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Key data for 2005

Sales revenue by division
(in millions of euros and employees)

Reactors Transmission
Front end & Services B;ﬁ:.‘;ieo':,d & Distribution
division division

Employees Employees Employees Employees

11,047 14,323 10,864 22,094
Sales Sales Sales Sales
€2.631 M €2.348 M €1.921 M €3.212M

Transmission & Distribution
division

Front End division

Reacrtors & Services

Back End division division
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Mﬁm AREVA NP German Region:

Locations, Main Activities and Employees

ANF
«{) AREVA NP GmbH, intelligeNDT

Location Employees

Lingen 345

-‘ Lingen, Fuel assembly (FA) manufacturing Duisbu rg 200

Offenbach 957

‘ Duisburg, Tube manufacturing Karlstein 285

Offenbach, P&E BWR, I1&C, Services Erlangen 2155

Total © 3542

Karlst
FA com?mne?\lt:{) {:) FE}QEHP%P{ 1&C,

Karistein gﬁglgglis & engineering F i kets: about 499
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T Revenues 2005: 786 Mio €

(") Status June 2006
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AREVA NP (2005):

U 14.000 employees worldwide
O Revenues 2005: 2,9 Mrd €

Sales by sectors

Sales by region

Equipment
other countries 3% 8%
Asia 5%
other
european
countries
19 %

Services
France 259,

32%

Fuel
40 %

USA 25 % Germany
16% Plants

27 %
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Digital 1&C for Nuclear Power Plants
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SPPA-T2000 for NFPs Power Generation | Operational I1&C Nuclear Power Generation
PG L422, Leichs, 12/2006
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5y B = 25K (Safety ) ~ 47 = ﬁll%]% ik (Safety Related )
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System itori
ysti System Monitoring System System
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@ The HMI of the I&C Platform - OM 690

vae State-Of-The-Art Control Rooms with SPPA-T2000 SIEMENS

A SPPA-T2000 for NPPs Power Generation | Operational 1&C Nuclear Power Generation 11
Fi}_LdZZ‘ Leichs, 12/2006
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T Degree of redundancy

2!4 2!4

F T @‘ﬂlﬁiﬁ

2/3 2/3
1/2

il 4

2/2 2/2
2/4

Functional diversity I

/2

Amiinie] | ot=lo Iﬁ! Periodic testing during operation |
ﬁ‘ IJ_?I-I i
1/2 2/2 Single failure criterion fail-safe and available I

Single-failure tolerant I

1/2: Availability-oriented: A single failure does not result in degradation of function — Design requirements
2/2: Reliability-oriented: A single failure does not result in spurious actuation

Design requirements and associated architectures.

(@ TELEPERM XS £Z7£I'] TEC 60780 ~ TEEE 323 I'] & KTA 3503 [&£}
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Hardware Qualification Methodology
Based on: IEC 60780; KTA 3501; IEEE 323
Common requirements: EN 61131-2; DIN EN 50178; KTA 3503; EPRI TR-107330

Theoretical Assessment Climatic Tests

e Agreement on test program IEC 60068-2-xx

e Critical load analysis e Cold; dry and damp heat
e Failure rate calculations SN 29500 e Temperature changes

e Long-run test (1000h)
Visual Inspection

IEC 60664; IEC 60529

e Quality of manufacture;
creepage distances and clearances

e Class of protection, insulation

Mechanical Tests

IEC 60068-2-yy; IEC 980; IEEE 344

e Oscillating stress (seismic, vibrations)
e Transportational stress

Functional Test ® Shock stress
e Operation in acc. with data sheet
under nominal and limit conditions Electromagnetic Compatibility
. EN 61000-4, -6; EN 55011; EN 55022;
Electrical Test EPRI TR-102323; MIL STD 461, 462
e Power consumption under nominal/ e Emitted interference:
minimum/maximum conditions — Conducted, field
e Disturbances in power supply e Immunity to interference:
e Heating, insertion/withdrawal — Burst, surge, field, discharge

