@

Decontamination device (2014)

.
1>Method

-at the'area ofiex:B=Condense:
‘et blast

1>Capacity: ca. 2 t /day

@

)

and

CGererated waste

Establishment for Clearance System

Fugen Decommissioning Project

lication of permission for activity

Controlle
area
Discretion and decontamination
-~
L Temporary storage J

(Clearance) : Feb. 13 ,2015)

thad

/i
/

1. Clearance material

<<Main contents>>

>

aSe
Apply for Safety Authority for
Clearance system

*Metal from the turbine building, ca. 1,000t
2. Kinds of radioactive material for

measurement and evaluation
etc.

yd Measurement and evaluation

J

tbine Building 1F

*Main 10 nuclides including Co-60, Tritium

S

3. Method of measurement and evaluation

=Evaluation of activity of Co-60 by a special
measuring device (clearance monitor)

Temporary storage
No

olled area

Temporary storage
of dismantled material

Activity concentration of other 9 nuclides

Confirmation by
are evaluated by sample measurement

safety authority

Controlledl

Copyright (C) 2017 Japan Atomic Energy Agency

B 34 4 F(Fugen)t

%R B2 R IEE AR
Vb fARY ¥ - AR BIT et
2.8 ho@ 35 917 0 BE A LRTE
3BDE B
SHTE

2L 2 i S 5
P

area :
Temporary storage
L

(Measurement demonstration)

Clearance monitor installation
M 2013 : Monitor setting
M 2012-2014 : Preparing for application

M Feb. 13 2015: Application of method of

clearance measurement and evaluation

48

43D MeEFHE
& 3D B > ¥ A FOR R R B T3
¥ ficyy o Bl 36 5 3D Rl 45 5|
PLEITEE T .
FARENE L RERR
ML BEAELE g oo

R kSRR R |

i

31

2

FT R 7 2D el i B~ g A

ZSw e’



@ ] ] Fugen Decommissioning Project
Connection with Database @

Fugen
Database TAG Data VRdose

Oracle

Detailed
specification is
displayed on the
screen

— . st is transferred and
Browser (IE) coloured according
to the concentration

Copyright (C) 2017 Japan Atomic Energy Agency 53

B 35 ¥ %(Fugen)t: & f 3D W& FALRE 2 & &

= Fugen Decommissioning Project

@ VRdose: Dismantling Simulation
System by Virtual Reality

T S——e— .- ) <
e o o o o et e e Display of radiation =

dose distribution —J Planning and

(11 @S e e [srene~ || ] (@] 0] [

play back

S vanpam
3 ovop

Radiation —— :
2D-ma G\
R W@
\ ";Q—Ti"/-'\ 7 )
HIStory Of \\ 517 AARS: dose-rate / distance
radiation dose """

\

- — Worker selection
Av-H At dhesLow T T

oy | 4 Scanurm oot | | e pstas ot | & |/ =20 moo. SLAQ w0

*) Developed in cooperation with IFE in Norway

Copyright (C) 2017 Japan Atomic Energy Agency 54

Bl 36 § F-(Fugen)t: = K¢ 3D Bl¥ VRdose 2 % &
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G) o B¥F BERY AN 2o WRP(PA L TR ERET Y v P A
® @l i)
i sr 82 P : Reactor Pressure Vessel and Internals segmentation plan

MR 2 0 faE TS e

PP - RSO AR BERRS AN Bt a R F R ER
SHERR R R FACR 37405 c (AR EA B E BESH 0 2GR A
Y che SR A ﬂﬁﬁﬁﬁrﬁﬁ@ﬁﬁ*ﬁiﬁﬁT““iﬁ?ﬁmé’
FE R e A R RSB B SR Y P R RS R R
R EIE R U INVE W g = Sl o 1

Y\\)’J

“* 3 Chinshan RPV& segmentation plan

GE BWR-4 Reactor pressure Vessel and Internals

1 RPV Top Head

Steam Dryer

Steam Separatorand Shroud
Head

Top Guide

Core Support Plate
Feedwater Sparger
Core Spray Sparger
Shroud

9 Shroud support Plate
10 Jet Pump Assembly

11 Control Rod Guide Tube
12 CRDM Housing

13 CRDM frame

14 Pressure Vessel

15 RPV support Skirt

w N

0O N O UL B

L R N R e A RN I
,ﬁa%é;? e 1 f@ﬁiﬁ—ﬁ‘&i%‘b” :‘4;']1 PE) ’L‘LJE'U#’?‘% < B, e it - i ﬁg’gﬂr};%&-}é B
v B AR P R TR R RER Y AL BRI B T

SRRV B BB 0 d F AT A B o AR Aol 384 -
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3. Chinshan RPV&I segmentation plan

Working Concept

® Mechanical Cutting is preferred

® |[nstall fine cutting station in storage
pool

® Underwater cutting in reactor cavity
and storage pool

® large components moved to storage
pool for detail cutting and waste
packaging, volume reduction is
recommended.

