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Abstract

This project focuses on the specific structural and technical challenges
during the decommissioning phase of nuclear power plants, addressing
critical technologies and regulatory needs. First, the feasibility of laser cutting
in high-radiation environments is analyzed, with emphasis on technical
bottlenecks, such as precision and automation in reactor pressure vessel
dismantling, supported by literature review. Second, the study examines the
decommissioning of underground systems, structures and components,
including pipelines, tanks, and vaults, identifying challenges like
decontamination, radiation surveys, and industrial safety. Finally, a
comprehensive analysis of saw cutting and abrasive water jet cutting
techniques is conducted, covering planning, segmentation strategies, and
simulation. This research provides technical support and regulatory
recommendations to ensure safe, efficient, and compliant decommissioning
operations, enhancing domestic expertise in nuclear decommissioning.
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Inspection Device Measuring Instrument Inspection Details
ROV-B: Sediment « Scanning ultrasonic rangefinder | The scanning ultrasonic rangefinder is used to check the sediment
3D mapping « Water temperature meter height distribution
ROV-C: Sediment « High-output ultrasonic sensor The high-output ultrasonic sensor is used to measure the sediment depth and the
depth measurement | « Water temperature meter conditions of the objects underneath to estimate the debris height and distribution
ROV-D: Sediment « CdTe semiconductor detector The debris detection sensor is dropped onto the sediment surface to check

debris detection « Improved compact B10 detector | the debris content using nuclide analysis and neutron flux measurement

ROV-E: Sediment
sampling

The sediment sampling device is dropped onto the sediment

“Suctiontype samplingidevice surface to sample the sediment surface

| ROV-B \ | Scanning ultrasonic rangefinder | ) High-output ultrasonic sensor

Bl 1-4 % #5kT ROV I+ eht faR %2 [2]

(a) Principle of ultrasonic vision

B oeamgenerton R e capturemethod MR

Ultrasonic array sensor  Electronic Sensor with lens
scanning

Ultrasonic waves

Diffusing
lens

(b) Example of results for visualization
in water tank

Grating Visualization

range
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Components Damage and Utility

Piezo-electrical crystals

Magnetic Materials

Inorganic Insulation

Resistors

Capacitors

Electron Tubes

Transducers

Organic insulation
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Semiconductors
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Table 1 — Advanced spent fuel conditioning process facility renovation-related issues and countermeasures.

Main issues Dismantlement/ Challenges Solutions
installation
Maximization of Dismantlement Excessive dust in a small space - Extra ventilation equipment
work efficiency - Dismantling guide with image data
inside the hot cell Installation Various kinds of construction materials - Material entry route planning
have to be supplied through the restricted - Workforce allocation per waypoint to
route sequentially handle the materials safely
Narrow working space - Prefabrication
Difficulty in locating equipment by relying - Mapping with mock-up and
only on drawings (subject to use-dependent three-dimensional simulation
modification)
Minimal work hours Dismantlement/ Protection against radiation exposure of - Setting up a worker pool and rotating
inside the hot cell Installation workers and working hours management in shift work schedules
dust-intensive zones
Safe waste disposal Dismantlement Large construction materials have to be

dismantled and disposed of with special
handling

- Interim space to store large pieces

(1) Hot cell structures — interim
storage in the isolation room

(2) Isolation room structures — use of
outside interim work space

- Large shielded container for large

size of waste materials
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(A) (B)

. * Isolation roomand crane
[Previous layout]

TVT  system arerefurbished.

[l ™ /

& ,.{ - b 3 >
ol
Fattl || T

| | ,}_ i * Argon compartment

T " < and remote handling

system are newly
applied.

[New layout after renovation]

= Exclusive argon purification
system for argon compartment is
newly applied

= Hot cell working table and beam
structure are refurbished.
= Inapplicable equipments are

dismantled. =
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= Argon auto-supply system is newly applied. _.‘
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T IFIRFT LG kS o

P

B4R 5 E 71 & 7 15 FHE L At fodd - 5 b mE P
ACPF p ik ing FIERARR chg §F 3L » 5 1 kg § BFE DL 2
PAocf T BIFF KTy RUIMER > NPk RF §FPBRRTF
Mgk 5B ACPF chi 42 P o 5 BB RRS%E T H 7 2o B8

ACPF ehg F I 3R B0 4 Sudp b chi e fri @ A2 A = 2223 - [23]

Ar compartment
Door

MSM

Ar cell crane

Transfer lock

HEPA (High-efficiency
particulate arrestance)
filter
MSM (Master-Slave
Manipulator)

Controller

Bl 1- 25 Hst e @1+ AL ARILK % & F 4Ge0g F I F i h
[23]

Feed-through

............

(A) Sensor (B) Camera
module repair module repair

Argon compartment
mock-up system

(C) Payload test of (D)Motor
robotic crane system  module repair

Evaluation test of remote
operation and maintenance

Gas-tight Ante-chamber  Autonomous argon
compartment system system purification system

Bl 1-26 & F 48] 6 sLenf 3 2 & HR i g v iR o [23]
£-3Hi5 54 B i3t 0 @ * QAD-CGGP fr MCNP-AC #2. 34 i& {7355
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19954 1-4 1% QAD-CGGP £ MCNP-4C 2 & 4 1-3 # H 57 F &
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QAD-CGGP 5 2 & - & R84 &

4 “;\ jl\é‘n"‘”n’rg/{‘”'ﬁ’—-? ﬂr;ﬁ%m}%_}i N DI i;}'ﬁi’l? 3 0.01
mSv/h fo i % 0.15 mSv/h chR N 2 28 R o Tt B % B ¥ 3wkt
BRAeg s T K% o [24]

B L3S AL R R 2 [24]

Radioactive Source Terms Radioactivity (TBq)
Spent Fuel (20 kg-HM) — 1 batch 367.4
Reduced Metal Uranium — 4 batches 5452
(136.3 x 4)
Volatile Fission Products (H, Kr) - 4 20.0
batches (5.0 x 4)
Molten Salts — 2 batches 452.2
(226.1 x2)
Total 1,384.8

% 1-4 1% QAD-CGGP #2 MCNP-4C # ¥ 4 1-3 4 ¥ /5% I B A& 2 {5 o

-

Birte i 25 poIB M E S o (HC LR - Sidw) [24]

J

...,\\

Dose-rate (mSv/h)

Shielding
Material and QAD-CGGP MCNP-4C
Thickness Uncollided  Total Uncollided Total
HC 90 cm 693x10°  210x10"  7.04x10°  1.60x10°
HC 80 ¢+ 54 cm 9.84%105  297x10°  9.69%10°  2.99 % 10°
HC 70 om 3.84%10°  1.01x10"  375x10°  7.88x10%
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% 1-5MCNP-4C - & ehftis 4 5 F »c® 5 &€ 5 [24]

Dose-rate (mSv/h)
Shielding
Material and MCNP-4C
Thickness Neutron Relative Secondary Relative
Error(%) Gamma Ray Error(%)
HC 90 cm 4.09 x 10* 3.66 5.05%10° 1.47
HC 80cm+S4cm 6.50 x 10 2.82 1.05 % 10* 114
HC 70 cm 3.73x10° 1.34 3.37 x 10% 090

SOURCES 2 /e 2.7 p # A% ~(a,n) F st 2 (W) d 355 4 5
ATl P R R Az B 3R 3 3H o ER AR Y 3

5 6.12x107n/s > 4o 1-27 ER Efech 3 it o [24]%77 o [24]

1.0x107

8.0x10°

6.0x10°

4.0x10° F

Neutron Release Rates (n/sec)

2.0x10° H

Neutron Energy (MeV)

Bl 1-27 ER iAzen® 3 i 3§ o [24]
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Mo R PEARY ARG PR A1 FRBT KNG 60 F A 4%
B E RV AR EEY > 2 RERV R FIRE SR E e
F Pl o G UE T R i e o e ﬁ_&ﬁfrﬁj#l};}}:,{ﬁ IRTIR ]

€ Boesb S QIRTRL T S R R S 0 R B R i (R
BT fed (R o SRR R AT B R 0 s

Perpgd?d Ko B L AEITARBFH BT 2 nE > ER - [25]

B 1-28 =R Z [25]
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B BEIERS 0 @7 PP RY (COTS) i shif 4 5 %34
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BEOPE - PBEAT AR LRT TR EDIBERT o bR
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AR SRR Rt A AR RE P2 FAHLENLIBS ok
# 4| LIBS-8 o

1. £3 N LIBS * »+f2ffm 2

R R e

v e EFEfRAT o 3 HH-LIBS &3 2 #& B¢ £ d > fed 3t d

}Fﬁi

M b et LR R o AR e s AR5 A b

2. £ %A LIBS-8RIL & { Fehd sfe 5~ { T £ R A
FEF o i S RERARIR T 5 L B RpeRuE 2 o B R
P REAAATRE T BE R oA ALY o Y
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Manipulator —,

Friendly Handle @ uLinear Rail

S <«— Rotating
Linear Actuators<;_1‘ o \.z Camera No.
\ 4 & Direction of View
m— « LIBS measurement 4

o+
¥ " Interface

(a)

'\LlBs (b)
B 1-29 3 LIBS * 8 AF% 2 ey v 7 LB 2 (@) RIARE » (b)
LALE - pt LR LCD § % 5 A2 -3fc4 HELIBSRIE 16 5 By

B3Pt T SIS R > B 4 BELA T o [26]

At g FFEEAAE R L ETF I R BEIRER o

1. BFF B FE R SRR EFRE iR E s
PAefg et o VAL AP > R ERMES T E T
T hnp HES K > hoB 1-30 o

2. RIEIRER [ RIEFERRIEERE T T A AR FRIE 0 i & RIEMIE
(o U ARG B IS b R o AT KA R B R (T
% 2P o BPIFFIOBIERE R Y AP TR F R 0T S

B TR 4g 8 % 4oF] 1- 31 - [26]

Manipulator

Friendly Cameraand
Handle / direction of view
> Linear rail & carriage
.~ Sampling Cap
Optical Fiber Sample Landing Platform
Raman Probe :
(a) (b)

B 1-30 28 RGP EA XL (@) # 1 RARE () BE %
%%“&??*@ﬁﬁ%ﬁm iR B R [26]
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Optical fibre, Spectrometer

1N
?-

Manipulator > x Laser “edge”
- Friendly Handle ._‘,- blocking filters
[l
(‘:o/lllmated Laser Opticet ‘ —-\
fib ichroi
- IiEEEEEN re, Laser sl N :;’;:chl::‘egf
Optical fibers Optical Assembly . e | |
Sample
(a) (b)

B 1-31 ippEd & Fepr L W © () REEE & 3R > (D) A ARFH o
FWER R * WAGRIEE TR - X2 2 F & o R E[26] -

boBl 1-32 0 AHEEE T RS > 1 PaR M3000 4 # AR & o 2 o3&
TEfE S LIBS ~ & fE 4§ i ied & o JA A 9 COTS LIBS i sk
S HIR R T 0 s 2Ehn] ¢ B4 o 4] 1-33 0 HH-LIBS 8228 % § 575
Ak RIR e (e H R AR D A A AP hedl o KA o d s
FES e kR L H F AR AR T NIRRT

E"J/’JFFB %E ° [26]

ML RHRERFTFTRLQ) 77 AP AL o M3000 # B £ 40
BAE#FZ S (bC) HBAEFEHEI ;) ¥ AriEALE (e
L fov kR4 [26]
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2 Eo4 8 504
[ ! =]
€ o . £
= 2 0.2 -E 0.2
2 < : - o
< R -
0 + r - 0 L == it
391 392 393 394 395 396 397 398 399 400 401 312 3122 3124 312.6 312.8 313 313.2 313.4 313.6 313.8 314
(a) Wavelength (nm) (b) Wavelength (nm)

Bl 1-33 ~ & & ST b - (a) 4 w)ﬁwiwww%?%+§Lms&%
P& 44 LIBS % Ripl 1w [26]

WERA T EPRFNPE FR o AERERERTY HT HELA L
P B 1-34 ¢ Bor 0 R p Al PR TAEGIFRE - B 1-35
¥R F R E g R AR (HDPE) %3 > AfiFzR# I
PP KAeEET 0 i 16 K kR B AR R
BwirpdlE oon B 1-36 @ * & FFEERIEF L kPO E R B e
T EANKES Y SRE AR Fars s Id 2 7 e ok
S R A AR A oA 8 R ARl ek o R IREE Ak T A TR

WoBp L5 @i+ 4017 (PCA) k&7 5 2s 4 - [26]

Bl 1-34 £ £ 8 455 [26]
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Arbitrary Intensity
g 8

g

- v VTR
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

Raman Shift (cm™)

o

Bl 1- 35 & & F R cn% B R Re %5 (HDPE) *3¥ [26]

PC31
| 20 -30 40 l" 30-20-100__ 10 20 30 30
s0_3020—12 sanil |
E !
20
207
B 55 "
10 " 3
1-LDPE
1
2 - Black PET g L 1 0
3 - Polypropylene ¢ ES %
4 - PEEK 10 S -10
5 - Polystyrene 1 “6
6 - Rubberised coating 29 | 20
,-/‘""'
PC1 “3p
e 5 AF‘&A
0 10 -20 PC2
10 T 0
20 20
30 30

40
4050 Ellipsoid: Hotelling T2 (95% limit)

Bl 1- 36+ & k¥ ficdycni = 2~ 47 (PCA) [26]

37 L ABBAFNFETFRLAAFOTIHBRA Y GHRBR -

Bo5 o Gldo o € 532Nm £ end BB As { £ LK iE L oe

BB A G R Eh LIRIRB R KT R o 4 R it
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Waom b TIRET L BIEFERE{ PN o BRI FRE R
Foo BHMEBHEIE Y TR F AR REFLEERY 3 R DR B0y
Retd o dc 593 fe H i B odE e 5N SR B 0 Blde X SHa gk (XRF) 1%

CEPRER P WET R R B CRE LHNE A LT R

H

B ATHE H AT A B e B o 2o FEA W RIE
il FL A RHMDEERY RET Tl - B REE

BIE B S AR g B o [26]

Bl 1-37:ppEd & ek (7 1 (@) BB AEE “ R ELEEFRIE 0 (b, C)
FrilE p FAL & [26]

3.25ITER # %

R4 R %7 %F &% (International Thermonuclear Experimental
Reactor, ITER) # 23 < B & (TP EA P 2 - > g HREE L
P RSN T ¥ LA RBEN T b K I B H -
Tokamak 4§ & 3% % 3% ITER SLH-ch? > % [ 3% B IR e pb 22 4
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4. RIFEFE TR OB L IR OT P B

5, MEXRY I ¥ AR BRI ITKA o
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B B R G e~ frdlE RS o B OE h AR A ko] 1 s
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BB A AN AR R A BRI A MBR o ART S R o BEEA G A
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W T hOp DT R o BEREY P OESE BN B2 AT
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TR R o LA EEERD K SRR et % o BOAM L1 B 2 g
we ikt o e R R & RBRIR s BRI 4 K3t o PCS i
PRRBROF AL A R FIF 2 AT RIE o e i o BREE
FrREBDE S > TERT FHAPIH 2 B ERA o ITER af (T48 3]
AR H P REE 0 PCS thsd it 3ot & R "EEF BIEEEHHE - U
g% ITER & # B 4e g B i 4 fodk (T8 B o 5K el kst
PCS ez it sk 3 4k A 2 S BB K i » ¢35
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2. B A Brdl Lo FAeB o] e

3. FAETMEA L bldedrd| T J\‘l o8 2 5088 (Tearing Modes ) ©
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o B i T o B N AR T M AR G AL T AR
Fe b 5 R DIEA EARY g s 5 i 4L - # * MCAM fi& @ + 3-8
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fri 21 3 ehy 15 8L & % - EETF L IFSRCE A F Hp 4o HCB - &
Fyeis o R FF A ITERIO =& chk REEP > § #4 § ft
HCB 2z =3 [ 4 ¢ B » HCB p ch@il & & [t # 3 70 p & £¢ R h
10 uSv/h o % #4548 & W H 7 BF > 4o% FHfc HCB 2 B2 $ /™ » HCB ¢
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1. MCAM : 4 m@ig s A 45242 » F FDS BIFE B3 » * S iF 51
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2. MCNP : # 3t § &2+ 5 » ¢ * FENDL ¥ #icdp B - 7 Hifidf feen
3D A iw S 0 4o Tokamak ZE H e F2E 4 -
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: Cask
Location
[ pr<10psvh
I OR> 100 mSvih

