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Commercial in confidence

Welcome to
Hitachi-GE Nuclear Energy, Ltd.

Overview of Hitachi &
Hitachi-GE Nuclear Energy, Ltd.

November 26, 2008

Overview of Hitachi Group HITACHI | €3

Founded in 1910 in Ibaraki, Japan

Net Sales: 11,227 Billion Yen

(US $112,267 Million)
Total Assets: 10,531 Billion Yen

(US $105,308 Million) rounder Namihei Odaira
Total Employees: 389,752

Number of Subsidiaries: 911 (419 Japan/452 Overseas)

Ly

Ersuhiko Shovama Kazuo Furukawa

Original Repair Shup = .
Tharaki 1910 s v

Chairmen of the Boord FPresident and

and Director  Chief Executive Officer (US$1=100yen, As of March 31, 2008)




Hitachi Group Sales Ratio in FY2007 [aliatll B

Information & Telecom Systems  Electronic Devices Power and Industrial Systems

Financial Services

Logistics, Services & Others

‘\-:n. 4 h

Highly Functlunal
Materials & Components

Business Groups
Power Systems

Board of Directors Akira MARU

Chairman of the Board President and CEO, Power Systems
Vice President, Hitachi, Ltd.
[ =

President
I

Senior Executive
Committee

Graup Cumpames .
—— Hitachi-GE Nuclear Enargy, Ltd [HGNE} ;;au?j
Hltanﬁ’iﬁ. : tru’ on
—t-umﬁrﬁeﬁh@mﬂ; _
-———{ Hitachi High-Tart:hnﬁr jies Ce
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Commercial in confidence

Overview of

Hitachi-GE Nuclear Energy, Ltd.

HITACHI
Inspire the Next

»Hitachi and GE have collaborated in nuclear
businesses for more than 50 years.

»Hitachi/GE started the first alliance for
comprehensive BWR technology in 1967,
and have contributed to the evolution of
BWR technology. . -

Joint Press Conference in New York City (July 9, 2007)

»"GE-Hitachi Nuclear Energy LLC (GEH)" in US and
“Hitachi-GE Nuclear Energy, Ltd (HGNE)" in Japan
were established in June-July 2007.

»GEH and HGNE consoclidate synergy effect and offer high-quality and consistent
business of nuclear systems from R&D, design, manufacturing, construction to
operation and maintenance in nuclear business fields worldwide.




Major Facilities and Product Lines HITACHI | B

Hitachi-GE Nuclear Energy, Ltd.
Registered Office Tokyo HOQ

Power & Indusirial Systems Hitachi Reseaich Mechamical Engmssnng
RAD Laboralory Laneratary Resaarch Laboraiory

Hitachi Works Akihabara Caibiru Hitachi, Ltd.

Reacior intemals Raactor Pressure Vessel Reacher namal Pumg

1950 usiness

BWR technologiy~licensed by General Electric

1967

First “made in Japan™NPP completed by Hitachi

1974 Shimane #1

Flrst ABWR{Advanced BW
Kashiwazaki - Kariwa #6/7 (

tarted operation

1996 / 97

Flrst ABWR cumpleted by Hitac i
Shika #2 (Full EPC Scope axcepf cfvﬂj

Hitachi-GE Nuclear Energy Ltd. (F

2006

2007

BWR: Boiling Water Reactor
ABWR: Advanced BWR




Nuclear Plant — Uninterrupted Construction
Experience (1/2)

Domestic Preduction FM ;"ﬁ;{;ﬁ;ﬁ gﬂm // Advanced BWR phase
Congtruction Star MW
(MWe) Cons n Start OHMA - 1°
“% @ 30 years of continuous experience | swa:: =)
® Achieved almost 20,000MWe of SHIKA - 2 sl
total power HAMAOKA - 5
ook ® 2 ABWR under construction '
o
L
=
E 10,000 o=
* COOPERATION
CONSTRUCTION
5,000 =
SHIMANE - 1
FUKUSHIMA | -1 [ FURUSHIMA 1 -4
TSURUGA-TN =] e
n } - I- I 2 L =
1870 1875 1985 18565 2005 2010

48 M o Gmtite

Nuclear Plant — Uninterrupted Construction
Experience (2/2)

@Hokuriku Eleclric Power CO. @ Tokyo Electric Power CO,

Shika NPS Kashiwazaki-Kariwa NPS (32 BWRs /23 PWRs )

-

Onagawa NPS

R, N -

@ Chugoku Electric Power CO,
Shimane NPS

@Japan Atomic Power CO-
Tsuruga P35

@Tokyo Electric Power CO.
Fukushima Daiichi NPS

@Japan Atomic Power CQ. @Tokyo Electric Power CO,
Tokal Dainl PS Fukushima Daini NPS

HITACHI | 3

® 55 Light Water Reactors are operated in Japan.

® Hitachi are engaged in 20 plants (more than the
half of 32 BWRs) construction and maintenance.

. @Tohoku Electric Power CO.

-,




Latest Construction Status in Japan HITACHI | B

. . RCCV Upper Drywell Module (650 ton)
Shika Unit-2 — :

- Owner: Hokuriku EPCO

- Output: 1358 MW

- Plant Supplier(except for civil): Hitachi
- First Concrete: Sep, 2001

- C/O: Mar, 2006

Nuclear Technology




Detail Design & Manufacturing
- Reactor Pressure Vessel and Internals -

worldwide market.

Design Pressure: 8.6MPa
Weight: 910 ton

=3 Steam Dryer
Steam Separator

Control
Rod

: i Spool
- Height: Poos
|l 21m Piece
RPV
Motor
Unit
Upper Part Lower Part

Control Rm;l Drive
Mechanism

Core Shrnud

Detail Design & Manufacturing
- Turbine and Generator -

HGNE supported by Hitachi Ltd. and its subsidiaries, supplies major
equipment for nuclear power station, such as steam turbines, generators,
main control room and instrument & control components, by our own
technology.

