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| % First generation power units
' Units 3and 4

Power Units 3, 4 (reactor
type V-179):

I Commissioned: Unit 3 ¢ in
1971, Unit4 -in 1972

I Installed capacity ¢ 417 We

I Assigned service life of
major components is 30
years

I Designed decommissioning
year: Unit 3- 2001, Unit4 ¢
2002

I The comprehensive
modification and safety
upgrading program resulted
In life time extension by 15
years:

for Unit 3 ¢ till December 2016,
for Unit 4 ¢ till December 2017
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Service life extension

VVER-440 (V-179) reactor pressure vessel life
management

24270

By early 1980s the investigation of

Ceaptioit uos 7 ®navey o 0 . .
iIrradiated materials resulted in
0 D @ (Psmmww identification of the dominating ageing
0 P ot weees MEchanism for reactor pressure vessel
(D base metal and welds:
- radiation-induced embrittlement
: T Oteuaitca
a0, iCBZOﬁ moss\ ™ O6evaiika
CeapHoii wos 2




Service life extension

Actions implemented for assurance and justification of reactor pressure vessel
brittle strength at NV NPP Power Units 3, 4

Power Unit 3 year Power Unit 4
Reactor pressure vessel annealing 1987
Mode:t= 4 3 QWHKBQ hours
Cutting out templates from weld No.4 and Cutting out templates from weld No.4 and
base metal of the reactor pressure vessel base metal of the reactor pressure vessel
barrel barrel
Reactor pressure vessel annealing 1991 Reactor pressure vessel annealing Mode: t
Mode: t = 475N1 5 Ul=,100 hours = 475NL 0 UW~,150 hours
Cutting out templates from weld No.4 and Cutting out templates from weld No.4 and
base metal of the reactor pressure vessel base metal of the reactor pressure vessel
barrel barrel
Cutting out templates from weld No.4 and Cutting out templates from weld No.4 and
base metal of the reactor pressure vessel 1995 base metal of the reactor pressure vessel
barrel barrel
Cutting out templates from weld No.4 and
base metal of the reactor pressure vessel 2003
barrel




Service life extension
Results of brittle fracture resistance calculation

for Novovoronezh Unit 4
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Service life extension

Justification of possibility to extend reactor pressure vessel service life
for NV NPP Power Units 3, 4

OK5 “rMgPonPECC” SIH®

The calculations performed confirmed that the reactor pressure
vessels of Novovoronezh Units 3, 4 satisfy the brittle strength
criteria in normal operating modes and under emergency
conditions for 15 years of additional service life time



Service life extension
Design safety level of NPPs
with VVER-440 (V-179) reactor
(before upgrading)

The design was made according to the general industrial
safety rules and regulations acting in 1960-s.

The maximum design-basis accident considered was the leak
of ND10O0 pipeline with a limiting ND32 insert.

The calculated core damage frequency (CDF) was:
1.08 1 10-03 1/reactorl year.



Service life extension
Service life extension actions implemented
at Power Units 3, 4

1. Comprehensive inspection of the Units

2. Units modification aimed at safety upgrading:

- multi-train safety systems arrangement,

- fire safety improvement,

- equipment reliability improvement,

- radioactive release reduction,

- monitoring and control improvement,

- design-basis accident list extension

3. Justification of equipment residual service life time,
replacement of components with their service life expired

4. Development of reports (ISAR) with due consideration
of all modifications implemented at the Units
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Service life extension
Modification of emergency power supply system

C Additional storage batteries and
direct current panels were
installed.

C The existing first grade alternating
current emergency power supply
system was upgraded.

C Two additional diesel generators
(DG 7,8) were installed, 1600 kW
each.

C The second grade 7 kV
emergency power supply system
was upgraded for creation of two
safety system trains.
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Service life extension
Modification of monitoring and control system

G

Two sets of emergency reactor
protection and control system were
created, based on state-of-the-art
InstrumentationNFMI7.

