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accidents on the concept of nuclear

safety ensurinc

Accident in Three Mile
Island, USA, March 1979

Chernobyl accident, USSR,
April 1986

Reactor core
destruction

Partial meltdown of
fuel

Radioactive
substances are
mainly inside

Leak of radioactive
water to NPP site

Severe destruction of
reactor core
Meltdown of fuel

areas with radioactive
substances

Long-term negative
impact on people
health

Psychological impact
on society (public)

Contamination of large

A

3.

Revision of human factor role
Implementation of PSA
Safety systems improvement
Emergency planning
enhancement

V

Change of approach to
regulation of nuclear safety
and NPP designing

Creation of international
conditions of nuclear safety
(Nuclear safety convention)
Development of new principles
of safety

Introduction of safety culture
concept

Implementation of new level of
protection: Accident
Management

rosenergoatom.ru



http://blog.liga.net/pics/balashov/%D1%81%D0%B0%D1%80%D0%BA%D0%BE%D1%84%D0%B0%D0%B31.jpg

Safety fundamentals

-

, SAFETY CULTURE
LEGISLATION * Prioritization

e Human factor

17

Knowledge
base about
processes and
occurrences

TECHNOLOGY
(technical provisions
for safety)

= Federal laws Defense-in-depth principle
(responsibility

principles)

=Multiplicity of safety
barriers

=Multiplicity of levels of
safety barriers:

= Codes and standards

= Availability of
national
authorization system
(independent
regulation)

o

rosenergoatom.ru 3

— preventable
accidents

— mitigation of
conseqguences
(accident
management)




Purpose: prevention of hazardous radiation exposure to

individuals and environment due to accidents

Three main technical functions of NUCLEAR

/ SAFETY achievement \

Maintaining of _ —
control over chain Heat removal from | Retention of radioactive |
nuclear fission nuclear fuel substances within
reaction harriers

Two main principles of functions realization

<+ —

rosenergoatom.ru



Lessons learned from Chernobyl

= Safety became a main priority in activities of Operating
organization:

* As early as during the first years after accidents high-
priority measures aimed at safety improvement were
realized in all reactor facilities equivalent to Chernobyl
facility.

* Analysis of NPP designs was performed with
participation of international experts, safety problems
were defined, programs of their solving were drawn up.

System of emergency response was created.

rosenergoatom.ru



Mobile emergency diesel generator of Novovoronezh NPP

rosenergoatom.ru 6



ECCS Balloons
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Simulator of Leningrad NPP Training center
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Emergency response system of Russian

nuclear power plants

BalNPP
BelNPP
BilNPP
KInNPP
KoINPP
KurNPP

Nati

=

Information analytic center

of Rostekhnadzor

PR
el

?ﬂWﬂlﬂﬂﬂ%‘mem
ceffiter of EMERCOM of Rilssia

NVF ATC SPb

Minenergo og Russia

heltered control
ation of Crisis center

SO CDU UPS

Technical
support
centers

<> System of video
conference

communication
Data transfer system
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Actualization of safety problems

Events at Fukushima NPP in Japan

Level 7 according

MINES scale

Effects of
extreme external
natural disasters
and their
combination

Nonsufficient

efficiency of
measures taken
for exclusion of

severe accidents I

New momentum for NPPs safety review
on global level

rosenergoatom.ru 10



Conclusions from lessons of Fukushima accident

Staff and management of NPP and Operating
organization should focus on immediate actions to
prevent and mitigate severe accidents

Reserve of resistant to l Restoration of power and
natural disasters water supply for nuclear
technical means should fuel cooling down during
be stocked at each power | ' * the first hours after station
unit in order to provide /)\

. Dblackout is key criterion of
power and water supply Hl success
needed for cooling of
reactor and spent nuclear
fuel.