Nuclear Turbine Low Pressure Turbme Rotnr

Last stage blades
52" =1.32m

- Total number of units :
21 (nuclear), 1736 (all steam turbmes}

- Total generating capacity : 11DGW (all steam turbines)
- Maximum single unit capacity : 1380 MW

G0, Hitachi-GE Nuclear Energy, Lid



Detail Design & Manufacturing HITACH | @
- Turbine and Generator -

Generator
i IRETE T

]

Tetra-lock type
stator coil end

support

Stator bars

Stator frame
/ >
~
gyl = -
- More than 1,000 generators :
- Maximum generator capacity : 1570 MVA LR '
T ¥ - Stator core
a

Retaining ring IS Terminal box

Detail Design & Manufacturing
- Main Control Room and 1&C System-

ABWR NUCAMM(1-90e

{ « Main control console — 7.8m
Wide display panel — 12m

» Automated sequences with user
interface via touch screen

» New digital technology utilization
+ Hitachi platform for Distributed
Control System: G-HIACS

Safety Related MNon Safety Major Control .
System Related System Systemn l:% [ 13 RY OXPOFISITo

Digitalization Digitalization Digitalization

Since 1997 Since late 1980s Since early
 Qualific:




Plant Engineering & Construction
- Hitachi Plant Integrated CAE System - FeH ‘ @

HGNE Plant Integrated CAE System provides optimized design,
visualization, and information management throughout the plant life

— Basic Design | Detail Design |

| Maintenance

Construction -Engineering and Management - [allla\®gl ‘ @

Modularization with Large Open-top & Farallel Construction
Crawler Crane smuu [ -  swa3 =
L : .r]r I.llr- 2 W T —— .
'il'- '....' I ""-: “'L-'-"r o ¢ T u-q.-.f.u gy B b L lr-iru-\.ll
Sinp 4 X — 540 § '='- T Swoé T 11 Start
= : "
- -'J:ETW::J
Qﬁ& BT A
..I- ) .-.iuln."v'.--.ﬂhul 'I'-‘""I"-I‘-"‘:i = . I_i- L .
Work ———0 Construction Suppurt System
— . : Delailed Conslruction Schedula -1
]|=1;| : _—_ & =" a-mmmsnm
|l A :
5 i Sl B =
::mﬂ R e : 3 Wbk Schedula d

T
Schadula llnlt&d.h. ;.- = Schedula
to the sequence | ::[ . Databasa

Yights Reserved. Copyright © 2007-2008, Hitachi-G



Construction - Modularization technology - HITACHI | @

What is Modularization?
® Plant Construction Technigues

B Pre-assembled Components
m VHL (Very Heavy Lift) at Site

What are the Advantages of Module?

Remove Activities on Critical Path
Shorten Activity Duration _
Reduce and Level-off Site labor| ..,
Reduce Construction Cost <
Improve Safety and Quality

YV VY VY

- To achieve efficient plant operation,
HGNE is supporting customers in
various maintenance activities.

- Those activities include replacement
of major equipment

Replacement of In-Core

Replacement of Shroud Monitor Housing




Maintenance - inspection - HITACHI | &3

Various types of Remotely -Ins ion T .
Operated Vehicle pection Technology is a

key to realize efficient
maintenance

HITACHI | 3

Overseas Nuclear Business
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Europe

Reactor Core Internals for Leibstabt NPS ('80) |

 China |

Tu rhin-.'ﬁ-m-?ar. Condenser, Heaters, ete.
for Qigghan -4 {'03)

Mexico
Main Steam Line Plug for Lagna Verde-1/2 ('80)
Pump motors for Lagna Verde-1/2 ["80)

[:| Delivered

Pakistan - —
Turbine/Generator for _Korea \VM—; m gn“:ru ti
Karachi NPS ('72) Generator Replacoment foriBTHPS 12— ! onstruction
srator Riplacement fap Korl NPS 2,384
_India |
Fuel Channel for
Tarapur Tape
Equalizing Libe K e
Tarapur Taps o ﬂalll : s‘r |I
! &' Pump motors for Point Lepy {"70s)

Reactor Pressure Vessel for Hope Creek 1 ('T4)

IHS] for Limerick-1 ["84)

PLR/RHR Plping for Vermont Yankea ['84)

RHR Piping for Peach Bottom-3 ('84)

PLE & RHR Replaced Piping for Vermont Yankea NPS ["85)
PLR & RHR Replaced Piping for Peach Bottom 3 ("85)
RWCU Penetration for Peach Bottom-3 ("85)

RHR Piping for Limerick-2 {'85)

Safle End for Core Spray for Vermont Yankee ('85)
Safe End for Core Spray for Monticello ("85)

RWCU Piping for Head Spray for Peach Bottom-3 ('87)
Fugl Channel Box for Pilgrim-1 ('91)

Fuel Channal Box ('05)

| Taiwan Island |

Primary Containment Vessel for ChinShan 1&2 ("73)
Spenl Fuel Storage Racks for ChinShan 142 ['74)
Spent Fuel Storage Racks for Huosheng 182 ("79, "B0)
FCV Cable Penetration for Chinshan-112 ('7T)

Work Machine for RFV Pedestal for Kousheng-1/2 ['77)
PCV Cable Penetration for Chinshan-1/2 ('TT)

IHS1 for Chinshan-1/2 ['82)

Key Reactor Components for Lungmen NPS
Radicactive Waste Treatment System for Lungman NPS
Water Treatment System for Lungmen NPS

hE B MR T

TOOMWEE 1500rpm .
- TC4F —Ez-ﬁml_ SeESTRMME

igar Engrgy, Lid

24



| i
— HITACHI HITACHI

] 30 TIG Radioactive Makeup
Waste Water
HGNE Treatment  Treatment
T Facility System
i
RPV m =
RIN ' 3 Y
FMCRD"
("Unit ¥2) s | SN S|
Notes: Reactor Pressure Vessel (RPV)
TPC: Taiwan Power Company Transported to Storage House