® Reactor vessel cutting in place,
thermal cutting is an option, low
radiation parts moved out, cutting in
air

® Parts with simple geometric shape
without neutron activation concern,
recycle after decontamination is
recommended

B 38 tr- BF EEEA 2 R it 7 B[R

el TE g BFF R R RERkT s L iER T
BoE FHERars BICET S A TR TRV Y B L e 4
A2l R P 2 RSP AER S F BR ¢ B Y 3D AR BT &
HERBEPINEFLERPERAF AN FE LT oA R P E

a3t d e
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Reactor Pressure Vessel and Internals

segmentation plan

B 39 AT A = B L T F

5. Session Il : “ﬁ% AR AR ~ BT B R P R
6) ¢ B¥i— = RFRBMHBFIEA L2 BAFER(PR A TR ZE BT
ATEATRET T R)

i 4742 P : Radiation Survey and Waste Inventory for Decommissioning of Chinshan
and Kuosheng Nuclear Power Plants

JIR4ER ¢ AR FAL S i
I T @ F ERE 12 2 26 Fwl] | RO REEY F B
FFREBERGIFIAA B FHRNIED B A 'gﬁ&kéﬁﬂ:‘,f RFw© ’—ﬁ—’_‘} Jp B~

(CER-B 0l o N ﬁ%;“,éf%;g#? {8025 & p ;-Es\%"?,/&m"ﬁzptxtj‘—_ v @ R

&
-

SO EE LA BB RE PR R EE R E o TR BN AL
Ao IR B B A BT D PR R TR BE
E{&ﬂj&éﬂ}wfﬁm¢ET’“@Eﬁ%ﬁ%ﬁﬂﬁﬁ%’%%%ﬁé
@r e FRBOTE B R R E A BB T 1P L5 H
RS SRR LI TR S S SRR I LTS
REBFFERTR  BIAA B EE AN AL
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FIME LM R EHnA L P (MARSSIM)

TR 5 0 H 8 % kRO S A

mH AT

4 48 54 1 e fok

FRES R R R E RPN R S D SR

CEEE:

X

Mo AR RIP TR R (97

B A AR R R ARG AR 2 AT R R

TE) o tp b AREP 4oB 40 FrT o

™ Flowchart of Historical Site Assessment (HSA)

HSA

Historical Site
Assessment

Un-affected |

Step 1 -

/

Affected ‘ Survey Package Designs

non-contaminated

Jv_]_vl

non-contaminated
building

contaminated

J_I—W

contaminated
building

non-contaminated
system

contaminated

Site Survey Report
system

\B-sunreypackage D-surveypackage  A-surveypackage C-suweypackay

>

Radiation survey and Site investigation
(On-site measurement, Sampling analysis)

Step 3 -
Step 2 -

Bl 40 B¢ 7R (HSA) i 42 B

FRB T R R AR £ %
CERE AT REY 2
LEAFRERAEAL A

Q&«'«gffx%i [P g &P o H

ok GY B R L ATE SR R A

oA B AR IRG 0 4R SRR SRR o A

[ SRR .
E—_m‘:ﬁf—]p% (24:‘ y F

R DE B (oW AL SR R R R A (4o
42) « SEEE P - BB AR R L § RSP Rig%k 0 AP
~ R RT R R FRRA E

36



Material Inventory Methods

| P&ID |— —vl Equipment, piping, and valves list |
| Piping ISO Drawing |— —>| Contaminated piping length |
| Equipment List |— 3D —vl Equipment size and weight |
Model
| Valves List |— —vl Valve size and weight |
CSB -~ 1B Ar.rangement - —>| Room dimension |
Drawing

Radioactivity of Equipment I—vl Database |

Contamination Levels of [
each Rooms L

Contaminated Concrete Volume Estimation |

Bl 41 B ks 2

Radioactivity Inventory Methods

Establishment of Classification of equipment,
inventory database components, pipes, valves, etc.