@TELEPERM XS % 5 Tl ' | i i 10 38 " {0 RS P80 V & VAT
FTf7 LEC 60880 A3 Ui of -

@TELEPERM XS o 3 23 20 Fp 4 % = s

@TELEPERM XS % i o i 7t i’ ol o1 55 1 7 ey 8 0 4F o= =

@TELEPERM XS 3 1% 57~ 2 % 3! NRC '} #7 41 NUREG-0800 &
R R P A Qri = B FAE Y E AR -

@ TELEPERM XS %7 51 F) f ] (5 ~ K ST 8% - [y oy g 4 02
TRl = o Al S R A e RV T

@TELEPERM XS -5 s " ¢ 4% i el i 4 = ﬁlﬁr‘{—,—qﬁ 1 Tt
P il 5 R A (RPS) IR O (TR AR AP S
= I 5 (ESFAS) ~ 1= (] A~ 50 () ==k~ B
%m%%%%mgo
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1401 (1996)
B TELEPERM XS <7 5 7 5 B4 X 3 [l i 42 55k %El#%
PR AR RO 1 %Tﬂ*F'J 5] é@ir%?r B Al o [T ENSETHIRSZED = %

~ IS0 14001

U =e JE i .
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R
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R -

Speed (rev/min)

Power (MW)

Previous turbine controller - 1999-12-26

1240 MW — House load

Prmed

0 20 40 60 80 100
Time (s}
Frequency regulation service before

Setpoint
Actual load

Speed (rev/min)

Power (MW)

0 50 100 150 200 250
Time (s)
Increase in control quality thanks to new TELEPERM XS turbine controller:
Load rejection to house load and frequency regulation service before and after,

4. TELEPERM XS §pfb

gribd =

DTN YRS T o i e (BSR) BE (S T  f ERE f -

New turbine controller - 2003-12-31
1700

1650 980 MW — House load
1600
1550
1500 = h—_—
40 5 20 4 e 80 100
Time ()
Frequency regulation service after
1350 Setpoint
f :2_\ Actual load
1340
1330 y
fi'
1320 //
1310
0 50 100 150 200
Time (s}

B R O T R R

250

R Y F”T’\J]f[f?fqi,” o E?j‘ ] & fﬁﬁ (Time—staggered
Phases ) (9T F 4 70+ 5 T F S 9 0 7 0 B [
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g ;‘JF[ ) ﬁ?%@c 7 (Requirement Specification)®® £k
i (System Specification) i f! L » [y K0 | =y il BT
R LA Ewgl © T AR (Detailed Design) [
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i B A (Configuration Management) 7 -3 48 R1 s 7 [ P
I BRI o R RO A (Integration) ¥ AREVA
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e

PR s B B 3 GERG H 3 2 S R AR

sk o+ 55 18-—=30 it 7] 5 - 5 K BB Basic Design Phase
= FAT SR 3950 20 flf 7] o SRR AR S 5 s = Brie oo 3
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ty Typical turnaround time 18...30 months
Start of project

Requirement Licensing procedure
specification g
:s-bu.ilt analysis System
lant interfaces specification
Definition of

functions System architecture e e

Definition of QA Human-machine D e ﬂ;' f i
and test procedures interface = b .
Standard circuits Hardware diagrams
Power supply Function diagrams
Cabling concept Code generation 3 3
1&C functions Circuit diagrams Sysian.lntagrahnn Installation
Test planning Software for gateway and service unit Integration tests + commis-
Test instructions and test scripts Function tests sioning
Simulation tests Acceptance tects Dismanting/
Operating instructions Shipment installation
i Procurement ®mmi55i°.”ing
+ manufacturing lealloperatlcn
Procurement of components dglcaumentation
Manufacturing of cabinets Acceptance
Factory tests
Transport
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Asset Management — Electrical Systems and I1&C
Basis for the general Approach