Bl 1-39 F 37 Bt RETH P Faos 5L & [28]

C— orR< 1uSv/n
B OR< 10 :Sv/h
YASS OR< 25 uSv/h
3 or< 1000psvn
[ OR< 100msv/h
I OR > 100 mSv/h

Cask
Location

Fig. 7 Dose rate requirement when the cask is in HCB

Bl 1-40 i§:¥ 3 B -3t HCB p prend € 5 & R [28]

Bl 1-41 2R 1-425 F @4 6 HCB $4 % » i 3

% 23425647 (45 AL F¥0> 10 pSv/h -

FIF’E Bﬂ‘i"rﬁf']

*7 125cm 7

L HAF R E B o P 2-7 5 PR E F<0.1uSv/h o A E BT 0 R

F3 B FEM 3 okt HCB P e 4 5t o [28]
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Dose rate, Sv/h
I +3.975 E+002

+1.000 E+001
+1.000 E+000
+1.000 E-001
+1.000 E-002
+1.000 E-003
+1.000 E-004
+1.000 E-005

I +1.000 E-006
+1.000 E-007

Bl 1-41 5 Bapi AN HCB (£ 3 f4) M4 bs@n £

& 1w BB [28]

Dose rate, Sv/h
I +1.000 E+001

+1.000 E+000
+1.000 E-001
+1.000 E-002

+1.000 E-003
I +1.000 E-004
+1.000 E-005

Bl 1-42 §:83# 3 BT p 2 P LM BP R E L B [28]

3.2.5.2 1B ¥l Bd® % SL(RHS) M it

ITER 3 322 B % oo L H il iad o ¢ LB k5

G

(RHS) e o #3262 3L % 20 & » # % RHS ch¥ Ligfea

e

-—\

=

62

PRTL SR A EATARE R REL AR



BT A & F R Tokamak ‘e it @ eand 2 S A0l R T
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EBEPFET o P s EAr? L&D hRALR frd TRAL D 14
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P s e i (8 il .
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LORHS 23RBS IATPEFEAEE T 288 FL 125 1
W% B ALARA Rp] (2 B Migst®E 3 6@ 7442 LT ) RHS

i deR M A R B iAo Y MmO C SRR o &
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RHS
- Hands on
decontamination

RHS
Repair
[ransferto storage

RHS
RHS 4. | }-Remote
Recommissioning - decontaminalion
Testing

- .Manaccesszone
++—+Redzone

Bl 1- 43 RHS ‘g FF i3 B $2it o [29]
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1935 1SO-17873 151 » P63 b 4 ek 3o (7 * 5 &
Bow it F oL AR FRE ST TRBIZFSARGHTIRFEE
7314 o 21 ISO-17873 ##4pt - ITER F 4 g7 & ¥ iF F 52 T ehzg §
AART om ALAS T RERIER S FIP ALK ~ d fogiiad R o)
AR N B AMFLR CITER B3 2 Aa HPFw L h 0 - &
PR g 4FELE ISO-17873 % 2 dpe 3 A Bk FRFE- A
i 4o 1- 44

RSB RT OESERY > R PHPA I ERTL YR
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» L& i SR e s S Tokamak ¢ f g ShFR SR > 8 4
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HOT CELL Ventilation and Detritiation Systems

GREEN ZONE ROOMS

(LOW TRITIUM) ;

<

to from S—AIDS| GREEN ZONE RD[]M ||?|}—>l

Fresh Ar to/from Gas
From exterral ] Detritiation System
Exhaust]

Air z I Blower
Conditioning _"@ {]So(v)’}getl‘on Filters
]Solotlun O000 )
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0000

”%” TRITUM GLOVE
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a4

@
|

RED ZONE RODMS -|m|—>
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\ 4
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B CASE 1]

o
2010 2020 2030 2040 2050
Operation Year

B 1-45 4c £ < 2 M 438 79 CANDU & 5% - [32]
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15000

——CASE 2 R
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3318 L3 rihpdit it

R AT R & ,uﬁﬁ N SRk S A LAEEE A D B IR
BESABPERNGH A > P R BT RIP oo F B B3R T
VA e SEARE P (¢RI I F L {r i TR BT E
BleTEp > bR Al A 2 E (Al) P FE i odd] o AL
FE £ > ot 1A &% (Arnificial Neural Networks, ANN ) ~ 5k 3§ 4¢
& e ke (Neural-Fuzzy Networks) ~ if B854 S 4a & v (Adaptive
Neuro-Fuzzy Inference Systems, ANFIS )~ £ #1;% & ;2 ( Genetic Algorithm, GA )
"Rk S g i 14 (Particle Swarm Optimization, PSO ) » ANN & § * >t %
RF o ffodnd] > el E A RRAE R TR B EL

@ 7 AR [32] -

FHEEY P ANN By » fodiy 15 L 0 bl Sl 0 LG L
AR B S fr Sl A A 1 ANN BF > 7 0 g 2de e & fofc b ¥ 3
EHCfelc iy o Y R TIT R A2 ApM SE TR Y- A E
ANN 2% 4 %22 fifody 15 ~ & iy > 2 S E4c B 147 #77 © ANN 3%
WP A e A4 T R E AT S B3 T IR 0
BB ST~ BHARGPE 3% ANN BHEEEY FEZ > ok v B4

( Back Propagation, BP ) ~ 3# 4 i# 3% (Resilient Propagation, RPROP ) ~ & <

“tk-5 % 4> ;2 (Levenberg-Marquardt) ~ GA §= PSO & /% - URE STRAL
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Output layer
( INPUT SIGNALS
@ Used laser power

;O Cutting speed
b 4

A
Beam quality ‘ ". e() Focal length
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Material thickness to Nozzel stand-off
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>O Type & pressure of
assit gas

Maximum output .

laser power Material type

Wavelength ‘

Input layer Hidden layer

ERROR SIGNALS
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Cutting / welding gases
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———— Laval laser nozzle «
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\ device
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® %:H47f% % % (Remote dismantling system) [35]
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Containment Building
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NPP decommissioning project
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~ Waiting for
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e
*
(=
=
o
F_*
e
I
B
|k
ol
12;‘-"
9|
&
A
=%
o
Ik

) $Haiie i REA R AL — TR A BT B
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EREARY 0 R R PP EL R RT EEHE S B3
FEES N AEHFRIEY RFEE > FEH R EET L

SR s SR LRES SR SR NP B TS

(@) Febrifis —ILE 2 i S aned BAFE T A% RER

EEHE S R E e LS RS 22 0T

FFPEEPFOFT N H3IEPF S EAT ARr BERS R E
IMER éﬂj&%ﬁdi“,f’ i 1% (deferred strategy) @ % - 3eéxd
2L REL o Fla R s i) £ o
34 T %i%m'f RERE
BB T SSCK,%?}:;L%v‘ A RIS 5 RA o BT FRA AL A

sz gRAL FI RPN R RRE R -RE-THER
2R T e REAEERABOEE GldcRF R ARE LR S5k

BB G E

1940~1970 & R ¥ B 4By T R > K@ %T?&»‘;i@ﬁ;})&
SRR PR B L sl R Kf o P REARE N A B

G

PE RS 0 A ARKRE S S e F R RFE
BAREN SAT% § 0 o HF B2 5% ML AN ¢ g

(@ @ *aZ LI R R L1 8L fE Y E iR R R



(b)

(©)

(d)

(€)

()

FE7 S BBRE G AR R A

Flo 2 R E ORI 2T R FERE REHEE S
BEAT T o

AR OF T DB B~ 5 SR o il L 2 R
SRR LS S R A AL R R TR
AR S o

SR R AL AR Bg AR @ RA B R (b0
Bl 2-457)

BN TRER R FRBERREY Vo NIRBARA XN F LG
AT FRRET BADEKE

dOT R R A g AT R [N A g P
WV R R EF B R TR RS LS A (4o Bl 2-5 91

) e
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B 2- 4 :}fr",ért #F L fdc £ 4 JE % #F Tunney’s Pasture 2 it =% 4 A %

ﬁﬂ,ﬁ%%ﬁ%»ﬁ@ﬂﬁ&,u@@ﬁﬁ%

W 2-5 ik £ Re I € i



341 $12 s fg 2 B F TR G

BEREE TR S FROGHFED AT A RFE R
AP H Aok Rt WOk R (AR PP TR L E S L T

3 FA);

A

R o F s ™ SSCIE R E ¥ ADE B 0 T AL 02 R
BEFRF 7GR i“f (remediated) s 414 4% 48 > FeaE R T P 6 A &
F o BATIRIROPRE L B E AT R ERF DE R 0 B AT R

P B TR IR IER BRI A RS

3411 H P EIGHEEA L P

BT R BRI Z0 ¥ mas T ROEE 2RSS
& ;FIT CHE R A ATy 0 AR ERT 0 ARG s SIS R
TR IG ek oo AT end AlB T BB 0 & 35T -RaE (sewers)
Bk B Be(waste lines) ~ i b ¥ if (ventilation pipes) ~ £ -k F(sumps) 2 % £ 4
¢ B (liquid discharge lines) 5 # is & 7 B /L e8> > & Fa3 T REH 2 Ak

ru(disposal pits) ~ T & & PRARK 5 ~ MR 2 1 ¥ ek (emplaced materials) »

;:\

ARG BT HEAETH DR o Mo R LR @ AT AP
= (Paldiski Nuclear Centre in Estonia)% B e BRI R S 1R E

R EFREOTHHE T GG 2030m arcsi 5ok # (3 idw)0 2 1,500



rsiﬁyﬁl,].}\_‘r_ ﬁrm %?&XKZkT‘ﬁK%m( AZFEE)’?W&LF&’;}F‘W**':%&
BER R TERE R W e & 2210 - B AR

A7 B B PR S B 0 QR F M T S FRA M

s

BECE e A (B 2 B AR) ) e G e RS R
BEEE A FRT R RSRET )RR )
FEHEF TR LGS T(FH > g400% 0 & 37 5 & 3% (PCB)d
R) FREFREET AR ARAL AMAREY 0 5 R G AR

kR 3]

g o

F_&

IAEA SR 2 ¥ e B ig st 4N - FE 30 T e Fud & o
PO Blde > TN R R TR TR R 0 B % R R et

H 1+ #& i#|(Non-Destructive Testing, NDT) o

o 2-1 F % ch kPR e a B4

P LA T AR

i

7 % (Seismic) » S

FRIFEEE LRGSR e

#

i*' - 7‘1 £ é . ' ) . i
I £ 1 4 ‘f.,?.‘r—f';%ji i
(ground penetrating radar)

R b SR AR T 2B AR
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(Electromagnetic
radiography)

R4 » %

(Cone penetrometer tests)

ARER 2 5P

B R PIE R
(Magnetic gradiometry)

g

\

\

th

ERIN

(Electromagnetic
induction)

W BRI

3

% Fe % (Electrical

resistivity)

22

W RSS2 LR i

3

AR o A

(Gravity and microgravity)

BEY o FEFESE L

S

3

3412 3412

T]'i ;][771

FuEd > £ 2-17 083 22 H ¥k

ol SR B

(magnetometer) 2 Z &

34121

jg R

EHETH G TS

D {5 B4R B BN

DI ETAE N 4 > MRk T E 2 R R E LR E RE

TR W

T’k

i£ (ground penetrating radar) -

# B pr(seismic techniques) o

2L 3 M4 # B (Non-Destructive Testing, NDT)

% NDT ksezms T 8 r N it ch i, 3
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SSC #iFd A PIMX F ARG H ﬂfﬂﬁ BL ST % 5
R e EARR -

PN R A - B HALATE 0 R R A BRI F B
ReOFRT > HHEEHRE o

2T F R BAPM F  NDT 2 2 5

* P 4R+ % (Visual inspection)
* 3 3 P|(Acoustic emission testing)
* F i iR|(Eddy current testing)

A2 4 & ¥ & (Ultrasonic inspection)

(1) P 4+ & (Visual inspection)

PALIR A A - AR L% Wi e e B RS B F - & NDT -

P LRI P OPRTAENH EFERRE Ao 2-6F 2-7 47
T oo
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B 2-6 H I £ e * hPVK-3 4| # i iin g o 9

(2) & & PI(Acoustic emission testing, AET)
AET @& # Az M F I % 2 20kHzZ & IMHz 2. [ > o H5Rp oh
Bhpad a4 > P AT ERAMBHILepF o d 1 B
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R R E e ok
AET chifBh > £7 i BS B s o HEBRHRLEFER > " A
YRR F R R ) AT B EREF BT R dok e

fe B B SR 0 A R R P BT BT ouir FBRPIE KT R

BOTOE SRS SR T A SRR § )BT R PR A 2 o
FHBA R T PF IR e R OERRRE > VRN RAE 4 S
G )R L LR FREBRAY O BRSO T SR T

» 2

ﬁ)’l /<'< é" ml!/‘ { ’

3
-
,«;\m

o

?ﬁ
av
R
0%

SRR AR ERAE -

(3) i i | (Eddy current testing)
Bt Rl - BT RAN . Ta N ET R B AL KA
RAGRIFIP-# & E ) 2@ ik ins U APHRE > F ey 7

B o~ dpdgz W E o

(4) 4+ & ¥ % (Ultrasonic inspection)

REhtwbar* md kSR ERL MR PEA LS RIE AR

[}

He w0 B FRRE RS FEORE S SRAAPEER TR E
SRS DB B
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=

£ P a3 R b o HEGAeds 4oL T &2 & (coloured dye tracers)
# ¥ o1 Bz &) (gas tracers) 2 fe % o1 &7 | (isotope tracers) » » T *F At T @R

8 B R o

(5) R b B Pl (Non-destructive testing of concrete)
RGED PR R 2 F R AR R SRR T BT

BGOSR S -

34122 fastEFran t
12 (buried) 2 4% » 7% (embedded) e i# KT AR anEE o B F 5T

Fo A R b A ERDFRL - DAERG
I 2 PR RIERANE L AV AR P RER o TR R
FHEA LT

o AAHAU(a~ BEY)

e GAAE(F ~ ¢ K

© BHRFEHFOEF S R AR
s Glde B TR g

é—i%'r%fﬁ—r » LR R - Y

R R
EMIREL RN FRAFAYF VAR HHAUE KR FHESOES
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(1) ¢ 845 P & (Pipe Explorer devices)

.
/E}R ’

\»«

SEE S R T S ) L AR Al

FREL BRI BSR BB Ao QEFERIFZ B FEX T L OE R

73
T
C\

gELY o B B ITEG R AR NP ERE R AP EE
hIRT FPE RN A 0 NG RGBT R T B E R Al o 2 FARIE FEL
FRAFESRT BZRELGALRAEEZ IAREE O N REE
S LA *‘F‘,’K"Elﬂ"l T iBARR G m’ﬁ EES A

Pipe Explorer X # # %] »cehifiz » . H s P » LRI X 3
A Y L ERT AR R Bt g “,fﬁ“#“r“,%:}izﬁ’rf’ #-H # % > Pipe
Explorer z& &% ¢ * >~ % “f a0 B4 Mound 34k ~ Trojan % & g > &
ZjF W 1 #4227 7k B F 2% (Idaho National Engineering and Environmental
Laboratory, INEEL) % 7 & B %3 % % (Argonne National Laboratory, ANL) ¢
CP-5 ¥ f@‘ﬁ?"f =3+ % > 2 Pipe Explorer it 7 p| & 30 % 2 jE > 4] 2-8 91

oo # 2-2 RpEROER - 7|0 Pipe Explorer g B B T H o
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] 2- 8 Science and Engineering Associates 7 Pipe Explorer™ Jx 3% & g 5

% 2-2 ¥ * PIPE EXPLORER #H:jtspe /g B 2 71| endi-pt 71 &

B+ Faklp 8

s

k= )

.