Establishment of scaling factor (SF) for all systems in NPP

de

v Core support

v Primary surfaces
v’ Clean up systems
v Off-gas system
v Concrete waste

Radioactivity estimation Establish the relationship of
and waste classification contamination levels and dose rates

Bl 42 Scbf B R 4 R aRE R 2 R
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Bl 43 PATSrE AT TRE T R AR

(7)%% B AZ2 475 B 3 4 2 ik & (1 18 sh 4 s @ o (RANDEC)jE 4 & & 7%
BE&AER PR FEHRBNE)
3732 p : Management of Demolition-Waste From Decommissioning of NPP in

Japan (Radwaste and Decommissioning Center (RANDEC), Susumu
SHIBUYA)

AR dE &

PR R T L f L1INL2 2 L3 = Baw > 2% 5 LLAp#H 3
e 14 3 S 14 B 3 47 (relatively high low-level waste) ~ L2 4p i€ ernid 3 g4 Bx 3 F
(relatively low low-level waste) 2 L3 27§ i i< 3 g4 Bx 5 3 (very low low-level
waste, VLLW) -

L1 B3 & ci® = 3% g 8% =t £ /7 f27F & f ¥ (Sub-surface/intermediate
depth disposal) ¥ 3 *t4v 1 A2fR ke BBl R I P L4 2 7T0mmut » HE
BHOEE & L2 BRI ol 3§ H Y iTH £ ik (near-surface disposal)
FochAe 1 ARRREE > Bl4eiR R4 H-(concrete pit) 0 B % F #p ) 300 £ 5 L3 B e
Fe 3 € B 3TH & Rk (near-surface disposal) ® i 4 1 ARFRREER 0 G AedRiE
(trench) » 2 & & 8 ¥ 50 & o @ 447 st {2 A 4~ (high-level waste, HLW) % 4z
& (trans-uranium, TRU) B 5 4= » B B > 38 2 7R A (g2 > & 3 £ 300 m 12 1)
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» R Rl o H BT AR 45 -
R AMOPR ALY BRI ARE H 1,341,000 MT 2 ¢ - L1 £ 47 % 8,000
MT(¢ 0.6 %) ~ L2 A3 + 5 63,000 MT(4 4.7 %) ~ L3 & 3 4 % 380,000 MT( 4
28.3 %) ~ ¥ *t A 3 4 % 890,000 MT(¢ 66.4 %) -
wRER e KF BeE® v L1 R A3k * B jr e i (shielding package)
TEH4 md; L2 B3 B3 B 7 £ 5 200 =2 e 4% 4k fi (steal drum) -
+ & i (large scale package) » 45 m® A-type & IP-type ; L3 Ax# 4+ 4% 7 3 &

. L e 4 A e P 3,_\;9 A Ap 5% |
14 % E(flexible container)(4r+ 7z ¢ &) > 22 597 2 1m*» & & 7 44k fa(stea

box) » H & 1Im FI2m* 3 % o HF B CILP 4R 46 417 -

e —
SANED Radwaste and Decommissioning Center

Management of Demolition-Waste From
Decommissioning of NPP in Japan

Susumu SHIBUYA

Radwaste and Decommissioning Center

(RANDEC)

B 44 ;5 % i (Susumu SHIBUYA) S 7312 § # 3R
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Disposal Methods According to the Category of Radwaste
Conceptual Figure of Radwaste Disposal

Not regard as Low-Level High-Level
Radwaste . Radwaste Radwaste
A = A A

s g

[ Recycle ][ Industrial ]: Very Relatively )( Relatively
Reuse Waste  Ja| Low-Level Low-Level High-Level

(—m Radwaste Radwaste

(L2) (L1)

Ground Surface Low

Sub-Surface/Intermediate Depth
w Disposal i
Trenches] [Co:;:trsete]

Near-Surface Disposal Concrete Pits

Below
Clearance Level

Sufficiently
below far
Conventional
Use

Category 2 Waste Disposal
Category 1 Waste Disposal

olglife
~300ys

[ TRU Waste flviifed waste|
HEE

B 45 P Ak SRS R A 25 1R S

Treatment of Decommissioning Waste
Disposal/Storage Package Examples for LLW
from Decommissioning