Latest ABWR Deployment Strategy  JELr-Xez I 5)

Certified Design + Constructability

ABWR
Incorporate Japan experience and
construction techniguas into U.S. ABWR

Japan ABWR

-

U.S. ABWR

{(Hamaoka 5; Shika 2; Shimane 3)

- Minor changes (e.q., remove H2
Recombiners; Aircraft impact
assessment; Bypass capacity)

Lungmen 1&2 ABWR

- Construction planning
- Modularization & Advanced
Construction Technology

- G0Hz 52" LSB STG

g Kashiwazaki 6&7 ABWR

- Tier 1&2 DCD Departures
- Design detailing & implementatio

Certified ABWR

(DCD 1997)

- Severe Accidents

- US Codes & Standards
' -EPRI URD Requirements t
, .. “NRC Reguations Japan Construction
Design & Licensing Basis Experience




B
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HITACHI |

Field Experiences of SCC

in Japanese BWRs Core Internals

Structure of BWR

— core shroud
~— fuel assembly )

core plate

SRVl jet pump
"W  reactor internal””
pump

— CRD -

RPV. reactor pressure vess
CRD: control rod drive



What’s SCC? _

I S S e I Se e e S HITACH @

SCC is caused by simultaneous action of tensile stress
and corrosive environment to SCC susceptible material.

- General corrosion resistant materials such as stainless steels
and Ni-base alloys tend to be SCC susceptible.
Susceptibility accelerated by welding,
cold work, etc.
- Tensile residual stress is generated
by welding.
* Primary reactor water becomes
corrosive eﬁronment.

Material
susceptibility

* Thermal sensitization
* Cold work
» Radiation

Corrosive
Environment

* Primary reactor
water

The major degradation phenomenon| r...iie stress
of stainless steels and Ni-base
alloys in LWRs

* Welding residual
stress

Typical contributing factors of SCC in LWRs

SCC of low carbon SS 2

HITACHI | £

SCC of low carbon SS became apparent (2001-)
« SCC of SUS316L(NG) and 304L core shroud (2001-)

Features

* IGSCC without grain boundary sensitization

« TGSCC partly observed at the surface

« Radial (or spider net) shape cracking (core shroud)

Factors

« SCC initiation is accelerated by surface cold work layer due to
machining/grinding and surface residual stress due to grinding.

« SCC propagation is strongly influenced by welding residual stress.

Many BWRs stopped for inspection, evaluation and repair

Sever influence on energy supply

IGSCC: Intergranular SCC
TGSCC: Transgranular SCC



Core Shroud Cracking (1) 3

HITACHI | £

Location of cracking of ///_u*;er fing

316L(NG)/304L core shroud [

| upper shell
H1 -

* Middle shell welds middle ring
Radial cracks of H3 and H4 welds H2 //__

* Ring welds Hs 7 T
Circumferential cracks of almost full miede s
length of H2, H6a and H7a welds /

H4 —T1

» Other than the primary welds o il

Radial cracks in the region far from e //

the fusion line (one plant)

HBb 4 | lower shell
Cracks of filet welds (T/G base, SHB bracket) o
— support ring
~
—— shroud support
T/G: top guide
SHB: shroud head balt *! Some plants have no support ring and H7b weld ~ Welds with red letters: cracks found
- <)
Core Shroud Cracking (2)

HITACHI | 3

Summary of core shroud cracking

» Both for Type 304L and Type 316L(NG) in various
types of shroud cracking were observed in Japanese
BWRs.

- Circumferential cracking almost full length of ring

- Circumferential cracks

- Radial Cracks

Based on prass rejeases from ulilfies



Core Shroud Cracking (3) :

I S T == - HITACHI @

Characteristics of SCC of 316L(NG)/304L core shroud

* In many cases, transgranular cracking initiated at
surface cold worked layer and propagated as

intergranular cracking

* Radial (or spider net) cracks of the shell welds
and circumferential intermittent cracks of the ring

welds

» Cracking far away from the shell welds of a hard

grinding applied core shroud.

Core Shroud Cracking (4) L
: HITACHI | §B
E s !
E q Ir HTAIm
E 10 Axtal lf farantial | H7a
Héa weld OD ‘} 8-—-1 E S| /
Tooga=] k! =

- —gi i Hﬁa‘weld oD

H-4 HBa weld (I1BLING))

Circumferential cracks of the ring weld
« slightly inclined, intermittent cracks

- - -'.l.'lﬂI...'-
305 200 400 800
Stress (MPa)

S

4% mm

K-3 HTa weld (J16L{NG))

From Home Page of NIEA



Core Shroud Cracking (5) |B®
I T e T & = - HITACH!

Cracking of the shell weld
» Initiation by transgranular (TG) cracking
* Propagation by intergranular (1G) cracking
« Cold worked layer at the surface

* No grain boundary sensitization

From Horme Page of NISA

Core Shroud Cracking (6) :

HITACHI | §3

20

Distance from fusion line (mm)

o
200 0 200 400 S
Stress (MPa)

(32) |

p——

______________ _l._._.___.___._._._.__::_ i _.-;"f;'em

180 H4 weld ID 3 center

1F-4 H4 weld (304L)

(22}

Radial cracks of the shell weld
*Radial (or spider net) cracks

H4 weld ID

K-1 Ha weld (318L(NG))
Fromm Home Fage of NISA



Core Shroud Cracking (7) L

S e IS T e T MITAGHD @r

Cracking of the shell weld

Observations

* Intergranular cracking with fine branching
» Oxidation along cracking

From Home Page of NiEA

Core Shroud Cracking (8) i
e o o o - 7 HITACHD @
Example of cracking H4 weld ID
far away from the shell
weld