Al

A b

INEEL (reactor facilities), July
1994

B R B

Gamma (4¢ -137)

Adrian, MI(§ ~ 1 ¥£3-4), April
1995

Al TR g

B

Beta (4%-238)

Inhalation Toxicology Research
Institute (research lab.), November
1995

W T ok

Beta (4%-90)
Gamma (4¢ -137)

R

USDOE, Grand Junction Projects
Office

Beta (4%-238)
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B Hu/p g

e

(4 7 B or # fr), February 1996 &R
ANL,CP-5 F B E(F R®K*), | T ki ~d b g3 | Alpha (45241)
August 1996 R T Beta (41.-90)

Gamma (4¢ -137)

o7

USDOE Mound Facility (7% 3% %)
November 1996

A BT T

Gamma (47-60)

CEEE S BV
Trojan (¥ & ), November 1997 | FiF &tk # | Gamma 3 & (4%-

fo - AR R

RN )

60)

SRER
Los Alamos National Laboratory , ‘ -
(energy R&D laboratory), August | o1 2 IR 5 %
1998 .
Savannah River Site (47 2 & ) | # k% kK3 | Beta (44-90)
September 1999
Battelle ColulTiI:]L;s Laboratory, A k% 4 Ht-kd | Beta 2 gamma

Avenue and West Jefferson sites
(1% i #2122 % &), December

1999 and
January 2000
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s Hraklp gy RV R ER

Brookhaven National Laboratory

R Beta 2 gamma
(% 7 #2 7 22 % &), August 2000

and
September 2001

Rocky Flats plant (47 % %) TN Alpha

July 2001

Maine Yankee (% & ) BB Gamma

September 2002

(2) # BTk % (Pipe Crawler™)

FEEED - BHAT SmA s T4

] P A
e

TRFNEFEZ-PPERE

(Geiger—Miiller detectors)®t- 7] > ¥ 1215 i £ 6 80 B B b #§2 ks B oo

& %) Shoreham 1 & i R B1F (% 3 AT R K75 S it o BER B R A A

BF o P AR SR Y K 4 E (L2 miEa 3o Gl et

S FHET A

ﬁH—

LA ¥ Pipe Crawler 3 & » 1 i # % B 77575

J—

i & 4%~ 3% F B o Pipe Explorer 3% &% i+t PipeCrawler % # & 3 { 5 ¥

S S RN

B b B R i 4 FEE LA GRS T

2 ¥ [F ik 2R 54 o Pipe Crawler % #& CP-5 & {@ﬁ%ﬁ n2t4 2 Park

Township 34k & 7§ iZB)3E o

R aszpd

. 7

d g F hr f 7 e ivE .

fErE BPIE E RPN ha
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A mEFTHFT FFERPIE S lonSens &R E 3]%{1;’* E I 0 F R A
JriR Savannah River Hat Wil @i k369 > T Z T PIRPIE £ G IR
WTERPINDaF %o F K Alamos B 7F % % ¢ B E I ARSI R

Forendz B B (Long Range Alpha Detector, LRAD) - LRAD # ¥4 i #& P a
B heFRAFTY A2 DHT > KPR aiAd a2 ARPlakF AL
LRAD BB st » 2 BRI E A b » A3 LRAD hiZ B3 2 & 3
Takh PPREFAADRESS  ERFAETIRAIFRY 540

W™ E Wi @ % SiEA 4+ % (Electret lon Chamber, EIC) % B £ 2 /&

150 £ FRap 5 AR EICH - B » © i f MO ET £ 3 v
m)ﬁ-j}:é'gﬁa - 'E‘ Ep%g’\g‘gm‘r s :J\' ’ d }/\T‘%P\-._J. ?/\% l___lﬁl{—’hz_&. EZ\ ’ —‘,E! %\’ ‘i

Timg R e wERRREN TR RE GRHOTERTE -

(4) ¥ T E LR E

BTEREHEEANEOL AR B BIES JHY RS S
¥ g 1+ 0 2 Brookhaven 7 £ # 3 * & & % (Brookhaven graphite research
reactor, BGRR):EEH ' » i S F £ F BEALIrz § > 5d # TR F ¥ 3§
PIEREFLO FRFHFPL  FEEMH L 2 5R¥T 3 IEPFEL
ARR O RETUBRES LT E 2 PR TR R T 2T AU
B3t & o I RUE i SR e o TE SRIRTHN S 5 R 7 ] A

RO L A R T R ERET o M R T A kTR
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Bes o gt oh o B = mB-D)FAL I E o kA B Bl ikl 0 @ R
iz 4= %83+ #c % ¥L(In Situ Object Counting System, ISOCS)¥t # 3 % » i& 7 3

Hpoig pof plE 0 TR F KGR P E BetaScint B 0 #3 3EHk A 2 7B

|l

34123 e iraFEa g

BB TR BRI B ReFFEA BHARAS Y 2R

yiEHd e A4 g

AT RPIEEBEE B ASF S EFTLSFET A 2 RER > @
-t JAEA S A RY - E- BER DT EFF 0 FL el R RehE 4R

foo J TR - B H R R AR B 0 o F RS

WHETRF AR ERTRE A VT E o R T A G
7 e Tt oo i % BT L 47 & (in situ real time analysers) #- * B E

o AT E o SRR EE RGP o
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(1) 7 4% 4% 37 % (Lead paint analysers)
FERREAIRITE BT I ENLR A1 X Y E(X ray
fluorescence, XRF) & 3 & 47 » k3ku|F iV BEEZ KB 4 o ¢ 09E &

Z2 AE o
LH20FHPTFEAEDN B FAE ’ﬁig?l4 ¥ =5 mg/lem?> 1457 I in

BY VR ZEEEAAFPE S LAKT R 247 Bt 2
B ESALY

(2) % ~ % & #7 %k (Multielement analysers)

R L EF NSk B r g XRF k¥
o SRR E B R & B LR A

Fom o FHAPETHRBEEH B LE TR0 HP RARES

FEESE

(3) B IF 41 B & 47 &% (Flow probe chemical analysers)
mEARE T E o RA- AR A L AP T W AT

BAE EY O RMEAF LB OEE o §AL T R RS

PP

Y
—mbe

Foo LA TR KREF BAAE > KBIE A TR o

BRI R REBEDF R 0 RS BE D) A H AR

R PHRASFRP LKA g B o E RAWERE T F 7 i
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13 #1t & 4 (Wolatile Organic Compounds, VOC) -

(4) ¥ BIFI%E 59 VOC % 7 ik (Field deployable VOC analysers)
HRG e Sk B AT R A B - B Rk
PREBPIFALFPRIPN DR KA PIE T ESHED HF LK

AF) ¥ - BRERE - BRENE - FRHLHFR MR ER N

LA LA - BRESATR A T RERELZ EALG e
T T S BEp BT F MR DRI R KR AER S R

FAA 4 RiE T VOC RIE » & ¥ 4T » 35 $3%% 2 w ek il f o

342 FH7HE B

MG g B BT S 5 A H A PR R

EFRATEL PR P A FRHICRBLIE eFmo Ly
S N R E Ll SRR L) N

R LG RAROER > I REF R LG OPET 5 A BN
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Bt F T DA TR AR e BT S TR

BRI B R S B A (O

34211 % =
SRS PRE Y o By 2 JARE B R R 3 T

i 11 (Asbestos Containing Materials, ACMs)i& {7 & % % g% » 4 1 ;%K,éf
ACMs s24i 5 < EehA 4 ¥ kg fp o (2 50 i B 4piE— aﬁmﬂff;ura‘—_ .
TAR P AR R iEE o p %“ﬁﬁﬂiéﬂ%%"‘v%%’ﬂ*# =gl s R
MW 2 2§ ERE ATl ¥ g FRT A FR IR
= v F Wi RIV(USDOE) R 4 7 — fARIFT R F H i f KA fLE
BOA(4-H] 2- 9 #777) - BOA 7 11 ki 2c ¥ g Beoh3n s F i FE R R
BE TR AR~ K2 HEE R TP "f FIERMHEER  FwT L E

ZEAFF IR FEART ARG REHORELETEFT 0 R LR
BAR o & 1 L3 A inaerT o # BOA fﬁ RS X

1 ¢4 TR PIEEE AL i B A - BOA T = 3] & 4] eh

—

G %
Boblde 2 0% MR £ B0 EREZ G AR IRE 24T
(hybrid endmill) 2 -k &7k 7 214 > *7 ZIBREL 2 F 55K o & % - 2 5% ) Sf
W M BlE RRR R T R RSB T e R
HHEPA B o rit o BEHFRITIEER L2 ek Rl s

b ARk S A Y 1 A B o B TR
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B 2-9 4 7 ;—,.z*—*,ért % 5L(BOA)[11]

3.4.2.1.2 IRage kg i
v MINHATE R R SR E 0RO 0 8 S TR TR MR A
AP kR DEFE 2RI 0 ToREd oL HAPE DR ER
B33 T ORGRAERE TN L AR (F A R R P e T A 0 M
LR PRSI ETEERE B Tk BRI H Y .
V- RRROR AT BRI TR A - 50 S L
FRABA SR UERF AR RALT S LR B
IR ERE e R o Bg(sewer snakes) % -k &t (water jetting) > iz & = 2 B2 2R 5 2o

P T LM E L ARAS IR

3422 #*7|
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BF B endur B BN E T fﬁ{r%fa\(plasma arc)*» &) - 3 ¢ ““(oxyacetylene)
*7 2] ~ 3 F U4 (oxygasoline)*» 2] » % 3 § ¥:#+%: (oxygen burning bars) -
FEFERT A i'J:Jiﬁtrnd“r“f BRSSP G IR S 2
e @ 5 E o H P B A B Lo gt b AR e A
REORATH > U2 REZERE IR EAR & ZHBEH R > £
TS FRB B EAL A RHE CBEARFEILF AL BBl

FA AR A AR T AT BRI LA

3.4.2.3 47 1)
P B 4 L R AT RS RS
+» (mechanical sawing) ~ -k &+ 7 5 ji(water-jet techniques) 2 # % +» 2] (machine

cutting) > iz FiFE 5 3F BB bldc i B AT TA 2 g BIEAR

(=]
Py
)

S
3

3
TT.
%

ZE\

5

N
(=
o
=
Pt
P
o
/\

i
<

4
w
Ry

=

o

Iy
s

k7 BRBHE § A R R R E AL X ERMAEIF (T 4B
BT 0 §R Gl T AL A R CE § D
R R RAF R ¥ i 2T A ARETT A0 B8 B 2 e Fa467 (milling
cutters) 2 i 3 ;% @ s (portable lathes)(®] 2- 11) » # %7 2] chuk A F A R

BLITHRBMHASL S BRI A BT AT U R T

133



.
¥l 2- 11+ f1p* BR-3 Mol % i3+



3.4.23.1 bz ;% g ¥ &3 (Self-contained pipe cutting shears)
il Jp i R e ¥k 2 AL AT RAEE o f

BEZEG BT LN FRA D FENRIEIRRTDEFTLS o

B 2-12 v- fIpF Mol & i3t » i % iR BT > BB T 2 34 (5 em)eng

=S
34232 %kl U 2] 4 (High speed clamshell pipe cutter)
BN B E - FBEA AN E S R v 2 E T4 10-26 B

(25-64 cm)eng B o sp il B R hghe BT e BN EC] (R O B
FOOTERE S B HERES) IR AT AT FTARER

PRt SR G- ERE UK B E XV IR ] 4



W PR 0 P KRR s B R o

3.4.3 HjpFiEip ¥ iE B

ER RS- BAEYETE > LR ARK o BT

\N

‘%rf AR R o B FEL R E ? Boap » Bt d ¢ oo N AN RFE P e
%AE ?lﬁé o
BT R LR AL RHEAR R T HTAL - A%

TR B % A 27 RREMRBER GRS v [

-

FRERET 2 o R RPN R R FEE R A AR R TR
BiaAdad A BfPriaah it o
%%&ﬁ@%ﬁ@@@ﬁ%ﬁ&h@%’éﬁﬁﬁi%@%ﬂ%&i%
FEAREuER) LEER7LFHRCUIT AR PR T L
BoHOFE R FERIGARLERF > VER LTI GHASY
FRAEFER S NEF DERTRE R 2 AL A RER RS

LR AR TN LR

>‘1 a
E%
-
=
)
ET
74-
t
(e
Pt
P
».
N
W
W
D0
F
3

- BF 4 ko
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344 ¥R BATIR BRI

IR RA > BREFEIRT > F AL NG R - o] IR S ] R R
M AL 3 &?%‘ﬁ‘é#‘r%ﬁﬂp Mo P FMAARIO M TR B BARK X o
Far el g a ANL 325 ,ﬂ%a%#”;ﬁufa'r?ﬁx,u;ﬁ
BT MR T G SRRSO (FE R ) A2 B
R LR R DR g AR R A2 BB AR A 0k o
TR b vhjE 2125 Fed(BA Cm)indEE 0 2 - 9 N BET F Pl kR
ST R A o 3% K AR X 1850 ® R (564m) s B T R Y- iEIR Y 4
BR(l2m)evEEY AR FHATSERLE NI IREY o 10T R
ﬁi@?ﬁ@@@&’&%kﬁmﬁﬁ%éﬁﬁﬁﬁ’%ﬁ?ﬁﬁﬁgl
L b F BREFRS Y B Ay 3 (B 2-13) 0 S8 A g S B4k

2

Ao X F R Bl o F o N R KT R FERE

‘.mﬂ
&

_BEL o

% B HR[5] &

@ PEFREANLTFRIGTAZ FEN LT T B
(@) 45 BB H 24 e 0T AR
@) P& RRGEF 02 LT L5553
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(6) wHL G, F AT AR R MR

PR T R ok ek

B2-13 &3 WEFE R FenANL § 8 @3 127 o i % 2R B

IR SN R

ANL 9% - B3+ % » & H4-76 BHeits g AT AL X 15 ® (4.5

m)iFfe > o @G 2 HALDFT AT LA b LT

?ﬁalfrn'/f%“’\%:* s ¥ - ML PECLRES T

B 2 3k 2 i (Fort St. Vrain, FSV) [% 8 # /4 3% & J& B (High-Temperature

Gas Reactor, HTGR)]K,ért FFE Y A BRBADREIEL WP R 4@.“,% 53 ﬁ’i",%

B AR R G ool el B ORI (R 5 B g Bk Ao

P
EXEE

?ﬁ*“"fﬁmf\)iiiu@ 24,000 & = (7,315 m) » ¥ 3 6,200 & =

(1,890 m)mrg FERGAES T et B R L

r'

Ik

"'—'»)\,E‘/}i_‘_‘ =4 g’f’)’gﬁ%,;“‘fzﬁ’ d
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B BT e 45 AR £ (Orit blasting) ~ &L ef ) (abrasive blasting) 2 & &
-k 7% (high pressure water washing) -

FRI TR G B f S i B AR 0 2 R g
A FE G BT A R AREN Y REFTEFE LEERER

im0 7360 2e REPEL R ABRBH VI - BHP LK

V- Bk Gl BT R T B o) 2-14 9TR 0 BT B DI
PRERSHT O TR E LA U A AR BT > R

Frog R

Bl 2-14 70 B4 0 48 pend B
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BGRR &b T # B if (R & - B T F R G - B AARE AR

# % (Video inspections)&g ot > A ARFE P 5 B =¥ 3 “-RIAAFE (water crud

deposition)” » ¥ ® i * F RET ERAE T ARRGE  BRE T F T PR
AR ArRBIET Y Blahd Y Bodp Mgt id £ 49 -137 % 41-90 w7
=S o I u‘fr“ﬁz&x EER o R LR A I R R
4]0 BROKK 2 » H ¥ — 5 pe g B3 (chisels )& % 7 (shears)iéﬁa‘fr",f
1B ¥ - SR R (grappe) 2 i 35 [F142(remote controlled circular saw)
fe i o 3if =3 7 e0 BROKK 4547 % 5t » 18 3% 3] BGRR # Bt ¢ cfiiR » 4

B 2- 15 #7171 o
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Bl 2- 15 #-if 243k (74747 % % (BROKK) » 2 » % Flia ) F £ ik 2

(Brookhaven):7 BGRR ¢ i ®

pERnCirus & e E P 0 AR ER Y T0 %3RE K T S miF

3 F BERGRZ A FR A R iR

£

FATS B YR (1997-2002 # ) 975 A4 FrokE B39 A 110%4% 8 1 1T R
SRR R R IR R R R A i
Mol B ARG B R ER T ARE T BE 0§ AN T8
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FERA D R T @ H AR Aot SRS E R B s+ (Acoustic emission

technology) X #& Rl if > e B2 5 7 5 {8 R E fid frok? 4o 2 F R 2L

“q

Riste Ay e ane Tk B R G ARPRE o KRB0 BIE
IR A o

SR R TR R EE N KR 2-27) HREHT
PALR G ~ B4 PR ARG ARGEZ B R R RRRE LA 2 kR H R
R B s T 8,000mP 0 Ak A K 1,600m K e 4 gl B
Pl EFREE Rl B RE T B2 BREEEOLHTE Ik

LB BIEINE Fld e XPFL

Bl 2-16 & A Cirus F s Bt & 3 4 4@ F R W S - ¥ 374 p

3&.;‘);1% "3 (cold self-adhesive bituminous tapes) i~
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Ao FENG 6-81FE 25 80mm en e g o 2 BT TR
BT 5 165 mm e il A E -

AL TEEOAEA 0 @ 4F bop Be(pipes)* f i (ducting) b K E - B 0F
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A ZRRFHLIEY » FFREPPEIRE/ARAE > Tl g @1 A IR
FLions - BT FEEAMF Ry RIEXLAALL > 245

ez o JFW B 3 LB Bz B I r 2 B L ER B oo
2R RMNEEFEFERSF O - L ARTEH © & ANL - Fernald ~ Rocky
Flats 2 Hanford & 33t & (7 P38 o 3 K SLemE H{H P 4o
(@) # & # %R ,% si(Heat stress monitoring system) — H i 5 - % 7%
BRCARER X EHER BT A A TR 4p
Mt ek T TEAAPAi g X 2 A AR 727 4 B
WREA T gk
(b) 1 A 7k4Es4 4r s ki(Personal Ice Cooling System, PICS)—2_— #&j =
e BRSO - Bk iR L AR B - BT 2D
Gk F g e BR R BA I REER K AIRER ﬁ”’?ﬁ%’«'"/‘i@-f’?