Plant Analysis

Safety, Selection of Relevant =7
Availability Components/ allures
Structures, Systems

As-Built

i Operational Behaviour
Condition Determination of Monitori I ti
| (Design, Material, Fabrication) Actual Condition R RSP ECTion

Degradation

Mechanisms Evaluation of

| ; Life Limiting Situations
(Corrosion, Irradiation, Fatigue) Residual Life

Preventive Measures/
Asset Management
Repair, Replacement

@. ETE‘I}J' (FrAGiRG » Rk STATE ISP B 2

IH/%;!B
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& TP FURSR B ) SR T (AUREST-Database) £ ifi
Rl AR A (R S

l —”[u =n

2. Fak o~ GE RV BT
(. Cat. 1, Replacement judged to be necessary(fo! B 1)
G R P s 2540 %)
2. Cat. 2, Decision (replacement or not) requires additional analyses
(& HHF DL Fei bt o3 4m)
®. Cat. 3, Components / systems judged to be able to operate during
the extended operation time (i’ i 32 8~ P& i i)
@ . Cat. 4 replacement (s) or repair(s) necessary, but for normal
maintenance. (3 "] ﬁj AT %T’EIEI Py (22
3. WP Cat. 2 M FHREIVE RIN R (Gl 214 FI*J};FEL '%’?&Eﬂéﬂéﬁﬂ)
@. it~ BR F Bam
@. PR T O SRR PR
®. FES B S U R T R R 4
@. Ffeps~ s |'§AFLF‘/%5’7{ PR NE AR N
4. FRC R RVFTRY FAREEE
®. Transformers
. Switchgears
(®. Protective Relays

@ . Battery Chargers
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Batteries

Inverters

EDG & Controls
Cabling(Harsh ~ Mild )

SECNCNC

Drives (Pumps ~ Fans ~ Valves)

5 ®

Control Room
Operational I1&C (Signal Processing ~ Automation ~ Drive Control)
Safety 1&C (RPS ~ ESFAS ~ Limitations ~ Priority Control

Control Valve Drives

288

Sensors

=

Transducers

5. W AIRUF(Mild Environment)?F:“ ['F‘[ T

Asset Management — Electrical Systems and I1&C
Approach for mild environment

No material specific investigations

Instead, collection of criteria providing
similar results

M Efforts for maintenance and repair

B Recognized decrease of availability of
systems and equipment

B Obsolescence of spare parts and
strategies to handle it

Analyzing existing reports and

Performing interviews on site

& SR DI R AR e
® LGS ORERYE L 3 BT E o -
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6. E%Fﬁ%ﬁ?ﬁ, (Harsh Environment) ?’-—“ ['F‘[ *F?fEEJ

Asset Management — Electrical Systems and I&C
Approach for harsh environment, Other Equipment

B Analyzing the qualification documents (if there are any),
looking far “qualified life time” values

(temperature and radiation) and

B Activation energies (according to Arrhenius Law)

B Dose rate effects

B Measurement of operational thermal and radiation

loads for relevant locations (in parallel to cables)

B Deriving remaining qualified life time corresponding

to the local operating condition

EI R e

® 53R 1R
Q#WW#?%EﬁEE
&SP R R R f 1 -

Asset Management — Electrical Systems and I&C
Life Time Prediction based on Dose Rate effect

HE%¢%t53#FQEE%FHEJ$J|
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il
W

Jfm

\\n.
pra

100 Materials tested

«SIR  Silicon Rubber

= <ETFE Ethylen Tetrafluor-
ethylen

«XLPE Cross linked
Polyethylen

*EVA  Ethylen Vinyl
Acetat

*EPR Ethylen Propylen
Rubber

e | -PVC Polyvinylchlorid

e

W

Life time o

e =50%

0,1

0,01

0.1 1 10 100 1000
0,7 Dose rate [Gy/h]
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Cable Deposit at Primary Cooling Circuit Pipe
Principle Diagram