] e . 320 mm
* Intergranular cracking with fine branching

« Residual stress and cold worked layer
at the surface by hard grinding are —f—
considered to accelerate SCC initiation

» At location of temporal jig weld, the weld
residual stress becomes driving force of 130 mm

deep propagation

K. Takamor, el al, Proc. of JECE Malerials and Envirommenis 2008




Core Shroud Cracking (9)

I T e e s HITAGH! @

P

Summary of core shroud cracking repair

Various type of repair or countermeasure were

taken such as:
Rmv:
Pol: Polishing
WJP:

Crack removal,

Water jet peening,

LP: Laser peening
TR: Tie Rod repair

Eval:

Possible SCC Factors of Low Carbon SS L3

Sensitized 304 SS

Material factor
« sensitization
by welding

— sensitization

Continued operation by flaw evaluation

HITACHI | £

Low carbon SS
(316L(NG), 316(NG), 304L)

Prevention of

by Carbon
reduction

Stress factor

by welding or

* residual stress

Environment
Factor;

* reactor water
= crevice in a gfack,
oxide film

* Cracking along HAZ
* Intergranular cracking
{with sensitization)

* Radial or inclined cracking

* In many case, transgranular cracking

(surface cold worked layer)

— intergranular cracking (without sensitization)

*Mechanism needs further investigations



SCC of Ni-base Alloy L.
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SCC of Ni-base alloys has been found
in several BWRs.

+ Cracking of Alloy 182 weld metal in shroud support
and CRD stub tube.

SCC potential of shroud support welds is
a recent concern of BWRs

+ Deliberate inspection/mitigation is necessary because
of poor accessibility of RPV bottom repair. Ni-base alloy

Shroud Support Cracking (1) s

HITACHI | €8
/ ™

core shroud

type 304 S/S
shroud support ring
RPV type 304 5/5

upper shroud support

core shroud type 316 /5
i upper cut location for

shroud support core shroud replacement
Ly lower P e ;
h’ shroud support

= ¢ P RPV

= flow baffle
flow baffle
SRS
. lower
BWR-2 (no jet pump) shroud support RPV attachment weld
alloy 600 alioy 182
™ 7

Shroud support structure ("A” Plant)

From Home Page of JAPC



Shroud Support Cracking (2) L

HITACHI | §B
mpﬂ;"lamgg suppor
- uppariowsr = S (lype 31 i
== shoud suippan =
oy circumbnrential = ) e
| | weid X sheod—
J Inner. 48 cracks % support
Outer : 10 cracks - 2L (alioy 600)
(3 thry-waall) r - RPY

axial wesd

flj upwzww;ujﬁix/ inner: 11 crachs \ |

pig altachment welds
wn fabrication

L Irruer; B eracks
kower shroud support ™ | {Cne thru-wally

RPY atiachment weld
(H11 weld)

inner: 228 cracks

No crack on H11 OD ﬂmﬂ“&'ﬁ i

Cracking location

From Home Page of JAPC

Shroud Support Cracking (3) L

HITACH!I | B

cut of old support weld preparation 014 buildup
: K\Jm - \ »
machining y

repair weld

crack removal

S

b = b

74

joint of new support

Shroud support replacement
procedures shot peening

b

From Home Page of JARPC



Shroud Support Cracking (4) 1;
I T e T = = HIETAGH

IGSCC of Alloy 182 welds has been found in four BWRs
except for “A” Plant.

All cracks are vertical cracking in H9, H10, H11 or V8 welds.

|+ H7
Action to cracking - |~ Cylinder \| ggansssassers ftzeiane
+ Continued operation by crack \H10
evaluation in two plants
* Other two plants in evaluation

Ym

Welds with red letters: cracks found

CRD Stub Tube Leakage L

HITACH! | B

Leakage occurred at CRD stub tube weld to RPV
by IGSCC of Alloy 182 (one plant)

* Cracking at rather high residual stress region 17— CRD housing
due to specific bead sequence of the weld /

Homao b o

1]

CRD stub tube
» Action to cracking 9 cladding
* Replacement
Affoy 182 weld RPV

« Prevention/Mitigation

* Peening (WJP, LP)
* HWC/NMCA
= Nb controlled Ni-base alloy




Summary =

I R e S e e w e - HITACHD @

» SCC of 316L(NG)/304L core shroud has been found in
many BWRs.

Suppression of surface cold work layer is important
in fabrication process with stainless steels

« SCC of Alloy 182 welds of shroud support has been
found in several BWRs.

Deliberate inspection/mitigation will be planned for
RPV bottom

Appendix: Water Jet Peeing (1) - Principle - /%

HITACHI |

* High pressure pulse generated by collapse of cavitation bubbles gives
compressive stress on the surface.

« Advantage in application to complicated structure such as the RPV bottom

—_— Pressure; Collapse of
— 60~70 MPa cavitation bubble @

Velocity:
WJP nozzle “Ju <4t

Pressure by bubble collapse
~ 1000 MPa
[ Water Jet ] 5
nucleus, = :
r ..

e cavitation cloud .
U e

water jet J.
It

high pressure
water

_______

nozzie



Appendix: Water Jet Peeing (2) T;
e e T e = RITACH!