TR PICS © AR 7 i H RS HE 2 AL ROHERE
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(c) EFF1 Ak 5i(Advanced Worker Protection System)— &2 -~ &
E] 2‘/_;;\ el ez R }Z:,‘%‘P/J{ K El é._;; J A ;}ftf;:'_ 2 /J‘Bf_‘?ﬁ"lti'ﬂ}"? 3‘; 7;’? ’

PR AR AT F AR A
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(d) % F 1 ivpR(Breathable coveralls) —pt Afst et B » & ek 5 € £ {
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BTG PREARE o

35 ¥ TR RS BT
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Mo M FHEERE R EATE
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AEBRRAY O REEDS I JILE N > LIS T L B K R AN

145



PORGEERY RN EAF A ¥ ERSRERMAIFRE > 2R
2R R mjftn’% RS BiEE f‘»’ﬂﬁi;‘]s‘éf'la‘ﬁ e BLIE (7 R 0 AR
PREfAl s AR FIORE B3 3R FAME

i & 4 g+ % B (backpressures) o 4ok RF A R A
@ﬁﬁlﬁ?ﬁmgﬁi'ﬁ’ P E M RiE o d 3 @,ga;l? R PERE 4 A
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e

BE AR CFESREZHELT) TP ?&xiﬂﬁf% » TR R R 4
A R RET LR R OTERE G TR

m;ﬁf%jgg«}”‘%,ufﬁ,k EREEE gb%y(’g iﬂf%mg/"’ﬁ"

351 HEEEn s

dONE TR T A MR > B FHEEN AT F £ - BRI R
AT S BT RRHET 2 BRI A L RS - G
BB S RMPT KGR AP Ty od B R AR SRS F R ]
Brieni o E g H R UL - e Aigd BEY 0 2EREE SR
I o

PN F PRSI EEA S L TR AR d R AR
o BB KA FFERA N FREEALIRAFIAENR 0 DTN
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35.1.1 7 SHRIEER 2 Sk Rl % & ¥ (The laser range finder and structured
light mapping system)

7 STIRIEE & Sed § A AT F(rRAPE) R T AL R AE i 0

\_

BHEFR FRHALBENEE R S 9 e ol Ly AT %

TERGFHE Dz E3E 0 TS

3512 < Al T REH LRk 2 (Viewing systems for large underground
storage tanks)

£ 5 USDOE =% IR 3l 304 » dhilin 2 4500 4 sue P
B0 rINE AR TR 02N E G R & ¥ e 5 # i £ AR(Light Duty Utility

Arm) > T BB B Tk S o

3.5.1.33D 5 &fiE fic(Three dimensional laser modelling)

aErE B Al PR Rf 4 £k F R E(Gas Cooled Heavy Water

[

Reactor, GCHWR)]% P E Y R IBI A RE P A s FRT o4 AR

i

-_gr;‘\

7 H_100%%E 5 > o 31 (T % B g 5 FRE 0 i

B fF

6‘

AL SR G AR R e BB TR ORI E o 3ed)]
* LR ETE AL P T Rk i (7 3D 22 - 3D F 45 4 & 3Dipsos #c4g
2k

WL N IE L R

3

ERARAPE B AL TR T 2 B

T S fa R EER B E » 2 KW Mensi 2 & e Soisic(B] 2-17) A3 = £ R E R
147



32500 F5 100 B ST e %,,zr%rﬂﬁ 80 ~12 m; 4g, & =17 Callidus

J%}‘?%‘T’TE&F’&}E’W"‘ ]F%Iﬁﬁ- 15 30m°d—_,\g'f:§ﬁé,; l’fu

Bl E SR
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&

404 3D AR H A - B2 H R

ooz fs o R B T A RF R S e B (F ot - maty -

@m~lmi)&éﬁﬁmﬁmﬁwmmﬂ’&Q’ﬁﬁﬁﬁﬁlﬁﬁﬁD

S RTREE O bldek TRBEEAIFESH -

B 2-17 #5525 5 AL PR R R 9T R ¥ h3D § R K

3.5.2 {5 {12 4

3.5.2.1 GammaCam #p #%
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GammaCam & - f 4 ibcl SFAATR (hR AP » 7 MBacbt i A g Tl

4o B RGBS ot 032 KR & ANLCP-S[E k5% £ B B4 3" % (W

P

2-18) ~ Fernald[ £ AJZ 3K *5]h 240 (23 % ~ INEEL[F J& B RI#3 %5]
2 BBEP TR PARDS S ECPSF REY 0 ZR AR
MR o FREUR A BT N hig SR > U2 fRR Y d%ﬁﬁ

OB T R R BRI AP TN R G L AR

GammaCam ¥ j& >3 AR it B L 2t FRIL AR

%o FIHT AL S LI T RBUEBFRIT, B ZHMRNLE A K

Fle gt B ript o EEAAR IR R 1 Al

B 2- 18 * 3t =1 Argonne CP-5 K i B 3K *5 itc3f {f 54 - chiedf 4p 1%
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3.5.2.2 Radscan £~ ik, *(The Radscan imaging system)
B R 5 Lo @ (British Nuclear Fuels Ltd, BNFL) & 4~ B 4
Radscan #ef S =6 if i s P ehiid & 35 B~ 6 ff i Rl > R T

AP L 0 d A S P AR 0 T R AR R s A AR > A S [

zmF R A EAA BRI R odidy o THT UF I N
% 458.% X A %73 o Radscan 600 it %A Hanford e0 C & B 7 F 5|%

78 32 AR hiRATA[ L > 4- Radscan 700 5 800 ¢ 3 ® & o
3.5.2.3 ALADIN
AR TR R ERR AR R 2 2 Al E
BEERIS T o BRIES T REVRBFERS > LRI FEREET T
4 RAR G0 2 XY {FTHPIE R G - L ERITIHAE 1IRE
BERBEHFE AP LRA R R 54510 5457 S cnpEm > B 2-

19 B * A 55 AL PR fi“lr‘ =3+ % 7 ALADIN 4p % -
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Bl

B 2-19 #1235 AL P TR 3V E ¢ # ¥ 0 ALADIN 4p

3.5.2.4 Cartogam ¥’ i} % %(The Cartogam imaging system)

# ALADIN s * %= 4 > Cartogam €& & 12 T R sk 2 o5 (4 /¥ chibe
B SR FT T T N BB SALES Tk B0 gt kAT iR
FAAERSP AP EREEROREE R EHG(R AEK)E
ﬁﬁﬁ$PU&%é@ﬁ%ﬁﬁ’gﬁ%ﬁﬁﬁiﬁ’ﬁﬁggi—@g
X d PeEREHET LRGBS BRI Wien 2 PIE R R
AT - P2 2R MBS fRETFRE > T EESS

BB o U R Y RGP L BRI AR F
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35.3 ¥ T G AT i
L RHAE ARG A ERY RIS EFHHRA T A

S YL AR S AR EEES NN P

JEEAR LY 5%&;{512%,@%# nh

\_
EL|
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o
=
i
o
N
o
o

(a) 42— 4L R A 5 3 48 1 4R 45(reciprocating saws) ~  42(band
saws) 2 [Fl4&(circular saws) » = & E /| A £ B4R X A 1 £ 45(5
Yod HE) 0 BAES R R ingeTR 0 X F NEE Y i o

(b) ErAd+7 3w (Abrasive cutting wheels) ~ 7 5 (blades) ~ 44 3k (wires) 2 €

g (core drills) — =R RE G s 3R N4hiE > Hp 2 e AY
PR PR R BT R RRE SRR

(c) il 2|4 (Abrasive cutters)® 12 gzs i€ * o L w00 Er R (B Ao

R)-Asig * o A r AL ¥ g RRE Y O MR- ABRASFE -

(d) T+ f5(Shears)— T 57 11 L5« F 5 R AT B 5RE 0 H

PP S EASLE v B H A FREF AR LA

A AR it T
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=
s

()

= %*7 2] (Plasma arc cutting)

LG+ 2] (Flame cutting) — 4 27 2] 8 - 38 = Boendijie @ % eng %
FF (e NapR) s SRR EF(TR)RF F 2 f bR
o RELTEYE AL BRI

#.+f 18 (Thermic lances) —#rp 6 o — 1948 2= > ¥ X5 & ~ 4F
RARS o REF MBS BB A IR F R E T

7

drcdk o AP Ay A S EiE BRF T A -

7 FFL g0 % EeRloKep 547 4 (abrasive water-jet cutting) % 7 7 & i

S A T R R & B B AL B S R

*x 7 4v 1 (Electro-discharge machining)
£ % {248 4 1 (Metal disintegration machining)
¥ i #£ & #&(Consumable electrodes)
£13 7 £ B+ 3](Contact arc metal cutting)
7 %457 ] (Arc saw cutting)
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3532 Rt B
TR B R BPUEIET T ey JIHE 0 F T &
Bt L HHgE o T R 2R B
@ 4+ —F3pHh 7 F s ST RS
(b) PR KR (Expanswe grouts)— 24 55 R G 2 T A AT T LR
R RR B P B KR R GO0 RS A A
AREA  FRBLG S (AoR R G )RR TR
Bty o g i AT FAL
(©) # % B (Rock splitting) — iz & - A5 @R BRERE 2 B 7 Ik Ei

2 e F o fT o0 SRR I Y 0 R H T AR R B

(d) 4 » Bt 2 ¥ 4E(Paving breakers and chipping hammers) — iz &_i#

Yot A feB o B 1 ER VB RARE G DAEINERE > &

-

Cj.'—l! = /l’ }’{

o

=

2
(e) Er#L-k+f 527 2 (Abrasive water jet cutting) — 4% & * -k i i

RAR PR EREFFI PG FRAFRFHERSE -
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7%

354 wEH AR I H f? el
3541 £ MBH ARy TR

o & o1 473+ % (West Valley Demonstration Project, WVDP)#-1k 5 4 i &
Tk o B¢ 2B E S69 # 2 (2lm)> & 26.9 # ¢ (8.2m) > F B L AN
T RGBT REHE T 1960 & 0 * T RE GRS R AJLIF
LAY A A A AR P o 21996 £ 7 0 3 1999 # 12 7w 4 iE
¥ ¢ 5 # * & bt ¥ (long shafted mobilization)(vf &2 & = (jet mixer)) ¥ if >
KB die 2 BRat? T ERRYy o B ﬁ%i&'ﬁﬁ%—%%ﬁﬂ% KRN S
(HLW)#E 4 = WVDP 335 1 3% % » AL A3 F ER SR TR T AN > 2
PIY I ITE A A A F 3 2 4 T (zeolite ion exchange medium) -

o (T E B I * G corf B4R & & (mixer pumps) 2 % ¥ (Sluicing
wand) kB # R & 0 5 T HER E R EFTF GRS o B P apll b
£ 3 14 ®+4(35cm) > FREFLEBER P BN B AP EERE D ok vt

REBEAF S AER ARG FERD P T R RS TR EL P
PIF A f & F AR PR g 0 R AR &G e (d TR e
AR 2 55 AP NG H) RN ¢ o w B A i e B A At
PV B R e,k St(Advanced Waste Retrieval System, AWRS) ¥ # i {
BNFIRE S A R 4 o Hau 4 g R T W AR R g e F (suction
pick-Up) B 3 A BEH, & 1 # (254 T 4 )2 L enizd o ¥R i i
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PIRF R R o M T R P AGE N R E TR R0 0 B R
RERT RSB AR 2 R RERA T BB RS
o BEX AWRS £ &M 5 WVDP e @ g 2 i ,f{ﬁl%* SRR e
# o 2 P R -4 3 B 2 i (grinder—separator assembly) & fe it > ¥ o ig H
W H UG AR5 A 489 USDOE -4k o

F Wi RINIR 4 30 Savannah River 3-xben 51 B3 T B3R 4 8
¢ ‘2%'2%&4 S Al R v S R e R R pe s el Sy - N
Gi % 45 0 MEERE G S AR F o B RO 1 X &R S b % - Savannah
River %5 £_USDOE @ » % - B 5 & F "F M F 3 st i 5 5 5 1 o0
Frak o F 3 A M PR hE g KT 2028 & = A o

X BREW Y RS BB ES T - BARDFIFRILEK Y > RIELE

-A‘
&

BIED R ARILR S > F AV B A B FEY - A
g

kg BRGNS0 F BRI FRE A X R AT

FEE R R T F R @RI Bt DR P RS K

¥ a0 MR ¥ % & o 2 (Nuclear Materials and Equipment Corporation,
NUMEC)*+ 1960 & & f ! Parks &g 7 ~ iz Wig i 3% WAz
AR 2 SRR L A = F 45 (PUO) A M T BT Rk b
BRIk KL 3Bt oK B B 2 1B 1000 4e 4 (3785 o )i TR GRS RE

156



WY oo 1960 & =2 A IFE R A8 0 FHEEARBR T LR o BT BRI
B

W L L AR A2 B G i 52

CEEEA A f R BRI B A 0 R T O 2 kA T

SE AR FMF L BT 2 BRsH R BHEORER c F T
AR R E MR PR R YRR B A B
e ﬁiﬁgﬁ% K//TT I%’Elﬂil » T RR GRS /qﬁ% # 3 if"h_mf{ N 1E‘.f—ral‘-’rl‘$

Mound %% 75 % i% (5~ %I3E P+ ¢ A 4~ 38 1 vi(Waste Transfer

System, WTS) » WTS 33 34 £45% @ A 5 T 6~17 & = (2~5 m)en 2 if

TRRARE R R AR 5 0 e - e - B e Bipd oo+ T 15
FL@AS5mME - EEARRI G TR ERG 2 BEEE - B
w(service pit) - 41 5LR 5 mxér‘ mPtE o KR r>ArEGE 4*; » 3] 42
RSt £ RHEIIFES LT }Hﬁ%fr",ért F R TR PSR T
R 78 #8 4] (pole barn type)eriE Hi4s:E 7 L A S A B AL 2B DR G T
R R o TRRET R Eﬁﬁﬂiﬁi%‘kﬁ%"ff AT ED Rl 0 L