> Very Low-Level Radwaste (L3)

Flexible container(~1ms3: JPDR)
Steal box (1m3~2m?3)

> Relatively Low-Level Radwaste (L2) )
Steal Drum (200¢ : JNFL-Disposal Center) - |
Large Scale Package(5m3A-type, 5m3IP-type, etc.) k'S

> Relatively High-Level Radwaste (L1) ' ]
Shielding Package (4m3, etc.) }

B
GNS*i Yellow Box® Trial Product of a Inner Box
using Clearance Material

Fl 46 5 & iSocsH A R 42 A I K5 B0
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@ cBPTRGFREBRFFEF LT Friee FEMAFTER)
5 3r 42 p : Preliminary planning of radwaste management during decommissioning in
Chinshan NPP in Taiwan

EEIE I TR S S

ERL IR KA ”%wﬁﬁ’ﬁ%ﬂﬁﬁkﬂgﬂﬁﬁﬁﬁﬁhk%”VWJ’
M EVEE B R R B R RE R M| AL B R AR
Rl 2 Fi- "f ufﬁ#’—’r“ BPEETRS2ZED ) P- RoikpiE R B
25 EP RAGRIFE AR L BIFAEBE V128 3k 28) ¥R
8 E L ARty BER2FENEL S LREE 20F) 0 & & DITE
R G F BB N12 & PEFRTHRS 2 B E SRS P 29rF EHRF
2HATE 0 DR FAPM AT NG R S R AT 0 A R T R S
UG SO RN R S L S RIE S R SR L i S
PRARZEEF KRB B S SR ROE ) P TR R ) e
175 -

PO ALE RI R RR P RIL R R IR L ILR R E
RCFRI LA FRRG A RT AL T B2 (DEHP- RUER

A R TT R e 2 B (QRANGF R R 2 BB F X PP

H‘-

REHF QBT R LA FIHELE LS BAN ()" h %52 Bl
K'% AR S E S O)RIBERAFFFRIL S (6)& R 2 TRl (i %A
RNz MR o ARM AR 4o @] 47 o) 48 ¥rT o
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e Waste Management strategies

55 gal drums
%[' 7m3 g4
| B-25

System/Subsystem
Category “‘ e
Comp 13. Containers | 20 ft half-height ISO Container Final
Areas/Rooms *: lInventory of Chinshan NPP | y | Vacuum Packs disposal
Weight/Volume i

/ / LHICL SNF '
Classification/Radioactivity J o' of | Dry Storage Systems

System Decontamination

Dismantle Methods [ e ———— [ Chemical/Electrochemical
—— &9,‘ l3 | + 4. Decontamination }'% P e e e
In-situ | (J N | |/ C ts < Mech
TB3F | ‘ "ﬁw" a | High Pressure Jet
TB1F | Temporary Processing ‘, & M
Areas —_—
o \‘ { = =) Waste Management w
—_ | | R s
CSBSF | \ ] ‘
2 ) ! \
CSB4F | oA ,,,{ el Rad
—_— N \ L
Teams \‘ \
- h_ Schedule | -3
an-hours S \
\\ No. 1 Warehouse
. AL ALRLL il Lo
fa! h \ f | No.2wareh
el bl ‘: | 6. Storage Facilities |
¥, \

Waste soil storage
Steel-Concrete separate/storage [ _—’
& J - e
4 * disposal

Bl 47 'f AR E I E B

Decontamination

s

S SN final disposal

7/27

W 48 % imA P F Lok m LW
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Preliming ary planning
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B 49 PR EREEP BT R B

2 | 923 Fgg
N 11 (3) * % (2 3% 43R AT « HLATR 3 e B4R 15 4
6. Session I (%) * ' C(FEAEP S RapEE]
Wz @y FARPE R T (T E
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“ R HIE)

i /ESS, National
D Reactor Pressure Vessel Fluence Calculations (NES
BaE4Ep 3D Re - |
! Tsing Hua University, Rong-Jiun Sheu)
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ZROEBEI Y P E A RT U RA S A LU - #5442 %2 (deterministic
method) > # * #2;% &]4- TORT ; ¥ - #g4_% & + %2 (Monte Carlo method) -
# AR Glde MCNP o J2 3 85 2 3t B ena 1 § F224 A ehd B b vhiz L
EARAMKS BN o 2 SRS BE D 2 R RARfR A e+ B2
TP HRPEAERLFITEBEL > N RETHR 3RS F 5 o TP o T2
RBEE R R e P - R RS T URREER R
SEE R EfrEREFT N A ﬁ#@&fjfu{ BEWLRS DT RTF B
Mo P RBEE AR PR AR A §F R AR T
e A PRI IRERS ) PR R Ry o MR AR E TR
Fla > A2V 7 R PR Tl LR R - BT o