Operating organization, executive power bodies and
international organizations and general public should be
timely informed about the event at NPP. Involvement of aid
from government and international community is ensured.

rosenergoatom.ru 11



Methodology of Russian NPPs security status

assessment under emergency conditions
Assessment

Reliability

g\.“-“s‘ L Btry,,

experience of assessment
of consenuences of heyond
design hasis accidents

sSupplementary measures of
managementorheyondidesion hasis
accident
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Measures on development and improvement of:

onse documentation

emergency resp

COIMACOBAHO
HavanbHuk M4-23 "1 otpaa
®IC no Caparoackoil 06n."

; Mnak - cxema
/ B/ Cadpporios BOCCTAHOBNEHHA aNeKTPOCHabxeHms U noaayu Boasl B M.

A/ i Mecra Pa3MeLLeHHa CpefCTs OTKayku B0dbl, cﬁpoca [iaBNeHNA U3 repMeTU4HOro o0bema, XpaHeHua oﬁopyuoaaunn

/AN BpEMeHHbIX TpyGONpoBOA0B U kabenbHOM NPOAYKUMH NPH TAKENbIX 3aNPOEKTHbIX aBAPHSX.

YTBEPXIAIO | |
naBHbIA MHXeHep
N \BH\ BeccooB

CnmeHoii kavan

1
&l w
YcnogHble 063Havuenns
[  Nupc AnA B003a60PA NOXAPHBIMA MALIMHEMA
[2]  PyxasHan nvHuA OT NOXAPHOA TEXHIKH
3] Mecto ycraaHossm Wm MaLH T MaW3ana
3 wmm;yxcauusonusPO, O(pﬂuA.ogu?-%?
[4]  Merannocknan LILIP. Tpy6onposoas! Ana nopaui Boasi npu 3MA
[8]  Cknag- Hasec s xpaxenws kabens
[6 OBK, nomewenwe 94. Cexups BE, sueimka 9
(7] Noacranus "Hatansuo', seiia 4
(8  MMAX, nomewenve 13. Hacocs! *TrHom™40-25 (1 mvsg, “THom™-100-25
(1 wr), "Cybapy*( 1 wr.), Hanophsie pyxaea fly 51, 65, 77
[8]  NPK, nomeuwserme KPY 6¢B, sueiixa 4
fig k1,2
1] Mopcrasys MK
f2 Mawsan,

cpemm'mw';m nr

3 PO, 2,3, 4, noweusenve A-038/1

fia]  BHC. Hacoc *MHom" -200, HanopHsle pyxasa fly 51

fi5  PU-1, PASC, nomeuwserme 1-2-14, sueda 2. Hacocs!
"rom” 25-20 (2 wr.),"Trom" 10-10 (1 wr.)
PU-2, PA3C, nomewenwe 4-3-8, sveiika 3. Hacocs!
“Trou" 25-20 (3 wr.),"THow" 10-10 (3 wr.), "Mansiw” (2 )
*THow" 40-25 (2 wrr)

fig PO-1234, A913A. Xparetme i, ap! 3
Bannoxa ¢ (hpeoHom AnA cOPOCa ABPMIHOND (UIBLITOHHONO) AaBNEHMA
§  warepmeriHoro obvema

,7’ (NoxapHas Textuka

== PyKagtas nuHMA NOAZ4Y B! NOXAPHON TextmKkoi 8 T
—— Jlwnn asapniHoro anexTpocHabwerns 6kB.

T OxpasHbiit NEPUMETP CTaHLH

waryps, |

Personnel action sheet
under condition of BDBA are
developed and approved at

NPP:

* Loss of external power supply
and all DG failure ;

* Hydrogen formation and
pressure excess within
containment

* Lack of possibilities to supply
water into SG foreseen in
design;

* Risk of yrposa 3atonneHus of
reserve diesel generator
statin, main pumping station
and minus elevations of NPP
units etc.

rosenergoatom.ru
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Examples of personnel action sheets under conditions

of beyond design basis accident

COIMACOBAHO
Havanshuk N4-23 "1 opaa

NS BPEMerHbIX TpyBonposogos

Mnax - cxema

BOCCTAHOBNEHMA aNeXTpoCHaOXeHMs U nonayw Bogsl 8 M.
Mecra pasMeLLeHHs CPEACTB OTKayku BOAb), cGPOCA AABNEHHA U3 repMeTH4HOro oGbema, XpareHns 06opyaoBaHHA
AXENIX 3aNDOSKTHLIX aBADKAX.