Deponingesinl
Atz haker
elakir- und lalttachn.- Koponanien

. WP 7
OF i) B 17 = R R ) =t
(Automatic Residual Time of Life Calculation » AUREST)
#é@;ﬂas@r* fi IR AE A PR A I O
L IRE R LR PR e I S R S B A
R e T Y S I RN R s T <
FUEYFAREE BIod A st o P /Dy~ o~ P fiieied iy o 2]
» AREVA =1 RIARS 20 & [0 BR B0 7 fih A B
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f' ‘l‘ Ifg '"fFpupy Critical Function ¥ Function Chain
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LOCA-Resistance of Qualified El. & I1&C-Components:
Typical Function Chains within Reactor Containment
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() % 2 R ERE (V&Y)
L3+ V&V = HECH

Step N-1 Objectives of the
(input data for Step N) validation Test the resulting
-
o product of Step N
\ verification
Step N

@ =~ I E(Step NYFUER T £7 BT - 35 B (Step N-D % U iy
CRYE

@ Bl (verification) F v i B A o kB i 0 (jff T
(T o DL

® F& R (verification) 7y v il fll 7 7 Y & fﬁ#[iﬁjﬁﬁ??ﬁﬁﬂ CEIPEEE
ISR G S R R (testing) ) 155«

7 (validation) 7 81 4 24 7P T 47 U T I 50 53 AR R

il

2. Verification(f&¥ &) and Validation(ﬁ%l?‘d)
B Validation:
@ “Are we building the right system?”
5 IFIRL fy 8 e S e 2 AN T ED
@5 [ 55 1T o e LRl A R E R R QPR 2
OF ]'F'EJEF‘[ HREITE CHE S WO (stakeholders)ﬁgﬁ
fel 2
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Verification:

@ “Are we building the system right?”
CARESIIBE R AT H R

@ 25 U%ﬂ’riﬂ M A Rl 2

@ 5 {1 fY #h RN P AR

@ P 0P s Rl iy (25 IRV 47 = o= 2

® = I'F'EJFWﬁﬁ*TQT“ft DAY TR - I

JpER =R (V&P EE

-F FO V&V FEHCERLY G Er s 9~ 76 A o (IEEE
1012-1998):
(D — 57 e ML 55 1 BELTE e P 75 K
@5 - WiF i ww@ﬁ E?,H—%mﬁﬁﬁﬁﬁo
@ B s 10 AL P 2 00T 6 R 4 1O

m [EEE 1012-1998 At

O RS V&V & — Tl % bt LR A Bl M A 1

@HREE V&V /Y B Y & BEE B 5% i A A L8 SRS 8 R 09 AR
W, AR,

@ V&V F2 Jy- 25 it #K % 7Y A= iy 0 1 2 fk — Fe e & S Ay B AR
#E15 (objective assessment) LA M F& FE,

@ =3 ff i BRI L Y i O R e
T~ - P I

1. ﬁf{?ﬂ v&v ElfJgél‘%}&?gn =

tJ

LR i T e Rl

@@E%%vwﬂﬁo
OFiN (¢ LR MR, YA (BT BRAE Ve B
Q@I E AR (OFE VeV EERE M KERS),
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5. V&V ¥EH[Y { (from a top level hierarchical order)
M10 CFR 50 Appendix B
(@NUREG-0800, BTP 7. 14
@RG 1. 168
@IEEE-1012 Standards
®Software Verification and Validation Plan

® Specific Procedures or Instructions

6. Regulatory Guide 1.168 and IEEE Std 1012-1998 Guidance
on V&V Independence

TR = Jl}dﬁﬂ?ﬂb 7 [';‘gfﬁﬁ R jﬁg@ » V&V Efig
R gkee b Ry g R ﬁ”ﬁ WAD A o
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i