A 3 0 F o B2 iR EEE 2T R AT o Flpt s B AR
Efod B TU7 Rt A f 3 7 389 B ALT] & R RS didp § O

P B REARE SR FEEFVREGIERET o T b TS FE R

N
~

ARt ERR U F - LRI REIY RRFIEREE I EIR TR R
LA T E RPFFAFHE R E AR F R RS  FE D
- 2R & B 453+ B 2 (hybrid transport calculation method) » # 14 5 s 4 34 5
FREERS %= apd F a5l ¥ 54 MAVRIC ,T}L,{_ BE AT hE
FE A RZAORERARN o 3 MAGRZ R T R ke g Ac B 50 7

TF o
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i Deterministic vs.

Monte Carlo

Method Advantage Disadvantage
Deterministic: | Fast, Large memory,
e.g. TORT Detailed information for all | Approximate representation
phase space (position, of geometry,
energy, angle) Approximate energy and
angle treatment,
Ray effects (2D/3D)
Monte Carlo: | Accurate representation of | Slow,
e.g. MCNP geometry, Uncertainties,
Accurate energy and angle | Limited information (tallies)
treatment

To perform accurate and efficient simulations for large/complex problems,
both methods should be used in a complementary manner.

Bl 50 iwihd fos s+ Bk cnifa Bt i
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(10)45 573 A2 et h Sok(F £ R+ FEHIF RS « Flighnli e
i 4F 42 p : Experience in removal of a radiation-contaminated building, Nuclear

Science and Technology Development Center, National Tsing Hua
University, Hong-Ming Liu)

I

FEAFSPE AP s L PR 61970 & 0 - B % F BRI g
37 MR E R FEAE G EAF AR LR & RT RE Aot R F R
B TEFG RPN o 1977 1 1978 B o B TEF G R MITFZEA IR 14
PRSI Er TR B ARFAARRBERER Y EREFREAYE

SRS A - 51978 3 1982 £ @ 0 (74 &5 Rk E FE 0 PG B A5 A

EFUIFFRHNLII 231 g FE R wivy MAEDEH T LEHS
B 7] 2011 & B &4 aﬁﬁ’?ﬁ‘ﬁmﬁ‘f RE) o #2016 £ 8 7 B4 ’-’rf

BN oo
AT BB 2017 £ 50 2 A FmicE

AT TR Y R B P o A 2 oz R ER § L 2RFAZ R LRD
o FPATEG K T ted > T2 g TRFGRIE As ) Rk g
4eB) 5247 0@ AFEIFEDET > FAHRREH T FEREELER L &

i\

A ARF AL B FEELN XTI RITEEEZF %

(in
-
“1\1‘\
\vmw

T
T+

I TEES P RAEFRF IR ST FETEDPT IR

FA 4 0 HER ¥ K3t 0.1 mBg/m®

%‘\
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% Natlonal Tsmg Hua University \

B @ %18

Dust suppression

FRHFUL

B 52 47 (v £ 8 B iy A 144 %5

VAR GRS A SRR AR G W - b AR (T 6 MR R R
A REAR S HREHEZL EERE DRI IREFAFH AN F
ZHRIEHRA IR R R REFR R AT RRE RAURRL PR
RPleh~ e Tpr o £ FE- BB AT o RS X te BEAR R 4o B 53 1
oo L fERF A TR AT E R D I R
BRHHODIHRAIE R TH THERARM S BRI
INEHT LA RARE N EESRES PR PTG I BES 12

%J—'g: ~ ?iji 1 1—‘F ~ 4’_5.»]( ~ )\}i?'—"r‘ " o
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Natlonal Tsing Hua University \

Concrete classmcatlon process -8

mporaty storage
ERihii, NSTDC ./

B 53 RS s SR ES

S L AAPF LSEREHS L RPIREIRERE S LA
FHRBG PP AP TRE B D S o FBATR FE L2016 = 8 7 B4 7

2017 # 57 %1 > #i Ay 10 B0 PR FAMGAEIEEL P FS .