Characteristics of WJP

* Use only pure water for treatment
=> No foreign material into the reactor
=> No heat influence to the material

« Simple water transfer line
=> Easy implementation
=> Simply controlled equipment
=> High reliability

« Wide range in the execution condition — jet distance/angle, etc.
=> Applicable to complicated/narrow structures
=> Robust execution

» No stress-induced martensitic transformation, etc.
=> No harmful influence to the material

e - 23
Appendix: Water Jet Peeing (3)
HITACH! | B
. Before WJP | After WIP
Stress improvement by WJP 30455 . o
A16LSS A A
» Surface stress decreased to -500 MPa ~ 800 — Alloy 600 " o —
» Compressive stress region reached S 406 . | N
1 mm in depth and 100 mm in width b : a
g8 o o Jwor -
§a0| 50623 23283
WJP Nozzle 2 &
B x -800
1 Nozzle scanning L D_;tﬂ 'fru G; 2? ?ﬂ }ED
5 e - Isiance rom noZzie center X (mm
Cavitation jet =T
Materialsufface—] © °°
=
e ; 1; 999 . : "
..I Y N N Ty m
- x  Specimen E 5 l_WJP " -_ ‘_. L4t
z - o I
S 400 | 8% °
E i
& 800 |
0 02 04 06 08 10 12

Depth from surface z (mm)



Appendix: Tie Rod Repair of Core Shroud %

HITACHI | B

upper support 1
il ' . = Four tie rods substitute for all
widias e b A horizontal welds of core shroud
» Tie rod repair has been applied in
. four BWRs
=l ¥
tie rod —_
RPV. core shroud
Prabmey ] ™ — upper shell
L H1 |
H2 //—
TR W ™ — TeyP ™ /__
WE‘I:I'QE — N — i 1
iddle shell
| YR — /’/’Am
™ H4 =T
VW =T e I-HP! HEH
\ — " shroud support lower shell
— W —

Schematic view of tie rod
{One tie rod per quadrant)

From TENFES Repart JBWR-VIP-04
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Inspection Technologies
for BWRs Core Internals SCC

Visual Inspection by TV Camera 1

HITACHI | £

In-Vessel visual inspection for
SCC crack detection is generally
performed by TV camera.

|

Camera

Shield

Lens

Light



ROV for In-vessel Inspection £

HITACHI | §3

VT for RPV bottom UT/ECT of core shroud/
shroud support

P Scanner

s CR Guide Tube

—
—

Core Shroud 1D

CRD Housing

[Core e |

K. Kodaira, el al.,, HEachi Hyoron, Fab, 2008

Flexible Multi ECT Sensor (1) 3

HITACH! | )

Shroud support|  Flexible multi ECT sensor can be
- applicable to complicated structures
such as shroud support and CRD stub.

Flexible multi coil sensor

1111111

TR | e o
gy A !

A, MNighirmizy, ef al, 5th Int. Cand an NDE (2006)



Flexible Multi ECT Sensor (2) [4]

HITACH! | B

Performance of
flexible multi ECT sensor

Crack indentification H9 weld mockup with SCC cracks
Sizing Accuracy
Ei 60 =
E - ® EDM slit +3 mm-2~<-"
@ E A Weld crack e
~ | ®SCC " 3mm
3 :
I .
-y -~ P
L ey
g - Accuracy: <3 mm
o=z
0 60

Length by PT (mm)

K. Kodelra, ef al.. Hitachi Hyaron, Feb, 2008

Flexible Multi ECT Sensor (3) 2

HITACH! | £

ECT Scanner for CRD Stub Weld

C-scope image
(Y-mode)

Imaging area

[:4]

=

-

=

B

w

o

o

T

E

L]

o

2]

)

ECT scanner for >
CRD stub weld

K. Kodalra, &l al, Hilachi Hyoron, Feb, 2008



UT through RPV (1) 6
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UT of shroud support H9 and H11 welds
from vessel OD

H9 Weld

Scanner

Array Sensor

!H"IIIIHH”H H11 Weld

N. Kowo, el al, Procesdings of T5th ICONE (2007)

UT through RPV (3) -Sizing Accuracy - L’

HITACHI | {3

Sizing accuracy for horizontal and vertical notches: less than 3mm

60

@ Horizontal Notch
S0 ~{ ] Vertical Notch

E [} ]

£ | f' |

= I i S S

a = '

(¥

0 80 bocadioabo AL Lo

o ' : : | :

6 | .

% o i) N Ly I : —

@ | ! | Standard Deviation: 2.6 mm

= i ¥ i | Error Av. : -1.2 mm
T RMS Error: 2.7 mm

0 10 20 30 40 50 60
Actual Depth (mm)

RMS: Root Mean Square N. Kono, elal Procoedings of 15th ICONE (2007)



5]
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UT through RPV (2) - Detectability -

Qg
= * Detectability of vertical notch

Wedge \i;llnrmy Sensor at H9 weld

. Ultrasonic
“~Beam

e[ T2 RS BFEN VDR | BFE (s 7008 50ee v

e R R
}f ."3 e .....;... {Tip EChO] ..........................
it =g o N SN ratio > 6 dB
"< Vertical E Bl o, O T O o 1 :
; Notch < 0 a"."‘l'n"""h.“j.“:'_"l', e P PuTT LI

100 " 300 “ 500
Propagation Length (mm)

Cladding Tip of Notch

N Kopo, el al, Proceadings of 15th ICONE (2007)
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oshiba currently promotes
one of the most widely |

facilities and ¢ oping futy
{Our newly developed ABW
Techniques Grand Prix ( the
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IEC ENGINEERING WORK

&D, design, manufacturing, construction and services of Boiling Water Reactors (conventional BWRs and ABWRs),

sactors in the world . Toshiba also devotes itself to commercializing Fast Breeder Reactor (FBR) and nuclear fuel cycle
t reactors and their element technologies such as fusion reactor and accelerators technology

was awarded the Japan Society of Mechanical Engineering Medal 1997 and the 28th Ja;:;an Industrial
999 Prime Minister's Prize))

Pratotype Fast Breeder "Monju
{Photo: Countesy of Japan Nuches
Cycle Development Insi

iF:
T ]

|j| TL perature Enginsering
&l Raaclar

Intematonal miclonr Expetimental
P Gi lapan Atomic Enengy
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Economic and Well-Balanced Plant
Engineering Using CAE

IEC handles tolal engineering of nuclear power planis by making full use of

Computer Aided Engineering (CAE) for planning and basic design of the plant,
design of components, integrated systems, control and electrical systems, buildings

atc. and design analysis including aseismic evaluation.