Two CPS emergency protection sets
were installed, based on process
parameters

The pulsed reactor power controller
was replaced with an automatic power
controllerARMS5,_ _.¢

Two sets of reactor power reduction
andlimitation ROM2CPBwere installed

Two sets were installed of the unified
technical tools (UKTS) designed for
creation of the logic control devices,
protections, interlocksand alarmsfor the
two safetysystemtrains.

Thereactor plant wasequippedwith in-
core monitoring systembasedon . VR -
V179 (ICMS)nstrumentation
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Service life extension
Modification of Process safety systems

O O 0 0 0

The primary circuit make-up system was
modified to create two safety system trains.

Spray system was modified to create two
safety system trains.

FASIVs were installed in the main steam
lines.

Lever-type safety valves were replaced
for steam generators and pressurizer.

Additional systems for feedwater supply to
steam generators were installed at the
Power Units.

Essential service water system was
modified to create two safety system trains
at each Unit.

Leak-tight compartment components and
equipment were upgraded.
A separate foam fire fighting pump station
building was constructed housing two new
pumps.
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Service life extension
Provision of BDBA management facilities

U Mobile emergency power supply
source (mobile diesel
generator);

U Mobile pump station for water
supply to steam generators.
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Service life extension
Ways and methods of accident mitigation

In caseof a beyonddesigrbasisaccidentinvolvinglossof power at
Units 3, 4 and failure to supplyvoltageto the de-energizedUnit from
designpower supply systems,the voltage will be supplied from the
mobile emergencydieselgeneratorstation (MEDGS)

MEDGSallows supplying power to auxiliary components both via
preinstalledcablelines,and by layingthe cablesavailableat MEDGSo
the busbars
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Service life extension
Ways and methods of accident mitigation

In_case of beyonddesignrbasis accident involving loss of
feedwater an independent feedwater supply system has been
Installed at Units 3,4 using the mobile diesel pump station
designedfor water supplyduring 24 hours to at leastone steam
generatorin beyonddesigrbasisaccidentconditions causedby
completeUnit blackoutand failure of dieselgenerators,aimedat
prevention of secondary circuit heat removal degradation,
stabilization of reactor plant parameters, creation and
maintainingproper core coolingconditions

Themobile pump stationis completelyseltcontained Thefuel
available provides for independent pump operation during 24
hours
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Service life extension
Results of the above actions implemented at
NV NPP Power Units 3 and 4

Dlevi_ati(t)ng, of categories 3 and 4 (by IAEA classification) from codes and standards were
eliminated.

The list of design-basis accidents was extended up to LOCA ND100.

In case of BDBA ( LOCA ND200 and over) the limitation of radiation impact was assured
for personnel, public and environment.

Core damage frequency was reduced down to the IAEA recommended level :
Unit 3 - 3.441 10-05 1/reactorl year, Unit 41 5.121 10-05 1/reactorl year
(based on the results of PSA level 1).

In-depth safety assessment of NV NPP Units 3 and 4 demonstrated the possibility of
further safe Units operation for additional 15 years.

The cost of Units 3, 4 life extension actions amounted to about $160/installed kW.

The actions implemented allowed to extend the service life time for:
Unit 3 - till 2016, Unit 4 - till 2017
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Specific features of the first generation reactor operation during the
extended service life period

In addition to the scopeof in-serviceinspectionof componentsand pipelinesof NV
NPPUnits 3 and 4, performed accordingto requirementsof genericprogram ATPE2-
2011, the following activities are performed at NV NPP aimed at prevention of
equipmentfailuresresultingfrom metal damage(degradation)

C Metal testingprior to technicalinspection

C Metal testing accordingto componentslife managementschedulesduring long-term
operation

C Safetyclass4 pipelinesmetalinspection

C Monitoring erosioncorrosionwear of secondarycircuit piping componentsbasedon
resultsof analysidor wall thicknessapproachingejectionlevelfor timely replacement
C In-serviceinspectionof compositeweldsin pipelines

C In-serviceinspectionof studsandboltsin componentflangedconnections

C In-service inspection program for small diameter pipelinesin reactor and turbine
departments



Specific features of the first generation reactor operation during the
extended service life period

Eddycurrent inspectionof SGheader crossovertubes around the pluggedheat
exchangindubes,usinga rotating probe.