Experience in removal of 2

radiation-contaminated building
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7. BERPE
FAd o RIBE ST THEARE S A RS T ERUPRREFRSE
L “,ﬁi#%ﬁﬁ]i%’éiﬂ CECEFL L0 BHY o T RERIHGE L L 57
FHLEE  RHIAIF 2 & ¢ K enggr < ¥ p = d 3 4P 7 (Akio Takahashi)
BEERF ORI BPLERBE R PEFT - B p R REHR o EERF 2

W g AR s B A4cW 55-

W 55 % 25 5P it b Rg RS K B W

BERFE R 0 G P RN R S8 0 @ 45 p = % R (Hitachi
GE) ~ # W& atk;' € 4 - AECOM ~ CANTEC &% = @ - # ¥ 23 i* Hitachi GE 3
&> A %12 5 (Yuriko Suzuki)-| 423 B % 3L R R LR ]k 5 N B

Row FRAT G R RN DR TR LB RREEERELE 0 § LR

49



A gph T Al FA S E RS 0 % £ Ja D] 5 4 Hitachi GE I + g # < (Candy
Kao) [ 42 %% » 4 i Tp 2 CE=a2—27 )7 + 2+ V—D R+ 4 ER%
;U&‘éui#ﬁ % ##7(D & D Technology of Hitachi-GE Nuclear Energy for nuclear
power plants) jz. < > % % HOP (Hydrazine ~Oxalic acid ~ Potassium permanganate)
4 Vufﬁa‘iﬁﬁr H “fﬁﬁﬁ% KAl B A B4cB 56 % B 57 17 0 @ H R
CBArd 4 47T o

0. FGQOQ\ MF8204
Q: Cr203.. MCr204 = e .

1ERRZE
1R
s Y
;d'l..
J‘E[ﬁx ) ﬁ
L

A1 ]

B 56 Hitachi GE 2. s sti- & “$ 3 P
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1. % - Cutter @ %55 >4 522 7 5 o 14,30
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%3 FARAc A 50 o P ALE B & - (Shunichi Hirose) p |34 F gran
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% 5 %- Cutter 23 "I 7 FMBINE2 742
=]
¥

M w % - Cutter XL x5 A
© 7| (a0 253-00714¢ £ ERF P 30 833 § )

P | 2017 & 7 0 195(;)

AR

% - Cutter = & % g%
R R if%*»é‘*%g HEEE )

iag 1: % - Cutter > 2 4 &2
BaFp2:1240%

1B T SR

74z
*ir ;,\QFEF % B2k fgr,'*r )
R 2 SRS LY Sk
a7 3
PR Gy TEY O NREZAELE Y- T RUERR FE
7 ) ~ &}F&“Iﬁ,b‘?‘ﬁ 2
s
% — Cutter %% >3 T 4 http://www.daiichi-cutter.co.jp/technology/

- Cutter > 712 5p FHL
467 1 2 (diamond tool) 1% a‘i}&“,!rt o oriyFend § AR LR TE g

,).
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http://www.daiichi-cutter.co.jp/technology/
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-k 7 (water jet, WJ)f§ /i © i§ /7 % — Cutter = & & * el ~ -k 7 (Abrasive
Water Injection Jet, AWJ) » i £2 Frid i 5~k 7 (Abrasive Water Suspension Jet, AWS)
APl R o
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2. % W 1% 7 Fu(Hamaoka Nuclear Power Plant)
R FRAcE T AT 0 FIERR R AEREL T2 R LAY E R

PR R A AR o

2T T 2AGEPEREY AR

PR | PR AT RN PR R (N BT i)

P 2017 & 77 20 p (x)
BEZETRMRT 4 &
(DFER M (f by 5 BRI 2 B ATRE)
(21~ 25 48558 41 %
B)L 584 & ® (% 2EHEP ~ +r R F/FI%RAY)
A (D1 B4 mts 5 (W 203k A 4712 %)
(5)2 S8 ts 5 (5 7 BRI T)
(6)F &