1] "E(acetylene cutting torch)ig-| 4k 51 e > K (T2 LM R A F#E
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3542 #ria 33 AL ¥ T BB A i"f

2 8 5. A-1 %**f‘q'%r‘ 3t F ot 1999 # frds 0 H P A E B iz
- H_% §§ 5ok % it zk(active water purification station, AWPS) m*‘f Rt 3 2
DR R AR R BRSO IF AR R BT
2 AWPS chs [ o Tyt > 5 2 B @ % Rl (TR E A RBEFEE R
ZEEEL At “,f Az #‘r",f T o3 * AP ELF MT-80 £~ 452 % p
d R RRRF . 1 iTERFTE 18 m. ¥ f {80 kg - AWPS “,f%}ii%’»ﬁj_ 13

RRAFAZ - > LFips TR S0 BT DENAR-41
WHEEF > - F5 7 LEMRSHENL R 7L E B hi
= 5 DENAR-41 B3 427 chi & Flep - £ 24 e /S (2 16 m) -
AR LR O~ B KR A Ptk 0] (9 540 mm x 540 mm) > DENAR-
41 BV U HE T F R E R MT-80 et wigak A $ o 17 2004 &
B9 B TR e = i”ﬁ’&4’$%%1*ﬁﬁ%kkﬁﬂﬂ&%
(mobile cementation facility) » * >+ %] i+ DENAR-41 j&3+ ™ &5 ) w Jc ek
S5 R > B 2-20 2 R 2- 21 BEor BRI B o DENAR-4L 454 £ BF o

A A-1 4= ?,)wlf t~2+% ¥ »EUCLID % 3Dipsos #c%g » * *t3k %% % if 73
Peiv pn3D R vt TR B E 4 &5 2 475 3D R (F
Hog Be o 1 R R o8 e 0 TORBIE O A - do ) 2-22 BT AWPS
?éﬁﬁ%‘,f peen— fARE o
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Bl 2- 20 it {7 Ho7] Rl 2R e DENAR-AL 5 1 £ R (2172 5 7)

Bl 2- 21 DENAR ## £ B 03] RIRE F = > B (278 B 5)
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Bl 2- 22 Hog s i £ AP AE (7 4108 5 5L AL G eig R TE R

3.5.4.3 & & MagnoX % & e R 4 il‘f

% Magnox 3| F & %34 > Magnox 4 7 % (Magnox splitters) 22 &4 5
(lugs) ~ # T & ¥ (thermocouple wires)* 7 & £ ¥ (graphite sleeves)£r X 4+
(Struts) F 22> 2 F BRRNOERIRZ S P 2R fF oL 22l ¥ 5%

R B A B H N RS B I T A %

L
?-
n'ﬂ

<ol 3m x 3m x A5mMIEF 8m x 25m x SmiFE £ 0 G g

oA
Hig- BEF Imx 1mx 1m Earg$;8 %5 (stepped plug):e » » e &

L\»\x

SR FRT o Fu Rl A 0 Rl - BE S 20cm Y witie

»oo T B e fe R AL 0 & Magnox F BB R IERE & agn

e dg 4 hak o e i 3w Al T8 DI e ey
TEFERELREBEFS PR EF T DRGREFEF T I w5

ik o2 g _Trawsfynydd ~ Berkeley 2 Dungeness & & B #-ak el 79 fi (8
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A0 B S5

Trawsfynydd +%: % B3 2 & Magnox | F & % >t 1995 # & & &£ 'L 5]
BEMP o REEDT > RFAHFT 2A5 A D ILW > FHE L a3esf v
i# (miscellaneous activated components, MAC) 2 %3 = it 7 5 (fuel element

debris, FED) » it ILW & 5 % fc & & 25| 3md ehA 54k 5 ¢ » £ 2 r 4

BuEd che o % ;g’jél;;fio

nd

Y

BRI B e R R B AR 6 R

Th

N

PldcB T g T AR 2 R NP 2 ke e G AR e

Lo

AR o BT (Chute)# 32 R 22t & BF EA S A jEE T R B2
B pTis B (vaults) e MAC p¥ 3 B89 75 m x 6.5 m x 3 m /&5 (>1 m)R
A2 F MAC &R+ v fo 0 235 8 Artisan® g =530 4% B+ A7 > W
MR A TR 6 BATHIGFZ - 0 ki Fw kit MAC BRS¢t
- BRE LR ERBABREEN OB RS LR F RS

Kmp o v Gk eE A4 TEERIPF BERY  EHT e X

i o
PR R 8 B LTS R e 2w 0 YR 1 R grenihd
EE2ARALEE > CLADFSERE R & % (vibrator conveyor

system)$ > 3% kAk KA 2 2 16 BRFE L > s R o & B FED
PR 2mx 2m x AmiE FED e 4 ¢ % ot pr i b S S
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BE R MREJFEETe K7

R ASS PRRFR L A AR o g FREFER S R

BOBRRALEES > B ARCNRER £ RRERS T R
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3.5.4.4 # ~ 4] Garigliano % & BB 3 # il‘f

i = 11 Garigliano % % By > &% BRMES 8 L2 B 5k
BAEEE R o PR F| ot TR R B (B 2- 23) 0 AR b v
e A s - RS AP BT 0 E R T RT I Rl i
oo REEE LSRG R R E s S 3B AR

(1) B GFREE P o RAR S F R e

(2) MBEEH N R P

) AR M T F kAL E NUKEM = 733 [l aoff b 50 4

® MOWA - Bl 23) » 1395977 chb it a3 e » 52 27

1671 B & %> 5% Be K€ F K850 IIAziE 4,000 > 7 X o A

H5 kR 4 B 5 874Ci (32 TBq) -
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Bl 2-23 & ~ 41| Garigliano += % By * »&E T Mg e T RE G

3.5.5 ¥ T &4 3173 (Entombment of underground tanks)

R T e EF R PR % R @%ﬁﬁﬁf’?é%&%‘;ﬂ% ’ b
Tl hH B FE o bR PR B R > 2 EEUGE ‘ﬁf IR
a‘fr‘,ért P FEF A AR A e o HF R D2 INA - R FF T
FRE B o Flet o B DA el Hen® 2R E o

Savannah River Hxt e B B 1 & B HLW & 53 0 B B &2 54 ehp e
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&
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N

7

RELEPRTAAY > RMPRSH > A2 2070

REUEREE
BRI R EFEREEARE  MP B BT FRRR HEE
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BEFF B P2 BRI O ORFOAFEEHR TG 2 FBEH
AR - EVE GRS sl IRt fﬁ{f(selflevelling grout)fie = kSR > 1R T
FEAAy SR RBEAORE > A - AR R KE W‘f& » PRt Ap
B erma st PP RAE 2 AR S wEA Ep T E 5‘f’£ﬁﬁ~’i JERE
Fled s FRRAHARTR ARSI AR > BREEHTENRD
MR RS BMREEERIES S F 2 By o I MR R
o R A RS o MM B A - BREORREE 0 0 &
R AL H A R R B A AR R Y ge o

¥ - B &+ 2 Hanford 3-ib ch4 ¥4 L e 32 57 §5 F (strontium

2

Semiworks Pilot Fuel Reprocessing Plant) %% = » # 3+ T £ 75 % (ground cells)

ﬁ?—ﬁﬁﬁﬁﬁﬁﬁﬁaﬁiﬁ%%ﬁi’iﬁﬁﬁuﬁﬁ’%?$%ﬁﬁ

TR R 10 B % AR (F R 40 1000 241) i

B GERES A TR AN REPBAER D @B
(cell)P e #5515 B » B ® LI » s h » #RE * o 2 LB B R )
B MfpE R REIFBEEY

B TR A T T AR B R P ARSI  FE kAP
BATH B - B EFRE Y A GeoMelt R =3 33 it Hks(GeoMelt in situ
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vitrification technology) - #* $ e B3 £ & 4 2 s 4 > ¥ B * >t R
PO2BE R o JI R TORT MR F AR RS B
RENERARFC AR MHFTERTHRBE P EL L EAT

2
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P R EERG AR R NAF B ARB g RE 2 &7

FEPMNDIEZ TS T AR FOFR LY S 5-TM BTG
10-15 m > R B F Tk AL € T B T e AL 77 2 47 (gaseous effluents) >
BIE et A S 5 35 P PN A ZERE R LR
AR REEE B IR TS AR IN > L AFRB R
FFPokHA P ERPEFIREE LHeE R EEAE ko e s

W AR S 0 R R B

BN PR FTRERF AR B R ST Rl e
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FREEHFEDBAE S E L T EONEF G REZ R o
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EEE YRR WS R 7 BB R NATIRRT R 0 11T
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361 BAF IS R EEATEY S
3.6.1.1 4c ¥ Canoga = Bt mititsl 429
Z Wi Rt kP 42 ¢ < (Energy Technology Engineering Center,

ETEC) i *t 1o/ T 5 & ko35 5 293 4Bl a8 K 0 F B fR ot
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temperature gas reactor, HTGR)]

& FSV +2 % Ry 0 X # %5 2 (equipment storage wells, ESW) &_# % &3

ot R A5 4o n > ¥ hE 295 18in(d5em) - iR A
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3.6.1.5 #7 &% & & -+ Los Alamos =4p & 3 B 3o
Los Alamos B #F % % ¢h— B i & %% 23 & - 22 4p & 3 ye(Phase
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PR BEFEGESIFHETmMxImMx2dme ETEG oo (13mx 1
mypErFEpaiERipE (A% AR H40mSv/h) ST 2 L BiEx o &
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41 M VVRSHEL * F R E[3]
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(4o 2-27 #57) s M 5 * dh4k B > 7H/m 5 108 mm > AEB 5 5mm .

411 1 ﬁ’ﬁ"‘ff:}iﬁ‘ﬁ:

GRS KB s T SR 1 & S 3 S 2 R ol
TSR W BB ORI RRL Bty o B F 3
gl RS G Smms b BESE TS 62mm s b R SR -k iE
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(1) = 7%4%(electric arc saw)
TH - AR EBRSIE 2 T EBRFIEEFTE 2L BiE AR
Fo BaE T KeFo s MET L R i i 40
300~1800 rpm > *» ZliF & £ *A>T Rl anE j& > B 45 90cm ¥ +» 2] 30 cm
BB o RINET g § BoRTIRF o

(2 T R (Plasma burner)

(3) 3 z A7 Z|(Oxyacetylene cutting)
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FETRFHP R FF)- ARkt s FRoUDEFE
3 800°Cpx» ¢34 2y b (s * 048 507 4y ~ 452
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2580 AlOs ~ CroOz & NiO E3p3 3 1Y% » T4 i #* gt 3 % o
(4) #F 1 (thermite lance)
- 148F 0 p PR R SRR £ B EFonR R
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3m> E /£ % 6-10mm -
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(7) #)#54 (Cutting with abrasive discs)
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(8) * *r x4 i& {7 [f]7;*~ & (Circular cutting with a cutter disk)
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(15) 1951 (TR BB/ ET R
'jg‘ HECfRfFring A3 N R REASTpEFET * o
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2
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e

Water Abrasive Suspension Jet thng

B 3- 6 &7 ok vf b7 1)3E (T pE e ¥ 7 R BI[6]
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(2 )RR % R4 R AR ™ 457 [P Bk of S0 RIS R A H R 3
BT AR B MR B
4.1. Zion 1&2 %% Rk 3 £ (PWR, 1040MWe) (#* 2](Thermal

cutting))
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(7t oZion1&2 PR Ao HAE M F - BACRER Y Ao H(F-F %

g

FFkiE 7 RPV & 3012 % i > @ % R0 EnergySolutions 2 2 § # - i

A B RPV ena 3 s 2 R R S ke T B metr B {0k S A2 R X

B R b BRI G AR o [7]

4.1.1. *» 2] % RN g1 pEE
wF % RPV & &2 w0 » 38171 % B2 opd 1 17> mifsl i fodk
TR E 2BV R TGN FHE P £ 32 1 [8)9]
. X & RFHRZF
Bt g ank i (Ao bigs 3 B o 4%k 5L)» 3 7 RF o C3 e
B oo FEATE KK GE A BIFE B L 2FITRE
1. RPV 3 & i & 1 i (Preworks) :

i€ % %A ey Pt B Sandboxes X3 H Y Fopl o R BARATE R

[e]
4
“
i
(=
o
4
=y
3
N
Pl
N
P
1) <

4 % =iz iF (RVflange) % B R 5% 2

B F HBALGE K o @ S VSR RATE FH M < IC] (In-

Core Instrumentation ) # ¥ # -k ¥ %3 = 3] 3 K L 7k 45 & 4 55
( Hemispherical Bottom Head, HBH ) -

., % %p®g:
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BF Bt S & K7 ## B joi (Turmable Shielding Plate, TSP) -

+ 5

RN

%% g4 (Lifting Rod, LR) & £ 4 F BRBN IR T 87 5 4k

78 % % (Strand Jack System, SJS) it {7 A e ¥ o

412 A B2 B K 2 2R
FRs BN Fre i (RVI)® % KT 20k 7 IR )% 422 B s (e
AR R4 et )2 Fehe JLiff2? B % T fal B 1 & 45
2FHEIE VRS fr=z A {44551 £ 1 {12, 2/1 £ (CHORCE) ~ 45 1 &
(BMT) -t £ (FaST) o izt 1 B % 04 2| RVI & i (75 1] 11 458
< - [10]
o FaST: #* AR <AF BFei » Bl fgEiilap -

 C-HORCE: # > Hlp < [ foft B fenf) 2> 3 «

N
iaig

e BMT @ # bkl FH T 4% o

e VRS: #3 @ FIMp ety S RT=EBFLR

. FEERFHEKEINF

)

\4

o Fmpmiitd X550,000 7 TP IR E K 120,000 2 7 0 ip
e it € RPV ¢ # % -

o FIMQAIR AL F LR INAE FoTE A VRS T

;
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o TIMNPNIR EATE B A BFEFTLSE o

o % BMT 44| B 2fe 45 o f-q) 47 e dr crifdx o
o AR ik GTCC AR &% Bt ikl -
I 3Mp 3R it o

o &% C-HORCE it {73 = 17 &l » = &% ¥ ik f B 38 ok B 5

\4

B o

([ J
\4

¥ FaST 1 R e H e il cndlie - B DI -

o T iit* FaST fv C-HORCE &7+ &) » & 3| TP IR it = > o FL o
& B ts g s B oA B TR MR T 18 IR o

V. g Fir# Bl K

o EEH o R Birgge Fl o B HE 3 F R RPH
% o i * FaST 4r C-HORCE & 7 3 -

o SERIpSFIrRAREREFMMBLE ] RIL > P E Rl &R

V. FREEMAEE #'5

o FIEiiil (DeepBeamWeldment)~ + %% < 4% (Upper Core Plate )
%51¢ (Guide Tubes) f- £ #4 (Support Columns) 4t #% "F e

o FLURRMA AL BE - FEE A ALE 4500 o7 o

VLB ¥ s Raere &
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o TR AEER, R BERE B P It SERA Y

o TRUHLHEHE L Fih- MA - FAKY s i GTCC RS E

414 RPV % § ¢ 3

BB (F-A%) @* 5 -A =R APEMEST RPV 73] - i@
- fA R hPgN > TR S R B3 (TR 7 o [9]
. ®# 1%

{7 RVflange % i - #'£ 2 p % 4 > @ J247°F Flange % Bl g 5 &

& RV flange # & # ff*7 v &7 24 frdl i o

Bl 3-7 % RPV Flange % #

% EH#-RPV A Befeid R F o

bl el FE A%~ 7 S B fcdE L 422 2k st Flame Cutting System (FCS) ~



-+t Control Station (CS) -

535]3-8RPV#‘r“,$\¥:1’7§1 3D fiHE T &R

1.2 42 RV 32 7 & B § st it pl3s

B 3-9 gyigipdrara £ o vk o

IV.RV 4 2] ¢ %
% SIS ¢ FCSief RPV A 3] » 3%k B #-RPV > 3| & u § » £ 22
B % b & - e LEAROR R AT # A Ay BT A4 7

NEEIRE
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B13-10RPV A i3t d o 2R EER I HR - 2 H S K £ 22 B F

Hoe [7]

VAR -F % &
LHVARHFARAGRTRE T KIEHT KR R
Wi AL ERE RIS I (RS B K RHES R
EYSE T
o LR _-BAB RS LIRARIMEFTES IRV HEHE > TR
PR DT H AR
o FAfeRadin h  FFoh X3k K 44ER 0 Handover Traverse » 15 #F 3 #

4.SIS i A S o
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415 %215 RPV % 5.2 &3 $ AuL
RPV & 37 &R AT e eh- 300 > B e 7 8 & 300 g ik ipl{rioR
AT o [7]
. RPVihgifth s
o LAz W > HRPVia BiTENERE  THiTE G #Ka0

o Llisendd LA L S P D PR TR RIR AR A

o TEEIA G TR A BB RPV N P E -
IS F-%. &
o ST A @ 45 RPV A H I enE o R g AR E T 3 v
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& B Wiiergassen (BWR) v Stade (PWR)#% & B Vg s 7 3] K&

AREVA = # = = 7 {g, B Wuergassen f- Stade +%ic T B RPV i %Kﬁ&

\4—

f ¥ - & Wolergassen ﬁéﬁ@ﬁ’#‘r%ﬁ RPV [Fl4i3faphig * 7 % 7
¢ etk 7 7 B - Wiergassen o Stade 7 RPV p 284g #4702 > 42
TORTERE S RTIFERI S22 2% .