Thescopeof steamgeneratortubeseddycurrentinspectionis 2000tubesat three

SGdgluringeachannualoutage

During SG inter-circuit leaktightness testing by pneumaohydraulic aquarian
method an additional operationis performedto identify leaksthrough previously
manuallywelded plugsin defective SGheat exchangingubes (the primary side of

SGheadersis drainedwithout secondarycircuit air pressurerelief, dried, and the

plugsare inspectedfor water leaks.

A preventive maintenance schedule was developed, based on the results of

compositeweldsNo.23 inspectionin SGnozzleND- 1100

Additional activities based on review of equipment performance failure

investigationreports both at NVNPPandfrom other Concermplants



6’
4@ Specific features of the first generation reactor operation during the extended
527 service life period
Monitoring systems

1) Emergencysteam phase (coolant level) monitoring system in Unit 4 reactor

pressurevessel
2) Reactorvessehoisemonitoringsystem-{ US)

3) Componentvibration monitoringsystem({SU§

4) Leakmonitoringsystem¢ ! [  { n
5) Anon-line systemisinstalledfor leaksidentificationby weld No.16 inspectionin all

steamlines
In-core monitoring system(SVRK
7) Emergencyydrogenmonitoringinstrumentsareinstalledat NVNPPUnIit 4

6)
8) Systemfor coolantleak identification by humidity for NV NPPUnits 3, 4 reactor

plants
9) Safetyparameterdisplaysystem(SPDSat NVNPPUnIts3, 4



%
v Specific features of the first generation reactor operation during the extended
service life period

Seismic resistance

A Themaximumcredibleearthquakeat NVNPPUnits 3, 4 site is
4.5 points, while the designearthquakels 3.5 points.

A The geophysicakerviceof the RussianAcademyof Sciences
performsseismicmonitoring of NV NPPsite since2005 using
sevenseismicstations

A Oneof the stationsis digital, it operatesin realtime mode.

A During annual outages20122013 an industrial seismic
protectionsystem(SIAZill be implementedat Units3 and4.



Implementation of actions based on stress-tests (Fukusima):

A Provisionof mobiledieselgenerators
A Provisionof mobile pumpingplantsand monoblockpumps
A Implementationof hydrogenrecombinersat Units3 and4;

A Performance of a set of design, engineering work and
justification calculationsto improve the Units resistanceto
externalimpacts



Monoblock pumps location
for water supply to
consumers

Monoblock pumps location

Y for borated water supply to
the primary circuit

—

Monoblock pumps location

for borated water supply to
t

&
Parking place of the
available mobile pumping

Planned parking place for
the available and additional r
MPU

Parking place for additional
mobile emergency DG
station

available mobile
emergency DG station

Parking place of the ‘
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[ 3Implementation of actions based on stress -tests (Fukusima)

Justification of confinement protective capabilities (strong -egtht
compartments of SGs, main circulation pifies are parts of reactor
confinemeni:

Development of a finiteelement confinement model. Analysis of stress
deformation fields

Installation of monitoring sensors. Confinement stress from internal
pressure during reactor heating and power development

Calibration of the finiteelement model using the experimental data

Assessment of confinement lodmkaring capacity and possibility of its
strengthening
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Performance history in 2010-2011
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Performance history in 2010-2011
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Performance history in 2010-2011
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Performance history in 2010-2011
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International insurance inspection result

The insurancerating of Units 3 and 4 is raised up to the
averagerating appliedto other first generationpower plants

operatingin China,GreatBritainand Canada