BRRS 4

ﬁ%ﬁ?&l@%ﬁ%&mﬁﬁmi

BEFTR O L - R Ap AERESRETMES RS F T Rd P IRT 4D
P 1976 Eh 1B e A SR T 554 - 15484 1974 £ 6
120 p EFTRR 025 A 1978 £ 3 7 28 pEFITRR 5 H s > B2 2005 £ 1
P2 PR TEAMBER AR L NI d 125 IR B
FAFARE Fepa ARy * APER > FlA K I3R1ART B LKA E 0 w3t 2009
19 30p LhER TRAANMBE Hog B (LD & 5 5 (5982 34
S B kw2 A s T3 4o TER B TR, S EAAA)
L a¥ 527 &mﬁf & o Fpit e 2036 & ;%;kagwﬁgmwff; o 2011 # %
SEEiS e ZRIERDL25.8 w3 ? N3G FEY P45 5.48
e pINIB L EE O BFR A LLE 2HEoa 6ELB RS F R 2
[E-r

AEPTRL 25 AE R F A S 4B > 2 B 5 2009 # 3 2015 &

62



TR ARNE K FE A~ 2015 & 3 2022 & R R B3 K FRAEAT S 1A - 2023
# 3 2029 # hF il B M fRMATR IS B 0 122 2080 4 3 2036 ik R % #
RAMATRIEE 255 R FF LREDFAREABERA G5 >+ 22014 &
20 By B I Rt iE S (1 5 206 e~ 2 5% 1,164 e bl
R)B I 5 EWN® P PRs ¢ T s o P (2017 E)mt w 2 1R 0 2 F
ERER TRl A SETCORER E SRR 3 ER LR SR o R
ABRTeF R RMAHR)E LR KA B FITE T ERNEEREE T
ARRRAE T LEF LA E BERANEF RS 2EMERAS T
& «ufﬁﬂ%ﬁi EERER o
1G5 41 % PR TR SRR

V RSl RBIERB e 2RI E FREPE AT LI RE 2 B

bR TR A2

vV g% 1575 % 4 # PLR-MG 5 2% local cooler ~ #4447 f2 1 4%

Vo FE 25wt s e T LA iR > T 2 padTiEa 2

VR lusiFmid s 2R TEAKED BATEL AR

Vo R 25 PR R AR I - ilEiriE
EFFirfrise g L RHER o
ot E %S R F TR A2

v ooz 1%&%;&?«?%?* SR A AT SR R EE ~“ﬁ?ﬂ*~fg_#frﬁ’4ﬂ

VORB 1B BIRRRE DS RRE S FRAFF TR

BB REAY A AR P FRRITE R S0 i R A
S VA ﬁbﬁa*z‘r}'}xg‘.f—rﬁ,\ Ll o A g P mx/{f&;L%ﬁ 5 4 myg{g\“@%‘
Breht B R AR Y T 4 NP R R PR Rt R 0
AR B R R - o ek B B R ALY R R R R R

‘:J_Kﬁ;f;‘ J.%jg_l,t.};] I\E%F'&%“‘Fé’:i 5 o

4
2

N ips R IF ;ﬁ?—g?

m:

-

63



AR RRE RS EFENEN RS OERG A AR R
G2 SR MINETAE D P IMT A 2P cHARE RGN TR B E
g REE  dedk 8417 o HY 3 A5 B E Ry Ei N 1 & 2
PAE AR PR 0 PR B R TR B R 0 4Bl 69 47T 0 P
WREFFEP 24T T d B FARRT ug a3 2017 £ 5 b o 4R
BEMAAREE JALF R u W AR 21 TRl BB
BF o % - [FE(2009-2015)% H 2 1 (FF iR B A S F BER S HPLF S
#Ha=A+CV F\isﬁﬁ%,]“:ffu%ﬁ A E LI HE bk REA /:“.“_‘:;bx/%ﬁ Sy
AFEE -

EEGERF N PRAL 2 B R R RIS SR 1
Bsd B TR B TR ALBERTIE Y 2R L 2R
WARY D2ARH R ol 0 T PSR RAE R ER Y o LEEcY B8
z- REEAC G FAE R T LB TR AP - B R g0
ZABES R BRI F LM 1 d JAEARA S FaE R doraing & o
AR - I d A 3 5 oS - R BRI R AR
ABE S EONTRERE N e B R P R 2 AR mFE N PR IERT Y
AR C R U SIS RS Ny L T RS arh
BRI EE R R RERFOBREF R FE Al EPRG