FIRARBIS BRI rechdb g e T > S BRI P ;A LT
WP ek REH o F 0 T U E WAL R F S ER SR AE -
#‘r“,f BBt ARPET o A T - BEE RSN I AR HRERE o d N E B R

AR AR B B T b R0 L A Rl b o [12]

2005 2006 2007 2008

s

Steam separator cyclones

Dismantling ofremaining core infernals

<

Phase 1:
- Core shroud head LA A A LSS S

- Upperandlower core grid _

= Core flux meas uring guide tubes

Activities between phase 1 and 2:
= Draining of cawvity —
= Removal of flood compeansator
= Preparations for Phase 2

Phase 2:

- Cuiting of RPV- bolis EF P
= Installafion of working environment //‘ /"’ //////////////ﬁ
= Cutting of mear- wall components —

= Core shroud, ejector pumps efc.

O Start PSS Engineering I onsite ’ Completion

®] 3- 12 Wilergassen +% T fx RPV | 3845 12 :}frurt BR £

227



4.2.1. Wiiergassen & & (BWR, 640 MWe)

® RPV p3Reid : x X 121 wfcdpf4 R T2 33 50 200 == i
¢, %’K/}#%“/TTJ_ TR T ¥ - MAe ARk Ti®Es p 22 AREVA
EmE xRS R EE dodh 42 g s ] s R Aok 7
2« [13]

® RPV FlHi%4 ! #“r"f £ 320 wEsm PR B X & R GE T EM R o 3%
#‘r“,f FEI R G F 7 % FERe S B P REE T SR B
Bl 8307 Jpo JliB AR 1 B chh R Ao i M 2] 18 RN i SR 4 iE
ﬁi%]i FREFRF GV BFENIET - MR R LREE T FH

AR T ARz - BREAROEGFT IR NEFER e K o [13]

4.2.2. Stade ¥ 7 & (PWR, 670 M\We)
Stade 1% 7 Bid E.ONKernkraft o> 7+ 2] RPV ; RPV p ‘*Kfi&x > 2007
£ 47 > AREVA #+ 7 (L ® Stade BR-k;%+% 7 & RVI m#fr“!f'fﬁxf §EE
oix B & R4 * 7 ¥ Wiergassen X i er ) Fjho 1&&;4@% e SRS B

P 5 BIHEIRSPRF FREHAME AR  FIRT A

I

Ty o1 2009 £ 9 7 5 Stade :Nﬂ:ffr“,ﬁ?,? £ 85 wpalp

e o [13]
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423. B AL %A

O B SiGHbE DAk R (TR MBI AR S A
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4.2.4. Wiiergassen ¥ & Eﬁa‘ﬁ-‘,f ok
I. Wiergassen NPP (KWW) - RVI

A.ﬁﬁ%m

Wiiergassen % @ f: RPV p 3R e 2 andy fﬁ“ 2003 & B 4 0 &%
2008 £ % ¥ o ATRPEE §5MME 0 b ae D VLT ION I FIGE
B~ SR (JetPumps) ~ T 344> (T-Bolts) ~ 7 v ~ 4% (Steam Separator

Cyclones) fr= ¥ g~ £ B2 ¥ ¢ (CoreFlux Measuring Guide Tubes) ~ ¥
% %2 ¥ (CoreCover) ~ g R4 ~ F o™ Yo 228 (Upperand Lower

Core Grid) ~ #f % % = ¥ (Ejector Pump Standpipes) fr#+c% (Diffusers) -
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&’f@%’ff‘r“ff@ﬁ“ R A4 K 121 vRendr iR o e o 200 22 f5 ¢

i

B.

(76 #qod WPk o 4of] 3-14 #r7 o [14,15]

» 40 T-bolts
Total mass: 8 tons
Separating from steam-water-separator
Cutting of T-bolts using a band saw

Packing of cut parts into primary cask and after
drying into 200I-drums

Loaded primary cask

7 B e fd

S A

KTATR LA RPV R 3R B TR0 b ok TR T o kT R (T hp b
M ER AAELITA R hE 2o

2 HHT T AREVA Bt AR R R @ T 5 B B 1357 3T

R A & 35 R 4R S gV S S| s R AR Bk

A

7 -"7%1]

Fo PR ART B E ety

o
=
\4

R Y

ETTRS
Baf|
=
1

f20 % - RPEAHI VBN IR EtiriE (@) 3-15) - Wiergassen NPP
Wz 1 TR RPN T AT pItEE (Ao B

AP TREIATTS P REFITD RS R ) IR E R A PV



E¥ o KTk ¥ 41
Lo # *?a“ﬁ'“f -

[13,14,15]
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» Phase 1: Mobile internals in set down pool
Core cover (remaining from steam-water-separator)
< Upper core grid
» Lower core grid
¢+ Core Instrumentation
- Packing into primary casks & 200l drums

» Cutting of core cover

Water Abrasive Suspension Slicing - WASS
(cutting speed ca. 50 mm/min)
© Compass saw

Hydraulic shear

Mockup test at AREVA Gripping a calotte segment after Cutting of core cover calotte
cutting

Packing of calotte segments Cutting of spray heads Cutting of core spray tube

Post segmentation of core spray Cutting the outer ring of core
tube

» Phase 2: Rigidly installed internals in RPV

- Core Shroud

Components close to RPV-wall
e.g. sample magazines, standpipes of feed water
sparger and jet pumps

- Packing into primary casks & 200l drums

N

Final cutting of standpipe

First cut on core shroud Cutting of core shroud in RPV using a band saw

Bl 3- 15 P 38 i sl 2 2
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* Rail systems and cranes for

g =7/ transportation (remote-operated) 3 L
v * Rall system and cranes for
e : { container loading and
§ 1 conditioning (remote-operated)
& | § K L] l
¢ | el e, TRIm. |, §

» Installation of cranes and auxiliary

< 7 s i ¥ % equipment

. i il (e.g. steel structure) for transportation of
il RPV segments and packing into

containers

B 3-16 ()1 (Tt & 7 kTR K AL 5 (D)° % EAHE Hin

- Complex RPV crane -
( b tools and S ~‘ .
dismantled pieces) = 3
* Shielding plate
z y
P - == | L
"
5

fit {7 Wioergassen 7 RPV 38 4505 2 30 > 0|33k 6 ¥ 4
DK F G R R D REF LI HAIHRSE L RV
FEGRH for Q35 Ao B4 o M FH (s > g LR Y REPRF
7 B P (WASS $) &g~ EHFFITE 7 DA P B SR * ple
P FIEH R o §RE R 2ATFE 0 s TSI IV F A
G EINE A AT I e Ko @ * WASS KB i BT *» Hvf o > &
RYBAERE FEABST IR c FETR BB OB K I NE S
KPR AATER S b e T L b Ao kol o fI* WASS Hjier 3

*

\:n

FAERINehh TR > T

g

ERFRIE 3 200 22 P 0 K3 28 B

fi - [13]
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Vertical segmentation
of the RPV flange

Removal of a cut segment
using a gripper

i8] 3- 17 On-site performance

I1. Wiergassen NPP (KWW) — RPV Cylindrical Part

AU E
e N Disposal
Area of
steam dryer, Decontamination and
steam-water-sep. melting Total:
contaminated 2ibcutpleces
Thereof:
56 flange pieces
Area of Packing and conditioning 173 wall pieces
fuel into Konrad Containers 23 nozzle pieces
contaminated & (KC) 18 pieces of core shroud
activated supportfing
Complex cutting due to various nozzles.
Adapted grippers with force and form lock.

) 3- 18 Wilergassen NPP *7 & fo & 5§ v%

A 5% =
Wilergassen 1% & fi < RPV [Fl4L30 4 4774 % % & 32 RPV 4384 ehr

BlE e Ko FRAP LATF L0 K0 0 320 #Rendn o ekt B s iR
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B B R B B T I

B. ;}q—:ﬁ = 5\.

» RPV data
Total weight of cylindrical part: 320 tons
Height: 15 m
» Cut segments: 252 pcs.
Packing for final storage (29 KC)

» Applied cutting techniques

» Water Abrasive Suspension Slicing
« Water pressure: 2000 bar
* Material thickness: 137 mm
« Cutting speed: 20 mm/min
» Band saw (for RPV flange)
« Cutting height: 1100 mm
« Flange thickness: 425 mm

Requirement: in-situ cutting on air

@) 3- 19 Wilergassen NPP z_ RPV 47 %

o —k%aﬁj};’%ﬁ#iy}‘7k7%qvarﬁ]“]ﬁlrﬁa‘ﬁ-xfiiv&_{%a@f‘,%?j

Bkl k7 S BB J PTR S G T B E £ BT LA

V

LR e k7 &

o

|3

N

PAEiES I RYE LMK

BEALY A A SRR b0 R 1 ETR I i ol St - [13]

Wuergassen NPP (BWR)
» RPV flange Cutting Technique

Vertical cuts: band saw
* Wall thickness: 450 mm
» Avoidance of aerosols

Horizontal cuts: WASS
* Avoidance of aerosols
» Wall thickness: 140 mm
¢ No jamming

» RPV cylindrical part

Vertical and horizontal cuts: WASS
« Avoidance of aerosols
» Limited clearance to insulation: 200 mm
* No thermal impact to insulation

AREVA NP

B 3- 20 Wiiergassen =+» ] 3 jiv
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krmﬂ
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Melting and recycling

Packing into container

Out of scope

fB] 3- 21 Wuergassen RPV *» % ik 5§

¥k e K% 1 Wiergassen 1% % B0 RPV p R iE 2 28 > &
121 wEhs Ak 2 ~ 200 =245 ¢ REr o FlIn e Pl Eepdokov
AAF P oHTe

5 & %5 320 gk b o470 038 5B T HB TR

~

Bl % Fuenfi vk e B3R 7K (R 0 3R PR g 5t
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-
R

E——
\ WHSSSIISS IS
g B

=]

T P
h {| » Total mass: < 20t
i‘ ‘ » Difference in center of gravity: < 10%

. Correlation of cutting and packlng plan
ducing the b S. AREVA NP

» Covering station

P& forr

» Rail system for up to 5 Konrad containers (KC)

» Cranes for handling of cut pi KC and ing device
» Weighing system for KC
» Shielding plates for KC
» Camera surveillance

Bl 3- 22 Wiiergassen 2. *» & {r e % { vk

4.25. Stade 1 % Fudt'% Kok
. Stade NPP (KKS) - RVI

A #5%

Mobile Crane Bridge

Lower Core
Internals on
Turn Table

Mobile
Auxiliary
bridge

Reactor
Pressure
Vessel

Platform Internals

Project Reference: Stade NPP (PWR)
Pool Layout

Protective Layer Working  Upper Core  storage Cask

Water Pot for
WASS

Mobile Bridge
with Jib Cranes

Water Purification
System

Protective Layer

B 3- 23 Stade NPP Pool i A

. Stade % s RPV 3t 4554 &

\4

TR i BRI
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(Core Stool) - p #fr“,f I P f:,'é_‘%a‘fr",ﬁ:f 7% 85 WEep IR i, T
BT ET kenins ¢ KA "Mosaik" % 4 "Konrad" F £ o

® o g % AR o [13,14]

Upper Conrw Internate
wen:

B 3- 24 (a)Stade Jp < p 3R & ,«La‘q—xf wA (D)5 e Eehpo g E

“Konrad”

B. 47% = &

Water Crosscut Saw

L " <
Cleaning Storage cask Mobile Bridge v
Water Pot
System Tu Table Baskets Jib Cranes

Water Cleaning
Mobile Mobile Crane System
Aux.Bridge Storage Rack Bridge Storage Cask
Storage Rack

B] 3- 25 Stade +% 7 R ﬁqiﬁ—u}f T Srare
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® kTHE R RPV Pt dendin (v 2z Aok TR LR
B ST S K (4 Rl SRR o kT g IT ] R R R R
RS TS LT S

® r i3 AREVA 13457 3R eng K * 1 5 4o bk 20
S IR S I S

Project Reference: Stade NPP (PWR)
On-site Impressions

Crosscut Saw

Interim Storage Rack

i8] 3- 26 On-site performance

® S RETEIFE L n Stade X AL RPV P38 i angig iv 3 v
AREVA #P-1 5 R & T 7 E R0 58 Mk 71005 T end-4
EPER o BRATEEALT BALTEY FPLEE > 38 BFS DT

J}‘é NN P\ = ‘E' [.— ?Fl A, ,';-t;lJ ~ {:71-:7};"/5 E‘f")_l‘ ;‘?KP)\

T1\4

R it s 227 Mosaik 7 B @ %o
MR CRFEY VR FEE SR SR o YA FEIT A AR RE S

£ Z B AE 2 B8 T E4p - [13,14]
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@ EiF L LR TR I F AR AREVA % %1 Z B A5

1 IR AR QNIRRT E %]#“'Ff"m "2 - [13,14]

R 2 A S PR it ARRR fﬁ'fr‘? oo MR B B e E o 1B
- H AR o AL XA Mosaik {r Konrad % ¢ 0 i 3t
Barz st B el o AP A H B REPETREERIF IR 0 FELE

R ez Tali o

4.2.6. Wiiergassen (BWR)4= Stade (PWR):H—',% g 514 3
el bt 6 0 AREVA 33~ 5 496 0 AL IRAT'E (T ch% 2 {riff of
0 £ 12 41[13,14,15] :

rr:L\.

B RRE Al E R %ﬁﬁ%'#&%%ﬁ%@ﬁﬁ@%%iéﬁﬁ

BURIGE T2 & bR TR TG A M S X B 5B ik
IR ASE 3 86 0 5 45K RS Bk i AREVA % %1 ¢ 3
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» Collecting the water-abrasive-kerf mixture

» Deposition of abrasive and kerf material using the
principle of a hydro cyclone

Deposition directly into 2001 drums —
no additional handling necessary.