¥t KabensHoi NpoByKLMA NpH

CnmeHo# kanan

YenosHble 063Havenns
Mvpe AR 80703260PE NOXAPHBIM MALIHAMA
PyxasHan nusms OT NOXAPHOR TEXHKM

mmw
A N0jiaw 801 8 PO, (panA.oouN)

Cmm—mwmm
OBK, nomewerme 94. Cerupn BE, sveika 9
NopcTasus *Haransuno”, sveina 4
MMIX, nowewerme 13. Hacocs! " FN40~25(| MS& “Thow™-100-25
(1um), CW('W")WWW
TPK, nomewesue KPY 64B, sueia 4
KTn-1,2
TNopcranue TNK
Mausan, nofimoueHue K TpyBonposoay AONONHKTEIIbHBIX
cpepcTe nogmumt N7
PO-1,2, 3, 4, nomewerive A-038/1
EHC Hacoc *THom" -200, hanoprsie pyxasa fly 51
PJ13C, nometwetme 1-2-14, sueixa 2. Hacocs!
'I'nm’2520(2u1r) “Trow" |0-|0(||ul)
PL-2, PA3C, nowewenme 4-3-8, seitka 3. Hacocs!
Thowt 25-20 (3 ), Thow" |0~10(3nn) “Mansiw” (2 wr)
“Thom" 40-25 (2wr.)
fig PO-I 234, muaupusA—Q‘l:iA )@amwmw apmaTypsi,

[B8REHIR

BER REEE HNEGEE LNE

ToxapHan Texuuka
T PyxasHan nvi N0AM BOSb! NOXAPHOM TexHMKO# 8 M
—— TR aBaPUIHONO anexTPOCHaGKeHNA 6kB.
T Oxpanmuii nepumeTp CTanym

‘@ mmwmmm

YTBEPX[AIO ‘

. nasHblit HXeHep
RN \\\\BH. Beccotos

Kk

Cxema noJa4n BoAbl OT noxapHoi TexHuku B NI aBapuiHbIX

chbsﬁh[e o603HayYeHus
PykaBHas nuHus ot AL
————— PykaBHon nunus ot NMHC-110

COITIACOBAHO
HavanbHuk M4Y-23

3aHepro6nokoB N 1, 2 npu nonxom obectoyeHunn ASC

PykasHan
nUHKS

MoxapHas TexHuka B
MoxapHble MalunHbl A
MoxapHas HacocHas ¢

Mopava Bogbl Ha oav
OCYLLECTBNSAETCA OAHC
UNN ABYMS NOXapHbIM

Orkpuitoe akunonepuoe obuecrno
P KOMUEPH 10 TBY Wi
W TENA0BOM YHEPTHH HA ATOMNBIX CTANUMANS
(OAO «Konuepn Pocyneproatoms)

Duanan OAO «Konuepu Pocrneproarom»

1.

«BaJaKoBCKast ATOMHAS CTAHLHA»
(Basakosekas ADC)

YTBEPXKJIAIO
HABHBIH HHKEHep
R B.H.Becconos
b o4.65, 2011r.

Kapra neiicruii NellB-1-12/390
MEPCOHAA NPH TSHKEIbIX 32IPOEKTHBIX ABAPHSIX.
YIAJEHHUE BOJAOPOJIA U3 TEPMETUYHOI'O OFbEMA.

Kapra nedicruii (KJI) BBOauTCcs B

neiicteue no komavae HCB

npu

HEOOXONMMOCTH YJaJleHHs BOJIOPO/a M3 IePMETHYHOTO 00bEMa MpH JIMKBHAALMH
TskenbiX 3ITA u obecTouenun sneprobdioka.