WE TR E

64



# 8 Jf b (Hamaoka) & i ¢ th e * H i@ ~ ' (e Az
Unit 1 Unit 2 Unit 3 Unit 4 Unit 5
Reactor type BWR-4 BWR-5 ABWR
Thermal power
(MWH) 1,593 2,436 3,293 3,293 3,926
Y Mark-1 Mark-1 modified RCCV
ontainment Vessel
Generating output
(MWe) (540) (840) 1,100 1,137 1,380
Total power
output (MWe) 3,617
Construction
commencement March 1971 March 1974 | November 1982 | February 1989 | March 1999
QpEELIE March 1976 | November 1978 | August 1987 | September 1993 | January 2005
commencement
- In outage In outage* In outage*
Decommissioning (since November | (since January (since March
Current status (Operation terminated on 29, 2010) 25,2012 22,2012)
January 30, 2009
Safety improvement measures being implemented

*All Units halted by accepting the request from JPN Government in May 2011.
Application to construct SF Interim Storage Facility within NPS submitted to NRA on 26 Jan. 2015.

(A

CHUBU
Electric Power

Decommissioning Schedule

Status : Full Scale Dismantling in RCA since Feb. 2016

=N =0 [0 o
L] L o L) U - H
O = i o o= ) i
%j 7E 'y =] 7|—I |
AT Dl 1 ——
2009-2015 2015-2022 2023-2029 2030-2036
Stage 1 _Stage 2 _Stage 3 _Stage 4
Preparation Dismantling Dismantling Dismantling
Reactor Zone Reactor Zone Buildings
Peripheral facilities

Contamination Su

System Decontam

Dismantling Equip

Disposal of Radio

Y 16 Nov. 2009 : Decommissioning Started as
Carrying out of Fuel L5 £op 5016 . Shifted ¢

P8 year's project

b Stage 2

Copy Right @ Chubu Electric Power Co., Inc. Al rights reserved.
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= £ 24,977 ¥ http://www.mhi.co.jp/company/organization/kobew/



http://www.mhi.co.jp/company/organization/kobew/

= # £ 1 (Mitsubishi Heavy Industries, MHI) i@ 4 :

CEFEIERS GRS HFEZFEIMHD . Lp A e R n o 4 L
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TopE Bl wP e A o TR 75 ARFEA Y oL BT PWR
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Bl 75 XIEE Y o X Rtz PWR E 7 #3)

N 3 REE RS S GRUE U R
Pk g 5 odT ik (D&D)H TGP 1 #-2 L p AR 4 RGIL R §
(Nuclear Regulation Authority, NRA)+¥% /& Fx X A 124875 B ﬁ%‘,ﬁ% ey R R TR
4o
v RGN F R B(PWR): £ F (Mihama) 1% T ke 1-2 548 % = /% (Genkai)
PR Benlgigsle o k> (Ikata) ¥ & Reen 1 5L e » R3h 4304 ke o
v AR SF B E(BWR) R B (Hamaoka) ¥ T Feih 1~ 2 5i4d e © 50F
(Tsuruga) ¥ & Fe e 1 Bitd 2 5 & 43(Shimane)¥: & s 1 5 e 45 §
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AR ~ 7 %'Ja“r“,f FHREEXE TR EEES R g RS
PRLEEPEL R PRSTAAIL B AREF SR BHET 2R
AREVA = # e CORD (Chemical Oxidation Reduction Decontamination) 2 % wlf
i3 (full system contamination, FSD) 4t » Jig * >t £ 7% (Mihama)+> & e 1~ 2 548 e
fo i (Genkai) 17 R A L5iiple2 it - S FSD # - ¥ 87 F RER
 (reactor pressure vessel, RPV)p 84 % B B4k 2 47 > JUAELIE 814 7 foi5 4
AR (i (Ikata) % 7 Been 1 5 e 7] 5 & 3 At % > 7 (safety storage)sik i o
7P oa X ARG FSD) o M T 0 TREEFR T D TR ERPE E AT
3@%5’%¥ﬂ&g@%ﬁﬁﬁﬁ%ﬁbﬁ’%%%% Whlgoisr LB
SUBATETE B T6 L2 FEARF R ARL BT RE R G E

LOBTTER T8 R EASREE S ABRG AR ZERRY

Laser Cutting

MHI-MEISTeR CL Verification Equipment

Core Int | Repl. t ;
ore Internal Replacemen (imags of tray type)

Bl 76 2 F €132 S BEAAY
(http://www.mhi.com/news/story/1402201775.html)
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