AREVA NP

@] 3- 27 Wiergassen NPP (BWR) -k % %t

I B ZwB dSb i3 a2 v k7 22 v % feig & 2 5Bk 5t
B 3] {8 e it ’Eﬂﬁﬁﬂﬁ,ﬁ.ﬁﬁ’@— RS 1 AR ﬁﬂgfg,é,j-%g% o

IV. -k 7 7 B PRk 7 et & Bd o i F o K HE kG
WA B B IR T MR A o Fruaf A‘a“%"frgiﬁ,.&r]'m‘ﬁ 4 o

V. P RERER TG 2R RRPEE RER 0 A FEHE
H EHRE o k1T WASS K& frésr 427 A 4 ailicimifp i Rk
hELERPEHHERF S P e RFE A RBE TR AR
gy kT o
|. 5 5B £ = 22 Wiergassen +% 7 B i E 888 £ 404
mSv ~ Fl4#84 137mSv; @ Stade %% R 88H E FRld- 4] & 113

| &= RPV p 3% 89

mSv 11 o B MANIE G B 0 BT 0 U 4F endg 8 A GE A A
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43. SONGS1 ¥ & BB 21 £v% (PWR, 450 MWe)

San Onofre Nuclear Generating Station Unit 1 (SONGS 1) % % B F &
A S RABARY PR AR B2 - o ZIM P R ¥ gL D
8 7R o Reg s 2] fe £ f2 48 40 1 (Metal Disintegration Machining, MDM )

v
-

FE R AR

R

4

P RRehi o g EARY § 4§ 4 2P (SCE) M
EFFHHCRE - [16]
4.3.1. %7 B B0 F 2 RIGR

SCE ( Southern California Edison ) B F5 a7 2] F & B 30 e 2

GRIECESFIEE S ENLEE N 3 N R 2

I3V~ SONGS 1 eh2 %32+4]7 - [16]

M7 SRR X FE
o HlTRH B EHEY AR RE BRI TR
o FHL T CERFARA 0 FLIIHF R 7 & e .
o A frplFEfer & (e BoRrf bty 21 B~ £ Bl 1 B F )
R R B IR AR o
o WEFoulp P EF A IR TR FRAFTE FRERRET >
o TIEITRIGE AL G DL B X 2w oRF MR

ERenf g iEe 50
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® L UERT o FEET FALFOT LKA (WA ok 2
Bt ) AAEFEE 2 EHAER 0 X RERTFIR L A
Ry s Sk B 0 J i P BB AT Ui & B o X REEK

R ST T TN

-

® it T iy TRk P sty FER > TAEERS KA M

40 # % 5 1 iRHL BBARE T D o
432. 2B YR 2 £A

| RVI ek T3

RVI st 2] 3 & @& % 57 koo b7 2B 3 AF R TIREL Y & §
PO A B AR AT E T BB BIM R o B B e 45 [1T]
I #%F EE (Head Removal) @ i& 8 RVI *» &g & 3% L # “,f

Ol E et SRERIN 0 L (s Ak ve TR o

. # % Iokr vk g4 & i s de 8 45 (Control Element Drive Mechanism,

i, B LN IRt G- PRERHE R LN R e it e &
FFBER B REEOMEN  BT k RY &BER 1 BN
Hiis p3RfeE:8 78— 2 3 {or f7

iv. &BEWMAIHES SRR AR BEM R R LRS-
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Vi.

Vil.

viil.

St IR R BRI i

P

)

FE i

) R Rl BT L L B SR

SRR GESE B L R

BT AR - BRI R BT N i TR 1
o R (S ST ARG KR REF R
% 3-1RPV P 3R id 2» 2] {4 £F 1R [17]
Project Element | Results Achieved
Overall Accomplishments
Hours worked in Radiation Control Area 57,094
Lost time accidents or OSHA recordables Zero
Total personnel exposure 22.448 person-rem
Radiation background level in work area maintained at: <2 mrem/hour
Water specification in pools maintained at: <1E-03 pCi/mi
Water restored to pool following completion of seg ion work: 2E-05 pCi/ml
Segmentation Cutting Details
Abrasive Water Jet Cutting
Number of cuts 322
Linear inches of cuts 9,821 inches
Cutting Kerf 0.045
Cutting Time 292 hours
Metal Disintegration Machining
Number of cuts 767
Cutting time 88 hours
Reactor Internals GTCC Removed
Components
Mid Section of Core Barrel
Baffles and Formers
Instrumentation Thimbles
Total Activated Metal Removed 27,000 Ibs
Total Activity of Metal Removed 235,000 Ci
Waste Cans 14
Number of Canisters/ISFSI Modules dedicated to GTCC waste storage 1
Conversion Factors: 100 rem = 1 sieverts (Sv); | Ci = 3.7E+10 Bg: 1 inch = 2.54 cm; 1 1bs = 0.45 kg
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% 03-2 i B ATR[17]

Component Name (.I;:E:‘:fig; (Cﬁ!:i‘;:i“(':i) Ai?ivsi?y .
? ' (Curies, Ci)
Greater Than Class C Waste
Baffle Plates 8.88E+03 1.95E+05 1.16E+05
Core Formers 3.22E+083 7.95E+04 3.82E+04
Center Section of Core Support Barrel (78 inches) | 1.57E+04 3.93E+04 2.33E+04
Lower Core Support Plate 9.00E+01 2.73E+03 1.62E+03
GTCC Totals 3.15E+04 3.34E+05 1.88E+05
LLRW Shipped Intact Within Reactor Vessel
Upper Internals Region 5.69E+04 9.07E+02 5.82E+02
Core Region Internals 8.97E+04 3.81E+04 2.35E+04
Lower Internals Region 2.42E+04 3.44E+03 1.73E+03
LLRW Internals Subtotal 1.71E+05 4.24E+04 2.58E+04
Reactor Vessel Assembly

Reactor Vessel 5.31+E05 1.40E+03 3.63E+02
Reactor Vessel Insulation 1.13E+04 5.20E+00 3.41E+00
Closure Head 1.31E+05 <<1 <<1
Reactor Vessel Assembly Subtotal 6.74E+05 1.41E+03 3.66E+02
Total for Vessel Package 8.44E+05 4.38E+04 2.61E+04
Grand Totals 8.76E+05 3.77E+05 2.14E+05
Grand Totals (S.I. Units) 3.98E+05 kg 1.39E+16 Bq | 7.92E+15 Bq

Conversion Factors: 1 Ci=3.7E+10 Bq; 1 Ibs = 0.45 kg

1. RPV thz § ¢ +» 3
BB RPV PE > L &2 2§ ¢ o 3HF - 152 $5[16]

i. H%CRDM:@ F L7 & #igt X3 iF REFFEY B -
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iii. RPV ¥eni 2@ (RPV 447405 g ¢ £ B 5§ BRI b
PR TRE o ¥ 0 R FH RPV edrr g 2 iF

iv. A5t PV s B 2 R AR R e o BB A ¢
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Vi. RPV e f {eiify e * 2 AR A BRATLEESRPV B &
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® 3- 28 RPV # “,f 2 ¢ #[16]
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4.4. Chooz A % B ®* 3 ¥ (PWR, 310MWe)

Chooz A % & ez vz RA A 3% > #4751 f7d & & = 7 & Nuvia
France & i¥ie {7 » 38 ¢ 45 RPV 2 # p M i 2]~ BRAH 12
MRAgRSES o PR RV R EDF (RRT Y 2 7) giFa- LA

RIEP %P 2010 # EH ¥ 2014 E R A B TR od N H F R

4@‘;
%‘
s
o
).

TR 4T R R 4 B AR # B (18] -

441 3 R 2 4 5
Chooz A % % R 54774 ¢ Mis £ 7 RPV 7 £ ~ RPV 2 H p 304 chi
B il s FORUEEH 7 B RV ALY A MR TR FEER

MR ATE RV R B R o gt eh o Re g5 a0y DLEAL Y A 07 B

K

RNl U OF: S | AR LAIWAEL 2> TR BRI T TR
Bog FEX% s BRPOfFEsfrE e X 2 A gntg » MR FT

@AM 2 i o ] 3-20 B 7 #4477 < Chooz ARPV [18] ¢
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Upper internals (19 ton)

Reactor Vessel, including
thermal insulation (177 ton)

Operational waste stored inside
reactor vessel (16 ton)

Lower internals (27 ton)
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443 475 TR 3 %y 2
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ii. #% 31 L3 CRDM Spffefo- Lk 4% o
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ii.  Control-rod follower o 4 & & ¥ Gl = § FEHEfoiF > ¥+ T
R AR A S o
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444 B ¥ rp LR & XK g

2 BEART PTA A ik (TR A P 4o RCCA d~a ik~ & Kk > %
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NEH R T TRAPFPEETAAT IR RR P EY SRR
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4.5. Koril ¥ T R gt 2§ (PWR, 576MW)
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% R R LR R R R TF B TR AP A &

e & 2 42 o [19,20]
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i Sh Segmentation of each fragmentation

Angle 11.25°

B 3-33 #2>TLW =5 RPV> w3 rp gy

HEF GRS R R LI A £ BB KRR R N Tk
TAE R P T RS MRG0 T IR F S EATE R
PRILE E K FIRRLE e R TSR R R o o
RVI & ¢ H-le i e dpoa b (450 & & 5 VLLW (& MFF e b2 A 3 47 )
LLW (i Fg et g 3 47 ) o ILW (F et g 3 47 ) S fagal > o

B b s e B B LR 5 e

= 5 VLLW/LLW > + 5 ILW
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452 ¥HEH 1T

# AL B3 e 22T gk AR Kori 1 1% RS B

A EETE N A FEF L 0F 5 101G o Kig ik B2 T ALARA R B

BB KLy & g 0T SE

e & * VISIPLAN 3D #4812 ¢ 7 32 F]+ & (build-up correction)
2L+~ $038 (point-kernel method ) & 7 2% 7 ¢ 27 &) vk iy & & B & £
B2 FER T RBRIRE S P U B 2R B R AR A

Mk e 7 2 o [19,20]

» Model Building
» General analysis
» Detailed planning
» Follow up stage

& 3- 35 VISIPLAN :&
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Work Bridge | WorkBridge | - [Manipulator / Robot Arm]

Upper Intemal

Work Bridge|

Workstation

Work Bridge

|Workstation | | Tumtable | |Lowerinternal | | Upperinternal |
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B 3-37 RPV & &= %57 & Bl
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o 1 SSW

=i si I
_ X Group 1 (6EA) Group 2 (4EA) v *
@ ]» Group 1 \ =
= . } Group2 b

[ ‘ } Group3 Kg x T
| } Group4 Outer nozzle

] B W m w N

Group 3 (6EA) Group4 (2EA) Group 5 (8EA)

v iz | wiv (NS

[N

' Ry, 4 — Inner nozzle
W7 | % 3 QEA)

Group 6 &BMI (8EA) Group 7 (2EA)

Bl 3-39 RPV *» & {s iR it & K3 N7 & B
4.6. Maine Yankee ( PWR, 860MWe ) % Connecticut Yankee ( PWR,
560MWe) +% % B 1> 3] K o%
Maine Yankee {- Connecticut Yankee 1% fi'f (R8P d & X BIFR { §
A& e FERPVE AN IR kT L B AR P A RS R R 6

IR S

FAUSEE N R T HRR s T R B e BT ket i [22] -

46.1. > 2 Keg 2 3 X

Maine Yankee 1< % Connecticut Yankee = A 1% 7 By t*r D FF ' @ * 7

4.4

F AL 5N B0 E T Kep 7 2] f 47 23 50

B B A 0 BRSO EpfRM A BT R HU S L

T R R R E VR f i e e B 2N

-rl\

xp %,“;gg%;;? BARIL R R TE 22 ggj s D gtgﬁ,f;ﬁ:;ﬁ% » T A iREARY KB ER

7\ 4 3z % (Cyclone Separator) ~ i i+ i ;% i g % (Back Flushable Filters) ~ 3+
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4.6.3. 474 "B 2 %
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Six (6)
PV Nozzles

Nozzle Plug
/ L/
m | R\ ALARA Shield
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Upper Internals
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Assembly

Top Core Barrel Segments

l |. (i I
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i ‘ﬂ”ll‘ﬂ”: Hl;'%kil'm' | __—Bottom Core Barrel Segments
il e i ol

Upper Support
Plate Flange

Separator Plate

Segmented Portion
of Upper Internals

] 3- 43 Connecticut Yankee RPV 2 H p 3RE % e § 77 & Bl
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4.7.1. RPV % { vt {o3t g #

RPV ¢ 3 & ity (Neutron Shield Tank, NST) # [ » ot 7 #4% i
DL 4 RF AR T AR (TR o B Rl S R 1
F 20 TRTOEMAE R % RPV ERB D (RS Y L F AR

e g TR S T KT O R R e RS e

11\*_4

| ~

R4 25T » 10 2 52 B Ko 542 3] o [24-27]

| (plasma arc torch by hand)

- !{f! w“ BR3 ‘
Separation from the bottom of the refueling pool —/\ Z’ } RPV Removal

Removal of the asbestos situated around the primary 4

pipes near RPV

(using adapted extended tools)
T + De-couple RPV from

primary loop
Separation of the RPY from the hot and the cold legs . 2 n 5
near the RPY o Lift RPV into re‘fue”]ng
(using the automatic milling cutter from the inside) pon d

¢ Re-instate pond integrity
o Cutting of RPV

| Separation of the RPY from the NST
(using pneumatic unbolting with extended rod)
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* #% RPV 'if ez i 1 RPV ¥ Flinz i Bt g - d SCK- CEN
EEARABERERE T RAET P SRR
. ABRPVERELE
. & 3t RPV e ¢ fei4 ¥ (Hot and Cold Legs) -
o FiYiRL B - (Bioshield) *H 385 Ss» 3] D g * p b2 B 3
F OB iy R
e RPV pR# 2] @ 4% $Falanp #4082 B (Automatic
Milling Cutter ) #F % *» 2] g g p 38> 324 8 SR -7 &2 /T 254
T BEE 110 Bk ey B Y HEiT o
e = EHEH LT RPV Hedlir FALFEHL S EF

- X

N
Blaig

| o

\ \

¥

i. RPV £ NST 2 3 :RPV 4 NST & Fl>- 3 £ % § kLT 24

o

Bt F 2B kE 4 vt L 7 = 2

267



9“"“— BR3 Q
RPV Dismantling

Cylindrical shell: Cut into 9 rings using horizontal
milling cutter (tangential steps).