-

ITopsok neiicTBuii nepconana.

JleiicTBie nepconana

Henoanmrens
(JI0AAKHOCTB)

Konrponupyiomee
JIHLO (JIOJDKHOCTD)

[Tocie  nonyuenus uHdopmaunn 06
obecToueHuH 3HeproGioka B TeueHHe He
Gonee 30-TH MHHYT NpPHHATH Mepbl 10
OTKpPbITHIO ¢ BY3 naun co cGopku 3aasuxex
IEKTPONPHBOAHOIH  apmartypsl  TL22S09.
Onexktpocxemy  TL22S09  paszoGpate B
OTKPBITOM M0JIOKEHHH.

HCLTAHU HCLIB

5]

OTKpbITH BPYUHYIO
TL22S01,02,(03,04.05,06),08

FepMOKJIanaHbl

MXYV 11B HCIIB

[lonopsare BpyuHyio repmokiaanan TL22S07
JUIS yAalleHus Bojopoa uepes cuctemy TL22
B BEHTTPYOY

MXYV 1B HCLIB

3.

Oxuaaemblit pe3yiabrar:

KonuenTpauns Bogopona 8 'O Hixke npesenbHO A0MYCTHMbIX 3HAUCHHIL.

Hauansuuk LIB

——. C.H. Tpopumos

AM. Cupotun

10.B. Ceexkunues

CornacoBaHo:
1-i1 3I'U> %
3I'Hoco %’/4
74
HLITAU J A.H. Mopes

B.A. Svumkos 99537

rosenergoatom.ru
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Measures of safety improvement at Russian NPPs to resist

extreme external impacts

Ensuring power supply I

= Drawing up and implementation of supplementary
circuits of power supply from portable diesel generators
(N =2.0and 0.2 MW) to the following equipment:

* Pumps and valves (water supply to reactor, reactor pools,
storage pool of spent nuclear fuel and OCXOT);

* Main control room, emergency control panel;

* Complex system of monitoring and control, safety controlling
system-T and other control systems;

* «Emergency» 1&C,;
* Emergency lighting
= Power supply reliability enhancement
* Mounting of additional lines from external sources — power
systems;
* Improvement of internal backup (redundancy)

rosenergoatom.ru | 15




Strategy of supplementary equipment use

Example of Smolensk NPP

BHC XOAT Konogey
MNPK

XOAT

Mnowanka ons ycTaHOBKU
MoTonomn
(500m3, 5kre/em? - 1 wiT,,

. 1000m3, 5krc/cm? - 1 WwT.)

.

o
|
O]
@]

©
=~ — -
© Mnowagka | '
7 lgna xpaHeHus! 1 :
MoTonomn,
3 | nhy. Biak
(‘)_ ; [ —— - e B —— g |
)
OTKpbITbIN
OTBO,CI,FlLLIMﬁ KaHan
YcnoBHble 0603HaYEHUA: Mos. HavmeHoBaHue MpumevyaHue
aanmmmm—— CyxoTpy6 1 | lMNepeaswkHaa gusenb-reHeparopHas yctaHoska (MAMY) W=0,2 MBT.
e BCTaBKN U3 rMbkux
Tpy6onpoBoaos 2 |MNepeaBwkHasa gusenb-reHeparopHas ycrtaHoska (MA4MY) W=2,0 MBT.
&3 nary 0.2 MBT, 2.0MBT.
3 | MepeaswkHaa HacocHasa yctaHoska (MHY) Q=150m3, P=90krc/cm?.
@ MoTonomnsi, MHY. 4 | MoTtonomna Q=500Mm3, P=5krc/cm?2.
& LITaTHBIN HAcoc Nogadyun oxnakgarouwlen BoAbl Ha HY>KAbl Q=160m3, H=140m.B.CT,,
XOAT (6 wT.) N=90kBT.
6 | EMkocTb akkymynupyrowiasa V=500m3

rosenergoatom.ru 16



Improvement of power supply reliability by means of arrangement of

backup lines (example of Kalinin NPP)