i PLANT CONCEPT DESIGN

i o BANICSTSFER RESIOH I SYSTEM DESIGN OF BWR AND ABWR

ABWR System
Fuel Pool Cooling and Filtering System (FPC)

Heat Exchanger ]
ety o | FUelFool _ primary Containmenty/essel

[Filtar Daminerall =-II AEETIor Prastire Vegsal
EPC. Bunjn ==

Orywell PAETIEER

Stgﬂh Ligquid Control SystE B
iﬂfﬁlﬂ Spray fie=
=5
1if & II | B
E |
s : =
- Aesidual Heal
; § Removal (RHAIHS AHR Hx
g 1k B IRIP
E = | [AHA Pump | HA Pum
§2 8 '
ES‘ & I HPCF Pump HPCF Pump
35 ¥ =
SPCU Pump
Mext genaration ABWH - —

(AB1E00)
Compact Containment BWR (CCR)

FIBHE[D_; Water ﬁeanﬁup |
System (CUW) (!

EQUIPMENT DESIGN

Reactor Pressure
Wassal

Turbine & Generator

impeller and Shaft Assembly / Ditfuser and Molor of Reactor Internal Purmp
Integrated Analysis Simulated for 1

(Associale Calculation by Couplh



30 Computer Aided Design (CAD) is used lo design and |ayout
easy-lo-operate and user-friendly planls with due consideration
for construction, operation and maintenance,

Transmission Line,,
Main Transformes g%

n Ling
(L o
Br (MSH)f| Generator
b H.P. Turbine E.FHT. __.—.‘ Coolhge==
J{ | B Water _ -
h Ih nnansatas_mm N
o] _-I-I- I.I %} Eolor Systam
=P, =
= N Lp
|E Feedwater ) Feedwater
= Heaters . _ Heaters |
£ =
= GCondensats
Iz E-' D danaiy
£ LR = ¥
115 WU pain =SSt
— Tank I-.-_.. : Fibar
=/ e
H.P. Drain Pump L.P. Draim Pump Condensate
ydrauiic CAD Pump Storage Pool
ontrol Lnit =

SIC: Suppression Ghamber  H.P.: High Pressure  LP.: Low Pressure

1110

Off-Gas

Gland Steam
Condensar

CONTAINMENT VESSEL DESIGN
GENERAL ARRANGEMENT
ASEISMIC DESIGN
ARCHITECTURAL DESIGN

o

Landscape Simulation

Bundla Power Distribution Analysis

CONTROL & DYNAMICS |
DESIGN
SHIELDING DESIGN

wll 112 fel i

itire Reacios
dividual Componant Modaks)

SAFETY DESIGN

Stability Analysis .
[Exampée of Regional Oscillation)




INSTRUMENTATION

l CONTROL AND
DESIGN

DESIGN AND ENGINEERING OF RADIOACTIVE WASTE TREATHRENT SYSTEM l PLANNING, DESIGNING AND CONSTRUCTING NUCLEAR FUEL CYCLE FACILITIES

=4

Fuel cycle

. Limnium Hexafiocride

~
'\ql
mmW Ui Emichaunt Pt | ) e
¥ mmmsmm
%qu
¥
mmq o mpmpum
\ 7
Fiscovere Lissmin {/ Fuel Assamtly
[Racyclg)
e |:> ﬁﬁ
] i Wusdtar Powss Stiicn.  Low-Lovel Rcicactive
mw—urm Reprocessing Plant Sperd Fusl
Uranium
@ Plutankum
@ Fission Products {Soluble)

@ Fission Products (In-Solubla)

Centrifugal Clarilier

NEXT GENERATION FUEL REPROCESSING

= i
Moiten Sall
Elachinlyss Machine

Arcovered Melalic Unniv  Hoprocessing Plant Processes




Building Highly Reliable Plant within
Reasonable Construction Period

CONSTRUGTION & PRE-OPERATION TEST

. PLANNING & MANAGEMENT
e

OF CONSTRUCTION WORK

IEC provides total plant construction management services. Prior 1o
construction, a schedule is drawn up and detailed plans are astablished to
define construction, transportation, equipment carry-in, planning of temporary
equipment, establishment of site organization, elc.

IEC also manages various aclivities after the construction star, including
management overall plant construction, adjustment of schedule, control of
safety, health, and radiation exposure, quality assurance of equipment and
construction, management of pre-operational lest , management of site
office, ete.

REBAR OF FOUNDATION MAT

1

LIFTING REACTOR PRESSURE VESSEL

==t
T




Safe Stable Operation and Improved Capacity Factor

IEC focuses
IMPROVED MAINTENANCE ENGINEERING g=ccs
radiation exy

*'We improve operation suppon and use of mainfanance data ¥ int
data to respond gquickly and with full background knuhlu'lﬁl_l'

@Develop more reliable plant monitoring and
@®Develop and use new equipment and area

i

@ Responding appropriately to ongoing and'fﬁh.lru'_
@ Establishing medium- and long-term mai

F 8 o~

o

Further impm-.-ama-nE of Main Control Room Function

OPERATION
SUPPORTI&
EFFECTIVESUSEIOF
OPERATION =AND
MAINTENANCE
DATA

MAINTENANGE
PLANNING

- Lat il ERAATME
ISRy TRCE

ASSURING SAFE
IMPROVED CA

i
i 1

Piging Thickness Managemenl Syslem




weventive plant maintenance lo guarantee safe stable operation and to improve the capacity factor.
us effort into operation support and use of operation/maintenance data, annual inspection support and
re reduction, development of maintenance technology, and plant maintenance planning.