Project Director (K)
08/08.00 / 08.00.10
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Project Cost Control
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Guenter SCHERER 2
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ngﬁ;;;ﬂgﬁi;(f) b Logistics Mgr. Schedule: :
08.00.40 08.00.20 08.00.30 1
Chris. DéYEL IGerd DIMMERLING] |
N
T |
| 1
Task Mgr. I&C System . . Task Mgr. SW V&V
eSS, (U2 (69) g08.10 Y TSt M, (LESTEIiY 88.30 Task Mgr. HW Delivery
Thorsten Schreiber . Steve YANG Herbert NUSSBAUMER
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SW Lead HW Lead Testing Lead (K)
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Gar ('BRI.ZARD Guido VOGT, Ryan Nash, Farhad Andre KERN Arthur GOTTSCHICK
Y Hyung JE 2 Ken Smart 2 ABBASBANAEY
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1. V&V # - (Processes) & 7? | BY (Activities)

L 2 (*ET'?E)Management

Activity: Management of V&V

€ (3 '8)Development
D Activity: Concept Phase V&V
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@ Activity: Requirements Phase V&V

@ Activity: Design Phase V&V

@ Activity: Implementation Phase V&V

® Activity: Test Phase V&V

® Activity: Installation Phase and Checkout V&V

€ (2 73-)Process: Operation and Maintenance V&V

. V&V T [e&ET R (Tasks)
CDﬁf«?g%%ﬁ@%‘*E@ 5
@ Jo B Y S ST A
@ﬁ‘i’{’?ﬁ?l’ﬁl

@ fi P o A

©® fir iy A o)A

© fi pi s = ) ¢

@ e =3k

® @ 55 AT

@4 = BV EF E)
©Vev Hi

. V&V ﬁfﬁi‘%ﬁ (Final Report)

V&V F;L“S‘ili; A E FTJ it V&V 7Y A Tufllﬁj’ﬁﬂv&v;’réi
EZNEF el Eiﬁl o EIJ}“F[QLW R

DT V&V ¥ F pJ’pFEP?: o

DR ENEG RS AY g

@FrE V&V T [Ery 1 pu A

@ ’i’l’?“EJ V&V I R OB U £ g

#HE V&V ij EL*J 195K 3 o= Elﬁj\ﬁgﬁ T@‘rpqéﬁ IFf[ 0
@J%*ﬁﬁﬂﬁ%ﬁﬁﬁﬂﬁw“— %%“ﬁFm%%
ik VAV R 1 5 o B T
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4. AREVA NP 7+ Oconee Nuclear Station (ONS) Project PUiERE
(O AREVA [* IEEE Std 1012-1998 # < » E’bﬁj\ H—F-ﬁ'ﬁﬁ:ﬂ
FETTU» V&V 1% o ﬁn?g& YA BH Frmﬂjgv[ﬂl R

F) WA I ET 4 AT Oconee ffv} EACE V&V 1R (ONS

SVVP)HI :

©@ P V&V FREH SR ISR S

@ K~ B HAH A DY S ﬁﬁ?ﬁiﬁf‘i‘lﬂ
MEEE Y I EEEH%JFE'HJ;‘Z:—J‘ ’EZJ_}’[TE CFEYE R
A RN A R R A

@ 7 Oconee 19 75—~ BEH§ RPS/ESFAS %ﬁjﬂ—??ﬁ@\ﬂi (=l
FrEEE sy e U R G RPS/ESFAS <k
ﬁ?ﬁfﬁlﬁﬁﬁli*p "' 58 7 Oconee 1 B il f V&V &

CRES I
5. The V-model - Overview of the V&V Process

acquisition objectives.
plantitg
ohiscivas
concept
Hardware ._
I
_ | specncanon s > ot dotailec) _ |
requirements

implementation

P £ V&V R R AR o I e FE]?J(Vahdatlon)lH%g
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il TSRS (Model) » B fil 0 {030 M4 SFLIRD (O 20
V-model) » I'] = %T‘j\ (B
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