A A A A A A
R — =
OPY-110 <«— 4« g S S
R (@)

1 1 o o
— o < @© Q. o
=4 ot S S| Z| 2| 8
=l =S of O | | C| &
2l § o T =1 O] 5] 8
>=| >,':[| v v v nv v v v
& =<
I S OPY-330 4@ OPY-750
=l =
el AT-1-750
MNogcTaHuma

«Ypomernbckasa»

\ 4
Yepes PTCH-1,2,3,4 k
NVUHUAM Pe3EepPBHOro

aneKkTpocHabxeHus
6kB 6nokos 1,2,3,4

— — = =>additional lines for
backup power supply
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Measures to improve safety of Russian nuclear power

nlants under extreme external impacts

Heat removal I

* Design and implementation of additional circuits for
supply of water in the reactor, steam generators, at-
reactor ponds and cooling ponds using:

* Portable diesel pumps and motor pumps;

* Fire-fighting truck with water tank;

* Reqgular systems of fire suppression with water;

* Natural and artificially created reserve water sources

* Implementation of system for metal cladding cooling of
spent nuclear fuel pond walls.

rosenergoatom.ru 18



Scheme of water supply to SG of VVER BB3P-1000

from fire fighting vehicles

Backup system for water supply to SG from fire fighting vehicles, motor pumps

nr-1) @r-2) @r-3) @4

Emergency tanks with

desalinated water Containment
R Location of socket for connection
TX10B01 l == of supplementary sources for
i water feed to SGs
Er---
TX20B01 I | |
| |
= .
TX30B801 '
| |
| |
| % % ! !
SVO-5 | |
pump : to SVO-5 : : SVO-5
::::i:nen L == pump
t system
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Scheme of water adding to storage pond of VVER-1000

motor pumg

Backup system of water supply to storage pond using motor pump

Staircase #4 UVfr discharge channel j
_--"'.-.-_

of the |
reactor shop

SNF Pool Supplementary water supply
cooling E_ mear_15:

umps = Mobile motor pump:
y f * flow rate 40 m3/h

* discharge head 5 kgf/cm?

rosenergoatom.ru 20



Diagram of primary circuit makeup and ensuring of heat removal of

VVER-1000 using supplementary sources and mobile means

| Water discharge channel '

Mobile motor pump
(12 kgf/cm?; 150
m3/h)

Containment
sump tank
Supplementary
m—h:m m VF30B01 eqUipment and
O = . s
veroms pipelines being installed
are given in green
SNF Pool cooling HP
pumps ECCS
pump
@ Primary circuit
feedwater ___d
pumps | :
K alt
|
— : I
0 |
I |
|
Diesel-driven pump  * | < |
& (90 kgf/cm?; 150 D] I 1 |
m3/h) | :
—D>d 1y !
v Device for quick connection of motor : Staircase #4 of the
1 pump / mobile pumping unit to the | reactor shop
I pipeline |
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Diagram of additional system of emergency core cooling (ECCS-VTO)

of Unit 3 Beloyarsk NPP (BN-600)

YpoBeHe Ma npw

CAPEHUPOBAHHOR
nems -

5NTO-A

(
3

System is capable to ensure residual
heat removal in case of loss of system
power supply and reliable power supply
and failure of regular 3-train system of
emergency core cooling via 2-nd and 3-
rd circuit.

ECCS- VTO will be put into operation during the outage 2012.

rosenergoatom.ru | 22




Explosion prevention measures

Implementation of systems for hydrogen concentration

monitoring at VVER NPPs

e C Pressure

M

¢
§

H; and Steam

'3“:" Anay s module

1

Recirculation
module

Equipping of VVER NPPs with
passive catalytic hydrogen
recombiners

S AREVA

O AREVA

rosenergoatom.ru

23



Measures to improve safety of Russian nuclear power

nlants under extreme effects of external events

Seismic safety improvement I

" |ntroduction of seismic protection system of reactor facility
(reactor trip in case of earthquake);