- e are reviewing and improving our maintenance echnology to retrafit plant and
faciliiies through:

'ERATION AND
(CITY FACTOR

iLLL

%\ @Development of repair and inspection technology

" @Development and demonstration of equipment by using plant
refurbishment technological development facilities

Fiber laser peening technology

Fuel Handing Machine ST

Iracsation Staus

S'UPPORT mhm ?mw autage, we sndeavor lo assure
FORBNNUAL . Q @ Reducing refueling outage
BUTAGEAND " “ﬂld[‘lg annual inspection more efficient
REDUCEDIRADIATION' A& (] WUP]"E better annual inspection management system
EHPGSURE : ) Reducing radiation exposure at annual inspection

Annual Inspection Work
Managemeant System

Lindorwnu:r Dweﬁsapa:‘amr Handiing Device

10




For Nuclear Power Plant (NPP)
which finished its role

nichM|SSIuNI“ﬁ TEB“"“[“EY Underwater laser cutting
Difars of the most sultable cutiing fechnalogy

by the abundan resulis such as maimonance
lectinolagy.

Japan's first commercial
nuclear power plant (NPP)
started operation in 1966.
However, when a nuclear
power plant reaches the
end of its design life, it
must be decommioned and
demolished as quickly as
possible.

QOur rich knowledge of
maintenance technology
obtained over many o

. Residual Radioactivity

yosis ot Nands-on Measurement Technol

experience has enabled -

us to develop advanced Residual Radicactivity
5 Measuramant

technologies for

decommissianing
nuclear plants as cost-
eftectively as possible.

System Engineering ’

Purchasing World's Best Equipment

®Thorough VA/CD integ

®0verseas acquisition
‘ . y =

{8 i}ndﬂr_:‘ ~ }'

bt Vienna
i e,

CUW Pump (Germany)

1R



Targeting World Market with

ASSURED QUALITY

Aimin? to establish
Global Quality Assurance
System for Nuclear Plants

The Quality Management System is applicable to:

12
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From Planning to Maintenance of Nuclear Power Plants

BFor sustained improvement of quality over the plant life cycle

Enormous amounts of technical information
are produced throughout the *plant lifa
cycle”, i.e. design, manufacture, procurement,
construction, operation and maintenance in
nuclear power engineening.

At Toshiba, we developed NUPDM
(Muclear Plant Data Management Syslem)
as a platiorm for the unified management
of this technical information, and perfarm
high quality, high-reliability engineering
with |EC.

13




CLEAR POWER PLANT LIFECYGLE SUPPORT

platform to control and manage  exchanging electronic documents and
engineering schedules, documents and  data with vendors and utilities.
drawings as well as databases, fto -
support responsive and reliable
information exchange, and o reduce
data administration tasks.

NUFDM is an integrated electronic  NUPDM provides efficient means for p‘?:d

Authanticabe

Toshiba Affillates

Toshiba Waorks --ﬁ-q
- - |

Elnctroniz wark low

Documsen| imags browsing

14



R&Ds Accurately Responding to Needs and Their Applications

INTEGRATION OF DESIGN WORK AND R&.D

The large-scale R&D facilities
of the MNuclear Engineering
Laboratory are located next fo
IEC to closely link R&D and
design engineering.The advanced
contrel rod drive mechanism of
BWHs is under further improvement
and advanced maintenance
technology such as laser peening
is also under development using
full-scale mockup facilities. R&D
and design also integrate various
uses of robotics, diagnostics and
laser technology in advanced
maintenance systams.

Lasar Peening
{Reactor Botiom Peaning Devica)

Underwater inspection robot (for inspecting inside reactor vessel narrow spaces)

Small Vehicle

Fat Vehicla Laser Peaning Test Ovorview

15




Yo %—D hm A "‘;ﬁ’ o

Tharmal-Hydraulke Transient Test Facility High Temperature Flow Test Facility

*Shat peaning: reventrs mainienance based on siness improvemen| of eactor imEmal sirciures

16



[EC PUBLIC ACCEPTANGE AGTIVITIES

To achieve better acceptance of nuclear energy by the public, a scale model of a nuclear power plant, a
full-scale model of reactor internals, an engineering model of a containment vessel, etc., are on display in
the Exhibition Comer. IEC also arranges tours that include a demonstration of nuclear power plant layout

using 3D CAD, and a visit to the large-scale R&D facility and mock-up pressure vessel.

&

Mock-up of ABWRA Reactor
& Containment

Fagilily for Developing Plani Preventative Maintenance Technologhes
and Full-scals Mock-up of Reactor Pressure Vassal

Lecture of Radiation using Radiation Measurament Kit

17



History of
Niciear

Energy
Toshiba Nuclear E Syst & Services Division i Il ized fo id =
consistent services based on s considerable experionce, ranging from planning, W) LLLHLLEY- Bl AL LB S
designing, constructing, and maintaining nuclear plants to manufacturing equipment, - £
training operators and R&D. BIWS"J“

|IEC is making steady progress toward commercialization of Fast Breeder Reactor and
the nuclear fuel cycle facilities.

(1999}
)\ 4

| Head Office TOSHIBA building |

Head Office NTT Hibiya building ﬁ

Mita building I

Power Systems Company
Nuclear Energy Systems &
Services Division

(20086)

Engineering activity
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Guide to Isogo Nuclear Engineering Center
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TOSHIBA CORPORATION

POWER SYSTEMS COMPANY
NUCLEAR EMERGY SYSTEMS & SERVICES DIVISION
141, SHIBALIRA 1-CHOME, MINATO-KU, TOKYO 105-0001, JAPAN
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Problem and Solution

Problem
Visual inspection operated by underwater technicians

m Could not inspect surface below overhang by simple drop
camera

m Will need more time to disassemble components ( for example
Control Rod Guide Tube:CRGT etc.)

m Might waste time and tools( CCD cameras, Lights etc.), if
underwater technician’s technique is poor

Solution
Proposes to introduce ROV for Internals Inspection
m Will inspect larger area more speedily

m Will decrease inspection process by a few disassembled
components

m Will apply for detail inspection(UT, etc.)