Flange: Cut with Band Saw

Rings: Cut with Band Saw into segments
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B 3- 45 RPV 4 i1 & B
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Cut ring -
Milling cutter

Figure 3. The spherical shape of the RPY bottom required additional clamping devices Figure 5. Dismantling activities during the horizontal cutting.
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O MASMARL FREEHIORREINE BB S 68 22 o

Figure 6. One piece of the RPV flange put into a 400 [ drum for disposal as low level waste.
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® FEFAARIRBWFE HEHS LERPAGEEFFE
*iﬁﬁ%”%&ﬁ%;

O BIEBRIF I HWIXFBAYG PEADHE B RINE (F
R R R) LRI A F AR

® MEDOC £ £33 & ¥ § {55407 hah 7012 (bl4rd- g &
feig#€) > f1* MEDOC i #t¥ chikit Frf 0502 gl > 2% £33

1 o & pl=

4.8 Rancho Seco % T B 'p#*r 3R ¥ (PWR, 913 MWe)
Rancho Seco +% 7 Fx RPV *» &4k * F7 oKep 527 B TF X > d 20 L R
£% 1% X o S.A. Robotics & P A4LE Y f FRFIrHE BT A 4l
k7 B 0 ViR ARRE (TR R ALARAS SV E B RS E R

BALF fok T 7 o [29]
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4.8.1. 7 {0 QP10 F &R

WMG = # %t *7 3% Rancho Seco i# it % ~ FH T 2 FA2 7%
P HE%EIRE RPV 2 p 3Rtz fget3a s > 2 ¥ iLEit A4
(normalized activation analysis)#c#; > RPV % #5443 2 {5 544314 & B % (%
3-3) HH-HF ¥ {5 RPV > 2] ALARA {55+ §& ~ i 4+ #1015 % o
[26]

# 3-3RPV i 533144 4 2% 5% (a)Reactor Vessel Wall (b)Reactor Vessel

Cladding (Scaling Factor # &>/~ 3 %> d F @ 7 ki 7.02E-04 ; 1.9 E-

01 1.00 40 ; 4.33E-03 ; 5.34E-01 ; 7.79E-06 ; 1.50E-06)

(a) Reactor Vessel Wall Characterization Results

Component: Reactor Vessel Wall
Component Weight (Ib)° 6.68E+5
Total Activity Curies 3.38E+01
Cobalt Activity Curies 1.04E+01
Part 61 Table A/B Fraction <0.01
Part 61 Table 2 A Fraction <0.01
Nuclide Curies/g Estimated Curies Scaling Factor
Cc14 3.48E-11 1.05E-02 1.01E-03
Fe 55 6.80E-08 2.06E+01 1.97E+00
Co-60 3.45E-08 1.04E+01 1.00E+00
Ni 59 6.87E-11 2.08E-02 1.99E-03
Ni 63 9.00E-09 2.72E+00 2.61E-05
Nb 94 8.18E-13 2.48E-04 2.37E-05
Tc 99 2.08E-12 6.30E-04 6.03E-05
Totals 1.12E-07 3.38E+01
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(b) Reactor Vessel Wall Characterization Results

Component: Vessel Cladding
Component Weight (pound?) 1.10+04
Total Activity Curies 1.57+01
Cobalt Activity Curies 9.09E+00
Part 61 Table A/B Fraction 0.01
Part 61 Table 2 A Fraction 0.25
Nuclide Curies/g Estimated Curies Scaling Factor
C14 1.27E-09 6.34E-03 1.01E-03
Fe 55 3.53E-07 1.77E+00 1.97E+00
Co-60 1.81E-06 9.09E+00 1.00E+00
Ni 59 7.84E-09 3.93E-02 1.99E-03
Ni 63 9.66E-07 4.84E+00 2.61E-05
Nb 94 1.41E-11 7.08E-05 2.37E-05
Tc 99 2.71E-12 1.36E-05 6.03E-05
Totals 3.14E-06 1.57E+01

57 B ORI L& A ALARA S S SHEE B ] 7 B R feie
N R L L SR EE Y TS R Sy BN

BoAeE o hdn o A B KPR 0 R R R R I B R

R R > 32408 o kof S o 2 B M f 550 X AR BT R B o R
o B LA KB B R BIRE B e T

BEE T o BEY i) FEARPV Y L he i d B S

#AF (Manipulator ) == » {8 BFFe i T 45#) 22 -KR & g B-R 7 22 25 o
[29,30]
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(a) Waterjet Manipulator (b) Axis Directions (C)

fossiomy

sl T = [t
~— A s |
)i N
wanai”’} ! P i 1;:-\
== &%
\ [ i} Y ! 1
Sl N0
,

e

B 3- 48RPV *» 13k & 7 &, Bl (Q)F B ko 57 248 AF (D)(C) 1% F & b

g7

482 A B LK% 2 25
FIRPV FE oM F4p% > A7 2+ 5 Mm% - £ % RPV
—k;wj"_—;'.'],;\; 21 T % B (g.‘z:t\ 3-4 ‘fr'%] 3-49 '—""i’ﬁ‘.)a E‘Lgl?jé']“'é:ﬁ% d ta T

BITRA i

=

IR
Jui

o RS R B B A e s 2 YA

FHZ BT LR EERMLE - B AT A - [29]

% 3- 4 RPV & % £ 4 12 #cd; (1 pound(lb) = 0.454 Kilogram(kg)/1 ft* = 2.83E
(-2) m®)

Section Number qf Section Weight| Density Volume | Total Wei_ght (Ibs)
Segmented Pieces (Ibs)® (@ 500 Ibs/ft’)° As Shipped
Flange 3 25000 Ibs 50 ft’ 75000 Ibs
Cold Leg Nozzle 4 33400 Ibs 66.8 ft* 133600 Ibs
Hot Leg Nozzle 2 33400 Ibs 66.8 ft’ 66800 Ibs
Core Flood Nozzles 2 13500 Ibs 27 ft* 27000 Ibs
Beltline 6 34500 Ibs 69 ft’ 207000 Ibs
Hemi Head Lower Bowl 3 35000 Ibs 70 ft* 105000 Ibs
Hemi Head Center Bowl 1 10000 Ibs 20 ft* 10000 Ibs
Totals 21 624400 Ibs
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(3) Aange Sections

(6) Hot & Cold Leg
Nozzle Sections

(2) Core Flood Nozzle
Sections

(6) Beltline Sections

(3) Hemi Head Lower Bowl
Sections

(1) Hemi Head Lower
Bowl Section

Bl 3- 49 RPV 4 3+ 4]7 2 B

2 (B 3-50 (a))

BRI A R AR N R TR B 3 X R B
B PR E F 250 mrem/hr > b FEE 4w 5 45 mrem/hr 22 % 10
mrem/hr o

% Ry 7 (W] 3-50 (b))

FARERLE T erd oE A o XM H BT M5 60%8) o FLiT & 0
PR BB PR F 250 mrem/hr bR 5 A w6 & 100 mrem/hr

2 25 mrem/hr o
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V.

VI.

Fouii-keg s (B 3-50 (c))

i@ * LR -E T 258, 0 BB & E F 300 mrem/hr o vk
% & &£ F % 110 mrem/hr 22 10 mrem/hr -

%K% (W 3-50 (d))

F_*

TR AT il @Y IRASE 0 2 B E 6 F A 60587 > b § 7Y

A& & 2,500 mrem/hrs pooob & 4 w5 5 1,500 mrem/hr ¥2 40 mrem/hr

TARAFTER F (W 3-50 ()

= & 120°0 F AT AICPN GG BB &P HE 5 500 mrem/hr > pot
A E F A WX 5 120 mrem/hr £ 15 mrem/hr o

TERAFEY <~ (B 3-50 (e)

BT 2 oo BB EFAE S 300 mrem/hr o b £ oG &R G 110

-
&
fim
-
\4
P
=
|

mrem/hr ¥2 10 mrem/hr > L z% 257830 T 447 | Ao

i+ _%‘%’{E'—ﬁfi = o
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(b) (c)

s

~sg 1506 __||©© 2 : 187 7/8"—

R93 15/16"—>

99 3/16"

Bl 3-50 & ®es7 2=+ (a)iz fF (D)4 #zprp e (C)Fr i kel (d)#

M (6)T XA 7E FwE (1"(inch) =2.54 cm, 1' (foot) = 0.3 m)

G RATA 0 R RIS S0 b e LR RS $ B Ik 3 (PBS)

B FAIRATHE G B RPN FRIE o RIS A0 RE

LA SR 54 LSAIl g £

3 A2 B o [29]

4.83. % )15 RPV % H.2 ik 3 3 A2

X
TR

SRR R kR ) RlRRE 0 Z % % Polyelectrolyte(% fig)4c i#

MUK o ROk G BIRE R Cs-137 BERML FAIL - FUAILAA 4oF 3-
51(a) - Ak 44987 I0SB B % » & Ay

o o RPV kv iz 2 B 45
BT B EHRENERPET > PIVELRRE  mIEERHE

Z 3> 200 mrem/hr & 5F gAY 10 mrem/hr o

lﬁ"kﬁ%ﬁf’ Wi & > oo #
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RPV 2] 3 B A 4 AR £ 5 9 0 o [29]

(a)

Polyelectrolyte Addition
i Weir Settling Tank

il

Reactor
Vessel

Waste Collection
Tank

ischarge

Monitor Tank
10,000 gal.

Pump

Discharge Tank Pump

Filter
Demineralizer

W 3-51 ()& #1535 p 5 (b) 2ok ” B L3 g (c) P

Ga BRI T (FIHBEFRE ) kTl pph P FER -

4.9. Oskarshamn ¥ T B 1 5.4 ~ 2 548 3 X ¢ (BWR, 1450 MWe)
Oskarshamn +% & fx RPV *» 2|2 d & B 2 @i (7 > *» 3|1 B 27 4 Zorita
I% W #E] Vi ,%'7"'1'? {g‘r'*?ilj ‘\Agg_f‘]‘ ) 'F' = 17;1;1]_1_5’_ é#é%%‘ﬁﬁ‘lﬁjﬁgﬁ )

BB RPV 7 G425 %tk e 67 o [31]
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4.9.1%7 H B R0 F 2RI

TEUFDEE S HEEEB LT H IR LA R TR R e
d ST RPV N 360 i g fe 4 2 Hanbis & 0 BOEARY R Y 5 a3 5
Hoe RPVE* SR HEF -2 H5 g LEF A2 RE PN LR
B A RS FILRY 0 XY R TRRRE  EE ALARA 2 R

% >t e [31]

Q.

bt RPV R 0 it 4 RN R G RE RN
P AR Ao R b A X EERT KA L L B AL
%x%#%m?ﬁ‘%ﬁ&%(iiiﬁ‘*%#%ﬁ*%)’E%F@ﬁ

PR BLEAR T D e g > B EHRE B R % - [31]

49248 B LK. 2 2 5

Oskarshamn = RPV i * ¥ & BWR 3R % % e -7 22 % > ] 3-
52 /& 7= Oskarshamn RPV p 3R i cnffq# b > 2 2B R & B 5 77 3%
E RS P AT AR E S Bk HaE s e RACEF R G RIE

FHhodoT 1[32]
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B AREDET FRRT B LTI RIFEL 20F o B HERE
ER N AP RE TG L S R R R REFH - P Bl
FEF A AISIZ04 A 2 > @ * F BRI ST B S B L
FPERFRBAEFICRFEE L A8 Btb it 48 MUHET 1)
Pos plE E iz oo
1 475 o 428

Yoot (W 3-B3 ()it S B RE® - v FENBR 5 150 F f
1 BFA(Bergrum for Avfall) it 54 @ o i@ * P 8 {od 428 (72 3] > R
FAERL TR B S B o
IV. # % TR G Rl

Ygou RIFE4oB® 3-53(F) ~ (9)#77 > A ¥ £ BfEH A b gty
s KA P AR R S TR R L S R
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V. 5 ekef e
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Steam Dryer
2 pcs
‘Weight: 33-48 ton

Core Shroud Cover
4 pcs
Weight: 20-33 ton

Core Spray Piping
3 pes
Weight: 9 ton

(d)

\S

o 0
DL

| ——t e et
Y e

«

Steam Separators
38 pcs
Weight: 1.1 ton

Core Support Grid
6 pcs
Weight: 4.5 ton

Core Shroud
2 pes,
Weight: 24 ton

] 3-53 A £ PRPV P #8412

(a) 7t

Core Shroud
2 pes,

(h) \
| \ \

Core Spray Riser Pipes
Test Specimen Channels

Weight: 24 ton

Weight: 0.6 ton

N

ok E (b))t

SELEE O

THEERADFF A BT @F= 1 O 1FE @t M)kt

#% 'z

RS SR T3 I
s RPV iz 4

SE )

7z RPV p 3K,

vty ¢

A

L e

B
T

KB FTR c BREFMRPV AL 98 28 1

z

T
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RPV hfh i o Li¢ % i B 7 )4

GURERE O RERRH-EHLEEE LR

SRS RIERKE L &

RERE R T T L - BEE AR “,45 o [31]




Bl 3-54RPV BBifiaas ok 7o L f 5D R iR R E -

4935 AILAL A

#ﬁ‘“,%fﬁﬁi‘ﬂ F’J"’_%fg-, SRS F/'f‘—"%ﬁ-‘;’ Q*ﬁ.)}ﬁpai}%;}%g v

R S T e e

23 L% 35

[31]

% 3-5 witiiE R H

A ERY A AR U F BRFASRIE 7 &y

Activity Category 01 02 03
Bg/kg
- Weight, tonne 106 386 265
Total activity, Bq | 1.3E+11 1.4E+11 1.2E+11
10°-10° Weight, tonne
Total activity, Bq
500-10* Weight, tonne 318 1,159 2,916
Total activity, Bq
<500 Weight, tonne
Total activity, Bq
Total Weight, tonne 424 1,545 3,182
Total activity, Bq | 1.3E+11 1.4E+11 1.2E+11
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4.10.José Cabrera Plant f =xv¥ (PWR, 160 MWe)

Y

José Cabrera 1% % fi A - B3 ad 517 cBR-KE Blp o %3 £

160 MWe > »* 1968 & % 2006 # Fi& {7 - H ¥ ffz’i e 3 RVI 7 28 g

RS

-n\q.

P o F RPN IS E PR B TR LT R L

T ARG EAR A R DT o [33]

4.10.1. *» 39 RL|I0F 2 p)

. o8RG et gRA F B bn R~ IRB L Faf ek T AR
Fr g2 L83 B Ak 3 R R R B R

., 25 BHE @ 73 F By fger * g yils 2 Ferndg ka3 gt
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FEB L ENES - [33]
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Bor o5 e s 0 GlAeH B R AR SR R Y AT R R A

285



T

el ieer B B IR S et it PR B R e ) 5N o FERE R
CEET B UG DRSS WEE RF S AR HERY W o
i Es A 7 E P BRI FUEIT g o g b o B[Rk T L SRS A T
BFRR B IR 2 > MR AT RETREL Y 1 TR 0 R R B R
BE2EREPBRR P RIZRE T LR R FREiE e 2] 0% [33]:

I. FMpMpid

e EULFREE B RS S N e A S

T Ay B ¥ T B A S E T Y 3 Rl R

Bagra By BRSO EAE R g S48 o

L

o ¢ N s ;’ﬁ%“%*?%u] ° *73..]

LA

B
1
-

LE R A o

—~

P

|t

H-

G

Al A PEE- B3 K P g 9001 (7 3600 sk T r A 0 2

286



RPN L L 20 FEL DR LN B

TR N EHA AR HE A A LR AR H

(Fanit s 2] > FRifTy SRR R L ER A e e KR R




4103. B AR
| A¥ggre ¥

1Ry 58 B o B B A P A S LILW Ao HLW o LILW @ %7 )
ALY WPEE R E Y LS 0 DR S D g odf S P e HLW

R TR LI A d EEE TR SRR

(MPC)» £ #% 14 F 8 (7 {8 F gD o Aok ™ #2572 232 (7 of 510 47

(%
|
F
A
[t
EIN
?"ﬁ
\_
.

Jens B B g 548 2 M o FE AR R P chA A AR 8

1 3-58 £ AR 4470l 0o T R R (A=ZLLILW e

288



1. 1 & &35 ;‘i-il’-’;

o BEARY o TG R 1 R IE T WP 0 )0 B RK RR R

KTHBEEEF 26 T R FRB AT o T BA B AN

AL F R PR KT R A A R A o B H AT

FHRAEL B LB TR LEAKR T - [33]
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2.94m
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@1.71m

B 3-59 mAdpE

4.11.Barseback % & )&'ﬁ: w1 (BWR, 615 MWe)

Barseback ¥ & B =3P 3B > & 73 iR AR E R BRI e &
A et 8 5 615 MWe - Barseback 1 >+ 1999 # A# B¢ » Barseback 2 %
2005 # i23F o A=t*r L35 f2T £ d Westinghouse -k & » 4-¥+73 At e i7
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Shearing tool

Structure
support for
Core grid

1 3-62 = Hl% o e %

V. s pldE
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Bl 3- 63 *» &g~ Rl
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VI. & & it
¢ 3540k & fie B ((Feed Water Sparger ) ~ #4238 ig (Fuel Channel ) ~
BlsE e A i (Test Specimen Channel ) ~ ¢ =+ W #& % ¥ ¢ (Neutron

Detector Guide Tube ) % » 35 * if § ¢ + cnFlF 428 F 422 74 3 o

® UK CHEHRS

i

FERREED B RAEEH I EE ST FA R
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Fher 2 7 ¥ o k™R ﬁ’{,b#'l?'%’k]’il e (T }ll?;]%Pm‘t it A ﬁ;j:;t
AT T E R o WA E P SRR a1 Rk

FAwrEERE R 4]? » FE %1 E mﬁ T 3 E (7 o [34]

4113, B3R $F TR

i Barseback 1% L A R 4 ¢ KL e o2 B 1S ehle B 5 dg 5ok
TEBLFREENZRE (FH 55432 7523 F) AFLE Y g
BY o RBERYABEFARY CRFEIF RBE-RTAEAFFE 0 K
HA 3 TRERE AT o 7 BIEALA 2 0 O5% 7 i R * HORGES R o AR
S%RI r1 kT b E R T 0 M LK F LR R BRFREE
I Ak goBE3IDEHRE B KR AP F BERE
A0 BRCI B AHEE R ATEF T o BB 2D 2176 2

B R B ERE 1500k 0 AABR T D & penitEi 4 o [34]
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