= Datarefinement about seismic micro zoning of NPP sites;

= Performing of qualified analysis of data specified in the design
about seismic loads onto reactor facility, storage pool, SF
storage facility and other equipment of systems important for
safety;

= Updating of seismic resistance category of NPP components;

* |Implementation of measures to improve seismic resistance of
equipment, building structures of NPPs (detachment,
reinforcement, etc.).

rosenergoatom.ru 24



Implementation of seismic protection (SP) at NPP

~o
pr 75
Rostov
Recorder of seismic
signals is installed
Leningrad
Beloyarsk Bilibino
i Balakovo

- SPis put into operation
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Measures to improve

emergency response interaction

= Modernization of communication infrastructure
of Technical Support Centers, Crisis Center and
NPP;

= QOrganization of portable control stations and
portable communication stations at NPPs;

= Creation of regional Crisis Center of WANO-MC

rosenergoatom.ru 26



Regional Crisis Center (RCC)

Functioning modes

=Everyday operation

"Higher state of
readiness

=Emergency

O Main task of RCC is to provide expert/consultant support and engineering support in case of
emergency situation or accidents at power units of WANO-MC with VVER reactors

0 RCC creates acommon information and expert space in order to ensure response of aiding
service (OPAS) if technical assistance is requested from foreign NPPs

L Permanent readiness of RCC to emergency response is ensured by CC forces.

rosenergoatom.ru 27



Decisions under development

Forming of technical requirements for:

= System of emergency filtered release of gases from
containment

= «emergency» I&C, designed for operation under BDBA
conditions

= Air cooling system of RBMK with use of existing systems

» Passive heat removal system SPOT-IK (for VVERS)

rosenergoatom.ru 28



Explosion prevention measures

Containm
ent

Intake of radioactive
gases from pressurized
compartment =

T Exhaust of purified
L gases to
atmosphere

Filters
___— Scrubber

Water solution for
bubbling

P - - ———

"~ Existing ventilation

- system

Introduction of emergency exhaust of gases from reactor
containment at VVER-1000 power units

rosenergoatom.ru
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Passive system
Output: via system
of blowout panels
on the roof of main
building.

principle.
Input: via BS

Natural air
circulation.
premises.
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Connection diagram of passive heat removal system
SPOT-IK for VVER-1000

1. ON160 wmtm 1 MPOXOAKA
- g

\ Bpesxa

Cucrema npoaysxu NI

SawmrHan
obonouka -

\ " CMOT-UK “

Cxema «llap — Boga»

TennoobmerHunk
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Measures to develop and improve emergency response

documentation

= Updating of emergency procedures SBEOPs
(instructions for emergency response, ILA, and BDBA
management manual, RUZA) as supplementary design
solutions are implemented,;

= Standard manuals on severe accidents management
(RUTA) for VVER-1000 and RBMK NPPs have been
developed and put in force;

= Development and implementation of manuals on
severe accidents management (RUTA) for all Russian
power units.
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VVER-TOI NPP

Defense against external effects
hurricane, tornado Aircraft crash

Design wind speed is 56 m/s (Roofs torn off
houses, large trees snapped or uprooted,
boxcars overturned , moving autos pushed off
the roads)

BASIC CASE :
20.0 ton with velocity of 200 m/s
Option: 400,0 ton

Shock wave
blast pressure 30 KPa

e e

Flood, storms
/A} Conditions of any specific site
are considered

Earthquakes

BASIC CASE

DBE — 7 magnitude according MSK-64
OBE — 6 magnitude

Option:

DBE — 9 magnitude according MSK-64
OBE — 8 magnitude

LONG-TERM LOSS OF POWER
SUPPLY AND WATER SUPPLY

rosenergoatom.ru 33



Additional design solutions scheduled for realization will

contribute to NPP sustainability and self-supportability up
to 5-10 days.

* Engineering solutions of modern Russian designs,

aimed at ensuring safety comply with post-Fukushima
requirements and have references.

rosenergoatom.ru
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