ROV for Sophisticated Inspection
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Compact ROV
Design Concept

€ Large Inspection Area
»Compact & Round Shape

€ Motion
»Up & Down,
Forward & Backward,
Turn, Transverse

»Neutral Buoyant Cable
€ Applicability
» Several Option Tools




Compact ROV
Maneuverable

Up & Down Back & Forward
< N

Transverse Turn



Compact ROV
Specification

m Dimension : W 120 x L185 x H185 ‘.
m Motion : up,down,back, forward, .
turn left & right, Transverse
m Camera: 380,000 pixel color CCD
on tilt mechanism

m Lights : 20W x 6
m Mass :1.5kg
m Speed :0.15m/sec Max. Q@
m Water Depth : <30m .-
. ‘ Compact
m Temperature: <52 CCD Camera ROV
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Compact ROV
Evolution

Items Initial type Latest type

Appearance

A)For Internals  B)For Tank Inner Wall

Dimensions | W150><1.220 W120><L185><H185 A)
[mm] ><H170
Move Up and Down, Up and Down,
Back and Forward, Back and FOrward,
Turn, Turn,
Transverse

Picture Unstable picture Stable picture B)




Compact ROV
Access Support Device(Option Tool)

{Core Ffate)

/
Specification Q:HFJ,,.L:Q;;
. (
Dimensions : ¢p270 x H4,600mm 2
CCD Camera x 2,Light x 1 | Launcher
Cable Support Mechanism Gable Unuinding
ROV Hold Mechanism = Al Cytncer
TV Camera
Holding Mechanism
~+ (CRGT)
(CRD Housing)

Guides ROV to RPV
Bottom smoothly

(Stub Tube)

RFPV Bottom
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Compact ROV

How to Access under Shroud Support Plate
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Compact ROV

Field Experience
m Effectiveness

Inspection Area Drop Camera Compact ROV
time * Coverage time * Coverage
Shroud 3 hours 100%
H9 weld line impossible 6 CRGT**
CRD Housing 4hours 39% Average | 2 hours 40% Average
4 CRGT** 2 CRGT**
.for 26 sets

*-not include time for disassemble and assemble of CRGT
**:shows the number of disassembled CRGT
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Compact ROV
Visual Inspection on Tank Inner Wah-—

O

Effectiveness S %i

High quality picture
Approximately 3days for 30m? VT |
not included preparation and finish

Compact ROV

/
=ﬂ/w <—

Caster Wheels
Compact ROV for paint inspection on tank inner wall
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Compact ROV
Griper(Option Tool)

m DOF D 2

m Water Depth : 30m

m Sjze : W90 x L185 x H70mm
m Weight : 600g( In air)

m Actuator . Air Cylinder

m |Load Capacity: 59

m Stroke : 10mm
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Flat type ROV
Concept Design

€ Large Inspection Area
» Flat Shape
»Neutral Buoyant Body

» Goes through 50mm %ap between structures
(For example: Core shroud and jet pump)

» Goes below overhang by natation
(For example: shroud support leg)
"

¥ Motion
» Natation

»Neutral Buoyant Cable
€ Applicability
» Several Option Tools



Flat type ROV
Application to BWR Internals

Controller Operator

on the FHM Platform

Core Shroud

Flat type ROV

7 Shroud Support Plate

15



Flat Type ROV

Vertical
Propeller

Horizontal ™
Propeller

Drive
Motor
(Wheel)

41mm
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Flat Type ROV
Specification

= Dimension : W 41 x L570x H230[mm] " ")

m Motion :
Natation:up & down,back & forward,

turn left & right, Transverse
Drive: up & down, Transverse

m Mass :2.9kg

m Speed
Natation:back & forward  0.1m/sec

Transverse 0.07m/sec
Drive: 0.1m/sec

m Water Depth : <30m
m Temperature: <52




Flat Type ROV

Mirror

CCD Camera Float Lights
(White LED)

Features
Remote focus adjustment
410,000 pixel CCD --- 1 mil wire resolution
Remote light adjustment separated in 4 sectors
---easily discriminates flaw
18



Clawer ROV
Concept Design
@ Large Inspection Area

» Flat Shape

» Goes through 60mm gap between
structures

» Goes below overhang by Clawer
(For example: shroud support plate)

€ Motion
»Back & Forward,
Turn,

€ Applicability
»Vacuum cleaning
»Visual inspection

19



Clawer ROV

Specification
m Dimension : W50 x L248 x H250mm
m Motion : back & forward, turn left & right
m Camera: 380,000 pixel color CCD
m Mass :4.6kg CCD Camera Float
m Water Depth : <30m Ligh oy
m Temperature: <52 \ '

RC) =

Vacuum nozzle
Vacuum nozzle Clawer brush

brush 20



Clawer ROV

Comparison
Items Former method | Latest method
Tool Vacuum tools |Clawer ROV
Coverage 20% 100%

Vacuum tube
Cable

Clawer

Nozzle

Critical time | 1day lday

21




Clawer ROV
VT for Upper surface Shroud Support Plate

Picture range 70mm x50mm

'Shroud Support Plate

22



Practical Use

No. | ROV Inspection | Target / times
1 | Compact | VT Shroud Support VT /
ROV CRD housing VT / 4
Tank VT /3
PWR Core Former
Bolts VT /1
2 | Flattype | VT Coreshroud VT /1 -7
ROV (UT)
3 |Clawer |VT Vacuum cleaningon A
ROV Shroud Support plate/ 9
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Conclusion

Proposes underwater inspection by ROV
m Inspects larger area more speedily

m Decreases inspection process by few disassembled
components

m Applies for detail inspection(UT, etc.)

ROV family used practically in internals inspection and
cleaning

m Compact ROV for shroud support and CRD housing
m Flat type ROV for core shroud and shroud support
m Clawer ROV for upper shroud support plate

24





